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Abstract 
This research investigates whether the implementation of a curbside recycling system has an 

effect on the behavior of households with regard to the recycling of packaging material in 

Sweden. Previous research presented in the literature points out that the decision to engage in 

recycling behavior, rather than free-riding on the contributions of others, is based on the 

perceived contribution of others. Complying with social norms and the experience of warm-

glow constitute forms of utility that are derived from engaging in recycling behavior. The 

recyclable packaging materials glass, paper, plastic, and metal, as well as the total of these 

materials, are considered in this study. Recycling data from 247 municipalities for the years 

2010-2020 are used to research this topic. The analysis is carried out using a difference-in-

difference model with multiple time periods and a model presented by Callaway and Sant’Anna. 

A positive and significant change in household recycling was found for plastic packaging waste, 

amounting to an average increase of 1.57-2.92 kilograms per resident per year when the 

curbside recycling system was introduced. The change in recycling was also positive for paper, 

but this result was not robust to changes in the original model specification. Significant 

increases in recycling were found for total recycling, glass, and metal as well. However, it is 

considered uncertain whether the identifying assumptions that have to be fulfilled to establish 

causality of the results are satisfied. The introduction of a curbside recycling system increases 

household recycling because the time and effort that are required to recycle decrease. The 

results presented in this study are in line with this notion. 
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1. Introduction  
The main idea of a circular economy is that resources are used more efficiently by using them 

more than once (UNIDO, 2021). The opposite of a circular economy is a linear economy, which 

means that raw materials that are extracted from the environment are used for products that are 

disposed of after usage. In a circular economy, materials are remanufactured and reused to 

reduce the negative effects of consumption on the environment (UNIDO, 2021). 

The European Union has set targets on recycling that need to be fulfilled by every 

member country before the year 2025. After 2025, new and higher targets will be introduced 

(Naturvårdsverket, 2021). Sweden also has its own recycling targets. These targets are higher 

for some materials than the targets the European Union has set out (Naturvårdsverket, 2021). 

For example, Sweden met the national targets for metal and glass as well as the targets set by 

the European Union for these waste materials during the year 2020. However, Sweden did not 

meet these two targets for plastic and paper during the same year. The collection rate for 

packaging materials is the share of recyclable material that is placed on the market by packaging 

producers that has been collected for recycling. This collection rate for the year 2020 was 94 

percent for glass, 80 percent for metal, 79 percent for paper, and 47 percent for plastic (FTI 

(The Packaging Collection Service), 2022). 

The recycling rate is defined as the weight of the household waste collected for recycling 

divided by the total amount of household waste produced. In this definition, household waste 

constitutes the sum of recyclable and non-recyclable waste. Of all countries in the European 

Union during the year 2019, Germany has the highest recycling rate with 67 percent followed 

by Slovenia with a recycling rate of 59 percent. Sweden is placed number eleven with a 

recycling rate of 44 percent (European Environment Agency, 2021). 

The recycling rate differs between municipalities in Sweden. In 2020, Sjöbo had a 

recycling rate of 65 percent, whereas Timrå had a recycling rate of 21 percent. These statistics 

imply that there are strong regional differences in recycling rates (Kolada, 2022). Regulations 

regarding the garbage collection system are implemented at the municipal level, which might 

contribute to the observed difference between the different municipalities. 

To move towards a circular economy, producers of packaging materials need to produce 

recyclable packages and municipalities need to create instruments and policies that allow 

households to recycle without excessive effort. One of these municipal regulations or policy 
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instruments, that can be used to possibly change household recycling behavior with the aim to 

increase recycling, is the implementation of a curbside recycling system (see the Background 

chapter for a detailed explanation of the recycling system). After thorough literature research 

by the author, no evidence was found that the effect of introducing a curbside recycling system 

on recycling has been studied in Sweden before using a quasi-experimental design where the 

outcome of interest is measured. Because of varying conditions that apply to different 

municipalities, recycling policies might have different effects. This thesis aims to study the 

average effect of implementing a curbside recycling system as a policy instrument on the 

recycling behavior of households. This is done by comparing the average amount of recycled 

packaging material per resident of Swedish municipalities that are exposed to the policy to 

municipalities that are not, which leads to the research question: 

“Does the implementation of a curbside recycling system yield an increased amount of recycled 

packaging waste?” 

This study is organized as follows; chapter two presents background information on 

recycling. The third chapter presents relevant theory, and the fourth chapter describes the 

previous literature relevant to the subject of behavior regarding recycling and the environment. 

The fifth chapter presents an overview of the data that is used in this study and the applied 

methodology is presented in chapter six. Chapter seven presents the obtained results followed 

by a discussion in chapter eight. Chapter nine concludes the study. 
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2. Background 
In Sweden, the responsibility for recycling lies with the producers, which is called the producer 

responsibility. The producer responsibility is founded on the polluter pays principle, which 

means for example that producers of packaging materials are responsible for making sure that 

there are collection systems available for the recycling of these packaging materials 

(Naturvårdsverket, 2022a). A collection system must be accessible and provide good service to 

people who want to dispose of waste. There are Producer Responsibility Organizations (PROs) 

the producers can join (Naturvårdsverket, 2022a). The PROs collect the waste for the producers. 

However, the responsibility still lies with the producers. The producers pay the recycling costs 

through a fee that is applied to every waste product (Naturvårdsverket, 2022a). Swedish 

households are required to recycle packaging waste according to the waste regulations (in 

Swedish: Avfallsförordningen) (Avfallsförordning (2020:614)). 

It is each municipality's responsibility to collect, transport, and take care of the residual 

waste produced by the households in the municipality (Miljöbalken (1998:808)). The cost of 

waste management for the municipalities is covered by a fee that is paid by households. 

Information campaigns, weight-based fees, volume-based fees, and curbside recycling systems 

are examples of instruments that municipalities can use to possibly influence recycling 

behavior1 (Avfall Sverige, 2021a). 

Curbside recycling is a system with two containers with four compartments in each 

container. The design of the containers can differ slightly between the different municipalities. 

However, the most common arrangement has different compartments for residual waste, food 

waste, plastic, paper, metal, colored glass, uncolored glass, and newspapers. There are often 

extra, smaller, compartments for batteries and light sources. The two containers are placed in 

the garden and are emptied regularly by the company in charge of carrying out the producer 

responsibility. On the day the bins are emptied, they are presented to the garbage truck by 

placing them close to the curbside. In Figure A1 and Figure A2 in the appendix, the curbside 

recycling system is displayed. Households that do not have the curbside recycling system 

recycle at a recycling station that is located outside the household’s premises, which is often at 

a nearby central location. In practice, this means that households that want to recycle must 

engage in some form of pre-sorting at home after which the different types of waste are 

 
1 In this report, household recycling is referred to as the act of waste sorting upon disposal by households (in 

Swedish: källsortering). 
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transported to the recycling station for deposition. Moreover, residual waste is always collected 

by the curbside, whether the municipality has implemented the curbside recycling system for 

recycling or not. 

It is important to emphasize that regardless of whether a municipality uses a curbside 

recycling system or not households are not forced to recycle their waste. Even though people 

in Sweden are required to recycle by law, it would in practice be possible to dispose of all waste 

in the residual waste compartment regardless of the system that is used. This is because not 

every bag of waste is controlled. Therefore, curbside waste collection and curbside recycling 

are different phenomena. Waste that is disposed of in the residual waste bin is considered 

material that is not recycled. 

According to the so-called waste hierarchy, the best option from an environmental 

perspective would be if waste production could be prevented by consuming less and re-using 

products. The second-best option is to recycle the material after usage. The third-best option in 

the hierarchy is to incinerate the waste and produce energy. If that is not possible the final option 

is to store the waste in a landfill. Currently, around 50 percent of all the municipal household 

waste in Sweden is incinerated (Naturvårdsverket, 2022b). Even though waste can be used to 

produce energy, incineration has a greater negative impact on the environment compared to 

recycling. During the process of incinerating waste greenhouse gases, as well as pollutants, are 

emitted (Naturvårdsverket, 2022c). The residues from the purification of flue gas from the 

incineration process consist of fly ash, filter cake from hose filters, and sludge from wet flue 

gas purification. These residues are partially stored in landfills (Avfall Sverige, 2022). Materials 

that cannot be recycled or incinerated go to landfills as well. Landfills are limited areas that 

often contain a large number of pollutants and environmental toxins (Naturvårdsverket, 2022d). 

There is a risk of leachate leakage from the landfills into the surrounding environment, as well 

as a risk of landfill fires that cause the emission of dioxins (Naturvårdsverket, 2022d). Increased 

recycling decreases the negative effects and possible risks associated with waste incineration 

and landfill storage. 

