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ABSTRACT  

When evaluating and comparing household waste collection systems, various aspects are rele-
vant to consider, e.g. environmental objectives, technical function, operating cost, types of recy-
cling materials collected separately, property-close collection or drop-off system, economic in-
centives, information strategies, residential structure, social codes, etc. Data describing the actual 
waste flow is the basic input to evaluating the function of source sorting programs. The questions 
raised are: How can household waste quantities and composition be measured? How can waste 
flow data from different collection systems be interpreted and compared? What factors influence 
the output of source sorting programs? The usefulness and weaknesses of solid waste composi-
tion studies are discussed. Multivariate data analysis is applied in order to obtain an overview of 
collection and composition data, and identify influential variables, clusters and trends. In a case 
study, curbside collection of recyclables and weight-based billing respectively led to increased 
source sorting activities. Other influential factors are listed and discussed. Eight indicators are 
proposed for facilitating comparisons of collection systems in an easily comprehensible way. 
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SAMMANFATTNING
Att utvärdera insamling och källsortering av hushållsavfall 

Vid utvärdering och jämförelse av olika insamlingssystem finns en mängd olika aspekter att ta 
hänsyn till, t ex miljömål, teknisk funktion, drifts- och investeringskostnader, vilka material som 
samlas in separat, hämtning fastighetsnära eller vid återvinningsstationer, ekonomiska incita-
ment, informationsstrategier, boendestruktur, sociala mönster osv. Data över det faktiska avfalls-
flödet är dock viktig basinformation, oavsett vilka aspekter som ska diskuteras. Frågor som be-
handlas är: Hur kan hushållsavfallets mängd och innehåll mätas? Hur kan avfallsflödesdata från 
olika insamlingssystem tolkas och jämföras? Vilka faktorer påverkar resultatet av källsortering? 
Användbarheten av resultat från plockanalyser av hushållsavfall diskuteras. Multivariat data-
analys tillämpas för att skapa en överblick över insamlings- och plockanalysdata, och identifiera 
grupperingar och inflytelserika faktorer. Resultat från en fallstudie visar att fastighetsnära hämt-
ning av källsorterade återvinningsmaterial, respektive viktbaserad renhållningstaxa, ger ökad 
källsortering. En mängd andra faktorer, som har betydelse för insamlingsresultaten, presenteras 
och diskuteras. Åtta indikatorer föreslås för att underlätta jämförelser av resultat från olika in-
samlingssystem. 
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1. INTRODUCTION

Since the Ordinance on Producer Responsibility for Packaging Materials was introduced in Swe-
den (SFS, 1993; SFS, 1994a; SFS, 1994b), the recycling efforts concerning household waste 
have been extended and intensified. A large number of different source sorting programs have 
been developed locally. The responsibility for collection and recycling is divided between pro-
ducers and local authorities, which has led to a sometimes shattered picture of the waste man-
agement strategies, and a rather complex task of evaluating the overall results. When comparing 
different collection systems, various aspects are relevant to consider, e.g. environmental objec-
tives, technical function, operating costs, types of recycling materials collected separately, 
property-close collection or drop-off system, economic incentives, information strategies, social 
codes and people’s behaviour (Berg, 1993; European Commission, 2004; Noehammer & Byer, 
1997; Parfitt & Flowerdew, 1997; Petersen, 2004). However, data describing the actual waste 
flow is the basic input when discussing any of the mentioned aspects. If characterization and 
quantification of waste flows are performed and interpreted consistently, different source sorting 
programs and collection systems can be compared and cause/effect relations can be shown and 
discussed.

15 national environmental quality objectives were adopted by the Swedish Parliament in 1999 
(www.miljomal.nu). The objectives provide a framework for environmental programmes and 
initiatives at national, regional and local level. A large set of indicators are already in use for 
following up the 15 objectives, but The Swedish Association of Local Authorities and Regions 
points out that concerning waste (generation, treatment and reduction) more and better indicators 
need to be developed on the local level (Sveriges Kommuner och Landsting, 2005). Jenkins et al. 
(2003) have analyzed the determinants of household recycling in an economic perspective. They 
conclude that policy makers and solid waste planners need more information about how 
recycling program characteristics affect material-specific quantities of both recycling and waste 
disposal. Parfitt & Flowerdew (1997) state, “The pace of policy-making has not been matched by 
an equal effort to provide meaningful waste statistics”.

Objectives
The overall objective is to contribute to decision support in planning and development of 
municipal solid waste source sorting systems. The aim of the thesis is to show how the output of 
source sorting programs can be measured, interpreted and communicated in a relevant context. 
The following three questions are discussed: 
- How can the quantity and composition of the household solid waste flow be measured? 
- How can waste flow data from different collection systems be interpreted and compared? 
- What factors can influence the output of source sorting programs in household waste 

collection systems? 

Demarcation
The focus is on how to measure and evaluate the output of source sorting of household waste. 

Definitions
The expressions source sorting and source separation are both used to describe households’ 
handling and disposal of different waste materials separately. Here residual household waste
refers to materials which end up as bagged, mixed waste in the waste bin, i.e. the waste left when 
the households have handled any source sorted materials separately. Dry recyclables refers to 
newsprint and packaging materials included in the Ordinance on Producer Responsibility in 
Sweden (SFS, 1994a and 1997), with established collection and recycling systems.

http://www.miljomal.nu
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2. DISCUSSION 

2.1 Measuring household waste quantity and composition

There are several different reasons to capture waste flow data. Prediction of the waste quantities
by sampling waste from a certain number of households used to be of great importance for 
management planning. Nowadays weight data of the yearly amount of waste delivered to treat-
ment facilities is much more reliable data for predictions of the generation rate. However, in 
many countries around the world there are no facilities for weighing vehicle loads. Hence avail-
able waste data are primarily in volumes or sometimes only uncertain assessments of the number 
of vehicle loads. Irrespective of weight data being available or not, there are several reasons to 
make waste composition analyses. Usually the demand for composition data can be divided into 
three groups, concerning the function of the collection systems, concerning material quality in-
formation for waste treatment facilities, or concerning more general assessments. When design-
ing and planning any kind of analysis, it is important to formulate the questions that the particu-
lar analysis is supposed to answer. For Swedish conditions twelve different motives to make 
waste component analyses have been identified, i.e. twelve different perspectives on the output 
of a waste collection system (Paper I; RVF, 2005b; Scott, 1995):

Concerning the function of the collection system: 
- To evaluate and compare results from various collection systems  
- To plan information campaigns and/or implementation of economic incentives (find out 

system problems and the potential recovery rates) 
- To follow up the effect of incentives (before-after) 
- To plan and dimension collection and transport needs  
- To follow up legislation and rules, e g the Ordinance on Producer Responsibility
- To handle occupational safety issues in collection work 

Concerning waste treatment facilities: 
- To plan, dimension and operate treatment facilities 
- To monitor the quality of source sorted recycling materials  
- To decide the fraction of fossil based material in waste to incineration, according to a 

government bill in Sweden about tax on the net contribution of CO2 to the atmosphere 
(Statens Offentliga Utredningar, 2005) 

- To handle occupational safety issues at treatment facilities 

In general: 
- To make regional and international comparisons of waste characteristics  
- To assess the environmental impact of waste management and develop environmental 

standards

If adopting a standard basic method for solid waste component analysis, the method can be 
adjusted to the specific need in each case (Figure 2). Primary and secondary components in the 
base method can be either aggregated to fewer components to avoid unnecessary costs, or com-
plemented with a third level to achieve more detailed information. When combining more than 
one interest in the same analysis, the investigation can serve more than one assigner and in that 
way be both detailed and cost effective. The output of source sorting programs can be evaluated 
from several points of view, using data from one composition analysis. 
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Decide the fraction of fossil based 
material before incineration: 
- include the category fossil based 

material, and aggregate the 
remaining to: other burnables, not 
burnables and hazardous  waste 

Figure 1 Examples of how a standard basic method for waste component analysis can be 
expanded or simplified, depending on the purpose of the analysis.  

A basic method for household waste composition studies 
Many different methods for making solid waste component analyses are used throughout 
Europe, and even in a small country like Sweden varying methods are applied. Therefore it is 
difficult to compare results from different studies. A standard procedure is needed (European 
Commission, 2004; Ploechl, 2003; Paper II). The most common method of assessing household 
waste composition is to take samples of the waste and investigate the content. Another method-
ology is based on a completely different approach, using production and goods statistics. How-
ever, using information about goods is principally applicable only at a national level, and be-
cause of the uncertainty of goods statistics and varying product turnover times, the results will be 
too general (Maystre & Viret, 1995; Rugg, 1997). For relevant comparisons of the output from 
different collection systems, the actual output in the specific cases must be investigated. 

A recommended procedure follows these four steps (Paper II): 
1. Planning and design of the study. It is important to formulate the questions that the 

analysis is supposed to answer, and modify the method with regard to the aim of the 
study.

2. Stratification, sampling and sample splitting. 
3. Manual sorting and classification of components. 
4. Evaluation and processing of the data. 

International/regional 
comparisons:
- include components 
  according to both material 
  and to origin (e.g. packaging) 
- include sieved fines (< 10 

mm) as a component 

Basic method for 
component
analysis of house-
hold waste;
(expand or simplify 
in line with the 
purpose)

Monitoring quality of source 
sorted recycling materials:
- adjust the sampling procedure 
- sort the contaminants found in the 

recycling material into primary 
categories (according to material)  

Plan and dimension treatment 
facilities:
- aggregate primary categories to: 

biodegradables, burnable recyclables, 
not burnable recyclables, other 
burnables, remaining inorganics and 
hazardous waste

Plan collection and transport: 
 (e.g. bin sizes, vehicle capacity): 
- include the components relevant for 

the planned number of segregations  

Follow up the Ordinance on Producer 
Responsibility: 
- include all components associated with 

legal Producer Responsibility 

Treatment

Evaluate collection system: 
- include components according to both 

material and to origin (e.g. packaging) 
- complement with data of total waste 

amounts delivered to treatment 
facilities in the investigated area 

- calculate ratios and generation rate/cap 
- if individual households’ behaviour is 
  of interest, sample at household level 

and analyze each waste bin separately

Implement or monitor 
the effect of incentives: 
- adjust the method to the 

purpose of the incentive 

Collection systems
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The crucial choices when performing a household waste composition study are (Paper II): 
- the number and types of strata (in the stratification of the sampling plan)
- sampling at identified, specific households or sampling from loads of waste collection 

vehicles
- the sample and sub sample sizes 
- the number of samples and sub samples 
- the choice of waste components for sorting and classification 

Motives and background for the choice of strata are further discussed in chapter 2.3, in relation 
to factors that may influence the result of source sorting programs. 

Sampling method 
If the aim is to reach statistical confidence for extraordinary findings in household waste sam-
ples, the number of samples must be very large, and a pre-study of the composition and variation 
is essential for creating a proper analysis design. However, based on practical experiences, a 
minimum of 5x100 kg from each stratum will give a reasonable result (Paper II). Local seasonal 
variations in waste generation should be considered, and each sample should cover at least one 
full week. A preferable method for sample splitting is by sampling from an elongated, flat pile 
(or a conveyor belt), with the cut-off as two parallel planes. The coning and quartering method, 
widely used in different versions, is not recommended (Gustavsson, 2004; Pitard, 1993). In the 
case of studying differences in and distribution of households’ behaviour, sampling at household 
level and analyzing each waste bin separately (or a combination of a few bins) is recommended 
(European Commission, 2004). When a more general picture of the waste flow is satisfactory, a 
reasonable method is to sample from the loads of ordinary waste collection vehicles. 

Choice of components 
In 16 reviewed methods (Paper II), varying categories for sorting are used and the number of 
recommended primary categories varies between 2 and 47. Making comparisons is confusing 
because different terms are used to describe the same category, or when the categories literally 
are the same, the sorting instructions may vary and the same category may be understood in 
different ways. Always using the same primary categories would naturally facilitate compari-
sons, both over time and among regions/countries. A limited number of primary categories (not 
more than 10), as far as possible based on physical material and stringently defined, would re-
duce the risk of misunderstandings (see suggestion in Table 1). It is important to use a miscella-
neous category for everything that does not fit in anywhere else, otherwise items, which are dif-
ficult or impossible to sort correctly, will be handled arbitrarily, and the result will depend 
heavily on personal judgement in each case. Hazardous waste should always be handled sepa-
rately. Any kind of secondary (tertiary etc.) category, relevant in the specific case, may be 
chosen as long as it can be unmistakeably merged with the correct primary categories. Table 1 
suggests secondary categories mainly based on the present Swedish legislation (the Ordinance on 
Producer Responsibility), i.e. on origin. The secondary categories are recommended as sorting 
categories for Swedish investigations. In addition some tertiary categories are suggested for 
special cases. 
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Table 1 Suggested categories for household waste composition studies. Materials marked 
with * fall under the Producer Responsibility in Sweden. 

primary category secondary category possible tertiary category 

- food waste - unopened food packs 
- garden waste - fines < 10 mm 

1. Biowaste 

- newsprint, journals, etc.*
- corrugated cardboard *  
- paper packaging *  
       (>50 weight-% paper)
- other paper -     office paper 

2. Paper

- plastic film *  
- foamed plastic *  
- dense plastic packaging * 
       (>50 weight-% plastic)

- deposit bottles/other bottles/other pack. 

