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Abstract 

The Swedish producer responsibility ordinance mandates producers to collect and recycle 
packa-ging materials. This paper investigates the main determinants of collection rates of 
household plastic packaging waste in Swedish municipalities. This is done by the use of a 
regression analy-sis based on cross-sectional data for 252 Swedish municipalities. The results 
suggest that local policies, geographic/demographic variables, socio-economic factors as well 
as environmental preferences all help explain inter-municipality collection rates. For instance, 
the collection rate appears to be positively affected by increases in the unemployment rate, the 
share of private houses, and the presence of immigrants (unless newly arrived) in the 
municipality. The impacts of distance to recycling industry, urbanization rate and population 
density on collection outcomes turn out, though, both statistically and economically 
insignificant. A reasonable explanation for this is that the monetary compensations from the 
material companies to the collection entrepre-neurs vary depending on region and is typically 
higher in high-cost regions. This implies that the plastic packaging collection in Sweden may 
be cost ineffective. Finally, the analysis also shows that municipalities that employ weight-
based waste management fees generally experience higher collection rates than those 
municipalities in which flat and/or volume-based fees are used.  
 
Key words: collection rates, recycling, plastic packaging, regional differences, producer 
responsibility, Sweden, cost effectiveness.  
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1. Introduction*

During the last two decades, environmental policy has largely shifted focus from production 
processes to finished products. One part of finished products, the packaging, has even become the 
symbol of “unsustainable” consumption in industrialized countries. As a result, government 
policies that encourage source reduction as well as waste diversion through recycling have 
become increasingly common, not the least in the packaging material sector. Recycling policy 
goals – e.g., collection and utilization rates – are often formulated at the national level, but the 
primary responsibility for policy implementation and evaluation are typically assigned to local 
actors (e.g., Callan and Thomas, 1997).  

The Swedish producer responsibility ordinance for packaging (introduced in 1994) is a 
good example of this policy hierarchy. The legislation implies that the producer has the physical 
and the economic responsibility for the packaging waste, i.e., they are obliged to provide suitable 
systems for the collection and the recycling of packaging waste and inform households and firms 
about these systems or engage different collection entrepreneurs to perform the necessary tasks. 
The producers must also consult with the municipalities about the recycling systems, and overall 
the municipalities in Sweden take a very active role in running and/or supervising the collection 
schemes (see also section 2). Households are obliged to clean and sort out packaging waste from 
other waste, and transport used packaging materials to assigned drop-off stations. Policies aimed 
at encouraging households’ recycling efforts, including waste management fees, infrastructural 
measures etc., are designed and implemented at the municipal level. This implies that recycling 
initiatives and outcomes are not uniform across the country. In part any regional differences in 
collection rates are also the result of geographical, socio-economic and demographic factors, 
which may be less amenable to change.  

   The above suggests that any meaningful analysis of the impact of recycling policies and 
measures in Sweden must rely on local observations, and to assure the validity in any 
generalizations made, also control for region-specific characteristics. In this paper the focus lies 
on plastic packaging collection in Sweden, which shows significant differences among the 290 
municipalities (see section 2). What explains these differences in collection rates, and what role 
can be ascribed to important cost elements (e.g., population density) in the respective 
municipalities? What is the role of the differing municipal waste management policies in 
determining collection outcomes? These are some of the central questions to be addressed and 
analyzed in this paper. The purpose of the paper is therefore to analyze the main determinants of 
household collection rates of plastic packaging waste in Swedish municipalities. This is done 
using an econometric model based on cross-sectional data from 2002, which include economic, 
demographic, institutional and policy-related variables at the local level.  

                                                 
* Financial support from the Swedish Research Council for Environment, Agricultural Sciences and Spatial Planning 
(Formas) and the Swedish Environmental Protection Agency is gratefully acknowledged. The research undertaken in 
preparation of the paper has formed part of the multi-disciplinary research program SHARP (“Sustainable 
Households: Attitudes, Resources and Policy”) (see also www.sharpprogram.se). The paper has further benefited 
from valuable comments provided by Chris Gilbert, David Pearce, Marian Radetzki, Joakim Skottheim, John Tilton 
and by the participants of the Luleå economics research group. Any remaining errors, however, reside solely with the 
authors. 
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This research undertaking will permit an evaluation of the effectiveness of different policy 
initiatives at the municipal level, and thus generate results that can point towards local strategies 
to improve national collection rates. In addition, the analysis can indicate to what extent inter-
municipal differences are due to important cost differences across regions. It is reasonable to 
assume that both private and environmental costs for different waste management schemes differ 
across municipalities. For example, the external costs arising from landfilling and burning are 
probably lower in sparsely populated areas than in urban areas, while marginal collection costs 
are likely to be relatively high in the former regions (e.g., Berglund, 2004). The responsible 
Swedish authorities do not appear to acknowledge this cost-heterogeneity in their instructions to 
the producers. Basically the only instruction is that the packaging collection should be 
nationwide, and in many cases entrepreneurs that are active in “high-cost” regions tend to obtain 
comparably high monetary compensations (Pihl, 2002; SEPA, 1996; Hage, 2004). If our 
empirical analysis indicates that important region-specific collection cost elements have an 
insignificant impact on plastic packaging collection rates, this could be interpreted as support for 
the hypothesis that the spatial cost effectiveness of the current policy scheme is low.  