Because different municipalities have to deal with different conditions, increased 

recycling may not be the most environmentally friendly or economically efficient solution when 

trying to minimize the environmental impact associated with waste disposal. Examples of 

determining factors are the distance to the nearest recycling station for households, emissions 

from garbage trucks, as well as the cost of implementing and operating a certain recycling 

system.  
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3. Theory  
This chapter addresses the theoretical framework concerning household behavior with regards 

to the susceptibility to norms and being rational as well as utility maximizing. 

From the theoretical economic notion that individuals are rational and have perfect 

knowledge, it follows that decision making is based solely on the aim to maximize personal 

utility (Thaler & Sunstein, 2008). The global environment is a public good since one cannot be 

excluded from using it and it is not rivalrous. When assuming that the described utility 

maximizing behavior can be expected from households, they would only engage in activities 

that contribute to a public good such as the global environment if personal utility can be derived 

from doing so. If the personal benefit that is derived from contributing to a public good is 

perceived to be too low, a rational individual will choose to free-ride on the contribution of 

others. A free-rider is an individual who enjoys the benefit of a good without having to pay for 

it (Mankiw & Taylor, 2017). 

Furthermore, a household has a limited amount of time to spend on labor, leisure, and 

household chores. Therefore, households have to make decisions on how they spend their time 

based on their utility maximizing preferences. In this decision making process, the opportunity 

cost is the value of the benefits that are being given up, the alternative that is not chosen, to 

obtain something else (Mankiw & Taylor, 2017). A household can either spend its time working 

or on leisure and unpaid household chores like recycling. When a household is maximizing its 

utility, it needs to take into consideration that every hour spent on leisure or recycling equates 

to one hour less spent on working. As a result, the theoretical opportunity cost of leisure and 

household chores is equal to the wage that is received from working. This implies that a higher 

income from work corresponds with a higher opportunity cost. 

The fact that individuals do in practice engage in recycling behavior suggests that 

personal utility is perceived to be derived from recycling. In that case, factors such as social 

norms and moral norms as well as so called warm-glow may affect an individual’s decisions 

and incentivize recycling behavior.  

Social norms can be described as rules of behavior that are enforced by social sanctions 

(Rege, 2004). Sanctions in this context mean approval or disapproval from the group of 

individuals following the social norms. Moral norms can be explained as the true moral standard 

that the individual wants to meet (Brekke, Kverndokk, & Nyborg, 2003). Closely related to the 
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concept of moral norms is the concept of warm-glow, which is based on impure altruism. 

Warm-glow means that the individual benefits from contributing to a public good by getting a 

positive feeling as a result of this behavior (Andreoni, 1990).  

Factors like norms and warm-glow could affect recycling behavior if these cause 

households to experience utility from recycling. In other words, individuals are being 

influenced by the recycling behavior of the group they belong to and/or are driven by the 

enhanced self-image that results from engaging in recycling behavior. 

Recycling takes time and effort because waste has to be separated, stored, transported, 

and deposited. A curbside recycling system reduces the time and effort associated with 

recycling because less time will be spent transporting the recyclables to a public recycling 

station. Therefore, introducing a curbside recycling system reduces the opportunity cost 

associated with recycling. Given that the utility (e.g. complying with social norms and the 

experienced warm-glow) that an individual derives from recycling is unchanged, the individual 

would be more likely to spend time and effort on recycling when the curbside recycling system 

is used. 

The extent to which perceived utility is derived from engaging in recycling behavior is 

likely to be a function of individual preferences and income. Based on this, it can be argued that 

the opportunity cost of the alternative that is rejected is also a function of individual preferences 

and income. As a result, the perceived utility relative to the corresponding opportunity cost 

determines whether an individual will engage in a certain behavior. By introducing a curbside 

recycling system, the opportunity cost of recycling is decreased which might lead to a threshold 

being reached that causes an individual to recycle that otherwise would not have done so. 
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4. Related literature 
Relevant literature for this study is presented in this chapter, with a focus on how pro-

environmental behavior is incentivized. Previous research in this field has analyzed the 

relationship between rational choice and social norms as well as warm glow in relation to 

contributing to public goods such as the global environment. 

Welsch (2021) looked into the relationship between the rational choice theory and an 

individual’s behavior with regard to social norms. The author focuses on whether there exists a 

tipping point when the relationship between an individual’s pro-environmental behavior and 

the perceived pro-environmental behavior of others goes from being negative to being positive. 

A negative relationship means that an individual’s involvement in pro-environmental behavior 

becomes lower when the individual perceives others to engage in such pro-environmental 

behavior. In that situation, individuals would rather free-ride on the contributions of others than 

contribute themselves. A positive relationship means that an individual’s contribution to a 

public good increases as the result of social norms when the perceived contributing behavior of 

others increases. Welsch concludes the research with the finding that there is a threshold 

regarding the perceived contributing behavior of others that needs to be passed before social 

norms have a stronger effect on an individual than the inclination to free-ride. 

Schultz et al. (2007) did a field experiment by sending messages to households 

regarding their energy consumption. The message differed based on whether the household had 

a relatively high or relatively low energy consumption. If the household had a relatively low 

energy consumption, a message in which the average energy consumption in the neighborhood 

was presented caused the household to consume more energy after they received the message. 

A household with a higher-than-average energy consumption would instead react by saving 

energy when they received the same message. When the message about the average energy 

consumption was combined with a message of approval, the group that had a relatively low 

consumption continued consumption at this low level instead of increasing consumption.  

The moral motivation behind recycling behavior has previously been studied by field 

investigations. Researchers have used surveys to collect data from households with questions 

about their recycling behavior. Berglund (2006) conducted a survey study in Piteå, Sweden, 

where households responded to questions regarding the costs associated with recycling efforts. 

It was found that moral motivation and warm-glow lower the perceived cost of the effort. Hage, 

Söderholm, and Berglund (2009) state a similar conclusion based on a survey where 2 800 
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Swedish households participated. They found that a feeling of moral obligation increased 

recycling behavior. 

During a field experiment in the United States, both moral norms and social norms were 

studied. Schultz (2010) conducted a field experiment intending to examine the change in 

recycling rate when households receive information that encourages them to recycle. Different 

households received information on recycling that was formulated in different ways, for 

example by stressing information on their own recycling efforts (i.e. related to moral norms) or 

by stressing information on the recycling efforts of others (i.e. related to social norms). By 

distributing different types of information to different households, the author examined whether 

household recycling was affected by moral norms or by social norms. The study concluded that 

household recycling was affected by both moral norms and social norms. 

Moral norms and social norms have also been studied simultaneously by sending out 

surveys to households. A paper by Czajkowski, Hanley, and Nyborg (2017) present data from 

surveys investigating whether moral norms and social norms affect recycling in Poland. One of 

the findings that are presented in the paper is that a considerable share of households prefers to 

sort their waste at home instead of at a central recycling facility. The authors conclude that this 

observation is the result of moral motivation and belief that sorting at home is more thorough. 

Halvorsen (2008) also collected data by sending surveys to households in Norway investigating 

how social and moral norms, as well as the opportunity cost of time, affect recycling. Based on 

the obtained data the author concludes that the opportunity cost of time has a negative effect on 

household recycling and that stronger social norms and moral norms increase recycling. 

The behavior change when implementing a curbside recycling system has been studied 

in Germany based on surveys, as opposed to the research presented in this report where a quasi-

experimental design is adopted. The researchers Best & Kneip (2018), investigated the effect 

on recycling behavior after a curbside recycling system was introduced in the three German 

districts Nippes, Innenstadt, and Lindenthal. They collected information from affected 

households using surveys and self-reports both before the policy was implemented and after the 

implementation. The authors evaluated the information using a difference-in-difference model 

with Lindenthal being the control group that did not get treated during the considered period. 

Best and Kneip found a positive and significant effect on the recycling participation regarding 

packaging material when a curbside recycling system was implemented. 
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Based on the presented literature, multiple potential outcomes are considered possible 

when a curbside recycling system is introduced in municipalities in Sweden. Best & Kneip 

(2018) presented evidence that the introduction of a curbside recycling system in a selected 

group of municipalities in Germany resulted in an increase in household recycling. As presented 

in the introduction of this study, Germany had the highest recycling rate of all countries in the 

European Union in 2019 equaling 67 percent, whereas Sweden had a lower recycling rate of 44 

percent during the same year (European Environment Agency, 2021). When assuming that the 

recycling rate at least roughly corresponds with the perceived recycling participation, the 

recycling participation would be lower in Sweden than in Germany. Welsch (2021) concluded 

that whether people are inclined to participate in pro-environmental behavior is a function of 

the perceived participation of the group. If this perceived participation is below the threshold 

after the introduction of the curbside recycling system, free-riding behavior is stimulated on an 

individual level rather than participation driven by social and moral norms. Therefore, the lower 

recycling rate in Sweden represents uncertainty as to whether the results that were obtained in 

Germany can be extrapolated. The determination of this threshold is outside the scope of this 

study but is likely to be a factor that plays a role in the obtained results. Also, factors that 

influence the opportunity cost of individuals, such as wage, population density, and personal 

preference, are likely to differ between Germany and Sweden. This may cause a different result 

to be obtained when a curbside recycling system is introduced in a Swedish municipality. 
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5. Data 
There are 290 municipalities in Sweden and in this research 247 of these municipalities are 

considered. The municipalities that are not considered in this research are excluded because 

they conduct waste management jointly and have different policy variables as a result. A 

complete list of the municipalities that are included in the dataset can be found in Table B1 in 

the appendix of this report. Data is collected for the years 2010-2020. The data is collected from 

Statistics Sweden, Kolada, the Packaging Collection Service, and reports by the Swedish Waste 

Management Association. A complete list of the data sources that were used in this study is 

presented in Table B2 in the appendix. Five dependent variables are considered in this study, 

being the total amount of recycled packaging material per resident in kilograms (glass, paper, 

plastic, and metal), as well as the recycled amount for each of these waste materials separately. 