- other plastic  

3. Plastic

- glass packaging * - coloured/uncoloured 
- deposit bottles/other bottles and jars 

- other glass  

4. Glass

- metal packaging * 
       (>50 weight-% metal)

- aluminium/magnetic metal 
- deposit cans/other cans 

- other metal  

5. Metal 

- fines < 10 mm 6. Other inorganics  
        (e.g. porcelain, ashes, 

cat sand, fuses) 

7. Hazardous waste 
(except electronics)

note type of hazardous waste 

- hazardous/not hazardous 8. WEEE * 
   (Waste Electronic and 

Electrical Equipment) 

note type of WEEE 

- wood  - treated/untreated 
- textile fabric - clothes/non-clothing textile 
- diapers, napkins  

9. Everything else 

- everything else which does not fit 
in any other category (e.g. leather, 
shoes, soap, complex products) 

- fines < 10 mm 

Corrections, or at least comments, because of moisture and dirt need to be made when the weight 
of lightweight and packaging materials is reported. It is not uncommon that 50 % of the weight is 
moisture and food scraps. This is especially important if the aim is to assess the potential recov-
ery rate of materials. Collecting samples without compaction is recommended, in order to reduce 
contamination. Corrections can be made by multiplying the weight by the following default 
corrections factors (RVF, 2005a): 
Plastic and paper packaging   0,56 
Metal packaging and newsprint   0,65 
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However, in each case the following questions should be answered: Is correction because of 
moisture and dirt relevant for the purpose of the study? And if so: Do the default correction fac-
tors seem to be applicable in the specific case? If cleaning and drying is accomplished to find the 
true weight of paper, plastic and metal, the contaminants should also be identified (e.g. food) and 
the weight of the category of contaminants be adjusted (McCauley-Bell et al., 1997).

Concluding notes and further research 
The methods summarized above can be used to measure the quantity and composition of house-
hold waste, with reasonable data quality. However, the methods have weaknesses and the 
following questions have been identified for improvement of household waste composition 
studies:

- When sampling for composition studies; in what systematic way can the maximum size 
of a population to be represented by one truckload be assessed? Apart from the size of the 
vehicle, the answer depends on the variations within the stratum, which depend on the 
local situation.

- What waste components are most relevant to study and for what reasons? Is it possible to 
agree internationally about a few stringent primary categories, which fulfil all needs to 
subdivide (or merge) into desired components for any specific case? 

- What waste components are most relevant to analyse chemically and physically and if so, 
for what reasons (e.g. moisture content, density, content of heavy metals, energy value)?    

- How to develop and implement an international standardized method for household 
waste composition studies?  

- How can the connection between waste composition data and weight data be facilitated? 
To what extent can the stratification of regular weight data be adjusted to comply with 
stratification in sampling for waste composition analyses?  



To evaluate source sorting programs in household waste collection systems

Dahlén, Division of Waste Science & Technology, LTU, 2005 
7

2.2 Interpretation of household waste flow data  

Understanding the collection system 
To evaluate data about the quality and composition of collected household waste, the function of 
the corresponding collection system must be understood. Household waste collection varies 
throughout the world, from collection of ten separated recycling materials at the doorstep in 
multi-compartment vehicles to no organised collection at all.  

Principally household waste collection can be classified into 
- Property close (curbside) collection 
- Collection at drop-off points (bring systems) 

At drop-off points various arrangements with different sizes, shapes and numbers of containers 
occur. In property-close collection many different combinations of bins, racks, sacks and bags 
are used, which are sometimes placed outdoors, sometimes indoors. Source sorted materials can 
be collected completely separated or commingled. Commingled collection can be designed either 
for further separation at so-called Material Recovery Facilities (MRFs) or for optical sorting, 
using different coloured bags for different materials in the same bin. Hazardous waste, bulky 
waste and yard waste are usually collected with special measures, for example separate collec-
tion routes or citizens’ discharge at supervised recycling centres. A special, completely different, 
collection system is using food waste disposers, mounted in the kitchen sink, where source 
sorted food waste is ground and flushed away with the waste water and processed in the waste 
water treatment plant. A not very common collection method is pneumatic waste collection, 
which can be applied in combination with optical sorting (Berg & Mattson, 2000; Paper I).

Any waste flow data should be viewed in the context of the technical design of the collection 
system in question, and clearly related to the appropriate fractions of the collection activities.

Can information about the waste flow describe the degree of success or failure? 
Source sorting and collection of household solid waste include many different aspects. There is 
no simple assessment method for describing the degree of success or failure. Also, the perception 
of what is important is different if you ask for example the waste management company, the 
municipality, the waste researcher, the citizen, or the fish in the bay below the landfill. Noe-
hammer & Byer (1997) used participation rate to measure the degree of success in source sort-
ing programs, but participation rate does not give any information about waste quantities, purity 
of recycling materials or composition of residual waste and potential recovery rates. On the other 
hand, Emery et al. (2004) argue that raising of participation rates should be prioritized in recy-
cling efforts, referring to a study where the overall participation rate was low, but the participat-
ing households put out a large proportion of recyclables. Berg (1993) had a broader approach 
including data about the waste flow. Berg presented the following measurements for evaluating 
source sorting systems: 

- Quantity of collected recyclables [kg recyclables/household or person] 
- Quality of recyclables [purity or contamination rate] 
- Recycling rate [recovered material/the potential recyclable amount] 
- Participation rate 
- Willingness to participate  
- Citizens’ degree of satisfaction 

Berg (1993) discussed how to analyse the quantity and quality of wrongly sorted materials, with 
the aim of evaluating the effect of sorting instructions given to the households. Such measure-
ments will not tell if the reason for missorted materials was misunderstanding the instructions, 
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practical difficulties following the instructions, carelessness, or explicit unwillingness to partici-
pate in recycling efforts. Only personal interviews can capture that kind of information. How-
ever, results from personal interviews describe subjective opinions biased with regard to the de-
sign of the questionnaire. For example, when citizens were interviewed, their expressed willing-
ness to participate was significantly higher than the actual participation rate (Read, et al., 2005; 
Woollam et al. 2003). Therefore, as Berg (1993) pointed out, expressed willingness to partici-
pate must not be mixed up with the actual participation rate. When searching for cause/effect 
relations through interviews, the true output (waste flow) of the waste collection in question 
must be known. 

Waste flow data is a basic necessary knowledge to claim success or failure of a collection pro-
gram. However, information on other levels is also important, e.g. cost-effectiveness and 
environmental effectiveness of the collection activities, depending on the perspective and aim of 
the evaluation. In an overall evaluation of waste management and recycling efforts, an approach 
including life cycle analysis (LCA) is appropriate and the efficiency of material recovery 
processes is crucial, but here the discussion is limited to the function of the collection systems. 

Indicators to describe the waste flow 
The following indicators (described and discussed below) indicate the function of a source sort-
ing system with regard to the quantity and composition of the waste, i.e. the output of the system 
(Paper I):

- Source Sorting Ratio (total collected source sorted materials/total collected sorted and 
unsorted waste materials) [weight-%] 

- Specific Waste Generation Rate [kg waste/capita·year]
- Ratio of Dry Recyclables in the residual waste (altogether and one by one) [weight-%] 
- Ratio of Biodegradables in the residual waste [weight-%] 
- Ratio of remaining Combustibles in the residual waste (recyclables and biowaste ex-

cluded) [weight-%] 
- Ratio of remaining Inorganics in the residual waste (recyclables excluded) [weight-%] 
- Ratio of Missorted materials (in source sorted fractions) [weight-%]
- Participation Rate (households participating in source sorting activities) [%] 

The set of indicators are best viewed together, since they correlate with one another. For exam-
ple, an introduction of separate collection of biowaste will give a clear effect on most of the 
other indicators, since biowaste constitutes a large proportion of weight of the household waste, 
often 45-50 % (Vukicevic, et al., 2001). Each indicator above can be divided into several sub-
levels, depending on the aim and scope of the study. 

The Source Sorting Ratio [%] describes to what extent the households sort their waste. The 
Source Sorting Ratio will point out if an increasing amount of sorted waste per person is mainly 
due to an overall increase in waste generation or rather an effect of more ambitious sorting (i.e. 
increasing Source Sorting Ratio). The indicator may well be applied also at separated levels, i.e.
for source sorted materials one by one, in relation to the potential amount of the material. Berg 
(1993) named a similar indicator Recycling Rate. However, the term Recycling Rate includes the 
assumption that the source sorted material will be recovered after collection. This is often, but 
not always, the case. Source Sorting Ratio (or Rate) is the correct term for describing to what 
extent the households sort their waste. 

The Specific Waste Generation Rate (SWG) describes the amount of waste, usually per capita 
and year, or sometimes per household and week. This indicator is preferably applied at both 
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aggregated and separated levels; i.e. total waste flow, residual waste flow, and the flow of source 
sorted materials one by one. Changes in the residual (non-sorted) waste generation rate have two 
main explanations: changes in the source sorting behaviour and/or changes in products and con-
sumption.  

The expected Ratios of Materials in the Residual waste are useful information when planning the 
waste treatment processes. The ratios also indicate the potential recovery rate for recyclable 
materials and can be used as decision support in strategic planning of source sorting systems and 
information campaigns. To capture these indicators, sampling and waste composition studies 
must be performed. If desired, the composition of the residual waste can be presented with more 
details; for example, the ratio of hazardous waste and each category of recyclables can be listed 
separately.

Monitoring The Ratio of Missorted materials in source sorted fractions is important with regard 
to the material recovery processes. It is also valuable data when planning information campaigns 
and revising sorting instructions. If the content of missorted materials is high, the other indica-
tors in the same case are misleading. If the content of missorted materials is very high, the whole 
lot should be reclassified as residual, non-sorted waste. To measure the Ratio of Missorted 
materials, sampling and composition studies must be performed. 

The Participation Rate [%] describes the percentage of households participating in the stipulated 
source sorting activities. However, this might be very difficult to measure, especially if collec-
tion of source sorted materials is based on a drop-off system. In single-family houses with curb-
side collection of recyclables, the participation rate can be registered as a set-out rate. In multi-
family houses it is difficult to assess the participation rate even when the collection is organised 
on the property. Some municipalities have differentiated collection charges, which may indicate 
participation rate. It is especially useful to know the participation rate when evaluating changes 
in the average Source Sorting Ratio. The average Source Sorting Ratio alone does not tell any-
thing about how the sorting activities are distributed, or what the expected (and reasonable) 
Source Sorting Ratio of a participating household could be. 

The indicators can be visualized in several ways, e.g. using graphs to show the development over 
time for each indicator, using circle diagrams to show ratios, or with bar charts combining both 
quantity and composition data. Such bar charts facilitate comparisons among different collection 
systems, like the examples in Figures 2 and 3. 
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Figure 2 Visualized indicators, with focus on the source sorting ratio (i.e. the striped part of 
the bar in relation to the total bar) and the composition of the residual waste. The 
example shows output in kg/capita·year, from collection of household waste in 
three municipalities with different collection systems (Paper I).  
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paper packaging. The example is the same as in Figure 2, and shows output in 
kg/capita·year, from collection of household waste in three municipalities with 
different collection systems (Paper I).  
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Multivariate data analysis  
Multivariate data analysis can be useful for displaying an overview of collection and composi-
tion data and identify influential variables, clusters and trends. Such an overview is free from 
preconceived ideas, and may point out where it is interesting to go into details. For example, 
viewing the multivariate score and loading plots of collection results in Figure 4, the importance 
of distinguishing results of newsprint and glass from metal, plastic and paper packaging is 
obvious. It is also clear that municipality A stands out from the rest. Another example of apply-
ing multivariate analysis is referred to in chapter 2.3 below, using composition data looking for 
differences related to type of collection system. 

                  

Figure 4 Multivariate data analysis, based on source sorted waste materials collected and 
delivered to treatment facilities 2003 [kg/capita·year], in municipalities A-F (the 
figure is further explained in Paper I). 

Concluding notes and further research
Multivariate data analysis is useful for displaying an initial overview of collection and composi-
tion data. More detailed information about the waste flow can be described using the eight indi-
cators presented above. Bar charts combining quantity and composition data make it easy to 
compare the output of different collections systems. The indicators should always be presented 
in the context of the collection system in question. The following questions have been identified 
for further research:

- To what extent is the presented set of waste flow indicators relevant and affordable and 
practical on the municipal level? 

- What other information (apart from waste flow data) is required to sufficiently evaluate 
the degree of success or failure of collection programs? How can e.g. cost-effectiveness 
and environmental effectiveness of the collection activities be expressed? 
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2.3 Factors influencing the result of source sorting programs

Decisive factors
The potential material output of a source sorting program is a function of the occurring compo-
nents in the household waste. The reasons for changes in the output can be divided into three 
groups:

- Changes in the source sorting behaviour (redistribution of the material flow; total waste 
generation unchanged) 

- Changes in the product design (for example new kinds of packaging)
- Changes in the choices of private consumption (for example changes in subscriptions to 

newspapers, changes in the choice between semi-prepared food and primary produce, 
etc.)

The generation rate and composition of household solid waste depend on many factors. An over-
all influential factor is the economic development, i.e. the rate of production and consumption of 
goods (RVF, 2004). The wide range of other decisive factors (Table 2) and the complexity of 
causes and effects, indicate the difficulty of investigating and evaluating the factors one by one.

Regional differences 
There are substantial regional differences in waste characteristics, which among other reasons 
are related to differences in economy, culture and climate. Matsuto & Ham (1990) showed that 
single-family dwelling areas with similar characteristics in USA and Japan respectively, sur-
veyed with the same method, had significant differences in household waste characteristics. The 
average person in US produced twice as much paper waste and half the amount of food waste as 
in Japan. Another example shows notable differences in municipal solid waste characteristics 
between a cold, remote region (Fairbanks, Alaska) and the national US average. Fairbanks gen-
erates more food waste and less yard waste than the national average, and seasonal variations are 
more significant (Ogbe & Behr-Andres, 1996). The reasons for such findings are obvious, and 
raise the question if it is a good idea to implement detailed common directives and waste legisla-
tion in the entire European Union. 