Previous research on the determinants of household recycling has largely used case studies 
of one or more municipalities to analyze the determinants of recycling efforts (e.g., Duggal et al., 
1991; Sterner and Bartelings, 1999; Thomas, 2001; Lyas et al., 2005; Tonglet et al., 2004; Dahlen 
et al., 2006). The few studies that make use of more comprehensive databases of either state- or 
country-wide observations tend to focus on either U.S. conditions (e.g., Callan and Thomas, 
1997; Jenkins et. al. 2003) or on inter-country differences in recovery rates (e.g., Berglund and 
Söderholm, 2003; Van Beukering and Bouman, 2001). The present study focuses solely on the 
Swedish situation in a large number of municipalities eight years after the producer responsibility 
ordinance was introduced. The fairly low level of geographical aggregation permits an analysis of 
the impact of municipality policies, geography and socio-economic factors on plastic packaging 
collection rates. As was noted above, by drawing on the results from the cross-section analysis 
we pay particular attention to the spatial cost-effectiveness of the national Swedish policy design.  

Section 2 of the paper provides a background to packaging recycling in Sweden with 
special emphasis on the collection of household plastic packaging waste. In section 3 an 
econometric model of household plastic packaging collection intensity is presented as are a 
number of important data and model estimation issues. The empirical results are outlined and 
discussed in section 4, while section 5 provides some concluding remarks and implications. 
 
2. Packaging Waste Collection in Sweden: Policy Scheme and Outcome 
The Swedish producer responsibility ordinance implies that producers should collect, remove and 
recover the packaging waste from consumers. However, they are not required to take care of all 
packaging waste; the ordinance regulates to what extent packaging waste should be collected and 
for what purpose the collected packaging waste should be used (recycled and/or energy 
recovered). In the case of plastic packaging, the producers are required to collect at least 70 
percent of all plastic packaging waste (in terms of packaging weight). At least 30 percent of the 
plastic packaging should be recycled, hence used as input in new plastic products. The rest of the 
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collected packaging, 40 percent of all plastic packaging, is not allowed to end up on landfills but 
can instead be used for energy recovery purposes (Parliamentary Auditors, 1999).  

Overall the Swedish producer responsibility is an ordinance with few detailed instructions. 
It obliges producers to provide suitable systems for collecting packaging waste and inform 
households about these systems. The Swedish Environmental Protection Agency (SEPA) – that 
has the authority to outline instructions for the producers – has required that the collection should 
be nationwide (SEPA, 1996). The municipalities are responsible for supervising the collection 
within their own borders. Households have the responsibility to clean and sort the packaging 
waste and transport it to recycling stations. Although producers have the economic responsibility 
for the packaging waste, the households do not receive any economic compensation for their 
effort.  

In order to comply with the producer responsibility, the retailers and the producers have 
founded four joint material companies that administrate the collection and recycling of packaging 
waste. One of these, Platskretsen AB (PAB),1 administers plastic packaging waste (with the 
exception of PET-bottles). All material companies form the service organizations Svenska För-
packningsinsamlingen AB (SFAB) and Reparegistret AB (REPA). SFAB’s task is to coordinate 
the different responsibilities of the material companies. For instance, they establish and operate 
recycling stations and inform packaging consumers about the collection and recycling system 
(SFAB, 2000). Through REPA the material companies can offer a nation-wide coverage of 
packaging waste collection. Individual producers can fulfill their producer responsibility if they 
join REPA; they then pay a packaging fee to REPA based on the weight of their packaging. In 
the case of plastic packaging materials; in 2004 this fee amounted to SEK 2.70 per kg (REPA, 
2004). This is redistributed to the material companies to cover the costs of collection. As a rule, 
the fees are paid by the packaging filler, packer or re-packer for products made in Sweden, and 
by the importer for foreign products. In 2002, 10000 firms had joined REPA and together they 
represented about 90 percent of all packaging materials used in Sweden (SEPA, 2002).  

Figure 1 summarizes the system for collection and recycling of household plastic packaging 
waste in Sweden. The arrows marked HPPW indicate the physical flow of hard plastic packaging 
waste,2 and the “payment” arrows show which actors are compensated for their work. In order to 
facilitate the collection of plastic packaging waste from recycling stations, PAB has engaged 
different collection entrepreneurs.3 These entrepreneurs put out and empty the containers at the 
recycling stations and transport the plastic waste to plastic recyclers. These recyclers are also 
engaged by PAB. They clean and process the plastic waste into new plastic materials. PAB owns 
the plastic up to this stage and compensates both collection entrepreneurs and plastic recyclers. 
PAB sells the new plastic material to plastic product producers. Overall PAB’s operations are to 

                                                 
1 The other three include Svensk Kartongåtervinning AB (SKAB) (paper and cardboard packaging), Svenska 
Metalkretsen AB (SMAB) (metal packaging), and RWA Returwell AB (RWAB) (corrugated cardboard packaging). 
In 2006 SKAB and RWAB merged to form the new entity Returkartong AB.  
2 Due to production constraints, PAB is only interested in rigid plastic packaging (e.g., bottles and containers) for 
material recycling purposes. Flexible plastic packaging waste (e.g. bags and film) is typically energy recovered.  
3 These entrepreneurs can be divided into three categories (SFAB, 2004). First, there exist three nation-wide 
entrepreneurs, IL Recycling, Stena and Sita, that each collects plastic packaging waste in at least 50 municipalities. 
Second, there are a number of regional entrepreneurs that all serve at least three municipalities each. Finally, 22 
entrepreneurs only act in one municipality.  
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90 percent financed by the packaging fees, while the remaining 10 percent of the revenues come 
from the sales of new plastic material (PAB, 2004; SEPA, 2004b).  