The policy variable is the implementation of a curbside recycling system. A number of 

control variables are included in some of the regressions, which is elaborated on in the results 

chapter. The control variables are the population density (Popden), the share of households 

living in one and two household dwellings (House), the average income for people between 20 

and 64 years (Income), and the average age of the population (Age). Included in the regression 

will also be a proxy control variable for the environmental preference of households in the 

municipality, measured by the share of votes for the Green party (in Swedish: Miljöpartiet) in 

municipal elections (Environment)2.  

The included control variables are chosen based on findings from earlier research that 

is presented by Abbott, Nandeibam, & O'Shea (2011), Gaeta, Ghinoi, & Silvestri (2017), 

Sidique, Joshi, & Lupi (2010), and Andersson & Stage (2018). The reason for including the 

average age of the population of a municipality is that a higher age is believed to correspond 

with more time being available to spend on recycling. The population density in a municipality 

differs a lot between different parts of Sweden. The population density could potentially affect 

the recycling rate because living in a municipality with a low population density could affect 

how far away the closest public recycling station is. Having a longer distance to the public 

recycling station could mean that there is a greater effort associated with recycling. The share 

of households living in one and two household dwellings is included as a control variable 

because only these households get the curbside recycling system when the policy is introduced. 

 
2 Elections are held every fourth year and the share of votes on the Green party changes after an election is held, 

which is 2010, 2014, and 2018 in the considered period. 
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Households living in apartment buildings do not get access to the curbside recycling system 

when the policy is introduced in a municipality. The reasoning behind the chosen control 

variable income is that, according to the presented theory, income influences the opportunity 

cost of recycling and therefore influences behavior and choice.  

When a large share of the eligible voters in a municipality votes for the Green party this 

is considered to be an indication that the population cares more about environmental issues, 

which may correspond with increased recycling behavior. The Green party also has political 

views that are not directly associated with the environment. Therefore, it is considered likely 

that someone who attaches value to the stance of a party regarding the environment may still 

choose to vote for another party due to different views regarding these non-environmental 

views. On the other hand, someone who does not attach much value to the stance of a party 

regarding the environment may still choose to vote for the Green party due to its non-

environmental views. Because of this, the used proxy for environmental preference could be 

compromised. Despite the described drawback the Green party strongly prioritizes 

environmentally related issues. This, in combination with the availability of the required data, 

causes the inclusion of the share of votes on the Green party to be considered the most suitable 

option for the proxy control variable for environmental preference in the analysis. 

Descriptive statistics of the variables are presented in Table 1 and a detailed explanation 

of the variables can be found in Table B2 in the appendix. In the dataset for the most recent 

included year (2020), the range and average amount of recycled packaging waste material is 

presented in Table B3 in the appendix. 
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Table 1: Descriptive statistics. 

Variable Observations Mean Std. Dev. Min. Max. 

Dependent variables 
     

Total Recycling 2 716 43.68 14.91 11.06 135.94 

Glass 2 716 19.99 8.76 2.72 87.83 

Paper 2 716 14.52 5.74 0.67 68.87 

Plastic 2 716 7.29 4.07 0.18 46.58 

Metal 2 716 1.88 0.88 0.00 9.24 

      

Policy variable      

Curbside 2 717 0.11 0.31 0.00 1.00 

      

Control variables 
     

Age 2 717 43.25 2.70 36.30 51.10 

Income 2 717 303.66 49.03 209.60 701.00 

Environment 2 717 4.64 2.70 0.00 16.60 

Popden 2 223 163.10 574.94 0.20 6076.10 

House 2 223 61.95 14.60 1.30 88.80 
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6. Methodology  
This chapter presents the empirical framework that is used to study the research question.  

6.1 Empirical strategy 

To study whether there is a causal relationship between the introduction of a curbside recycling 

system and a change in the amount of waste recycled per resident, a suitable empirical strategy 

is required. The considered municipalities either implement the system of curbside recycling 

somewhere between 2010 and 2020 or have not adopted the curbside recycling system by the 

year 2020.  

A canonical difference-in-difference analysis is carried out on data where the treated 

group is receiving its treatment at the same time. In this study the treated group adopts the 

curbside recycling policy somewhere during the period between 2010 and 2020, meaning that 

a staggered difference-in-difference method with multiple time periods is required instead. In 

order to accommodate multiple time periods, a two-way fixed effect model is used initially. 

The main specification of this model is: 

𝑅𝑖,𝑡 = 𝛼0 + 𝜇𝑖 + 𝛿𝑡 + 𝛾𝐷𝑖,𝑡 + 𝑋𝑖,𝑡 +  휀𝑖,𝑡 

In this expression 𝐷𝑖,𝑡 is a dummy variable and the indicator for treatment which is equal 

to one when treated and zero when untreated. Municipalities that never get treated (i.e., 𝐷𝑖,𝑡 is 

always zero) represent the control group. The coefficient capturing the treatment effect is 𝛾. 

Subscript i denotes municipality and t denotes time. If municipality i is treated in year t, it stays 

treated during the remaining time periods. 

𝑅𝑖,𝑡 is the dependent variable, recycled material in kilograms per resident in 

municipality i for time period t. Municipality fixed effects are represented by 𝜇𝑖 and time fixed 

effects are denoted by 𝛿𝑡. Control variables are included to control for time varying effects as 

well as to estimate more precise standard errors. The control variables are represented by the 

vector 𝑋𝑖,𝑡 and consist of average income, average age, environmental preference, population 

density, and the share of households living in one and two household dwellings. 

6.2 Identification and validity 

In this section, the identifying assumptions, that need to be satisfied to ensure causality of the 

results, are presented. The most important identifying assumption for the difference-in-
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difference model is the parallel trend assumption. This assumption implies that the trend in the 

amount of recycled material over time would have been the same for both the treated and the 

control group in the absence of treatment (Angrist & Pischke, 2009). 

When treatment is implemented in different years it can be checked whether the parallel 

trend assumption is satisfied by reframing the data to the relative time to treatment. The first 

year of treatment will take place when time equals zero. Moreover, the so-called base year, 

when time equals minus one, is omitted. 

Figure 1 shows the results of the comparability test for the different recyclable materials 

concerning the control group and the treated group prior to treatment. Point estimates are 

displayed along with their 95 percent confidence intervals. The point estimates being close to 

zero during the pre-treatment period (i.e. time < -1) indicate that there is only a little difference 

between the treated group and the control group before treatment. If this is the case, it is then 

concluded that the counterfactual trend is likely to be parallel as well. The results in Figure 1 

show that the standard errors generally become larger further away from time zero, which is 

likely to be caused by the lower number of observations with leads and lags that long before 

and after treatment. 

A joint significance test is carried out as well to check whether the coefficients are equal 

to zero during the pre-periods, see Table 2. The null hypothesis is that all the pre-period 

coefficients are equal to zero. The p-value is 0.42 when the dependent variable is total recycling. 

In the model with glass as the dependent variable, the p-value is 0.047, for paper, the p-value 

is 0.344, plastic gives a p-value of 0.579, and for metal, a p-value of 0.156 is found. The null 

hypothesis cannot be rejected for the models with total recycling, paper, plastic, and metal as 

dependent variables. The null hypothesis can be rejected when glass is the dependent variable. 

When reviewing this result for the dependent variable glass, it is uncertain whether the parallel 

trend assumption can be assumed. This is considered when assessing the effect of the 

implementation of a curbside recycling system on the recycling of glass. 



   

15 
 

Table 2: Joint significance test for the coefficient representing the policy variable.  

 Total Recycling Glass Paper Plastic Metal 

P-value 0.4209 0.0467 0.3440 0.5790 0.1556 
Joint significance test for the leads, the null hypothesis is rejected if the p-value is below 0.05, 2012-2020. 