Controlled and uncontrolled factors  
In Table 2 the factors are divided into three main levels, regarding how the factors can be con-
trolled. Some of the factors can be influenced by waste management strategies, while some are 
more or less impossible to control or even measure. The factors controlled within waste man-
agement are naturally of great concern for decision makers in waste management planning. 
Ideally the effect of these factors could be evaluated one by one and used to predict the outcome 
of a certain collection system. Weight-based billing and curbside collection are examples of such 
locally controlled factors, where causes and effects have been investigated in a case study re-
ferred to below. However, in reality all factors interact, some factors are out of control and the 
results will never be completely predictable or simple to transfer to new districts. The factors that 
are out of control by means of waste management actions may not be desirable to control any-
way, but still these factors should be understood as possible explanations of variations, and use-
ful tools for stratification of investigations as well as stratification in the outline of the collection 
systems.  
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Table 2        Factors influencing the output of source sorting programs in household waste collection systems (Berg, 1993; Emery et al., 2004; European Commission, 2004; 
Gonzalez-Torre & Adenso-Diaz, 2005; Gustafson & Johansson, 1981; Noehammer & Byer, 1997; Parfitt & Flowerdew, 1997; Petersen, 2004; Woodard et al., 
2005, and Paper I). Factors marked with grey have a direct consequence for sorting activities, while the remaining factors have indirect effects on the output. 

Factors which may be controlled  
within local/regional waste management 

Factors which may be controlled within 
national/EU waste management strategy 

Factors which are out of control by 
means of waste management  

Level of operating costs Level and type of financing that is accepted and legal Economic growth; production and consumption rate
Waste management objectives Legislation (e.g. Producer Responsibility) Household economy; employment status of adults 

Technical design of collection equipment and vehicles National economic incentives (e.g. waste taxes) 

Types of waste materials collected separately Environmental objectives (e.g. recycling targets) 
Mandatory or voluntary  recycling program Levels of public education and awareness of waste issues 
Design of collection charges; economic incentives or not 
Information strategies and clarity of sorting instructions 

Education program or not (e.g. school program, media) 
Provision of indoor equipment for sorting or not  (e.g. bins 
under the kitchen sink), and if so; types of equipment 
Encouragement of private composting or not (e.g. provid-
ing composting equipment and/or instructions) 

Residential structure: 
household size  
property type (e.g. single-family, multi-
family, size and type of yards, etc.)
tenure
urban/suburban/rural areas 
heating system (solid fuel used for private 
heating or not) 
stability and networking in the neighbour-
hood  

Family life cycle; age of household members, 
number of household members at home daytime,  
number of males/females 
Frequency of small scale businesses in homes 

Weight and frequency of newspapers in the region 
Frequency of pet ownership 

Types of waste material collected property close (curbside) 
Convenience and simplicity of collection 
schedules  
Types of bins and/or sacks  
Provision of waste bins/sacks or not. 
Ownership of and cleaning responsibility for bins Frequency of car ownership 

Frequency of freezer ownership 

Other cultural and socioeconomic differences 

Types of waste material collected with bring system (drop-
off collection)  

Convenience in location of drop-off points 
(natural thoroughfares, distance from homes)  
Function and attractiveness of drop-off points 

People’s varying behaviour even when all other 
factors are alike 

Availability of alternative places of discharge (e.g
Recycling Centres)

Seasonal variations (e.g. tourism)  

Administrative management in the collection systems (e.g.
co-ordination in the region, operator ownership) 

Climate 
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Case study of weight-based billing vs. flat rate 
A comparison of the waste generation rate since 1996 in six municipalities (Paper I) showed an 
increase in waste generation per capita in five of six municipalities. The sixth municipality had a 
significant drop in total delivered waste amounts when weight-based billing was introduced 
(Figure 5). The source sorting ratio was also higher with weight-based billing. The residual 
waste and sorted biowaste were billed per kg, while dry recyclables were collected for free. In 
this case the billing system had a decisive influence on the output of waste collection, but it is 
unknown to what extent improper material paths had developed. A significant effect of economic 
incentives in waste collection has been reported in several other studies, e.g. Reichenbach & 
Bilitewski (2003), Noehammer & Byer (1997), Sterner & Bartelings (1999), and Sörbom (2003). 
On the other hand, in another study Jenkins et al. (2003) point out that the effect is unclear.
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Figure 5 The household waste flow in the municipalities A-F, based on weight data of the 
added amount of residual waste and source sorted materials [kg/capita·year], 
delivered to treatment facilities. Extended curbside collection was introduced in 
municipalities A and B in 1999-2000. Weight-based billing was introduced in 1999 
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Case study of curbside collection vs. drop-off points 
In the same study as referred to above, households with curbside collection separated 50 % more 
metal, plastic and paper packaging and had less recyclables left in the residual waste (Figure 6 
and Paper I). When separate collection of biodegradables was included in the curbside system, 
the overall sorting of dry recyclables increased. Hence separate handling of biodegradables 
seems to facilitate the sorting of dry recyclables. 

Figure 6 Multivariate data analysis (PCA-X). Score plot; Municipalities A-F. Loading plot; 
Composition of residual waste. Results from characterizations of residual waste 
from single-family houses [kg/household·week]. Municipality A, B, and C had 
curbside collection of recyclables, while D, E and F had mainly drop-off points.  
(Paper I) 

In this case the curbside collection had a decisive influence on the output of waste collection. 
The results are in line with for example Gonzalez-Torre & Adenso-Diaz (2005), Jenkins et al. 
(2003), and Sörbom (2003), who concluded that property-close collection increases the source 
sorting of recyclables. 

Stratification 
With such a large number of different influential factors, the complexity needs to be reduced 
when searching for causes and effects. Investigations of the waste flow can preferably be strati-
fied, i.e. divided into districts with regard to similarities. Depending on the aim of the study, 
stratification can be based on for example: 

- differences in number and types of recycling materials collected separately  
- property-close (curbside) or bring (drop-off) system 
- other differences in design of collection system 
- mandatory or voluntary recycling program 
- economic incentives or not  
- differences in information strategies  
- residential structure (for example single-family houses/multifamily houses) 
- urban or rural areas 
- socioeconomic differences (e.g. rich or poor districts) 
- households with private composting or not 
- availability of alternative places of discharge (e.g. Recycling Centres1)

All the grounds suggested above for stratification have been shown to affect source sorting re-
sults (Berg, 1993; Emery et al., 2004; European Commission, 2004; Noehammer & Byer, 1997; 

1 Recycling Centres (or Civic Amenity Sites) are supervised facilities where members of the public can bring and 
discard a variety of household waste.  Unlike drop-off points, whereby only paper, plastic, metal and glass can be 
delivered, Recycling Centres cater also for bulky waste, garden waste, electronic products, hazardous waste etc.
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Parfitt & Flowerdew, 1997; Petersen, 2004; Read et al., 2005; RVF, 2005a and Paper I). In con-
trast, a few studies have indicated that the factors mandatory/voluntary program (Jenkins et al. 
2003) and socio-economic status (Maystre & Viret, 1995) are insignificant.

People’s varying behaviour
For households where most of the factors are the same, there will still be a variation related to 
individual varying behaviour, e.g. food habits, level of waste minimization and intrinsic motiva-
tion. Stratified research at household level has the advantage of establishing the range of waste 
flow variation for households with similar characteristics (Parfitt & Flowerdew, 1997; Petersen, 
2004).

Concluding notes and further research
A wide range of factors, listed above, influence the output of source sorting programs in house-
hold waste collection. Some factors can be controlled within waste management and some can-
not. The complexity needs to be reduced by stratification when searching for causes and effects. 
All factors interact more or less, and the output of collection systems will never be completely 
predictable. Identified questions for further research on decisive factors and cause/effect rela-
tions:

- How can the decisive factors that can be controlled within waste management strategies 
be evaluated in terms of influence on the output?  

- How can the decisive factors that cannot be controlled within waste management strate-
gies be graded in terms of importance?   

- What stratification is relevant when investigating household waste flows? What strata are 
adequate to recommend, with regard to different aims of waste analyses? How can statis-
tical information for dividing local areas into relevant strata be acquired?

- To what extent are improper material paths developing as a consequence of weight con-
trolled billing in waste collection? 
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3. CONCLUSIONS

Waste quantity and composition data is necessary to evaluate the function of source sorting pro-
grams. Waste quantities can usually (in Sweden) be captured as registered tons per year deliv-
ered to treatment facilities. Solid waste composition data of reasonable quality can be obtained 
by sampling and manual sorting. A standard procedure for composition studies is missing, which 
makes it difficult to compare results from different studies. Data about the waste flow can be 
interpreted using the following set of indicators: 

- Source Sorting Ratio  [weight-%] 
- Specific Waste Generation Rate [kg waste/capita·year]
- Ratio of Dry Recyclables in the residual waste [weight-%] 
- Ratio of Biodegradables in the residual waste [weight-%] 
- Ratio of Combustibles in the residual waste  [weight-%] 
- Ratio of Inorganics in the residual waste [weight-%] 
- Ratio of Missorted materials (in source sorted fractions) [weight-%]
- Participation Rate (in source sorting activities) [%] 

The indicators make it easy to compare the output of different collections systems. Knowing the 
actual waste flow, cause/effect relations can be shown. A question for further research is to what 
extent this set of indicators is affordable and practical to use on the municipal level.  

A wide range of factors have effects on the output of source sorting programs. In a case study, 
curbside collection of recyclables and weight-based billing respectively, led to increased source 
sorting activities. In a wider perspective, to completely understand the function of source sorting 
programs, the whole range of influential factors should be evaluated in terms of influence on the 
output. Stratification based on decisive factors will reduce the complexity when searching for 
cause/effect relations. A number of questions need to be answered concerning stratification: 
Which strata are adequate to recommend, with regard to different aims of waste studies? How 
can statistical information be acquired for dividing local districts into relevant strata? To what 
extent can the stratification of regular weight data be adjusted to comply with stratification in 
sampling for waste composition analyses?  

Source sorting and collection of household solid waste include many different aspects. Apart 
from the indicators describing the waste flow, additional information is needed to evaluate col-
lection results, e.g. cost-effectiveness and environmental effectiveness of collection activities. 
There is no simple assessment method for describing the degree of success or failure of source 
sorting programs in household waste collection. 
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COMPARISON OF DIFFERENT COLLECTION SYSTEMS FOR SORTED HOUSEHOLD WASTE 

Dahlén, L., Vukicevic, S., Meijer, J-E., Lagerkvist, A. 

Abstract

Composition and quantity per person of Municipal Solid Waste (MSW) were analyzed in six 
municipalities with different collection systems. Samples of residual waste were sorted, clas-
sified and weighed in 21 categories. Collection data of total waste flow, including source-
sorted recycling materials, in the same area was analyzed. Multivariate data analyses were 
applied. The main questions to be answered were: What are the effects of weight-based bill-
ing? What are the effects of curbside collection compared to drop-off systems? Which indica-
tors are relevant to compare different MSW collection systems? There was a clear effect of 
the weight-based billing system with 50 % reduced amount of residual waste/capita compared 
to not weight-based billing with a similar collection system. Collected amounts of plastic, 
paper and metal packaging per citizen were doubled with curbside collection, compared to 
drop-off systems. To describe and compare quantity and composition of the waste flow, six 
indicators were selected and discussed.

keywords  

municipal solid waste, weight based billing, curbside collection, drop-off, waste management, 
source separation 

1. Introduction  

In Sweden all citizens are obliged to sort their solid waste and participate in local recycling 
programs. Since the Ordinance on Producer Responsibility (SFS, 1994) was introduced, the 
recycling efforts have been intensified. A number of different collection systems and source 
sorting programs have developed locally, in the municipalities. The expressions source sort-
ing and source separation are both used to describe when the households handle and dispose 
of different waste materials separately.  

To evaluate and compare different Municipal Solid Waste (MSW) collection systems, various 
aspects are relevant, e.g. technical function, operating costs, information strategies, social 
codes and people’s behavior (Berg, 1993). Basic input in discussion of any of these aspects is 
data clearly describing the actual material flows. Therefore reliable waste composition and 
generation data are useful. There is not yet an international standard of waste terminology, 
waste category classifications and solid waste analysis (Ploechl, et al., 2003), (European 
Commission, 2004).  

Here residual household waste refers to materials which land as bagged, mixed waste in the 
waste bin, i.e. the waste left when the households have handled any source-sorted materials 
separately. Dry recyclables refers to newsprint and packaging materials included in the Ordi-
nance on Producer Responsibility in Sweden (SFS, 1994), with established collection and 
recycling systems.
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When characterization and quantification of waste flows are performed and interpreted con-
sistently, different collection systems can be compared and cause/effect relations can be 
shown and discussed.

2. Objective and research questions 

The overall objective is to contribute to decision support in planning and development of 
MSW source sorting systems. The questions raised are: 

- What are the effects of a weight-based billing system?  
- What are the effects of curbside collection of recyclables compared to drop-off sys-

tems?  
- How can different MSW collection systems be compared? 

The aim was to utilize waste collection and characterization data from six municipalities, to 
answer and discuss the above questions with regard to observed differences in waste material 
flows.

3. Method and Materials  

3.1  Method 

The quantity of source-sorted recyclable materials, and the composition and quantity of the 
residual household waste respectively, were analyzed and compared in six municipalities with 
different collection systems. 