Table 1 shows how well PAB have fulfilled the policy targets of at least 70 percent 
recycling, including 30 percent material recycling and 40 percent energy recovery. The figures 
indicate that in 2004 PAB collected 37 percent of total plastic packaging material consumed. 
However, only 19 percent of total plastic packaging consumption is recycled into new material, 
and PAB thus experiences problems in fulfilling the 30 percent target. Still, the recycling levels 
show a slowly increasing trend, and PAB almost fulfills the goal for total recovery (19+18+30 = 
67 percent). PAB has reported to SEPA that one important reason for burning a large part of the 
collected plastic packaging waste relates to different quality problems (SEPA, 2002). For 
instance, non-marked plastic packaging and especially plastic laminate is not only uneconomical 
to recycle but also technically impossible. Other problems relate to contaminated and poorly 
sorted plastic waste.  

 

 
Figure 1: The Structure of Household Plastic Packaging Waste Collection in Sweden 

 
Given the focus on household plastic packaging collection in this paper it is worth noting 

that in 2001 Swedish households consumed about 95000 tons of plastic packaging and that the 
business sector (firms) consumed about 50000 ton (SEPA, 2002). Nevertheless, 42 percent of all 
collected plastic packaging waste was collected from households but as much as 57 percent was 
collected from the producers. Consequently, in this year only 19 percent of the household plastic 
packaging waste was collected by PAB. Hence, in the efforts to increase collection rates, it is 
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worth noting that there is a large reserve of non-collected plastic packaging waste in Swedish 
households.  

 
Table 1: Recycling and Energy Recovery of Plastic Packaging (excluding PET-bottles) 

(Percentage of Total Consumption for Selected Years) 

Treatment     1996 1997 1998 1999 2000 2001 2002 2003 2004 
Material recycling from PAB   11 13 20 16 15 13 16 18 19 
Energy Recovery from PAB    2 8 16 16 17 15 17 18 18 
Energy Recovery from household waste* n.a. n.a. n.a. (27) (34) (32) (31) 32 30 

* Data collected by the municipalities. The data for the period 1999-2002 are not included in the official packaging 
collection result.  

Sources: SEPA (2001b, 2002, 2003, 2004a, 2006).  

Figure 2 indicates the amount (in kg) of household plastic packaging waste per resident that 
was collected in Swedish municipalities in 2002. The average municipality collected about 1.33 
kg of plastic packaging waste per resident. However, it is obvious that the collection rates differ 
significantly across municipalities. Nine municipalities (e.g., Bengtsfors) did not collect any 
household plastic packaging waste at all and Älvdalen was the municipality that collected the 
most, 7.8 kg per resident. These observed differences across municipalities form the basis of the 
empirical investigation in this paper.  
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Figure 2: Collection of Household Plastic Packaging Waste in 289 Swedish Municipalities, 2002 (kg/resident) 

Source: SFAB (2004).  
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The discussion above shows that this paper’s focus on household plastic packaging is 
motivated for a number of reasons. The collection of plastic packaging displays large differences 
across Swedish municipalities, and overall the plastic recycling scheme has not fulfilled the 
targets of the producer responsibility ordinance. Furthermore, Swedish households consume more 
plastic packaging than the business sector, and an important strategy to improve recycling rates 
could be to increase collection from households. If this is to be achieved, however, a proper 
understanding of the main drivers of plastic packaging collection from this sector is needed.  
 
3. The Econometric Model and Data 
We model the household plastic packaging collection rate of a municipality as the annual 
collection in terms of kg used plastic packaging per inhabitant. The determinants of the collection 
rate are assumed to include local policies, geographic/demographic factors, socio-economic 
characteristics, environmental preferences as well as the features of the entrepreneurs engaged in 
each municipality. These assumptions support the use of the following linear econometric model 
of plastic packaging collection effort:  
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(1) 

where i equals the plastic packaging collection rate in kg per inhabitant in municipality i.  
Cross section data for 252 Swedish municipalities for the year 2002 are used in the estimations. 
In 2002 there were 290 municipalities in Sweden, but due to data limitations 38 municipalities 
had to be excluded from the sample.

CR

4 Table 2 summarizes the independent variables used in the 
econometric model. Information on some of the independent variables was not available for 
2002, and in these cases we had to revert to information for adjacent years. Overall the discussion 
below indicates that this should not be a major problem since most of the variables used – 
including the policy-related ones (e.g., waste management fees) – have tended to be very stable 
over time (see also Hage, 2004).  