Another threat to identification constitutes that the policy intervention is not randomly 

assigned (Stock & Watson, 2020). The assumption could be violated if municipalities change 

their regulations in response to certain characteristics. In the context of recycling, this could 

mean that municipalities decide to implement a curbside recycling policy because the recycling 

rate is low relative to other municipalities and the municipality believes the policy will increase 

 

 

  

 

 

Figure 1: Graphs showing the comparability between the treated group and the control group. 
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the recycling rate. On the other hand, a municipality could decide to implement the curbside 

recycling system because they have a relatively high recycling rate and therefore believe the 

households are more motivated to increase recycling when the system is introduced. However, 

by using a model with municipality fixed effects and time fixed effect, the risk of violating the 

assumption declines. 

There is also a problem with the validity of the setup if households change their behavior 

in anticipation of a coming policy change. When recycling behavior is changed before the 

policy is implemented, it represents an important threat to the validity of the outcome of the 

regression. By examining the graphs in Figure 1, it is possible to visually inspect whether the 

implementation of the curbside recycling system has an effect during the years before the actual 

implementation. Studying the graphs presented in Figure 1, as well as an examination of the 

results of the joint significant test, strengthens the belief that the treatment was not anticipated. 

Another assumption that needs to be fulfilled for a causal interpretation of the results is 

that there are no spillover effects between municipalities. Spillover effects mean that recycling 

behavior in a certain municipality is affected by the implementation of the policy in another 

municipality. In practice, a spillover effect would mean that the households in one municipality 

would change their recycling behavior in response to another municipality implementing the 

curbside recycling system. In this study, it is assumed that no spillover effects between 

municipalities occur. 

Moreover, another possible threat to identification is that a municipality may decide to 

carry out another policy at the same time as the implementation of a curbside recycling system. 

For example, when the curbside recycling system is introduced to households this may coincide 

with the distribution of information about recycling to encourage households to use the curbside 

recycling system. If this occurs, it is difficult to determine whether the increase in recycling is 

the result of the information campaign or the new recycling system.  

A curbside recycling policy only affects households that live in one and two household 

dwellings and not those who live in apartments. The dependent variables that are used in this 

study constitute the total amount of waste that is collected in a municipality without taking into 

consideration the share of households that live in one and two household dwellings or an 

apartment. To mitigate this potential limitation, the share of one and two household dwellings 

is taken into consideration as a control variable in the dataset with data from 2012 to 2020. The 

regression results show the change in kilogram of recyclable material per resident for the 
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municipalities as a whole rather than the change for just households that live in one and two 

household dwellings. 

6.3 Bacon decomposition  

The canonical difference-in-difference model is designed to analyze two groups at only two 

different time periods. A difference-in-difference study with multiple time periods can still be 

carried out when a two-way fixed effects model is used. However, in recent years, researchers 

have questioned the validity of this model when more than two time periods are considered.  

One of these researchers, Andrew Goodman-Bacon has been studying the validity of 

the difference-in-difference design with multiple time periods and in particular the treatment 

effect parameter in the regression (Goodman-Bacon, 2021). In a difference-in-difference 

model, if the identifying assumptions are met, the model identifies the average effect of 

treatment on the treated group. Goodman-Bacon’s (2021) finding is that the coefficient of a 

difference-in-difference model with multiple time periods that captures the treatment effect is 

equal to the weighted average of every possible two-by-two difference-in-difference setup that 

compares the treated group with the control group. This average weighting of the groups and 

periods may lead to misleading estimates because the assigned weight factors are based on the 

size of the group as well as the variance of the treatment. Therefore, a municipality that is 

treated in the middle of the considered time period is likely to have a higher treatment variance 

and get a bigger weight relative to the municipalities treated at the beginning or at the end of 

the considered time period. The resulting implication is that it is possible to change the 

aggregated estimate of the regression by lengthening or shortening the time period. There is 

another issue that is highlighted by Goodman-Bacon, which is that the already treated 

observations become a part of the control group in the two-way fixed effects model. 

Goodman-Bacon proposes a way to visualize the calculated estimates of the two-way 

fixed effects model to check the calculated weights with respect to the different estimation 

types. This is done by plotting every two-by-two difference-in-difference estimate in the 

regression against their respective weight. 
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Figure 2: Bacon’s decomposition, Total Recycling. 

Figure 2 shows Bacon’s decomposition for total recycling3. The attributed weight is 

presented on the x-axis and the y-axis presents the two-by-two differences in difference 

estimates. The horizontal line shows the overall calculated difference-in-difference estimate of 

the policy variable curbside recycling. An icon represents a single two-by-two difference-in-

difference estimate. Towards the right in the diagram, the weight a single estimate has on the 

aggregated and final estimate of the regression increases. The triangles represent the weights 

and estimates of the never treated group (the control group that the treated group can best be 

compared with) versus the treated group for different years. The circles (the timing groups) 

represent the weights and estimates of municipalities that are treated in the later periods versus 

the municipalities that are treated in the earlier periods, with the latter being the control group 

for these calculated difference-in-difference estimates. The circles also depict the municipalities 

that are treated in the earlier periods versus the municipalities that are treated in the later periods, 

with the latter being the control group.  The municipalities treated in the earlier periods will 

after treatment be part of the control group for the municipalities that are treated later on. This 

effect is an inherent consequence of how the model is formulated and causes one of the possible 

issues with the two-way fixed effects model with multiple time periods. The municipalities that 

are treated towards the end of the considered period are part of the control group for the 

 
3 The Bacon decompositions for glass, metal, plastic, and paper are presented in Figure C1, Figure C2, Figure 

C3, and Figure C4 in the appendix.  
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municipalities that are treated earlier. The group that receives treatment closer to the end of the 

considered time frame contributes therefore to a lesser extent to the problem described above.  

It is shown in Figure 2 that two triangles have negative estimates that will pull down the 

aggregated and final estimate for the regression. However, the triangles have relatively small 

weights which means they will not affect the final weighted estimate as much as the triangles 

further along the x-axis to the right. The triangles that are attributed to heavy weights, as well 

as the circles showing the early treated municipalities, can compromise the validity of the 

results. Callaway and Sant‘Anna proposed a solution that solves the described drawbacks 

associated with the two-way-fixed effects model. This model is presented in the next section 

(6.4). 

6.4 A solution by Callaway and Sant’Anna 

Callaway and Sant’Anna (2021) also recognize the problem presented in section 6.3 above. The 

authors developed a new version of the difference-in-difference model that resolves this 

problem. The new model includes a disaggregated causal parameter that represents the average 

treatment effect for group g at time t, called the group-time average treatment effect. Every 

municipality that first receives treatment in the same year belongs to the same group. Callaway 

and Sant’Anna (2021) present two different setups to determine which group is included in the 

control group. The control group can either include “never treated” observations or “not-yet-

treated” observations. Because the “never-treated” group is large compared to the treated group 

in this study, this group is used as the control group. The model uses the year before treatment 

to calculate the estimate of the average treatment effect. When using Callaway and Sant’Anna’s 

model, the treated groups will no longer be a part of the control group after treatment. Also, the 

obtained estimate is not a weighted average of all possible two group and two period difference-

in-difference estimates, as is the case when using a two-way fixed effects model. The average 

estimated effect of treatment is the average effect for each group across all time periods 

averaged together across all groups (Callaway & Sant'Anna, 2021). 

Callaway and Sant’Anna (2021) base their model on a few assumptions. The first 

assumption is that once a unit is treated it will stay treated for the remainder of the analyzed 

period. The method of Callaway and Sant’Anna also requires panel data, a parallel trend prior 

to treatment, and no treatment anticipation. These assumptions are considered to be fulfilled 

based on the same arguments that were presented for the two-way fixed effects model in section 

6.2. 
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To incorporate the control variables in the analysis Callaway and Sant’Anna’s model 

uses a doubly robust estimation that combines a propensity score with a linear regression. The 

combination of a propensity score and a linear regression decreases the risk of misspecification 

of the model because only one of them needs to be correctly specified for the model to work. 

The propensity score is the probability of receiving treatment conditioned on the covariates and 

is used to create pairings between units in the treated group and the never treated group. The 

method then attributes a higher weight to municipalities in the control group that have 

characteristics that are more similar to municipalities in the treated group. The model by 

Callaway and Sant’Anna will be applied in this research alongside the two-way fixed effects 

model. 
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7. Results 
In the following chapter, the results of the different regressions are presented. The first part of 

this chapter presents regressions for the years 2012 to 2020 (7.1). In the second part of this 

chapter, the robustness of the regressions is tested (7.2), and the third part provides an overview 

of the results (7.3). The results are discussed and interpreted in the discussion, chapter 8. 