NSR Ltd. (Nordvästra Skånes Renhållnings AB) is a waste and recycling company, organized 
as a joint venture among six municipalities in Sweden. Since 1998 NSR Ltd. has performed 
sampling and characterization of the residual household waste in their own area, besides 
waste characterization commissions on demand for other municipalities. The method used is 
based on the Nordtest Method NT ENVIR 001 (Nordtest, 1995) and developed in cooperation 
with Luleå University of Technology (Ohlsson, 1998). 

Samples of residual household waste were sorted, classified and weighed in 21 categories. 
The samples were taken from regular collection routes in urban districts, randomly chosen by 
the waste transport director, who also reported the number of households contributing to the 
specific sample. Stratification was in two strata: multifamily houses and single-family houses. 
Each sample was in the range of 200-500 kg, taken out by quartering from an approximately 
10 times larger mother-sample (the lot). Each lot represented about 5 % of the stratum, except 
in one municipality (C) where a lot represented between 1-3 %. All samples were household 
waste only, i.e. no commercial waste, and from one full week of household activities in multi-
family houses and two full weeks in single-family houses. The lot was emptied from a trans-
port vehicle and mixed, without crushing, on a paved, hard surface. The lot was flattened to a 
square shape before quartering, repeated as many times as necessary to obtain the desired 
sample size. Care was taken to ensure that fines were not left on the ground. The sample was 
sorted in the following 21 categories: newsprint, cardboard, plastic film packaging, foamed 
plastic packaging, dense plastic packaging, paper packaging, glass packaging, metal packag-
ing, electric and electronic equipment, biowaste except garden waste, garden waste, diapers, 
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non-packaging paper, non-packaging glass, non-packaging plastic, non-packaging metal, tex-
tile fabric, wood, other combustibles, other non-combustibles, hazardous waste.

The proportion of each waste category was calculated in weight percentage. When it was pos-
sible, due to some variation in the quality of background information, the amount/week 
[kg/household·week] of each waste category was also calculated.

Samples were collected and characterized on 28 occasions, distributed over the six munici-
palities and over the years 1998-2004. Separate samples from the two strata were taken on 
each occasion, but no parallel samples were taken.  

The reports of the total amount of source-sorted recyclables and residual household waste, 
collected in each municipality and delivered to treatment facilities [kg/capita·year], were ana-
lyzed together with the above described characterization data of the residual waste. In the re-
ported total amount of residual household waste, some commercial waste was included, to a 
limited, but unknown, extent. Hazardous waste, bulky waste and yard waste were collected 
with special measures, not included in this study.   

Differences in waste material flows between the six municipalities were examined and dis-
cussed. Data were analyzed using multivariate data analysis (MVDA), mainly to obtain an 
overview of the data and look for influential variables, clusters and trends. Principle compo-
nent analysis (PCA) was used and the results were displayed graphically, applying the soft-
ware Simca-P 10.5 (Eriksson, et al., 2001). 

3.2  The six municipalities and their waste collection systems

The six municipalities in the study are called A (Bjuv), B (Åstorp), C (Helsingborg), D 
(Höganäs), E (Ängelholm) and F (Båstad). Together they represent an area with about 
220,000 inhabitants. The most populated municipality, C, has 120,000 inhabitants, with ap-
proximately 70 % of the households in multifamily houses (55 % of the inhabitants). In the 
other five municipalities (A, B, D, E and F), with smaller towns, most of the households are 
single-family homes (70-90 %).  

Differences in the household waste collection systems divided the municipalities into three 
main groups, which to some extent are subdivided. The first group is municipalities A and B, 
with extended curbside collection of sorted recyclables including biodegradables, the second 
group is only municipality C, with curbside collection of dry recyclables, group three is mu-
nicipalities D, E and F, with mainly drop-off (bring) systems for sorted recyclables (Table 1). 
Here the expression “curbside collection” is used regarding property close collection at sin-
gle-family as well as multifamily houses. 
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Table 1: The collection systems in the NSR municipalities during the studied period.  
* marks curbside (property close) collection, in addition to drop-off points   

marks collection at drop-off points (bring system) only 
Empty space in the table means no separate collection.     

The studied period was 1996 until March 2004. Extended curbside collection was introduced 
in 1996 in municipality C, in 1999 in B and in 2000 in A. Drop-off systems for dry recycla-
bles were present the whole period in all six municipalities. With no curbside collection there 
was approximately one drop-off point per 400-1000 households. With curbside collection 
there was one drop-off point per 2000-2500 households in municipalities A and C, while B 
kept the system with about one drop-off point per 400 households, in parallel with curbside 
collection. During the studied period it was common, but not compulsory, to participate in the 
curbside collection. 

3.3 Design of the refuse collection charges  

Municipality A was the only municipality in the study with weight-based billing. In the year 
2000 the weight-based billing was introduced with a low fixed fee of 50 euros/year and the 
weight-based fee 0.4 euros/kg residual waste, plus 0.1 euros/kg sorted biodegradable waste. 
There was no fee per weight of dry recyclables. Two years later (2002), the billing system 
was revised to a higher fixed fee (130 euros/year) and a lower weight-based fee for residual 
waste, now 0.25 euros/kg, while the cost of leaving biodegradable waste was unchanged. In 
the other five municipalities, which did not have weight-based billing, there was some varia-
tion in the refuse collection charges, though a usual fee for a family in a residential home was 
in the order of 170 euros/year (2003). Examining the billing-systems in detail was not in-
cluded in this study. All fees mentioned above are approximate due to variable exchange 
rates.

Packaging materials

Municipality Newsprint Glass Paper Metal
Plastic
film

Plastic
hard Biowaste

Residual 
waste

A * * * * * * * *

B * * * * * * * *

C * * * * * *

D * * *

E * *

F *
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4. Results and Discussion 

4.1 Sources of error 

Official data from each municipality was used to determine number of inhabitants, proportion 
of residential and apartment homes and yearly collected amounts of waste materials. Grave 
sources of error were neither suspected nor examined in this data.  

In performing characterization of residual waste there are several sources of error. First of all 
the characterization data represents only samples of a large material flow. The procedure of 
the characterization is described above (Ch. 3.1). A manual was used, but there is always a 
risk of failure to follow every detail in the instructions. To minimize such failures one of the 
authors was in charge and participated in practice in all the characterization work. Even 
though samples were relatively large (200-500 kg) and taken out of a 10 times larger lot and 
spread out over time (1998-2004), it is a weakness of the study that samples were not taken 
regularly in each municipality and no parallel samples were taken. With no parallel samples 
there is not enough data to calculate statistic significance.

When viewing the data from different occasions in the same municipality, certain samples 
differ clearly from the rest, more than could reasonably be explained by changes over time. 
The reason for this variation is discussed here, but the stratification and number of samples 
were not enough to explain the variation. When the number of households contributing to one 
sample was reported, the certainty in these reports was difficult to assess. If there was a mis-
calculation in the number of households, the calculated amount of waste [kg/household·week] 
could be strongly affected, but the proportion [%] of materials in the sample was not effected 
and therefore more reliable. Another possible explanation of the variation in the same munici-
pality was that samples were taken in randomly chosen areas in each municipality, i.e. a dif-
ferent area each time, which means that any chosen area could happen to be dominated by for 
example larger/smaller, younger/older, richer/poorer families than average. There was no data 
available to recognize the true age, income and number of persons in each household contrib-
uting to a specific sample.  

4.2  The impact of weight-based billing in Municipality A

In a multivariate principal component analysis (PCA) of delivered amounts of source-sorted 
materials per person, the six municipalities can be found in four different groups, which re-
flects differences in the collection systems. Each of the municipalities A, B and C forms a 
group of its own, while the rest (D, E and F) are grouped together (Figure 1). Only A had 
weight-based billing.
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Figure 1:  MVDA (PCA-X).  Score plot; Municipalities A-F in 2002 and 2003. The first component (x-
axis) explains 74 % of the variation, the second component (y-axis) 12 %. View Figures 1 and 2 
in parallel.

Figure 2:  MVDA (PCA-X). Loading plot; Source-sorted recyclables and residual waste [kg/capita·year], 
based on waste materials collected and delivered to treatment facilities each year. 

Municipality A is found furthest to the left in the score plot, corresponding to the waste mate-
rials found to the left in the loading plot, which means that A delivered most source-sorted 
biowaste and metal, paper and plastic packaging materials per person (Figures 1 and 2). On 
the other hand, municipality A delivered about 50 % less source-sorted glass and 30 % less 
newsprint per person, compared to the average of the other five municipalities. However, in 
the residual waste from municipality A, there were also smaller amounts of glass and news-
print found, compared to the other municipalities (Figure 10). When all dry recyclables were 
added up, the households in (A) had delivered fewer kg dry recyclables/person, compared to 
the other five municipalities (Figure 8). Still, municipality A had the highest source sorting 
ratio, i.e. the largest proportion of sorted dry recyclables delivered to recycling; 39 weight-% 
of total collected waste materials, which is to be compared with municipality B 33 %, D 28 
%, C 27 %, E 26 % and F 23% (2003).

During the studied period the total waste material flow increased slightly in all municipalities 
except A (Figure 3).
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Figure 3: The total household waste flow in the municipalities A-F 1996-2003, based on the added amount 
of residual waste and source-sorted materials [kg/capita·year], collected and delivered to treat-
ment facilities each year. Extended curbside collection was introduced in municipalities A and B 
during the years 1999-2000. 

The amount of delivered residual waste per person became significantly lower in both mu-
nicipality A and B when curbside collection, including source-sorted biowaste, was intro-
duced. However, there was a clear difference between A and B, where collection systems 
were similar, but the billing systems different (Figure 4 and 5). 

Figure 4: The amount of residual household waste in the municipalities A-F 1996-2003, based on waste 
amounts collected and delivered to treatment facilities each year [kg/capita·year]. Extended 
curbside collection was introduced in municipalities A and B in the years 1999-2000. 

0

50

100

150

200

250

300

350

1996 1997 1998 1999 2000 2001 2002 2003

F
C
E
D
B
A

yc
kg

yc
kg



Comparison of different collection systems for sorted household waste 

Dahlén et al, Division of Waste Science & Technology, LTU, 2005 
8(18) 

Figure 5: Household waste materials in municipalities A and B [kg/capita·year], based on amounts col-
lected and delivered to treatment facilities each year. Extended curbside collection was intro-
duced in both municipalities in the years 1999-2000. 

The results indicate that the inhabitants with weight-based billing (municipality A) differ in 
pattern of consumption and/or behavior. During the year 2003 only half as much residual 
waste (90 kg/capita·year) was collected in municipality A, compared to municipality B (180 
kg/capita·year), while the amounts of delivered source-sorted materials were about the same 
(Figure 5). Where did the waste go in municipality A? A possible conclusion is that the 
weight-based billing is a powerful instrument, which promotes both reduced total waste gen-
eration and further engagement in sorting out recyclables. However, with the weight-based 
billing,  people might have been tempted to burn waste in fireplaces or leave residual waste in 
inappropriate places, for example in the bin for biodegradables, at the drop-off points for re-
cyclables or at illegal, roadside dumps. Preliminary results from characterization of the 
source-sorted, collected biodegradables in municipality A indicate more impurities (12 % 
2004), i.e. wrongly sorted materials, than for example in a test area in municipality C (4 %, 
2003). A prerequisite for attaining the desired effect of weight-based billing is that the inhabi-
tants are both susceptible to information campaigns and willing to accept rules. It is unknown 
to what extent the inhabitants of municipality A followed the rules. 

A sociological research review (Sörbom, 2003) pointed out economical incentives as an im-
portant factor affecting waste sorting behavior. Sterner and Bartelings (1999) came to a simi-
lar conclusion using a questionnaire in a residential area. 70 % of the households said that the 
design of the refuse collection charge has a direct influence on their sorting behavior. Sterner 
and Bartelings examined the effect of weight-based billing in two Swedish municipalities, 
Varberg and Eda. When weight-based billing was introduced, the amount of residual waste 
was reduced by approximately 30 % in Varberg and by 50 % in Eda. Some problems with 
inappropriate waste disposal can be expected when using weight-based billing; on the other 
hand, Sterner and Bartelings found in the questionnaire that households seem to be even more 
motivated and interested in waste sorting than can be explained only by savings on the waste 
management bill.  

To sum up, weight-based billing showed clear effects with up to 50 % reduction of delivered 
residual waste/capita, but it is unknown to what extent improper material paths had devel-
oped.
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4.3  The effect of curbside collection of recyclables in Municipalities A, B and C, 
compared to drop-off systems in Municipalities D, E and F  

The multivariate principal component analysis (PCA) of the composition of residual waste 
indicates that the municipalities with curbside collection (A, B and C) had less dry recyclables 
left in the residual waste, compared to the municipalities with mainly drop-off systems (D, E 
and F). D, E and F are found to the right in the score plot, like all the recyclables are orien-
tated to the right in the loading plot (Figure 6 and 7).

                   

Figure 6: MVDA (PCA-X).  Score plot; Municipalities A-F and year of sample. Results from characteri-
zations of residual waste, based on the latest samples from single-family houses 
[kg/household·week]. The first component (x-axis) explains 48 % of the variation, the second 
component (y-axis) 22 %. View Figures 6 and 7 in parallel.

                
Figure 7: MVDA (PCA-X). Loading plot; Composition of residual waste. Results from characterizations

of residual waste in municipalities A-F, based on the latest samples from single-family houses 
[kg/household·week].

In 2003 the total amount of collected, sorted dry recyclables was in the order of 100 
[kg/capita·year] in all six municipalities regardless of collection systems (Figure 8).  
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Figure 8: Added-up amounts of source-sorted dry recyclables (packaging of glass, plastic, metal and paper 

plus newsprint) from the households in municipalities A-F 1996-2003 [kg/capita·year], based on 
amounts collected and delivered to treatment facilities each year. 