We first note that Swedish municipalities have implemented different types of waste mana-
gement fees. Some use so-called volume-based pricing programs while others have implemented 
weight-based fees for household waste collection. A third group of municipalities employ flat 
fees, indicating that there exist no explicit economic incentive to leave packaging waste at the 
recycling station. In the weight-based programs households pay a certain amount per kg unsorted 
waste. The volume-based fees include: (a) the opportunity to choose longer garbage collection 

                                                 
4 The plastic packaging waste is sometimes reported for a group of (normally two) municipalities. In these cases, the 
total collection rates from these greater areas have been allocated to the respective municipalities based on the total 
population in each single municipality (SFAB, 2004). Clearly this causes some error in the data used, but overall the 
size of this error should not be significant as this procedure was only employed in a limited number of cases.  
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intervals and hence pay less; (b) the opportunity to share garbage container and the garbage fee 
with neighbours; and (c) the opportunity to pay for the size of the garbage container (Villaägarnas 
riksförbund, 2004).  
 
Table 2: Variable Definitions and Sources 

Variables Definitions and units       Sources 

 
Dependent variable  

CR  The amount of plastic packaging collected per resident in 2002 (kg) SFAB (2004) 

Policy variables 

FEEVOL Dummy for volume-based waste pricing, 1 if yes and 0 if no  Villaägarnas riksförbund  
           (2004) 
FEEWE Dummy for weight-based waste pricing, 1 if yes and 0 if no  Villaägarnas riksförbund 
           (2004) 

Geographic and demographic variables 

DIST  Distance between each municipality and the closest plastic recycling SRA (1999) 
  industry (km) 
URB  Urbanization rate, i.e., the share of the population living in densely SCB (2002a) 

populated areas in 2001 (%). A densely populated area is defined as 
a group of buildings not more than 200 meters apart from each other 
and having at least 200 inhabitants 

POP  The population density, i.e., the total population divided by the SCB (2003) 
total land area of the municipality (in square kilometers) in 2002  

BIG CITY Dummy (1) for municipalities with at least 800 residents per km2 SCB (2003) 
  in 2002, and (0) if less than 800 

Socio-economic variables 

AGE  Average age of the population (year) in 2002    SCB (2004) 
INC  Average income for people between 20 and 64 years in 2000 (SEK) SCB (2003) 
EDU  People with at least 3 years at university divided by total population KFAKTA (2003) 
  In 2003 (%)  
WOMEN Women as a share of total population in 2002 (%)   SCB (2003) 
UNEMP Open unemployment rate for people between 16 and 64 years  in AMS (2004) 
  2002, annual average (%) 
HOUSE The share of private houses in each municipality in 1995 (%).  KFAKTA (2003) 
IM  Immigrants, foreign-born outside the Nordic countries as a share of KFAKTA (2003) 

total population in 2001 (%)  
NEWIM New immigrants, foreign citizens with 0-4 years in Sweden as a SCB (2003) 

share of total population in 2002 (%) 

Environmental preferences 

ENVM  Dummy for “environmental preferences” in the local government, KFAKTA (2003) 
1 if the Green party was represented in the local government  
(in 1999) and 0 if not 

ENVH  “Environmental preferences” in households, measured by the share SCB (2002b) 
of votes on the Green party in the 2002 election (%) 

Collection entrepreneur dummies 

D  Dummies for selected packaging collection entrepreneurs (see main SFAB (2004) 
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  text) 

The results from previous studies suggest that weight-based schemes may be more effective 
in reducing waste than other regimes, at least if the problem of illegal dumping can be avoided 
(e.g., Sterner and Bartelings, 1999; Dahlén et al., 2006). In 2002, 20 Swedish municipalities, 7 
percent, had introduced weight-based fees, in particular for private house ow-ners (SEPA, 
2001a). The results on the impact of volume-based fees are more mixed. Fullerton and Kinnaman 
(1996) find that volume-based waste pricing decrease garbage volumes but not the garbage 
weight, and Jenkins et al. (2003) conclude that volume-based waste pricing does not appear to 
have a significant effect on the rate of household recycling. 

The distance between the municipality center and the plastic recycling industries affects the 
transportation costs for the material companies. The longer this distance is the lower should the 
incentives be for the material companies to collect packaging. However, as was noted above, in 
the Swedish case this cost disadvantage may often be neutralized by higher monetary 
compensation levels for the collected household plastic packaging waste. Pihl (2002) confirms 
that entrepreneurs operating far away from recycling industries and in sparely populated areas get 
higher compensation for their collection of packaging waste (compared to those operating in 
densely populated areas). This is clearly a violation of the cost effectiveness principle. However, 
the plastic packaging waste compensation is decided in secret negations between PAB and the 
respective entrepreneurs. Thus, the compensation for plastic waste collection in different 
municipalities is probably important for explaining differences in collection rates, but since these 
are not publicly available we cannot test this hypothesis empirically.  