7.1. Results from the regression with data between the years 

2012-2020 

7.1.1 Two-way fixed effects model, 2012-2020 

Table 3 shows the results of five different regressions, with one column for each of the different 

dependent variables, being the recyclable materials glass, paper, plastic, and metal, as well as a 

column for total recycling. All of the regressions were executed including the control variables 

average age, average income, the proxy for environmental preference, population density, and 

the share of households living in one and two household dwellings. Robust standard errors are 

clustered at the municipality level and are presented in parentheses. The policy variable in the 

regressions is a dummy variable that considers whether a municipality has a curbside recycling 

system or not. 

Table 3: Results from the two-way fixed effects model for the years 2012-2020.  

 Total Recycling Glass Paper Plastic Metal 

Curbside 7.755*** 2.585* 1.792* 2.769*** 0.599*** 

 (1.888) (1.045) (0.692) (0.708) (0.173) 

N 2222 2222 2222 2222 2222 

R2 0.405 0.109 0.364 0.461 0.113 
* p < 0.05, ** p < 0.01, *** p < 0.001 Robust standard errors clustered at the municipality level in parentheses. The dependent variables are 

the recycled materials glass, paper, plastic, and metal as well as the total of these four materials (total recycling). The dependent variables are 

expressed in terms of kilograms per resident per year. Included control variables are age, income, environment, popden, and house. All 

regressions include fixed effects for municipality and year. See Table D1 in the appendix for the table with the included control variables 

shown.  

The coefficients for the curbside policy variable are positive and significant for total 

recycling and all four recyclable materials independently. The effect of a curbside recycling 

system on the variable total recycling is positive and significant with an average increase of 7.8 

kilograms per resident per year. For glass, the effect constitutes a 2.6 kilogram increase per 

resident per year on average if the municipality implements a curbside recycling system. The 

outcome is also positive for paper with a 1.8 kilogram increase per resident per year on average. 

For plastic, the calculated result equates to a 2.8 kilogram increase per resident per year on 

average and for metal, the result is an average increase of 0.6 kilogram per resident and year.  
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7.1.2 Callaway and Sant’Anna model, 2012-2020  

As explained in section 6.4, regressions using Callaway and Sant’Anna’s model are carried out 

to avoid the possible issues that are inherent to the two-way fixed effect model. The standard 

errors are robust and clustered at the municipality level. The resulting estimate from the model 

is the average effect of getting treated across considered time periods.  

Table 4: Results from the model by Callaway and Sant’Anna for the years 2012-2020. 

 Total Recycling Glass Paper Plastic Metal 

Curbside 7.237*** 3.241** 1.401* 2.122*** 0.461** 

 (1.632) (1.094) (0.629) (0.570) (0.134) 

N 2222 2222 2222 2222 2222 
* p < 0.05, ** p < 0.01, *** p < 0.001 The dependent variables are the recycled materials glass, paper, plastic, metal as well as the total of 

these four materials (total recycling). The dependent variables are expressed in terms of kilograms per resident per year. Included control 

variables are age, income, environment, popden, and house. All regressions include fixed effects for municipality and year. The control 

group consists of the never treated municipalities. The standard errors are robust and clustered at the municipality level.  

Total recycling and the different recyclable materials, glass, plastic, paper, and metal, 

represent the different dependent variables shown in Table 4. As can be seen in this table, the 

coefficient for the policy variable curbside recycling is positive and significant for all of the 

five regressions. The results differ somewhat compared to the results from the regressions using 

the two-way fixed effect model when considering the time period 2012-2020 (Table 3). The 

estimate for glass is observed to be larger when using the Callaway and Sant’Anna model. The 

estimates for total recycling, paper, plastic, and metal are found to be smaller than in the 

previously presented regression using the two-way fixed effects model (Table 3). 

7.2. Additional analyses  

In the following section, regressions are presented that were carried out to study the robustness 

of the results when changing the original model specifications. 

7.2.1 Extending the model 

In these regressions, the considered time period will be expanded to include the years 2010-

2020. The reason for not using the extended time frame in the previously presented regression 

is because there is only complete data available from the year 2012 regarding the control 

variables population density and the share of households living in one and two household 

dwellings. An advantage of extending the considered time frame is that more observations and 

in particular more treated units are included in the dataset. 

To check whether the parallel trend assumption holds when the extended time frame is 

considered, tests to examine the estimates for the pre-treatment trend are conducted. Figure E1,  
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Figure E2, Figure E3, Figure E4, and Figure E5 in the appendix are showing the pre-treatment 

trends for the different recyclable materials.  

To test whether the coefficients in the pre-periods are close to zero, the joint significance 

test is carried out, see Table E1 in the appendix. The found p-values that apply to total recycling, 

glass, and metal are found to be below 0.05, which means that it is uncertain whether the 

assumption is fulfilled for these materials since the null hypothesis has to be rejected. The p-

values for paper and plastic are both above 0.05 and it can therefore be argued that the pre-

treatment trend estimates are close to zero. It is therefore considered to be likely that 

counterfactual trends would have remained parallel in the absence of a curbside policy for the 

waste materials paper and plastic.  

Two-way fixed effects model, 2010-2020 

Table 5 shows five different regressions, one for total recycling and one for each of the different 

recyclable materials glass, paper, plastic, and metal. In these regressions, the included control 

variables are average age, average income, and the proxy for environmental preferences. The 

variables population density and the share of one and two household dwellings are not included. 

Table 5: Results from the two-way fixed effects model for the years 2010-2020. 

 Total Recycling Glass Paper Plastic Metal 

Curbside 6.803*** 1.952* 1.391 2.918*** 0.535** 

  (1.885) (0.923) (0.743) (0.717) (0.164) 

N 2716 2716 2716 2716 2716 

R2 0.392 0.109 0.335 0.405 0.078 
* p < 0.05, ** p < 0.01, *** p < 0.001 Robust standard errors clustered at the municipality level in parentheses. The dependent variables are 

the recycled materials glass, paper, plastic, and metal as well as the total of these four materials (total recycling). The dependent variables are 

expressed in terms of kilograms per resident per year. Included control variables are age, income, and environment. All regressions include 

fixed effects for municipality and year. See Table F1 in the appendix for the table with the included control variables shown. 

The coefficients for curbside recycling have changed in all of the five regressions when 

comparing the results with the two-way fixed effect model that considers the time period 2012-

2020 (Table 3). The estimates are both positive and significant for total recycling and the 

recyclable materials glass, plastic, and metal. However, the coefficient for paper is no longer 

significant. The coefficient for plastic is larger when the extended time period is considered. 

Total recycling, glass, paper, and metal show smaller coefficients than in the regressions for the 

shorter time period. 

Regressions have also been carried out for the years 2012-2020 with the same dependent 

variables (total recycling, glass, paper, plastic, and metal), while only using the control variables 

average income, average age, and the proxy for environmental preferences, consistent with the 

regressions of the model considering the extended time period. This was done to check whether 
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the presented difference in obtained estimates mainly comes from the extended time period or 

the exclusion of the control variables population density and share of one and two household 

dwellings. Results from these regressions are presented in Table F2 in the appendix. The results 

only show small differences compared to the regressions using the two-way fixed effects model 

for the years 2012-2020 with all the control variables included (see Table 3). This indicates that 

the majority of the change in the result for the extended time period comes from including more 

years and observations rather than not including all of the control variables. 

Callaway and Sant’Anna model, 2010-2020 

To get a complete picture of the difference between the obtained results from the model with 

fewer years compared and the extended model, a comparison will also be made using Callaway 

and Sant’Anna’s model. Total recycling and the different recyclable materials, glass, plastic, 

paper, and metal, represent the different dependent variables shown in Table 6.  

Table 6: Results from the model by Callaway and Sant’Anna for the years 2010-2020. 

 Total Recycling Glass Paper Plastic Metal 

Curbside 5.022** 2.593** 0.481 1.566** 0.365** 

  (1.539) (0.784) (0.635) (0.518) (0.122) 

N 2716 2716 2716 2716 2716 
 * p < 0.05, ** p < 0.01, *** p < 0.001 The dependent variables are the recycled materials glass, paper, plastic, metal as well as the total of 

these four materials (total recycling). The dependent variables are expressed in terms of kilograms per resident per year. Included control 

variables are age, income, and environment. All regressions include fixed effects for municipality and year. The control group consists of the 

never treated municipalities. The standard errors are robust and clustered at the municipality level. 

For the dependent variable total recycling, the coefficient for the curbside policy is still 

positive and significant, albeit smaller compared to the model by Callaway and Sant’Anna 

considering the years 2012-2020 (Table 4). The same trend is observed for the materials glass, 

plastic, and metal, where positive and significant but smaller estimates were found. For the 

material paper, the coefficient for the curbside recycling policy is no longer significant. 