However, differences in certain materials can be found behind the summed-up amounts. Some 
of the municipalities with mainly drop-off systems have curbside collection of glass and 
newsprint (D) or only newsprint (E); see Table 1. When glass and newsprint are excluded, the 
graphs show that inhabitants with complete curbside collection of dry recyclables (A, B, and 
C) sorted out approximately the double amount per person of plastic, metal and paper packag-
ing materials (average 28 kg/capita·year), compared to municipalities D, E, and F with drop-
off systems (average 14 kg/capita·year) (Figure 9). 
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Figure 9: Added-up amounts of source-sorted plastic, metal and paper packaging materials from the 
households in municipalities A-F 1996-2003 [kg/capita·year], based on amounts collected and 
delivered to treatment facilities each year. 
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Figure 10: The amounts of six categories of dry recyclables left in the residual waste. Municipalities A, B 
and C had complete curbside collection of recyclables; D, E and F had mainly drop-off systems, 
with the exception of curbside collection of newsprint (D, E) and glass (D). Results from charac-
terizations of the latest sample of residual waste from single-family houses 2002-2004 
[kg/household·week].

The grouping of municipalities seen in the multivariate analysis above (Figure 6) is reflected 
in the column chart in Figure 10. Recyclables was to a greater extent left in the residual waste 
in the municipalities without curbside collection. The added-up amount of all dry recyclables 
found in the latest samples of residual waste varied from 1.2 (A) to 3.7 (F) 
[kg/household·week], which corresponds to between 60 and 200 kg/capita·year of potentially 
recyclable materials.  

The overall Source Sorting Ratio was the highest in municipalities A and B, with extended 
curbside collection. In municipality F, with no curbside collection of recyclables, the Source 
Sorting Ratio was the lowest. The sociological research review of waste sorting (Sörbom, 
2003) points out accessibility (nearness) as the most important factor influencing waste sort-
ing behavior. Sörbom concludes that curbside collection seems to be the best choice, if the 
goal is to stimulate as much sorting of waste materials as possible.

Since the biodegradable fraction represents a high proportion of weight, it was expected to 
find the Source Sorting Ratio higher in the municipalities with separate collection of biode-
gradables. However, the dry Source Sorting Ratio (biodegradables excluded) was also higher 
in these municipalities. Consequently, there were not only less biodegradables in the analyzed 
residual waste, but also less dry recyclables, when separate collection of biodegradables was 
available (Figure 12). A possible explanation, apart from the convenience of curbside collec-
tion, could be that handling biodegradables separately facilitates the sorting of dry recycla-
bles.
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4.4 Comparison of collection systems for sorted household waste 

Mattsson (2003) presented a review of suggested indicators and efficiency measures for 
source sorting of MSW. Here the following six indicators were selected with the aim to de-
scribe the waste material flow and the composition of the residual waste: 

- Source Sorting Ratio [total collected source-sorted materials/total collected sorted and 
unsorted waste materials] 

- Specific Waste Generation Rate [kg waste/capita·year] 
- Ratio of Dry Recyclables in the residual waste 
- Ratio of Biodegradables in the residual waste 
- Ratio of remaining Combustibles in the residual waste (recyclables and biowaste ex-

cluded)
- Ratio of remaining Inorganics in the residual waste (recyclables excluded) 

The chosen indicators indicate the function of a source sorting system, with regard to quantity 
and composition of waste. The indicators are best viewed together, since they correlate with 
each other. For example, an introduction of separate collection of biowaste will give a clear 
effect on all indicators, since biowaste constitutes a large proportion of weight of the house-
hold waste, often about 50 % (Vukicevic, et al., 2001). The indicators calculated for the six 
municipalities A-F are presented in Table 2. 

The Source Sorting Ratio describes to what extent the households sort their waste. In the mu-
nicipalities A-F the average Source Sorting Ratio was 35 %, with a wide variation from 23 to 
60 %. This indicator contributes to an overview of the total flow of waste materials from 
households. The Source Sorting Ratio will point out if an increasing amount of sorted recy-
clables per person is mainly due to an overall increasing amount of waste per person or rather 
an effect of more ambitious sorting. 

The Specific Waste Generation Rate describes the amount of waste per capita and year. 
Change in the residual waste generation rate has two main explanations: changes in the source 
sorting behavior and/or changes in the private consumption. In the municipalities A-F the 
average generation rate was 235 kg of residual waste per person per year, with a wide varia-
tion from 90 to 320 kg/year. A complementary measurement is the generation rate of source-
sorted materials and the total generation of waste materials, i.e. the sum of residual waste and 
source-sorted materials (Table 2 and Figure 11).

The expected ratios of materials in the residual waste are useful information when planning 
the waste treatment processes. The ratios also indicate the potential recovery rate of source-
sorted materials and can be used as a decision support in strategic planning of source sorting 
systems and information campaigns.  
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Table 2: Indicators to measure the flow and composition of residual household waste in municipalities A-
F. The Specific Waste Generation Rates and the Source Sorting Ratios are based on total collec-
tion data (2003). The material ratios of the residual waste are based on averages of all samples 
1998-2004, weighted with regard to single and multifamily houses. 

indicator A B C D E F 
Specific Waste Generation Rate 
[kg total waste/cap·year] 

226 324 392 357 379 414 

Specific Waste Generation Rate 
[kg residual waste/cap·year] 

91 179 284 256 280 319 

Source Sorting Ratio [%] 60 45 28 28 26 23 

Ratio of Dry Recyclables 
in residual waste [%] 

26 32 30 32 31 40 

Ratio of Biodegradables 
in residual waste [%] 

32 39 48 48 48 43 

Ratio of remaining Combustibles 
in residual waste [%] 

31 21 17 16 18 15 

Ratio of remaining Inorganics 
in residual waste [%] 

10 8 6 4 3 2 

The indicators are visualized in Figures 11, 12, 13 and 14 as summarized comparisons of the 
quality and quantity of the MSW flow in the six municipalities. Most conspicuous is A, the 
only municipality with weight-based billing, where the measured waste flow differs clearly 
from the others.  

Figure 11 illustrates the relation between source-sorted recycling materials and residual waste 
per person. Figure 12 combines results from analyzed samples of residual waste with data of 
total collected waste amounts per person. The bar chart gives an approximate picture of both 
quantity and composition of the residual waste. Figure 12 is based on the weighted average 
composition of all samples of the residual waste during the studied period (3-5 samples per 
municipality, 1998-2004). Figure 13 is the same type of chart, but based on only the latest 
sample in each municipality. The average (Figure 12) is statistically more reliable data where 
some risk of error is reduced, but the latest samples (Figure 13) are more up to date. In any 
case, both charts show similar results. The most visible difference in the latest data is a little 
decrease in non-sorted biodegradables in municipality A. 
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Figure 13: Composition of the residual waste, based on the latest sample in each municipality A-F (2002-
2004). The total amount [kg/capita·year] based on collected quantity delivered to treatment fa-
cilities.
* D had curbside collection of glass and newsprint. 
** E had curbside collection of newsprint. 

Figure 14 comprises all indicators in one picture. The total bar height is the total waste mate-
rial flow and the bar height without the striped part is the residual waste flow [Specific Waste 
Generation Rate]. The Source Sorting Ratio is illustrated by the striped part (source-sorted 
recyclables) in relation to the total bar. The black/grey/white parts show the ratios of materials 
found in the residual waste. The black (biodegradables) and dark grey (dry recyclables) are 
potentially recyclable. 

yc
kg



Comparison of different collection systems for sorted household waste 

Dahlén et al, Division of Waste Science & Technology, LTU, 2005 
16(18) 

F
E

D

A

B

C

0

100

200

300

400

A extended
curbside
collection

B extended
curbside
collection

C curbside
coll. except

biodegr.

D drop-off
system for
recycl.*

E drop-off
system for
recycl.**

F drop-off
system for

recycl. 

sorted recyclables
inorganics in residual waste
burnables in residual waste
dry recycl. in residual waste
biodegr. in residual waste

Figure 14: Visualized indicators; The total waste flow from the households in municipalities A-F 
[kg/capita·year], based on quantities collected and delivered to treatment facilities 2003. Compo-
sition of the residual waste based on the weighted average of analyzed samples 1998-2004. Only 
municipality A had weight-based billing.
* D had curbside collection of glass and newsprint 
** E had curbside collection of newsprint. 

5. Conclusions  

Weight-based billing 
Weight-based billing reduced delivered amounts of residual household waste by 50 %, but 
it is unknown to what extent improper material paths had developed. 

Curbside collection compared to drop-off points  
With curbside collection more metal, plastic and paper packaging was separated and left 
to recycling. When separate collection of biodegradables was included in the curbside sys-
tem, the overall sorting of dry recyclables increased, hence handling of biodegradables 
separately seems to facilitate the sorting of dry recyclables. 

Useful indicators when comparing different MSW collection systems:
- Source Sorting Ratio
- Specific Waste Generation Rate  
- Ratio of Dry Recyclables in the residual waste 
- Ratio of Biodegradables in the residual waste 
- Ratio of remaining Combustibles in the residual waste  
- Ratio of remaining Inorganics in the residual waste 
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Further research 
Reliable waste composition and generation data is necessary in order to calculate indica-
tors and compare different collection systems for sorted household waste. Among future 
issues of research and development are: 
- How to adjust and implement the standardized methodology for solid waste analyses, 

developed in a joint project of five European Union countries (European Commission, 
2004), into useful forms in other countries?  

- To what extent are improper material paths developing as a consequence of weight 
controlled billing in waste collection? 
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Summary

The main question raised is how to conduct household waste composition studies. The review 
is divided into three parts: Overview of known methods, Sampling theory, and The waste 
components. Sixteen European and North American methods are listed and commented on. 
The methods are usually rooted and used regionally or nationally. In accordance with Pierre 
Gy´s Theory of Sampling, the seven types of sampling errors, when collecting and splitting 
solid samples, are described and commented on in relation to sampling of municipal solid 
waste. It is concluded that the most crucial choices when sampling household solid waste are: 
to decide the number and types of strata in the stratification, to decide the sample size and 
number of samples, and to choose sampling at specific households or sampling from loads of 
ordinary waste collection vehicles. A range of household waste components for sorting are 
listed and discussed. It is recommended to use a limited number of primary categories, as far 
as possible based on physical material and stringently defined, to reduce the risk of 
misunderstandings and facilitate comparisons. Difficulties and weaknesses of the reviewed 
methods are discussed and concluded in suggested questions for further research.
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1.  Introduction 

To evaluate and compare household waste collection systems, various aspects are relevant to 
consider, e.g. technical design, environmental objectives, operating costs, types of recycling 
materials collected separately, property close or drop-off collection, mandatory or voluntary 
program, economic incentives, information strategies, seasonal variations, availability of civic 
amenity sites, residential structure, heating systems, age and income of residents, pet and car 
ownership, social codes and people’s varying behaviour (Berg, 1993; European Commission, 
2004; Noehammer and Byer, 1997; Parfitt and Flowerdew, 1997; Petersen, 2004;). Data, 
clearly interpreted and describing the actual material flows, is basic input in discussions on 
any of the mentioned aspects. Therefore reliable waste composition and generation data are 
useful. There is not yet a European standard of solid waste component analysis (European 
Commission, 2004; Ploechl, 2003). Many different methods are used throughout Europe and 
the rest of the world, and even within one, small country like Sweden different methods are 
used in parallel. Only when characterization and quantification of waste flows are performed 
and interpreted consistently, different collection systems can be compared and cause/effect 
relations can be shown and discussed properly (Dahlén Domeij et al. 2005).

Objective
The overall objective is to contribute to decision support in planning and development of 
municipal solid waste source sorting systems. The main question raised here is how to 
conduct household waste composition studies. The question is divided into the following three 
parts:

- Overview of known methods  
- Sampling 
- The waste components 

Demarcation
The analysis methods discussed below are primarily focused on residual household waste, i.e.
the waste which ends up as bagged, mixed waste in the waste bin, when the households have 
handled any source-sorted materials separately. However, more or less modified the same 
methods can also be applied to investigate source-sorted materials.  
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2. Overview of methods for household waste composition studies 

There are several methods for solid waste component analysis, more or less comprehensively 
described in the literature. Some of the reviewed methods come with explicit step-by-step 
instructions, while some are rather discussions of methodology hardly to be called “methods”. 
16 identified methods/methodology discussions are listed in Table 1 and commented on 
below.

Table 1: Identified methods for solid waste component analysis. 

Reference Method  Institution 
ADEME (1998) A Method for Characterization of Domestic 

Waste
MODECOMTM, France 

ASTM International (2003) 
ASTM D5231-92 

Standard Test Method for Determination of 
the Composition of Unprocessed Municipal 
Solid Waste

American Society for Testing and 
Materials

Cornelissen & Otte (1995) Physical investigation of the composition of 
household waste in the Netherlands 

RIVM (The Netherlands National 
Institute of Public Health and 
Environmental Protection) 

European Commission 
(2004) 

SWA-tool, Methodology for the Analysis of 
Solid Waste 

5th Framework Program,  
www.swa-tool.net, Vienna, Austria

Franklin and Associates 
(1999) 

Characterization of Municipal Solid Waste in 
the United States 

US EPA 

Gay, Beam & Mar (1993) Cost-effective solid-waste characterization 
methodology 

Bovay Northwest Inc., US. 

Gustafson & Johansson 
(1981) 

Hushållsavfall. Genereringstakt och 
sammansättning./Household waste. 
Generation rate and composition. 