If it is the case that collection in high-cost municipalities is compensated through higher 
fees, it is also reasonable to presume that also other important cost factors as well will only have 
minor impacts on reported collection rates. High urbanization rates and densely populated 
municipalities imply shorter distances for households and material companies. For this reason 
these variables should lower the transport cost for both households and material companies. Still, 
high population urbanization rates and densely populated areas could also drive up land prices 
and hence the material companies’ costs for establishing recycling stations. This implies the 
presence of one positive transport cost effect and one negative land cost effect associated with 
high urbanization rates and population densities. Which of them dominates in practice remains 
thus an empirical question.5 One hypothesis is that the relationship between population density 
and/or urbanization rate on the hand and collection costs on the other is non-linear; the transport 
cost effect dominates when the municipalities are relatively sparsely populated, while in very 
densely populated cities the land cost effect dominates. There could be at least four explanations 
for this relationship. First, in small- and medium-sized cities it is reasonable to assume that the 
municipalities possess land that could be rented to the material companies at relatively favorable 
charges, but that cheap land is much scarcer in very dense cities. Second, small- and medium-
sized cities in Sweden generally have relatively small city centers. Hence, here it is possible for 

                                                 
5 Berglund and Söderholm (2003) find, using country data, that increased urbanization and population density rates 
generally imply higher waste paper recovery rates, but that these effects are much weaker in developed compared to 
developing countries. It should also be noted that in our data sample of Swedish municipalities the urbanisation rate 
and the population intensity variables are not highly correlated (the correlation coefficient equals 0.4).  
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the material companies to establish their recycling centers just outside the city center but still 
avoid long transport distances from households to recycling centers. In big cities, the 
establishment of recycling stations outside the city center implies much longer transport distances 
for households. Third, the possession of cars is typically less frequent in large cities and because 
many use their car for leaving household packaging waste at recycling stations, this could reduce 
collection rates in congested areas. Fourth, congested cities often have problems with the traffic 
situation. The above suggests that there could well be a positive urbanization/population density 
effect but there could also be a negative big city effect. This notion is also supported by an 
ongoing debate in Stockholm, the capital of Sweden, about who should pay for household waste 
collection within the borders of the property (e.g., Fastighetstidningen, 2004).6 However, as 
suggested earlier, the impact of these regional cost differences in collection can be offset by 
PAB’s pricing policy.  

A number of socio-economic variables are also included in the empirical investigation. 
After consulting a number of previous studies, Schultz et al. (1995) report that the relationship 
between age and U.S. household recycling efforts appears to be ambiguous. Kriström and Riera 
(1996) as well as Hökby and Söderqvist (2003) find that the demand for environmental improve-
ments is a “necessary” good; hence the income elasticity for environmental improvements is 
positive but less than one. This implies that households with higher income will generally be 
more willing to allocate more resources for environmental improvements and hence collect more 
packaging than low-income households. However, the opportunity cost for the households must 
also be considered. The collection of packaging is a time consuming activity for the household so 
the opportunity cost for packaging collection should also increase with income. Consequently, 
this means that impact of income on collection behavior will be determined by a positive income 
effect and a negative opportunity cost effect. Which of these two effects that dominates is an 
empirical question. However, as noted above, many of the earlier empirical studies have found 
that household recycling efforts in developed countries tend to be positively correlated with 
income (e.g. Callan and Thomas, 1997; Berglund and Söderholm, 2003). A number of U.S. 
studies also present evidence in support of a positive relationship between education and 
household recycling efforts (e.g., Schultz et al., 1995; Callan and Thomas, 1997).  

Schultz et al. (1995) find no relationship between gender and household recycling out-
comes, and we test whether this conclusion also holds in the Swedish case. The rate of unemploy-
ment could also matter. The opportunity cost of the time spent on waste packaging sorting is 
likely to be lower for unemployed people, and one can therefore expect that they will spend 
relatively more time on waste sorting activities. The Swedish Consumer Agency (2001) also 
concludes that perception about the opportunity cost of time is one of the most important 
determinants of recycling behavior in Sweden. The type of housing may be an important 
determinant of recycling efforts. It is reasonable to expect that private house owners have more 
space for storing used packaging, implying that collection should, ceteris paribus, be higher in 
areas with a large share of private house owners. However, the fact that some apartment houses 
have packaging collection within the borders of the property (i.e., so-called property close 

                                                 
6 It can also be noted that higher land prices often imply higher landfill costs. However, this should not influence the 
collection costs for the material companies because all their packaging materials are burnt or recovered. 
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collection) may also offset this impact (e.g., Mattsson et al., 2003). According to SEPA (2003), in 
2002 about 25 percent of all apartment houses had packaging waste collection within the 
property. The data on the share of private houses are however only reported for the 1995 
situation. Still, since housing construction activities in Sweden were unusually low during the 
1990s this should not imply major problems for the investigation. Finally, immigrants, especially 
newly arrived immigrants from outside the Nordic countries, are not used to Swedish laws, 
regulations and may have difficulties in understanding the language; this makes it reasonable to 
believe that their participation in packaging collection program are generally lower than for 
people who have lived in Sweden for a long time. The empirical literature lacks tests of this 
hypothesis, and in this paper we make a distinction between the share of immigrants in general 
and the share of newly arrived immigrants.  

As has been noted above, concern for the environment is likely to influence plastic 
packaging collection rates. In the empirical investigation we add two independent variables that 
explicitly attempt to address the strength of environmental preferences in the respective 
municipalities. The more emphasis the local government puts on environmental issues the more 
likely it is that they will attempt to facilitate packaging collection. There exist a number of ways 
through which this can be achieved. The material companies often inform packaging consumers 
through the municipalities’ waste information; more effective waste information should naturally 
increase the packaging collection levels. The municipalities also rent sites for the recycling 
stations and provide building permits.7 In the empirical analysis we use the influence of the 
Green party in the local government as a proxy for the “environmental preferences” in the policy 
arena. It is also reasonable to believe that households that are concerned about the environment 
should be motivated to sort packaging waste (e.g., Schultz et al., 1995; Hornik et al., 1995). We 
test this plausible hypothesis by employing the share of votes on the Green party in the 2002 
local government election. Clearly this is only a rough proxy for environmental concern. Still, 
one should also note that strong support for the Green party may indicate the presence of strong 
social norms in the household recycling sector, i.e., people (including those that vote on other 
parties) feel that other households expect them to perform waste sorting activities (e.g., Bruvoll 
and Nyborg, 2004).  