7.2.2 Excluding municipalities with a weight-based fee  

One of the other policy instruments a municipality can use to change recycling behavior is a 

weight-based fee on residual waste. The costs associated with a weight-based fee are higher if 

a household throws the recyclable waste in the residual waste bin. Increased recycling would 

then reduce this cost for the household. Therefore, to test the robustness of the results, all 

municipalities with a weight-based fee will be excluded from the control group because of the 

risk that households that are exposed to a weight-based fee may increase recycling because of 

this policy. There are no municipalities that have introduced a weight-based fee present in the 

treated group. In total, 34 municipalities were excluded from the data. The results from the 
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regressions carried out using the two-way fixed effects model and from the regressions carried 

out using Callaway and Sant’Anna’s model are presented in Table G1 and Table G2 in the 

appendix. 

The significance of the results did not change, and the coefficients of the results only 

marginally change relative to the two-way fixed effects model and the model by Callaway and 

Sant’Anna for the years 2012-2020 with all control variables included (Table 3 and Table 4). 

After inspecting the results from this robustness check, it is assessed that the inclusion of 

municipalities that have a weight-based fee in the control group only has a slight effect on the 

obtained results overall. 

7.3 Result overview 

In this section, results are interpreted and summarized. Based on the model as well as the time 

frame that is considered, different results are obtained. Table 7 shows the results for the main 

regressions for the years 2010-2020 and for 2012-2020, for both the two-way fixed effects 

model and the model by Callaway and Sant’Anna. 

Table 7: Summary of the results from the regressions for the years 2012-2020 (Table 3 and Table 4) and 2010-2020 (Table 5 

and Table 6), for both the two-way fixed effects model and the model by Callaway and Sant’Anna. 

 Total 

Recycling 

Glass Paper Plastic Metal 

Two-way fixed effect, 

2012-2020 

7.755*** 

(1.888) 

2.585* 

(1.045) 

1.792* 

(0.692) 

2.769*** 

(0.708) 

0.599*** 

(0.173) 

Callaway and 

Sant’Anna, 2012-2020 

7.237*** 

(1.632) 

3.241** 

(1.094) 

1.401* 

(0.629) 

2.122*** 

(0.570) 

0.461* 

(0.134) 

Two-way fixed effect, 

2010-2020 

6.803*** 

(1.885) 

1.952* 

(0.923) 

1.391 

(0.743) 

2.918*** 

(0.717) 

0.535** 

(0.164) 

Callaway and 

Sant’Anna, 2010-2020 

5.022** 

(1.539) 

2.593** 

(0.784) 

0.481 

(0.635) 

1.566** 

(0.518) 

0.365** 

(0.122) 

* p < 0.05, ** p < 0.01, *** p < 0.001 

 

All obtained coefficients for curbside recycling were positive albeit with differing 

degrees of significance. The results for total recycling are positive and significant for all models. 

The results for plastic were significant, regardless of the model and time frame that were used. 

The results for glass were significant when using the two-way fixed effects model as well as 

when Callaway Sant’Anna’s model was used, regardless of the considered time period. 

However, it is considered likely that the pre-treatment assumption is violated for the material 

glass. The results for the material metal were significant for all regressions in this research. The 

parallel trend assumption was violated for metal when considering the period 2010-2020 but 
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not when considering the period 2012-2020. The results for paper were significant for both the 

two-way fixed effects model and the Callaway Sant’Anna model when the time period between 

2012-2020 was considered. However, no significant result was found for the period 2010-2020. 

The results suggest that there is a positive change in recycling when implementing the curbside 

recycling system for the material plastic. The change in recycling for the materials glass, paper, 

and metal is ambiguous and it cannot be determined if the change is because of the new 

recycling system or any other unknown effect.  

Table 8 shows the lowest result and the highest result from the different regressions 

presented in Table 7 for the different materials along with the average amount of recyclable 

material per resident per year between the years 2010-2020 for the control group. Looking at 

the presented results for plastic in Table 8, the lowest result and the highest result from the main 

regressions show that having a curbside recycling system increase the recycled amount of 

plastic per resident by between 1.57 kilograms to 2.92 kilograms on average per annum, when 

all other variables in the regression remain constant. These results for plastic equal an increase 

between 21.6 and 40.2 percent compared to the control group. The results for the other 

recyclable materials are included in the table but should be interpreted with caution because of 

the implications that are presented in this chapter.  

Table 8: Summary of the average change in recycling, based on results presented in Table 7. 

 
Total 

Recycling 

Glass Paper Plastic Metal 

Lowest result [kg/resident] 5.02 1.95 0.48 1.57 0.37 

Highest result [kg/resident] 7.76 3.24 1.79 2.92 0.60 

Average recycled waste of control 

group, years 2010-2020 [kg/resident] 

41.57 19.92 14.65 7.26 1.88 

Average change in recycling (%)  

Low result 

+12.1 % +9.8 % +3.3 % +21.6 % +19.7 % 

Average change in recycling (%)  

High result 

+18.7 % +16.3 % +12.2 % +40.2 % +31.9 % 
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8. Discussion  
In this chapter, the obtained results are discussed and interpreted. Practical consequences that 

are implied by the results as well as proposals for future research are reviewed. 

In the introduction of this report, the total collection rates in Sweden for the year 2020 

are presented for different packaging materials, being 47 percent for plastic, 94 percent for 

glass, 80 percent for metal, and 79 percent for paper. To assess the obtained results with respect 

to collection rate statistics, access to statistics on collection rates for households only would be 

more optimal. However, such household collection rate statistics are not presented by the 

Packaging Collection Service (FTI), possibly due to practical implications. Based on the total 

collection rates, it is observed that the lowest collection rate of 47 percent for plastic 

corresponds with the highest percentage increase of all considered packaging materials. This 

observation coincides with the notion that the current collection rate is a measure of the 

improvement potential. By the same token, the lower changes in recycling for glass and paper 

correspond with the higher current collection rates. For metal, both a high current collection 

rate and recycling increase is observed. A possible explanation for this observation is that metal 

waste constitutes both steel and aluminum waste. Steel has a higher density than aluminum, 

which causes a disproportional increase in the recycling of metal if the recycling of steel 

packaging waste increases on a volume basis. 

Different municipalities have different recycling rates when the curbside recycling 

system is introduced. As demonstrated above, the effect of introducing a policy is likely to be 

a function of the prevailing recycling rate. In Table B3 in the appendix, the amount of recycled 

waste is displayed for the year 2020 and the different types of considered packaging material 

as well as the total recycling. 

Table B3 shows that a spread exists between different municipalities. The results that 

are presented in this study represent the average effect of introducing the system. The aim of 

this research has been to determine whether there is a causal relationship between the 

introduction of a curbside recycling system and the amount of recycled waste. The positive and 

significant coefficients that were found confirm the existence of such a relationship for plastic. 

However, because of conditions that prevail locally and change over time, the average increases 

that were found should be treated with caution when assessing the change in the amount of 

recycled waste per resident when the curbside recycling system is introduced in a specific 

municipality at some point in the future. 
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The graphs presenting the leads and lags of the regressions (Figure 1, Figure E1, Figure 

E2, Figure E3, Figure E4, and Figure E5) show that the effect of the implementation of curbside 

recycling gradually increases rather than instantly after treatment. This is followed by a 

declining effect over time for total recycling, paper, plastic, and metal. The reason that the effect 

is gradual after treatment could be because the date of implementation is unknown and if the 

system is implemented at the end of the year the effect might not be visible during the first year 

the municipality is treated. If the curbside recycling system were to be introduced alongside for 

example an information campaign on recycling, given that this information campaign does 

incentivize recycling behavior, it is expected that this effect would be immediate after the 

introduction of the system. However, the effect of introducing a curbside recycling system 

shows to be gradual rather than immediate, suggesting that a possible information campaign 

did not play a crucial role with respect to the obtained effect of introducing a curbside recycling 

system. 

Another reason for the decline in recycling for the treated group compared to the control 

group some years after treatment could be because the recycling of the treated group becomes 

more constant as the recycling level reached a plateau. When the untreated municipalities 

increase recycling the average treatment effect of the treated declines as a consequence. 

The presented literature states that the perceived contribution of others determines 

whether an individual will engage in pro-environmental behavior or not. It is argued that there 

is a tipping point regarding the perceived contribution that needs to be reached before the 

promotion of increased recycling behavior actually will lead to an increase in recycling 

behavior. The results from the regressions show a positive increase in recycling when a curbside 

recycling system is implemented, which implies that treatment has led to more Swedish 

residents reaching the tipping point rather than the stimulation of free-riding behavior. 

Moreover, the utility that is derived from complying with social norms, moral norms, and 

obtaining warm-glow by contributing to a public good is stated to incentivize recycling 

behavior. A possible explanation for the obtained result is related to the decreased opportunity 

cost associated with recycling when the curbside recycling system is used. That is, recycling 

increased because time and effort are saved by not having to go to the public recycling station. 

To which extent the change in behavior is driven by social norms or moral norms cannot be 

concluded from this study. 