Luleå University of Technology 
(LTU), Sweden. 

Petersen (2004) Waste Component Analysis as a planning tool Dalarna University College, 
Sweden 

Maystre & Viret (1995) A goal-oriented characterization of urban 
waste

Institute of Environmental 
Engineering, Lausanne, 
Switzerland 

Reinhart & McCauley-Bell 
(1996) 

Methodology for Conducting Composition 
Study for Discarded Solid Waste 

University of Central Florida, US 

Nordtest method NT 
ENVIR 001 (1995) 

Solid Waste, Municipal: Sampling and 
Characterisation

Nordtest, Finland. 

Ohlsson (1998) Plockanalys av hushållsavfall. Metoder och 
trender./ Household waste composition 
studies. Methods and trends. 

Luleå University of Technology 
(LTU), Sweden.  

Rugg (1997) Solid Waste/Characterization methods Environmental Engineers' 
Handbook, US. 

RVF (2005a) NSR solid waste characterisation method NSR Research 

RVF (2005b) Municipal Solid Waste Composition Analysis 
Manual 

The Swedish Association of Waste 
Management (RVF) 

Scott (1995) Work in harmonising sampling and analytical 
protocols related to municipal solid waste 
conversion to energy 

International Energy Agency (IEA) 

http://www.swa-tool.net
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ASTM
The American Society for Testing and Materials provides a Standard Test Method for 
Determination of the Composition of Unprocessed Municipal Solid Waste (2003). The 
method is based on vehicle loads for sampling, sample splitting by coning and quartering, and 
recommends manual sorting in a minimum of 13 categories. Recommendations about 
occupational hazards are included in the standard, and the required equipment for component 
analyses is specified.  

Cornelissen & Otte (RIVM) 
In the Netherlands the National Institute of Public Health and Environmental Protection 
(RIVM) has performed municipal solid waste characterisation on a regular, nation-wide basis 
since 1971. The Dutch municipal solid waste monitoring program is ambitious with 
stratification into 11 household types and component analyses in more than 100 sub-
components, with 15 main components. RIVM have used a stationary solid waste laboratory 
for combined mechanical and manual sorting, using conveyor belts, magnetic separation, 
vibration plates, air cyclone, drum sieves for three different particle sizes and computerized 
scales (Cornelissen, 1995). 

The European Commission (SWA-tool)  
The Solid Waste Analysis-tool project (European Commission, 2004), within the 5th 
Framework Program, has delivered a proposed European standard characterization method for 
municipal solid waste. Austria, Germany, Italy, Spain, Great Britain, Romania, and Poland 
participated in the project, which lasted for three years and was concluded in 2004. Apart 
from an extensive number of sources in the participating countries, the SWA-tool manual has 
synthesised experiences from France (ADEME), Netherlands (RIVM), US (EPA, ASTM, 
Rugg), Japan (Matsuto et al., 1990 & 1993, Terashima et al., 1984) and many others.  
However, from information received in January 2005, the Solid Waste Analysis (SWA)-tool 
was not in prospect of becoming a European standard. The SWA user manual is 57 pages, 
rather complicated, and the recommended method includes sampling of an extensive number 
of household waste bins, and sorting each bin (or combination of a few bins) separately. This 
procedure is useful when the aim of the analysis is to study and compare individual 
households’ waste behaviour, but to a high cost and much effort. Further, the selection of 
waste components in the SWA-method can be questioned for lack of stringency. 
Nevertheless, the SWA-tool report thoroughly penetrates the theory of solid waste component 
analyses, step by step discussing pre-investigation, analysis design and planning, 
stratification, sampling units, number of samples, sample size, sample plan, collection of 
samples, sorting and classification, evaluation of data, presentation of results and a 
comprehensive Excel-template for statistical processing of data.

Franklin and Associates (US EPA) 
The US Environmental Protection Agency (US EPA) uses a different method for 
characterization of Municipal Solid Waste (Franklin and Associates, 1999). The methodology 
is based on production data, by weight, for the materials and products in the waste stream. 
Generation data is the result of making specific adjustments to the production data by each 
material and product category. Adjustments are made for imports and exports and for 
diversions from the waste stream, e.g. for building materials made of plastic and paperboard. 
Adjustments are also made for the lifetimes of products. Food wastes and yard trimmings and 
a small amount of miscellaneous inorganic wastes are accounted for by compiling data from a 
variety of waste sampling studies. 
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Gay, Beam & Mar (1993) 
Gay, Beam & Mar have reviewed manual sorting characterizations studies and advocate the 
cost-effectiveness of using economic sales data for estimating solid waste generation and 
composition in a region. 

Maystre & Viret (1995) 
Maystre at the Institute of Environmental Engineering in Switzerland, argues that using 
statistical information about goods, like the US EPA or Gay et al. methods, is only applicable 
at a national level and that, because of varying product turnover times, the results will be too 
general. Rugg (1997), in accordance with Maystre & Viret, emphasizes a number of reasons 
for uncertainty in goods statistics. Direct sorting of waste samples is therefore said to be a 
more precise method, which Maystre and Viret  used in combination with detailed chemical 
analysis of each component, with the aim of tracking down the occurrence of heavy metals in 
household waste.

Reinhart & McCauley-Bell (1996) 
The University of Central Florida has developed a methodology for municipal solid waste 
composition studies. Thirty-six municipal solid waste studies previously conducted in Florida 
counties were evaluated and reviewed in the process, as well as the ASTM method. The 
objective was to develop a method that was economical and practical in implementation, 
based on a consensus of waste management professionals, able to account for statistical 
accuracy and adapted to conditions in the State of Florida. Reinhart & McCauley-Bell 
recommend using the load of ordinary waste transport vehicles for sampling, sorting in a 
minimum of 33 categories, and they emphasize the risk of skewed results because of 
moisture, food and dirt contamination in lightweight materials (Sfeir, Reinhart & McCauley-
Bell, 1999). 

Nordtest and NSR 
In the Scandinavian countries Nordtest (Nordic Innovations Center) provides a standard 
method for sampling and characterization of municipal solid waste (Nordtest, 1995). Based on 
the Nordtest standard, a waste management company in Sweden (NSR Research) has 
implemented a procedure for characterization of solid waste, regularly used in their waste 
treatment lines since 1997. The NSR-method has been developed with regard to practical 
experiences. Loads of ordinary waste transport vehicles are used for sampling, and sorting is 
done manually into 20 components (RVF, 2005a; Ohlsson et al., 1999).

The Swedish Association of Waste Management (RVF) 
In a joint project between Luleå University of Technology, NSR AB, The Swedish 
Sustainability Foundation and RVF, a manual for municipal solid waste composition analysis 
was suggested, designed for Swedish conditions. The method is based on experiences in 
practice as well as literature studies with a certain interest in the SWA-tool manual. The 
required equipment, staff and the cost of carrying out composition analyses are described, 
including a list of safety measures to avoid risks in the working environment. A step-by-step 
manual goes through the procedure: 1; pre-investigation and analysis design. 2; Collection of 
samples using ordinary collection vehicles. 3; Sample splitting. 4; Sorting and classification 
into 9 primary and 22 secondary categories. 5; Evaluation of data and presentation of results. 
(RVF, 2005b) 
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Scott (International Energy Agency)  
In a joint project with Denmark, Norway, the Netherlands, Great Britain and USA, the aim 
was to promote harmonisation of sampling and analytical protocols in areas related to 
municipal solid waste conversion to energy. An IEA review of common methods in the 
participating countries showed that the mother sample size varied in the range of 0.5 – 12 
tonnes and sub sampling was usually done by coning and quartering. The component 
categorisation was mostly made by manual sorting, but in some cases manual sorting was 
combined with mechanical sorting equipment (in the Netherlands and Great Britain). The 
number of primary sorting categories ranged from 8 to 19, often including further breakdown 
into secondary categories. IEA suggested an agreement on the following 9 primary categories: 
kitchen and garden wastes, paper and card, plastics, metals, textiles, miscellaneous 
combustibles, glass, miscellaneous non-combustibles, and fines. (Scott, 1995). 

Interconnected methods 
Many of the methods are more or less interconnected, referring to each other and/or to the 
same sources, for example to Klee and Carruth (1970)1 about sample weights. Rugg and 
Reinhart &McCauley-Bell refer to ASTM. Petersen refer to Rugg and NSR, NSR refers to 
Nordtest, RVF (2005b) refers to NSR and SWA-tool, SWA-tool refers to many of the others, 
and so on.

2.1 Conclusions about available methods 

The general procedure in most of the standard methods follows the four steps: 
1. Planning and design of the analyses.
2. Sampling and sample splitting. 
3. Manual sorting and classification of components. 
4. Evaluation and processing of the data. 

A few methods are based on a completely different procedure, using production and goods 
statistics. But even when the general procedure is similar, there are significant differences in 
the methods, which make comparisons of sorting results unreliable or impossible. The 
methods are usually rooted and used regionally or nationally. There is no adopted, working 
international standard.

1 Klee and Carruth (1970), Sample weights in solid waste composition studies, American Society of Civil 
Engineering, Journal of the Sanitary Engineering Division, August 1970, Vol. 96, No 5A, pp 945-954 
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3.  Sampling  

3.1 Theory of sampling and sources of error 

It is a true challenge to perform a correct solid waste sampling procedure. According to Pierre 
Gy´s ”Theory of Sampling” (Pitard, F.F., 1993) there are seven types of sampling errors when 
collecting and splitting solid samples. Usually the sampling uncertainty is much greater than 
the analytical uncertainty (Gustavsson, 2004). Theory of Sampling can only partly be applied 
to municipal solid waste, but the theory helps to systematically examine the possibilities of 
avoiding sampling errors. According to Gy it is always possible to do correct sampling, but it 
is not always at an acceptable cost. In the following the seven sampling errors of Pierre Gy 
are commented on in relation to sampling of municipal solid waste: 

1. Long-range heterogeneity fluctuation error. The spatial variation in the material 
means that a sample from one spot will not be representative of another part of the 
investigated area. This variation can be more or less compensated for through 
stratification, which means taking sub-samples from sub-areas with similar properties. 
Another method for reducing the long-range heterogeneity fluctuation error is to 
aggregate small samples from several different spots to one sample. 

2. Periodic heterogeneity fluctuation error. Periodic variation can for example be 
seasonal variations, or special recurring events that affect the waste generation. The 
periodic variation can be examined if sampling and analyzing are done in different 
seasons and then compared. For example holiday periods and the tourist season will 
affect the generation of solid waste. If it is not possible to do sampling in several 
seasons, the recommendation is to choose the season that is most relevant for the 
specific case. Also each sample should cover at least one full week, since the waste 
generation at weekends is different compared to weekdays. 

3. Fundamental error. Sampling of solid material will always generate a fundamental 
error, due to heterogeneity in particle size, particle shape, density of particles, and 
other intrinsic properties of the material. If the sample is too small, not all kinds of 
occurring particles will be captured. There are only two ways to reduce the 
fundamental error: Increase the sample size and/or reduce the particle size. According 
to the Theory of Sampling,, the necessary sample size for particulate materials, for a 
certain accepted degree of uncertainty, can be assessed if the size of a mesh sieve 
where 5 % of the material is retained is known. However, there are certain difficulties 
obtaining a reliable size curve describing household solid waste; measuring the 
diameter of deformable components like plastic bags, newspapers, milk containers and 
such. Moreover, it can be questioned if complex products in the waste, like for 
example electronic products, shoes, hazardous waste, can be defined as “particles”. If 
the aim of solid waste component analyses is to register the actual components in the 
waste when discarded, homogenising through grinding is not of interest. Then the only 
way left to reduce the fundamental error is to increase the sample size.

4. Grouping and segregation error. A sample can be misleading if the variation in the 
material is not evenly distributed, in the small scale. The grouping and segregation 
error can be reduced through mixing of the lot (mother sample) before sample splitting 
and/or by aggregating several small samples from the lot to one sample. 
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5. Increment delimitation error. The sample delimitation is correct if all particles that 
have the mass centre within the defined sample volume are included in the sample. 
When splitting samples the recommendation is to minimize the surface of the cut. This 
can be achieved by sampling from an elongated, flat pile (or a conveyor belt), with the 
cut-off as two parallel planes. For the same reason coning and quartering is not 
recommended.   

6. Increment extraction error is when some particles belonging to the sample are lost.
For example, when sampling from a pile, fines might be left on the ground. This kind 
of error is avoided by careful choice of tools and work procedure. 

7. Preparation error. The sample may be contaminated, fines can arrive or blow away as 
dust, particles may stick to tools, chemical reactions can take place, physical alteration 
may occur (for example changed moisture content), mistakes can happen when 
handling the sampling, for example wrong labelling through misunderstandings or 
carelessness, or their might be deliberate attempts to disorder the samples. Preparation 
errors are best controlled if the staff has the proper training, motivation and under-
standing of the procedures and their significance, and also by sorting the sample on the 
sampling day or at latest the day after. 

Another source of error when sampling the household waste flow is the possibility of 
unknown side flows of material, for example paper collected by non-profit organizations, yard 
composting, or illegal dumping or burning of waste (Berg, 1993). Uncertainty is also caused 
by the fact that commercial and public waste is always more or less included in household 
waste. Household waste is generally collected together with waste from for example day care 
centres, schools, shops, food markets, restaurants, hairdressers, and other small enterprises in 
and around residential areas. When commercial waste is included, the variation in the waste 
content will increase and therefore also the sample size should be increased (European 
Commission, 2004; Sfeir, et al., 1999). Martin et al. (1995) reported about an investigation in 
West Virginia, based on the ASTM method, with a distinction between pure and mixed loads 
of municipal solid waste. With careful stratification and detailed sampling plans, all waste 
generators except households can be avoided, but since one or the other small-scale business 
is usually conducted in people’s homes, all measurements of household waste will include 
commercial waste to some unknown extent (RVF, 2005b).