Finally, we add intercept dummy variables, n , for those 17 entrepreneurs that collect 
plastic packaging waste in more than one municipality. These variables are mainly to be regarded 
as control variables that may, for instance, capture the presence of firm-specific characteristics 
such as differences in collection productivity and/or negotiation skills. As will be suggested 
below, in some cases they will also tend to reflect regional differences that are not entirely 
addressed by the other independent variables in the econometric investigation.  

D

All variables that are hypothesized to influence household plastic packaging collection are 
likely to be exogenously given. This implies that we can estimate the econometric model using 
ordinary least square (OLS) techniques. In order to implement the model in equation (1) 
empirically we add a error term, iε , which is assumed to be normally distributed with zero mean 
                                                 
7 There exists also an important economic reason for the municipalities to “support” the packaging collection. In 
2000, a tax was introduced on waste disposal and a prohibition to deposit burnable waste was introduced in 2002 
(e.g., SEPA, 2001a; SOU 2001:102).  
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and constant variance. Since the presence of heteroscedasticity is a common problem in cross-
sectional data (e.g., Greene, 1997) this was tested for using the Breusch-Pagan-Godfrey test. 
Based on this test the null hypothesis of homoscedasticity was rejected at the 1 percent level. The 
presented t-statistics and significance levels have therefore been calculated using the White 
estimator for the heteroscedasticity-consistent covariance matrix.  

Different specifications of the model were tested. Following the hypothesis of a non-linear 
relationship between, for instance, population density and collection rates, it was tested if a 
quadratic form of the population density variable could explain inter-municipality differences 
better. Similar test were performed for the urbanization rate variable. Different variables were 
also used to measure environmental preferences in the municipality, e.g., an environmental 
municipality ranking (see Miljöeko, 2001). However, none of these specifications added any new 
information. 
 
4. Empirical Results and Discussion  
The parameter estimates for the household packaging waste collection model are presented in 
Table 3. The goodness-of-fit measure, R2-adjusted, for the regression model is 0.22. This means 
that 78 percent of the inter-municipality differences were left unexplained. In other words, a great 
deal of the variance is due to the error terms or to variation in non-observed variables. Still, 
according to Greene (1997), low R2-adjusted estimates are very common when using cross-
sectional data. It is also obvious that all five categories of variables help explain parts of the 
observed inter-municipality differences in collection rates. 

The parameter estimates for the policy variables show some interesting results. The coeffi-
cient for weight-based fee is as expected positive and it is statistically significant at the 5 percent 
level. A municipality that has introduced a weight-based fee has, ceteris paribus, on average 372 
gram more plastic packaging waste collected per resident than municipalities in which other types 
of waste management fees are used. This is a noteworthy difference considering the fact that in 
2002 an average Swedish municipality collected 1.33 kg per resident. The coefficient for the 
volume-based fee variable is statistically insignificant, indicating that these types of fees are less 
effective in encouraging plastic packaging collection than are weight-based fees. This result can 
partly be explained by the fact that it is generally relatively easy for households to compress plas-
tic bottles and containers (Sterner and Bartelings, 1997; Jenkins et al., 2003).  

Overall the geographic and demographic variables, all proxies for the marginal collection 
costs, appear to have limited influences on collection rates. First, the distance between the 
municipality and the recycling industry does not seem to matter for collection levels. An 
explanation for this result could be that the coefficient for the dummy variables for some 
entrepreneurs may explain some of the differences in plastic packaging collection that are due to 
differences in distance. For example, the entrepreneur that has the longest distance to the 
recycling industry is Kangos and the municipalities in which this company operates have, ceteris 
paribus, lower recycling levels than the municipalities covered by the reference entrepreneurs.8 
Second, out of the three coefficients representing urbanisation rate, population density and “big 

                                                 
8 The coefficient for distance actually becomes statistically significant at the five percent level if all entrepreneur 
dummies are excluded from the econometric estimation. 
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city”, respectively, only the coefficient for big city is statistically significant (at the seven percent 
level).  
Table 3: Parameter Estimates for Plastic Packaging Collection Rate Model 