Callaway and Sant’Anna’s model is state-of-the-art and has only recently been proposed 

in the literature. As a consequence, the model has not been applied in many studies to date. The 
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two-way fixed effects model has been applied for a longer period of time, and its application 

has therefore a more extensive track record. However, the Bacon decomposition demonstrated 

drawbacks that are implied by the setup of the two-way fixed effects model. In this study results 

from the model by Callaway and Sant’Anna and results from the two-way fixed effects model 

are valued equally.  

The vast majority of the municipalities that receive treatment are situated in the middle 

or southern part of Sweden. This distribution of the treated group could influence the outcome 

of the study as the control group includes municipalities in the northern part of Sweden, that 

are underrepresented in the treated group. The robustness of the model with regard to this 

potential issue could be checked by excluding the northern municipalities from the dataset. If it 

is found that the model is sensitive for the location of the treated municipalities regional models 

could be used instead. 

Whether the observed increase in recycling does constitute environmental benefits and 

a positive contribution towards a cyclical economy depends on several factors that are not 

considered in this study. When only considering the environmental impact of recycling any 

form of increased material recycling would have a positive effect on the environment. However, 

when factors such as the costs of implementing the curbside system as well as increased 

emissions from garbage trucks are considered the economic costs and the environmental costs 

of a curbside recycling system may outweigh its potential benefits. In order to make such an 

assessment, a cost-benefit analysis has to be conducted and would be a relevant follow up. 

When a curbside recycling system is introduced in a municipality, only individuals 

living in one and two household dwellings will have access to the system. In this study, the 

share of households living in one and two household dwellings has been accounted for by using 

a control variable. It would however be more optimal if the treatment effect could be assessed 

on an individual level by using recycling data from just individuals that have access to the 

system. Both data on the amount of recyclable waste coming from one and two household 

dwellings and data on the share of individuals living in one and two household dwellings were 

not available for this study. Increased accuracy of the study results is expected to be obtained 

if this data would become available and can be implemented. 

In-depth research on the drivers of household recycling behavior, such as social norms, 

moral norms and the free-rider concept associated with recycling, could provide a clearer image 
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of factors that incentive households to recycle more. A better understanding of this dynamic 

would allow for the design of more effective policies. 
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9. Conclusion 
Policies that incentivize recycling behavior play an important role when efforts are made 

towards a cyclical economy. In this research, it has been analyzed whether the introduction of 

a curbside recycling system leads to an increase in household recycling behavior. The following 

question was raised in the introduction: 

“Does the implementation of a curbside recycling system yield an increased amount of recycled 

packaging waste?” 

It is uncertain whether the identifying assumptions that need to be met to be able to 

interpret the results as causal are satisfied for total recycling, glass, and metal. However, the 

coefficients for total recycling, glass, and metal were found to be positive in all regressions. 

The results for the material paper show an increase in the recycled amount but the results are 

not significant in all regressions that were carried out. This indicates that the results for paper 

are not robust for modification of the original model. Moreover, the results for the material 

plastic are significant for all performed regressions and indicate an average increase in recycling 

between 1.57-2.92 kilogram per resident per year. Relative to the average recycled plastic waste 

by the control group, this result equates to an average increase of 21.6-40.2 percent. The 

magnitude of this increase constitutes a substantial contribution to the obtained increase in total 

household recycling as a result of the introduction of a curbside recycling system. 

The results point out that the introduction of a curbside recycling system aiming to 

stimulate recycling behavior actually stimulated this behavior. This indicates that people on 

average were incentivized to contribute because of the policy, rather than stimulated to free-

ride on the contribution of others. This result also coincides with the notion presented in the 

literature that individuals derive utility from recycling, which leads to increased recycling when 

the time and effort associated with recycling is reduced by the introduction of the curbside 

recycling system. 
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Appendix 

A. Curbside recycling  

 

Figure A1: Image showing the curbside recycling system, containers placed by the curbside. 

 

 

Figure A2: Image showing a possible setup of the compartments inside the containers. 
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B. Municipalities and variables 
Table B1: A list of all municipalities in Sweden divided into groups depending on whether they are untreated, treated, treated 

before 2010 and therefore excluded, or excluded because of missing data. * indicates if a municipality has a weight-based fee 

on residual waste.  

Untreated Untreated Untreated Treated  Treated 

before 

2010 

Excluded 

Ale Kil Strömstad Alingsås Bjuv Arboga 

Alvesta Kinda Strömsund Botkyrka Båstad Enköping 

Aneby Kiruna Sundbyberg Burlöv Helsingborg Fagersta 

Arjeplog Kramfors* Sundsvall* Eskilstuna Klippan Falköping 

Arvidsjaur Kristinehamn Sunne Eslöv Lund Gullprång 

Arvika Krokom Säffle Gislaved Perstorp Gävle 

Askersund Kumla Säter Gnosjö Åstorp Hallstahammar 

Avesta Kungsbacka Sävsjö Habo Örkelljunga Heby 

Bengtsfors Kungälv* Söderhamn Haninge 
 

Hjo 

Berg Kävlinge Södertälje Huddinge 
 

Hofors 

Bjurholm* Laxå Tanum Hultsfred 
 

Kalmar 

Boden Lekeberg Tidaholm Håbo 
 

Karlsborg 

Bollebygd Leksand Tierp Härnösand 
 

Kungsör 

Bollnäs Lerum* Timrå Hässleholm 
 

Köping 

Borgholm* Lidingö Tjörn Högsby 
 

Landskrona 

Borlänge Lidköping Tomelilla Hörby 
 

Mariestad 

Borås Lilla Edet Torsby Höör 
 

Motala 

Boxholm Lindesberg Tranemo Jönköping 
 

Mörbylånga 

Bromölla Linköping* Tranås Karlshamn 
 

Norberg 

Bräcke Ljungby Trollhättan Knivsta 
 

Nybro 

Dals-Ed Ljusdal Trosa Kristianstad 
 

Ockelbo 

Danderyd* Ljusnarsberg Tyresö Laholm 
 

Oskarshamn 

Degerfors Luleå Täby Lessebo 
 

Sala 

Dorotea Lycksele Uddevalla Lomma 
 

Sandviken 

Eda* Malung-sälen Ulricehamn* Ludvika 
 

Skara 

Ekerö Malå Umeå* Lysekil 
 

Skinnskatteberg 

Eksjö Mark Upplands Väsby Malmö 
 

Skövde 

Emmaboda* Mellerud Uppsala Markaryd 
 

Surhammar 

Essunga Mjölby Uppvidinge Mullsjö 
 

Svalöv 

Falkenberg* Mora Vaggeryd* Munkedal 
 

Tibro 

Falun Munkfors Valdemarsvik Mölndal 
 

Torås 

Filipstad Mönsterås* Vallentuna Norrköping 
 

Töreboda 

Finspång Nacka Vansbro Nynäshamn 
 

Vadstena 

Flen Nora Vara Olofström 
 

Västerås 

Forshaga Nordanstig Varberg* Osby 
 

Älvkarleby 

Färgelanda Nordmaling* Vaxholm Ronneby 
  

Gagnef Norrtälje Vellinge Salem 
  

Gnesta Norsjö Vetlanda Sigtuna 
  

Gotland* Nykvarn Vilhelmina* Sjöbo 
  

Grums Nyköping Vindeln* Sotenäs 
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Untreated Untreated Untreated Treated  Treated 

before 

2010 

Excluded 

Grästorp Nässjö Vingåker Strängnäs 
  

Gällivare Orsa Vårgårda Svedala 
  

Göteborg* Orust Vänersborg Svenljunga 
  

Götene Ovanåker Vännäs* Söderköping 
  

Hagfors Oxelösund Värmdö Sölvesborg 
  

Hallsberg Pajala Västervik Tingsryd 
  

Halmstad Partille* Ydre Trelleborg 
  

Hammarö Piteå Ystad Upplands-Bro 
  

Haparanda* Ragunda Åmål Vimmerby 
  

Hedemora Robertsfors* Ånge* Värnamo 
  

Herrljunga Rättvik Åre Växjö 
  

Hudiksvall Simrishamn Årjäng Älmhult 
  

Hylte Skellefteå Åsele Ängelholm 
  

Hällefors Skurup* Åtvidaberg Örebro 
  

Härjedalen Smedjebacken Älvdalen Östra Göinge 
  

Härryda* Sollefteå Älvsbyn 
   

Höganäs Sollentuna* Öckerö 
   

Jokkmokk Solna Ödeshög 
   

Järfälla Sorsele Örnsköldsvik* 
   

Kalix* Staffanstorp Östersund 
   

Karlskoga Stenungsund Österåker 
   

Karlskrona Stockholm* Östhammar 
   

Karlstad Storfors Överkalix 
   

Katrineholm* Storuman* Övertorneå 
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Table B2: Definition of variables. 