The minimum risk of sampling errors is obtained if all waste during one week, from a certain 
number of well-selected households, is collected and all is analysed, which is strongly 
recommended by SWA-tool (European Commission, 2004). In that way the problematic 
sample splitting is avoided and the sorted amount of waste is strictly related to defined 
households. In multi-family houses the problem arises of determining the number of 
households using certain waste bins. Sampling procedures at household level have been 
applied by for example RIVM (Cornelissen & Otte, 1995), Leroy et al. (1992), and Emery 
(2003). In some waste composition studies individual households have been contacted with 
questionnaires or interviews, in combination with component analyses, for example Qdais et
al. (1997), Bernache-Perez et al. (2001), Sterner & Bartelings (1999).
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3.2 Sample size 

The question of sample size is viewed in different ways in the literature. Nordtest (1995), for 
example, claims that at least 5 % of the population should be represented in the sample to 
make a correct assessment of Specific Waste Generation rate (SWG). RVF (2005b) argues 
that nowadays, in developed countries, SWG is better measured through scale house 
recordings of all waste delivered to treatment facilities. For component analyses Nordtest 
recommends the mother sample (the lot) from each stratum to cover one week of waste from 
at least 100-200 households, and nothing is said about the proportion of the total population. 
SWA-tool (European Commission, 2004) recommends 45 m3 waste bin volume as the 
minimum sample size for a sorting campaign, subdivided into desired strata. When 
commercial waste is involved, the recommended sample size increases to 80 m3. If the mean 
and standard deviation of the waste components can be estimated from earlier investigations, 
the sample size can be reduced. SWA-tool provides a table for this purpose, based on certain 
confidence levels and confidence intervals, recommending the number of sample units (waste 
bins). SWA-tool does not discuss sample splitting, since all waste in the collected bins is 
supposed to be sorted, each bin (or combination of a few bins) identified and sorted 
separately. If the SWA-method is applied, a special vehicle is needed for collection of waste 
bins and distribution of substitute bins. A more simple and common procedure, at a much 
lower cost, is to use ordinary waste collection vehicles. A mother sample (the lot) is taken to 
the facility for component analyses; the load is mixed and split into the desired number and 
size of samples for sorting. The load of one ordinary waste transport vehicle is a manageable 
size of a mother sample, which has been applied and is recommended in several waste 
component analysis methods, for example ADEME (1998), ASTM (2003), Reinhart & 
McCauley-Bell (1996), Nordtest (1995), Petersen (2004), Rugg (1997), RVF (2005a), RVF 
(2005b), Scott (1995) and Tchobanoglous (1993). The weight of one vehicle load varies, for 
example between 0.5 and 12.5 tonnes in the IEA review (Scott, 1995). 

3.3 Number of samples and sub-sample size 

How many parallel samples are needed, with respect to statistical significance? To decide the 
desired number of sub-samples (n*) SWA-tool, and other sources, for example ASTM (2003), 
Nordtest (1995), Ohlsson (1998) and Rugg (1997) refer to the formula: 

2

'
*

xe
tsn       [1] 

where
(s) is the relative standard deviation (i.e. coefficient of variation) for the proportion of the 
waste component in question, in a number of samples from an earlier study or a pre-
investigation 
(t) is a t-test table value for a chosen confidence level and the degree of freedom (i.e. number 
of samples in the pre-investigation – 1)  
(e') is the desired relative confidence interval, for example 0,1 if the confidence interval is  5 
% of the mean 
( x ) is the mean value of the proportion of the component in question, known from an earlier 
study or a pre-investigation 
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RVF (2005b) argues that the formula [1] can be questioned, because it is based on a mixture 
of theory, empirical studies and assumptions. The number of samples needed for a certain 
statistical significance is different for each component in the waste. Some components, which 
constitute a tiny proportion of the waste, will need hundreds of samples or more to reach a 
decent statistical standard. This is due to the fact that the relative standard deviation usually is 
very large for these components, even if the occurrence of the component never varied more 
than for example between 0 and 2 percent in all samples. There is still a point in reducing the 
number of components to reach a better statistical significance per component, but the 
formula [1] is of limited value when deciding the number of samples and components (RVF, 
2005b). The ASTM Standard Method (2003) recommends using the formula [1] to decide the 
number of samples, but concludes with the comment: “A precision and bias statement cannot 
be made for this test method at this time”. Tchobanoglous et al. (1993) make a similar 
statement about waste composition studies: “Strict statistical procedures are difficult, if not 
impossible, to implement”. In practice, extraordinary findings in a household waste sample 
cannot be compensated for with statistical confidence. For example a TV-set or a dead cat 
must get a special comment in the protocol and the sample should be regarded as an outlier. 

ASTM recommends a sub-sample weight of 91-136 kg (200-300 lb), one sub sample 
representing one vehicle load. Sfeir, Reinhart et al. (1999), who have investigated sorting 
sample weight impact on variability and reviewed the much referred to recommendations of 
Klee and Carruth (1970), conclude, “The 91 kg (200 lb) sample size commonly used may be 
applicable using a small number of categories (less than ten)”. Tchobanoglous et al. (1993) 
recommend “common sense” in the selection of representative samples and 200 lb (91 kg) as 
a minimum sample size for sorting, referring to their own field studies in California and 
Hawaii, besides Klee and Carruth (1970). Maystre and Viret (1995) found that the standard 
deviations for the proportion of 47 sorting categories remained nearly constant when the 
sample size increased above 300 kg. Maystre and Viret concluded that 300 kg was the 
minimum sample weight to yield reliable data. SWA-tool (European Commission, 2004) 
suggests a 6 m3 bin volume, divided into at least six sub-samples, as the smallest possible 
sample for a sub-area (stratum) in the sampling program. 6 m3 bin volume corresponds to 
about 6 x 100 kg, if the waste density in the bin is assumed to be 0.1 ton/m3. RVF (2005b) 
refers to a test with 5x100 kg samples of household waste. The result gave confidence 
intervals with the average interval  1.5 percentage units and in the worst case  6.5 
percentage units for a single component, when the number of sorting categories was 21 and 
the confidence level was 90 percent. RVF argues that even if the test result was bad from a 
statistical point of view, it was good enough to give a rough picture of the composition of the 
waste, and the variation in different components. Petersen (2004) analysed household waste 
delivered to an incineration plant. With five samples of between 90 and 190 kg per sample, 
the result for the mass fraction of not burnable waste was 12 percent  2 percentage units, and 
for hazardous waste 0.6 percent  0.2 percentage units, at the confidence level of 95 percent.

Klee (1993) claims that there are substantial statistical weaknesses in the traditional sampling 
methods for solid waste. Klee has developed a computerized methodology called 
PROTOCOL for deciding the number of samples required to reach a better statistical reliance 
at a lower cost. Reinhart & McCauley-Bell have reviewed PROTOCOL (Klee, 1991)2 and 
think it is a viable solution for determining the number of samples required in a waste 

                                                
2 Klee, A. J. (1991) PROTOCOL, A Computerized Solid Waste Quantity and Composition Estimation System. 
US EPA/600/2-91/005A RREL, Cincinnati, Ohio, USA. 
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composition study, but the program does have limitations that need to be addressed. Reinhart 
& McCauley-Bell conclude that a problem with PROTOCOL is the reliance on historical 
data. Old US sample statistics are used to estimate the quantity and composition of solid 
waste, reducing the number of samples required in a new study. Waste composition is 
dynamic and it is doubtful whether statistics from some years ago are applicable to today’s 
data. Also, waste characteristics from region to region change substantially over time 
(Reinhart & McCauley-Bell, 1996). 

When performing solid waste component analyses, each sample ought to be sorted within two 
days from the sampling day, or preferably the same day, to avoid physical and chemical 
changes of the samples (RVF, 2005b). The time limit has practical consequences; large 
amounts of waste for sorting mean that a large sorting team must be involved. With a small 
sorting team of 3-4 persons, a manageable amount for sorting on one sampling occasion (1-2 
days) is 500-1000 kg waste, depending on the number of sorting categories, the size of sub-
samples, available sorting equipment, the skills and experiences of the persons in the team, 
etc. (European Commission, 2004; RVF, 2005b). 

3.4 Stratification 

How to select waste transport vehicles for sampling? It is desirable to find vehicles with waste 
from only one stratum, i.e. from an area with similar properties (for example similar 
residential sector and similar waste collection system). Within each stratum one vehicle can 
be picked by random, in consultation with the transport leader. The stratification depends on 
the purpose of the investigation and the need of details in the result.

Stratification can be based on for example: 
- differences in technical design of collection system 
- number and types of recycling materials collected separately  
- property close (curbside) or bring (drop-off) system 
- mandatory/voluntary recycling program 
- economic incentives or not (for example pay as you throw vs. flat rate) 
- administrative differences in collection systems 
- differences in information strategies  
- residential structure (for example single-family houses/multifamily houses) 
- urban/rural areas 
- socioeconomic differences 
- heating systems (solid fuel used for private heating or not) 
- private composting or not 
- availability of civic amenity sites 

 (Berg, 1993; European Commission, 2004; Petersen, 2004; RVF, 2005b) 

The data quality will increase with the number of strata, but so will the cost and effort of both 
the sampling procedure and the analyses, as well as the complexity of the evaluation of data. 
In the results each sample is weighted in proportion to the size of the population in the 
corresponding stratum. Even if no or limited stratification is made in a specific case, as many 
documented facts and comments as possible on the above factors will be helpful when 
evaluating the results, for example to explain outliers in the data. 
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3.5 Conclusions about sampling 

The most crucial choices when sampling household solid waste concern the compromise 
between cost and uncertainty when deciding 

the number and types of strata in the stratification  
the sample size and number of samples 
sampling location, i.e. at specific households or sampling from loads of ordinary waste 
collection vehicles  

In the case of studying differences and distribution in households’ behaviour, sampling at 
household level and analyzing each waste bin separately (or a combination of a few bins) are 
recommended. In other cases, when a more general picture of the waste flow is satisfactory, a 
reasonable mother sample is the load of one ordinary waste collection vehicle. Local seasonal 
variations in waste generation should be considered, and each sample should cover at least 
one full week. The recommended method for sample splitting is by sampling from an 
elongated, flat pile (or a conveyor belt), with the cut-off as two parallel planes. There is no 
definite conclusion about the size and number of sub-samples. Generally, with careful 
stratification and an increased number of strata, the sample size and number of samples in 
each stratum can be reduced. Based on practical experiences referred to above, a minimum of 
5x100 kg from each stratum can be said to give a reasonable result. If the aim is to reach 
statistical confidence for extraordinary findings in household waste samples, the sample size 
and number of samples must be a lot larger, and a pre-study of the composition and variation 
is essential for creating a proper analysis design.

Identified questions for further research: 

- What stratification is both relevant and reasonable to carry out? What kinds of strata 
are adequate to recommend, with regard to different aims of solid waste analyses? 
What facts and statistical basic data are available in the municipalities for dividing 
local areas into relevant strata? In what way can these facts and data be acquired, at a 
reasonable cost and effort?  

- How can waste component analyses data from a certain area and scale house 
recordings of weight of total delivered waste from the same area be compared and 
processed? To what extent can the scale house recordings be adjusted to meet the need 
of compliance with stratification in solid waste analyses?  

- There is not a clear international distinction between the terms “municipal solid 
waste”, “commercial waste” and “household waste”. All measurements of household 
waste will include more or less commercial waste to some unknown extent, because 
some small-scale business is performed in homes. What impact do small-scale 
commercial activities in the households have on the household waste composition and 
how can this be assessed? 

- How large a population can reasonably be represented by the load of one randomly 
waste transport vehicle for composition studies? The answer depends on the variations 
within the stratum, which depend on the local situation. In what systematic way can 
the maximum size of the population to be represented by one truckload be assessed?  
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4.  The waste components  

Results from waste component studies can hardly be compared if there are fundamental 
differences in the reported sorting categories. Most methods suggest a limited number of 
primary categories (also called main components), and a large number of secondary, tertiary, 
etc. categories (sub-components), which are more or less applied depending on the aim of a 
particular study.

Table 2: Suggested primary sorting categories in solid waste component analysis 

Method (reference)

Number of 
primary 

categories Primary categories 
A Method for Characterization of Domestic 
Waste (ADEME, 1998) 

13 fermentable waste, paper, cardboard, composites, 
textiles, health-care textiles, plastics, unclassified 
combustibles, glass, metals, unclassified 
incombustibles, special waste, fines 

Standard Test Method for Determination of 
the Composition of Unprocessed Municipal 
Solid Waste (ASTM International, 2003)  

13 mixed paper, high grade paper, newsprint, corrugated, 
plastics, yard waste, food waste, wood, other organics, 
ferrous, aluminum, glass, other inorganics 

Physical investigation of the composition of 
household waste in the Netherlands 
(Cornelissen & Otte, 1995) 

14 biowaste and undefined residue (fines), paper and 
cardboard, plastics, glass, ferrous metals, non-ferrous 
metals, textiles, bread, animal refuse, ceramics, 
carpeting and mats, leather and rubber, wood, special 
waste, small chemical waste 

SWA-tool, Methodology for the Analysis of 
Solid Waste (European Commission, 2004) 

12 organics, wood, paper and cardboard, plastics, glass, 
textiles, metals, hazardous household waste, complex 
products, inert, other categories, fines 

Characterization of Municipal Solid Waste in 
the United States (Franklin and Associates, 
1999) 

9 paper and paperboard, yard trimmings, other, rubber 
and leather and textiles, food, wood, plastics, metals, 
glass

Waste Component Analysis as a planning 
tool (Petersen, 2004) 

10 biowaste, combustibles, inert (landfill), diapers, paper 
packaging, plastic packaging, glass packaging, metal 
packaging, paper/newsprint, hazardous waste 

A goal-oriented characterization of urban 
waste (Maystre & Viret, 1995) 

47 47 defined products, packaging, etc. (for details see 
Maystre & Viret, 1995). 