Variables Coefficient Expected 
signs 

t-statistics Statistical 
significance 

Constant       -1.493 ? -0.265 0.791 

Policy variables     
Weight-based fee (FEEWE) **0.372 + 2.007 0.046 
Volume-based fee (FEEVOL) -0.412 ? -1.596 0.112 
Geographic and demographic variables     
Distance to recycling industry (DIST) -0.000 - -0.177 0.860 
Urbanization rate (URB) 0.001 + 0.121 0.904 
Population density (POP) 0.000 + 1.284 0.200 
Big city (BIG CITY) *-0.530 - -1.835 0.068 
Socio-economic variables     
Average age (AGE) 0.033 ? 0.999 0.319 
Average income level (INC) 0.003 ? 1.074 0.284 
Education level (EDU) **-0.027 + -2.156 0.032 
Women share (WOMEN) -0.023 ? -0.212 0.832 
Unemployment rate (UNEMP) **0.233 + 2.382 0.018 
Private house (HOUSE) *0.016 ? 1.959 0.051 
New Immigrants (NEWIM) ***-0.183 - -3.083 0.002 
Immigrants (IM) ***0.075 ? 3.292 0.001 
Environmental preferences     
Local government (ENVM) 0.065 + 0.492 0.623 
Households (ENVH) ***0.201 + 3.510 0.001 
Collection entrepreneur dummies (D)     
IL -0.220 ? -0.688 0.492 
Stena 0.099 ? 0.409 0.683 
Sita *-0.442 ? -1,762 0.079 
Återvinning & miljö 0.433 ? 1.163 0.246 
Gästrike återvinnare 0.151 ? 0.313 0.754 
LBC -0.119 ? -0.418 0.676 
Kangos **-1.534 ? -2.154 0.032 
Merab *-0.663 ? -1.898 0.059 
NSR **1.123 ? 1.967 0.050 
Östgötafrakt *-0.456 ? -1.897 0.062 
Rambo -0.529 ? -1.366 0.173 
Renova 0.098 ? 0.253 0.800 
SRV 0.055 ? 0.206 0.837 
Vafab ***0.976 ? 2.720 0.007 
VMR -0.445 ? -1.554 0.122 
Västblekinge miljö -0.230 ? -0.593 0.554 
Karskoga energi & miljö ***-1.622 ? -4.801 0.000 

R2-adjusted 
F-statistics 
Breusch-Pagan-Godfrey Test 

0.222 
3.17 (0.000) 

221.13 (0.000) 

   

Note: Parameter estimates adjusted for heteroscedasticity. *, ** and *** indicate statistical significance at 
the ten, five and one percent levels, respectively. 

 - 14 -



SHARP Working Paper: Regional Differences in Household Waste Collection / Hage & Söderholm 

 
The coefficient for the variable “big city” implies that there is a negative congestion effect 

for the collection of household plastic packaging as was hypothesized in section 3; the results 
indicate that households in a congested city collect on average 530 gram less plastic packing per 
resident than do households in smaller cities. The insignificant results for the urbanization rate 
and population density variables contradict the findings from earlier research focusing on inter-
country differences (Berglund and Söderholm, 2003). It is also worth noting that the inclusion of 
entrepreneur dummies does not seem to affect these latter results; both coefficients remain 
statistically insignificant even after removing these dummy variables.  

The above suggests that overall the costs of plastic packaging collection do not seem to 
matter much for the collection outcome, implying that the collection of household plastic packa-
ging waste in Sweden may not be performed in a cost-effective manner. One plausible explana-
tion for this is – as noted above – the pricing negotiations between PAB and the entrepreneurs. 
Practical experience suggests that entrepreneurs that collect plastic packaging in “high cost” 
municipalities obtain a higher monetary compensation for their collection activities compared to 
entrepreneurs that are active in municipalities that score high on urbanization rate and population 
density (Pihl, 2002).  There exists thus no built-in incentive to lower collection efforts in sparsely 
populated areas.  

Overall the socio-economic variables add much to our understanding of plastic packaging 
collection rates. In the cases of age, income and gender there are, however, no statistically 
significant results. The coefficient for the education level is not only unexpected (negative sign), 
but it is also statistically significant at the five percent level. Still, it is worth noting that 
education and income is relatively highly correlated with a correlation coefficient of 0.69. The 
coefficient for unemployment is statistically significant at the five percent level. A one 
percentage point increase in the open unemployment rate yields a 233 gram increase in household 
plastic waste collection per resident. Overall the above suggests – much in line with Bruvoll et al. 
(2002) – that the opportunity cost of time for households seems to influence their collection 
activities as these activities become less intense with higher income/education and employment 
rates.  

We further find that the coefficient for “share of private house” is positive and statistically 
significant at the five percent level. The model suggests that a one percentage point increase in 
the share of private houses in a municipality induces an increase in household plastic packaging 
waste collection by 16 gram per resident. As was noted above, a plausible explanation for this is 
that private house owners tend to have more space for storing used packaging materials. The 
coefficient for share of new immigrants has the expected negative sign and it is statistically 
significant at the one percent level. However, the coefficient for immigrants as a whole is positive 
and also statistically significant at the one percent level. A possible explanation for these results 
could be that when immigrants arrive to Sweden they are not well acquainted with the Swedish 
laws and regulations and neither are they able to understand Swedish very well. This has a 
negative impact on waste sorting activities. However, over time they learn the language and pick 
up existing social norms of behavior, and the results suggest thus that immigrants as a group sort 
out more plastic packaging waste than the average Swedish citizen. 
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The fourth category of variables, environmental preferences, helps explaining collection 
outcomes. Both the coefficient for Green party representation in the local government, and the 
coefficient for Green party support among households have the expected signs. The former 
coefficient is however not statistically significant, while the latter coefficient is statistically 
significant at the one percent level. A one percentage point increase in the share of Green party 
supporters implies an increase in the collection of household plastic packaging by 193 gram per 
residents. Overall this suggest that environmental concern among citizens tend to matter more for 
recycling outcomes than do a strong position for green politicians in the local government.  