Methodology for Conducting Composition 
Study for Discarded Solid Waste 
 (Reinhart & McCauley-Bell,1996) 

13
(33)** 

paper, plastics, metals, glass, organic waste, 
construction debris, wood, textiles and leather, 
WEEE*, rubber, hazardous, medical, miscellaneous 

Solid Waste, Municipal: Sampling and 
Characterisation (Nordtest, 1995) 

11 paper, cardboard, degradable waste, plastics, napkins 
and sanitary napkins, other combustibles, glass, 
metals, other non-combustibles, hazardous waste, 
residue (fines) 

Plockanalys av hushållsavfall. Metoder och 
trender. (Ohlsson, 1998) 

19 newsprint, cardboard, plastic film packaging, dense 
plastic packaging, paper packaging, glass packaging, 
metal packaging, food waste, yard waste, diapers, 
other non-packaging paper, non-packaging glass, non-
packaging plastic, non-packaging metal, WEEE*, 
textiles, wood, other categories, hazardous waste.
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Table 2: continued 
Solid Waste/Characterization methods 
(Rugg, 1997) 

2
(9) 

organics/combustibles, inorganics/noncombustibles 
(paper, yard waste, food waste, plastic, other organics, 
metal, glass, batteries, other inorganics) 

NSR solid waste characterisation method 
(RVF, 2005a) 

20 newsprint, cardboard, plastic film packaging, foamed 
plastic packaging, dense plastic packaging, paper 
packaging, glass packaging, metal packaging, 
WEEE*, food waste, yard waste, diapers,  non-
packaging glass, non-packaging plastic, non-
packaging metal, textiles, wood, other combustibles, 
other non-combustibles, hazardous waste  

Municipal Solid Waste Composition 
Analysis Manual (RVF, 2005b) 

9 biowaste, paper, plastic, glass, metal, other inorganics, 
hazardous waste, WEEE*, everything else 

Work in harmonising sampling and analytical 
protocols related to municipal solid waste 
conversion to energy (Scott, 1995) 

9 kitchen and garden wastes, paper and card, plastics, 
metals, textiles, miscellaneous combustibles, glass, 
miscellaneous non-combustibles, fines 

*Waste Electric and Electronic Equipment (WEEE) 
**13 main components, but a minimum of 33 categories is recommended.  

In general the statistical significance will decrease when the number of components increases, 
which is described above in the discussion about the required number of sub samples. In the 
reviewed methods the number of primary categories varies between 2 and 47. Rugg (1997) 
suggests only 2 basic categories (organics and inorganics), but also suggests how to divide the 
two into 9 main components. When the outliers (2 and 47) are excluded, the average is 12 
primary categories, with a variation between 9 and 20. The common components displayed in 
Table 3 are suggested as primary components in most of the reviewed methods, in one or 
another version; sometimes subdivided already in the primary categories, sometimes not. 
Different terms are used to describe the same thing, or nearly the same thing, but even when 
the reported categories literally are the same, the sorting instructions may vary and the same 
category may be understood in different ways. 
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Table 3: Primary sorting categories, suggested in several of the reviewed methods for waste component   
 studies (for references see Table 2). Note that the often very detailed subdivision in secondary,  
 tertiary components etc. is not listed here. 

Common primary components 
Alternative or subordinated terms  
(all used as primary components) 

biodegradable waste biowaste, fermentable waste, food waste, yard waste, 
organic waste, degradable waste, kitchen and garden 
wastes, ‘biowaste and undefined residue (fines)’, bread, 
animal refuse

paper newsprint, paper and newsprint, paper and cardboard, 
cardboard, mixed paper, high grade paper, corrugated 
paper, paper packaging, other non-packaging paper

plastics plastic packaging, plastic film packaging, dense plastic 
packaging, foamed plastic packaging, non-packaging 
plastic

glass glass packaging, non-packaging glass

metals metal packaging, non-packaging metal, aluminum, 
ferrous metals, non-ferrous metals

wood
textiles textiles and leather, health-care textiles, carpeting and 

mats

hazardous waste hazardous household waste, medical waste, special waste, 
small chemical waste

other organics unclassified combustibles, other combustibles, 
miscellaneous combustibles  

other inorganics unclassified incombustibles, other non-combustibles, 
miscellaneous non-combustibles, ceramics 

fines residue

Table 4: Other primary sorting categories, suggested in a few of the reviewed methods for waste 
component studies

Primary components
used in some methods 

Alternative or subordinated terms  
(all used as primary components) 

leather and rubber rubber
composites complex products
packaging
diapers napkins and sanitary napkins
waste electric and electronic equipment
batteries
construction debris 
inert landfill residue 
everything else other categories, miscellaneous 
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Any selection of waste components can be questioned. Looking more closely at for example 
the 12 primary components of the SWA-tool, the following remarks arise: 

organic is not a correct term, since only biodegradables like food and yard waste are 
supposed to be included (not paper, plastic, wood and textiles) 
wood includes wood with preservatives, which should be regarded as hazardous waste 
paper and cardboard includes something called non-biodegradable paper (e.g.
photographic paper), which belongs to complex products  
glass includes light bulbs, which should be sorted as electric waste  
hazardous waste includes cooking oils, which is non-hazardous food waste
complex products includes waste electrical and electronic equipment (WEEE), which 
is partly hazardous waste
inert is not a correct term, as very few materials are truly inert and soil is for example 
included here 
other categories is not distinctly distinguished from complex products (for example 
diapers, which is a complex product, are suggested to be sorted as other categories)
and medical waste and syringes are included, which should be hazardous waste  
fines are defined as a 10 mm sieved fraction, and will be an unknown mixture of 
organic and inorganic material. Sand and soil will end up as fines, even though the 
category inert is defined as including sand and soil

The SWA-tool example illustrates the problem of defining stringent categories that cannot be 
misunderstood. Most of the reviewed methods do not have a miscellaneous category for items 
that do not fit in anywhere. Several methods have two miscellaneous categories, 
corresponding to miscellaneous combustibles and miscellaneous non-combustibles (ADEME, 
1998; ASTM International, 2003; Nordtest, 1995; Rugg, 1997; RVF, 2005a; Scott, 1995). 
Still, when there is no residual category for items that do not fit in anywhere, a problem arises 
when classifying miscellaneous complex products with both combustible and non-
combustible contents. 

In Sweden recent legislation has substantially influenced the choice of sorting categories. For 
example RVF (2005a) suggests 20 primary components based on the Ordinance on Producer 
Responsibility, i.e. on origin, for example packaging or not packaging material. RVF (2005b) 
suggests nine primary categories based on physical material, and 21 secondary categories 
based mainly on the Ordinance on Producer Responsibility, as in RVF (2005a). 

Error because of fines 
In the SWA-tool, the Nordtest method, and in several applications of different methods 
described in the literature (ADEME, 1998; Cornelissen and Otte, 1995;Hovsenius, 1977; 
Iversen and Pedersen, 2004; Scott, 1995) the waste is sieved and a category called fines, 
usually < 10 mm, is registered. The motive for sieving is to make sorting easier. The fines can 
be a rather large proportion of the biowaste (e.g. food scraps), and of the category of other 
inorganics (e.g. cat sand and ashes). Sieving will therefore be a source of error in data of these 
categories. Besides, sieving is an extra element of work and special equipment is necessary. 
RVF (2005b) reports that sorting is manageable without sieving, if applying a conscious 
handling of the waste, e.g. careful opening of bags and packaging, since soil, cat sand, ashes, 
vacuum cleaner dust and such are usually bagged or packed. In this way fines can be managed 
and sorted without a great deal of error or unreasonable effort.
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Error because of moisture and food scraps 
Sfeir et al. (1999) presented an evaluation of municipal solid waste composition bias sources, 
which among other issues recommends contamination adjustment as a rule. Contamination of 
concern includes moisture, food, and dirt. Particularly light materials such as paper and 
plastics can be heavily contaminated; for paper up to 55 percent of weight contamination has 
been registered, when cleaned and air-dried. Collecting samples without compaction is 
recommended, to reduce contamination (Sfeir et al., 1999). RVF (2005a) reports similar 
experiences, with 40-45 percent of weight contamination for paper- and plastic packaging, 35 
percent for newspaper and metal packaging, and 5 percent for glass, when cleaned and air-
dried in room temperature (RVF, 2005). If cleaning and drying is accomplished to find the 
true weight of paper, plastic, metal and glass, the contaminants should also be identified (e.g.
food) and the weight of the contaminants category adjusted (McCauley-Bell et al. 1997).

4.1 Conclusions about waste components 

Always using the same primary categories would naturally facilitate comparisons, both over 
time and between regions/countries. A limited number of primary categories (not more than 
10), as far as possible based on physical material and stringently defined, would reduce the 
risk of misunderstandings and be useful for comparisons. It is important to use a 
miscellaneous category for everything that does not fit in anywhere else; otherwise items 
which are difficult or impossible to sort correctly will be handled arbitrarily, and the result 
will depend heavily on personal judgement in each case. Hazardous waste should always be 
handled separately. Any kind of secondary (tertiary etc.) categories, relevant in the specific 
case, can be chosen as long as they can be unmistakeably merged with the correct primary 
categories. Corrections, or at least comments, need to be made because of moisture and food 
scraps in light-weight and packaging materials. 

Identified questions for further research: 

- What components are most relevant to study and for what reasons? Is it possible to 
agree internationally about a few stringent primary categories that fulfil all needs for 
subdividing into (or merging with) desired components for any specific case? 

- How to make corrections for errors because of moisture and food scraps? Is it a good 
idea to recommend general correction factors? 

What components are most relevant to analyse chemically and physically (moisture 
content, density, heavy metals, energy value, etc.) and if so for what reasons? 
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5.  Conclusions 

The general procedure in most of the standard methods for household waste composition 
studies consists of the following four steps: 

1. Planning and design of the analyses.
2. Sampling and sample splitting. 
3. Manual sorting and classification of components. 
4. Evaluation and processing of the data. 

The methods are usually rooted and used regionally or nationally. There is no adopted, 
working international standard.

The most crucial choices when performing a household waste composition study are  
the number and types of strata in the stratification  
sampling location, i.e. at identified, specific households or sampling from loads of 
randomly waste collection vehicles  
the sample and sub sample size 
the number of samples and sub samples 
the choice of waste components for sorting and classification 

In the case of studying differences and distribution in households’ behaviour, sampling at 
household level and analyzing each waste bin separately are recommended. In other cases, 
when a more general picture of the waste flow is satisfactory, a reasonable mother sample is 
the load of one ordinary waste collection vehicle. Local seasonal variations in waste 
generation should be considered, and each sample should cover at least one full week. The 
recommended method for sample splitting is by sampling from an elongated, flat pile (or a 
conveyor belt), with the cut-off as two parallel planes. There is no definite conclusion about 
the size and number of sub-samples. Based on practical experiences referred to above, a 
minimum of 5x100 kg from each stratum can be said to give a reasonable result. In that case 
each stratum is assumed to be of a limited size and with limited variations in household types, 
waste management programs, etc.

Always using the same primary waste components for sorting and classification would 
naturally facilitate comparisons, both over time and between regions/countries. A limited 
number of primary categories (not more than 10), as far as possible based on physical material 
and stringently defined, would reduce the risk of misunderstandings and be useful for 
comparisons. Corrections, or at least comments, need to be made because of moisture and 
food scraps in light-weight and packaging materials. It is important to use a miscellaneous 
category for everything that does not fit in anywhere else; otherwise items which are difficult 
or impossible to sort correctly will be handled arbitrarily, and the result will depend heavily 
on personal judgement in each case. 

Identified questions for further research: 

What stratification is both relevant and reasonable to carry out? What kinds of strata 
are adequate to recommend, with regard to different aims of solid waste analyses? 
What facts and statistical basic data are available in the municipalities for dividing 
local areas into relevant strata? In what way can these facts and data be acquired, at a 
reasonable cost and effort?  

How can waste component analyses data from a certain area and scale house 
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recordings of weight of total delivered waste from the same area be compared and 
processed? To what extent can the scale house recordings be adjusted to meet the need 
for compliance with stratification in solid waste analyses?  

There is not a clear international distinction between the terms “municipal solid 
waste”, “commercial waste” and “household waste”. All measurements of household 
waste will include more or less commercial waste to some unknown extent, because 
some small-scale business is performed in homes. What impact do small-scale 
commercial activities in the households have on the household waste composition and 
how can this be assessed? 

How large a population can reasonably be represented by the load of one randomly 
waste transport vehicle for composition studies? The answer depends on the variations 
within the stratum, which depend on the local situation. In what systematic way can 
the maximum size of the population to be represented by one truckload be assessed?  

What components are most relevant to study and for what reasons? Is it possible to 
agree internationally about a few stringent primary categories that fulfil all needs for 
subdividing into (or merging with) desired components for any specific case? 

How to make corrections for errors because of moisture and food scraps? Is it a good 
idea to recommend general correction factors? 

What components are most relevant to analyse chemically and physically (moisture 
content, density, heavy metals, energy value, etc.) and if so for what reasons? 
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