The entrepreneur dummies also seem to explain some of the variance in household plastic 
packaging waste collection. It is difficult to form any a priori expectations about the signs of 
these coefficients. The results show that the coefficients for Sita, Kangos, Merab, Östgötafrakt 
and Karskoga are all negative and statistically significant at either the one, five or ten percent 
levels. The coefficients for Vafab and NSR are positive and statistically significant at the one and 
five percent levels, respectively. The inter-entrepreneur differences could be explained by the 
presence of firm-specific characteristics such as collection productivity and/or negation skills 
between different entrepreneurs. Still, it must also be acknowledged that the entrepreneurs do not 
possess very large opportunities to directly affect collection rates. Thus, in practice firm-specific 
attributes are unlikely to explain a great deal of the observed variance. It is equally plausible that 
these results simply are due to differences in municipality characteristics that are not entirely 
accounted for in the model used.  For example, Sita, one of the three nation-wide entrepreneurs, 
tend to operate in major Swedish cities. As has been noted above this is likely to reduce 
household plastic waste collection due to high land prices, and our “big-city” variable may not 
fully reflect these congestion impacts. The other entrepreneurs, for whom statistically significant 
coefficients are reported, are all regional companies that operate within a constrained area (e.g., a 
specific county). For example, Kangos operates in sparsely populated areas in the most northern 
parts of Sweden (located far away from the recycling industries). This should decrease collection 
rates. In the model we attempt to capture these impacts using different geographical and 
demographic variables. Again, however, it is possible that these could not fully address these 
impacts in a comprehensive way.9

 
5. Concluding Remarks and Implications 
The purpose of this paper has been to analyze the determinants of inter-municipality differences 
in the collection of household plastic packaging waste in Sweden. Overall the results suggest that 
policy, geographic/demographic factors, socio-economic variables as well as environmental pre-
ferences all influence collection rates to various degrees. Some particularly interesting findings 
and implications are worth noting.  

                                                 
9 One example is the urbanization rate variable. According to the definition of an urban area in Sweden it is enough 
if a village has 200 residents if there are not more than 200 meters between the buildings. The municipalities are also 
fairly large in terms of land area in Sweden, especially in the northern parts of the country. This implies that if a 
municipality has many small villages evenly scattered over the land area, it could very well be defined as an urban 
area but the collection cost for household plastic packaging collection could still be high.  
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We first note that the different proxies for the marginal costs of plastic packaging collection 
in the respective municipalities do not appear to have a significant effect on collection outcome. 
A reasonable explanation for this is that the compensation from the material companies varies 
depending on region and this tends to reduce regional cost differences in collection. This suggests 
that the national collection is cost ineffective, i.e., it should be possible to collect the same 
amount of household plastic packaging waste at a lower total cost and/or increase collection rates 
without imposing a higher cost. Interestingly the “big city” variable has a statistically and an 
economically significant impact on collection, suggesting that there exists some critical level for 
the population density, at least within the existing system, at which marginal collection costs 
starts to increase with increases in the density (due to, for instance, congestion effects and high 
land prices). The above indicates that the Swedish society could save resources by paying more 
attention to regional cost differences. Within the existing system it could be possible for the 
authorities to give up the de facto requirement that collection should be nation-wide, or at least 
set different collection targets for dense and sparsely populated regions. This could give the PAB 
a stronger incentive to organize collection activities in a cost-effective manner.  

The empirical results also suggest that the actors within the existing waste management 
regime can affect the collection outcome in various ways. First, the municipalities can increase 
collection by increasing the reliance on weight-based waste fees. However, even though this 
seems to be an effective method for increasing the collection of packaging materials, undesirable 
side-effects of such fees must also be acknowledged. A weight-based waste fee will give 
households an incentive for illegal waste disposal. Empirical research in the U.S. provides some 
support for this notion (Fullerton and Kinnaman, 1996). Second, it also seems as if the material 
companies and the municipalities could increase the collection of packaging collection by 
spending more resources on informing new immigrants about the collection system. However, 
the costs for such information campaigns should of course also be considered. 

This study also indicates that several issues could form the focus of future research efforts. 
First, it is important to investigate the determinants of the collection of other packaging materials 
than plastic. It is possible that the effects of different policy schemes differ across materials. 
Jenkins et al. (2003) confirm this notion for U.S. recycling behaviour. Second, U.S. studies 
typically show that curbside recycling is the most effective policy to implement in order to 
increase recycling in the USA. Increased knowledge about how this policy would affect Swedish 
recycling activities is important, and our data material has not permitted an explicit test of this 
hypothesis. Third, this study shows – in line with many other investigations – that weight-based 
fees are effective in promoting waste collection. However, it is important to obtain more 
knowledge about the costs of this system, including the risks for illegal disposal. Finally, 
although this paper has focused primarily on the cost-effectiveness of recycling policies one 
should also acknowledge that there may exist a trade-off between the cost-effectiveness and the 
legitimacy of the policy. If people feel committed to waste recycling because it is one way of 
contributing to public environmental goods, they may have a negative attitude towards a policy 
that encourages spatial differences in collection efforts. In brief, household recycling is both a 
matter of economics and morals (e.g., Thogersen, 2003), and this must be acknowledged when 
implementing policies that target households’ waste sorting efforts.  
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