Variable Definition Source 

Dependent variables  

Total Recycling Household packaging waste consisting of glass, 

paper, plastic, and metal, collected per resident in 

kilogram 

FTI  

(The Packaging 

Collection Service) 

Glass Household glass packaging waste collected per 

resident in kilogram 

FTI  

(The Packaging 

Collection Service) 

Paper Household paper packaging waste collected per 

resident in kilogram 

FTI  

(The Packaging 

Collection Service) 

Plastic Household plastic packaging waste collected per 

resident in kilogram 

FTI  

(The Packaging 

Collection Service) 

Metal Household metal packaging waste collected per 

resident in kilogram 

FTI  

(The Packaging 

Collection Service) 

Policy variable 

Curbside Dummy for curbside collection of packaging waste 

for one and two household dwellings, 1 if yes and 0 

if no 

The Swedish Waste 

Management 

Association 

Control variables  

House  Share of households living in one and two 

household dwellings (%) 

Statistics Sweden 

PopDen Population density, i.e., total population divided by 

the municipality’s land area measured in km2 

Kolada  

Income Average income for people between 20 and 64 years 

(kSEK) 

Kolada  

Environment Proxy for environmental preferences in households, 

measured by the share of votes on the Green party 

in municipal elections (%) 

Statistics Sweden 

Age Average age of the population  Kolada  
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Table B3: Data summary, amount of recycled material 2020 for different types of packaging waste. 

Total Recycling, year 2020 [kg/resident] 

Curbside recycling system 

introduced in municipality 
Yes No 

Highest 104.08 (Söderköping) 132.21 (Härjedalen) 

Lowest 27.86 (Ronneby) 21.60 (Norsjö)  

Average 57.28 52.59 
 

Glass, year 2020 [kg/resident] 

Curbside recycling system 

introduced in municipality 
Yes No 

Highest 59.45 (Söderköping) 87.76  (Ydre) 

Lowest 9.05 (Habo) 5.21 (Upplands Väsby) 

Average 24.42 21.97 
 

Paper, year 2020 [kg/resident] 

Curbside recycling system 

introduced in municipality 
Yes No 

Highest 36.22 (Högsby) 51.19 (Kalix) 

Lowest 4.44 (Ronneby) 6.46 (Norsjö) 

Average 18.74 18.68 
 

Plastic, year 2020 [kg/resident] 

Curbside recycling system 

introduced in municipality 
Yes No 

Highest 39.18 (Östra Göinge) 26.54 (Munkfors) 

Lowest 2.23 (Olofström) 4.13 (Karlskoga) 

Average 11.70 9.87 
 

Metal, year 2020 [kg/resident] 

Curbside recycling system 

introduced in municipality 
Yes No 

Highest 7.46 (Östra Göinge) 7.14 (Ockerö) 

Lowest 0.32 (Karlshamn) 0.72 (Höganäs) 

Average 2.38 2.06 
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C. Bacon’s decomposition 

 

 

Figure C1: Bacon’s decomposition, glass. 

 

 

Figure C2: Bacon’s decomposition, paper. 
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Figure C3: Bacon’s decomposition, plastic. 

 

 

Figure C4: Bacon’s decomposition, metal. 
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D. Regression 2012-2020 
Table D1: Results from the two-way fixed effects model for the years 2012-2020, also showing the result from the control 

variables. 

 Total Recycling Glass Paper Plastic Metal 

Curbside 7.755*** 2.585* 1.792* 2.769*** 0.599*** 

 (1.888) (1.045) (0.692) (0.708) (0.173) 

      

Age -0.622 -0.650 0.156 -0.215 0.0893 

 (0.915) (0.779) (0.365) (0.350) (0.0870) 

      

Income 0.0809 0.0531 0.0236 0.00240 0.00182 

 (0.0435) (0.0280) (0.0162) (0.0130) (0.00260) 

      

Environment -0.229 -0.162 -0.0714 -0.0152 0.0198 

 (0.347) (0.262) (0.104) (0.0704) (0.0157) 

      

Popden -0.00891** -0.00497* -0.00262* -0.00167* 0.000358 

 (0.00302) (0.00204) (0.00125) (0.000795) (0.000205) 

      

House 0.363 0.469* -0.0137 -0.0718 -0.0211 

 (0.300) (0.185) (0.171) (0.0949) (0.0237) 

      

Cons 22.51 4.084 0.801 19.05 -1.503 

 (43.59) (31.06) (19.20) (18.28) (4.585) 

N  2222 2222 2222 2222 

R2  0.109 0.364 0.461 0.113 
* p < 0.05, ** p < 0.01, *** p < 0.001 Robust standard errors clustered at the municipality level in parentheses. The dependent variables are 

the recycled materials glass, paper, plastic, and metal as well as the total of these four materials (total recycling). The dependent variables are 

expressed in terms of kilograms per resident per year. Included control variables are age, income, environment, popden, and house. All 

regressions include fixed effects for municipality and year. 
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E. Pre-treatment trends 2010-2020 

 

 

Figure E1: Graph showing the comparability between the treated group and the control group, total recycling, 2010-2020. 

 

 

Figure E2: Graph showing the comparability between the treated group and the control group, glass, 2010-2020. 
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Figure E3: Graph showing the comparability between the treated group and the control group, paper, 2010-2020. 

 

 

 

Figure E4: Graph showing the comparability between the treated group and the control group, plastic, 2010-2020. 
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Figure E5: Graph showing the comparability between the treated group and the control group, metal, 2010-2020. 

 

Table E1: Joint significance test for the coefficient representing the policy variable. 

 Total Recycling Glass Paper Plastic Metal 

P-value 0.4209 0.0467 0.3440 0.5790 0.1556 
Joint significance test for the leads, the null hypothesis is rejected if the p-value is below 0.05, 2010-2020. 
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F. Regressions 2010-2020 

 

Table F1: Results from the two-way fixed effects model for the years 2010-2020, also showing the result from the control 

variables. 

 Total 

Recycling 

Glass Paper Plastic Metal 

      
Curbside 6.803*** 1.952* 1.391 2.918*** 0.535** 
  (1.885) (0.923) (0.743) (0.717) (0.164) 
           
Age 0.602 -0.112 0.483 0.138 0.0942 
  (0.828) (0.651) (0.345) (0.301) (0.0757) 
           
Income 0.0306 0.0178 0.0159 -0.00362 0.000574 
  (0.0387) (0.0223) (0.0143) (0.0113) (0.00262) 
           
Environment -0.238 -0.0829 -0.0497 -0.128 0.0228 
  (0.396) (0.246) (0.0914) (0.166) (0.0148) 
           
Cons 4.975 18.48 -12.09 0.891 -2.383 
  (34.84) (25.62) (14.71) (13.47) (3.439) 

N 2716 2716 2716 2716 2716 
R2 0.392 0.109 0.335 0.405 0.078 

* p < 0.05, ** p < 0.01, *** p < 0.001 Robust standard errors clustered at the municipality level in parentheses. The dependent variables are 

the recycled materials glass, paper, plastic, metal as well as the total of these four materials (total recycling). The dependent variables are 

expressed in terms of kilograms per resident per year. Included control variables are age, income, and environment. All regressions include 

fixed effects for municipality and year. 
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Table F2: Results from the two-way fixed effects model for the years 2012-2020 with only the control variables age, income, 

and environment. 

 Total 

Recycling 

Glass Paper Plastic Metal 

Curbside 7.627*** 2.391* 1.811** 2.810*** 0.607*** 

 (1.900) (1.038) (0.691) (0.718) (0.175) 

      

Age -0.279 -0.346 0.207 -0.210 0.0728 

 (0.907) (0.754) (0.367) (0.355) (0.0888) 

      

Income 0.0504 0.0255 0.0194 0.00229 0.00330 

 (0.0413) (0.0254) (0.0160) (0.0116) (0.00234) 

      

Environment -0.148 -0.0931 -0.0585 -0.0127 0.0160 

 (0.344) (0.255) (0.105) (0.0707) (0.0154) 

      

Cons 37.04 26.82 -1.536 14.09 -2.445 

 (38.90) (30.01) (15.88) (16.13) (4.143) 

N 2222 2222 2222 2222 2222 

R2 0.402 0.100 0.363 0.460 0.111 
* p < 0.05, ** p < 0.01, *** p < 0.001 Robust standard errors clustered at the municipality level in parentheses. The dependent variables are 

the recycled materials glass, paper, plastic, and metal as well as the total of these four materials (total recycling). The dependent variables are 

expressed in terms of kilograms per resident per year. Included control variables are age, income, and environment. All regressions include 

fixed effects for municipality and year. 
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G. Regressions, exclusion of municipalities 
Table G1: Results from the two-way fixed effects model for the years 2012-2020 with all the municipalities that have a 

weight-based fee excluded. 

 Total Recycling Glass Paper Plastic Metal 

Curbside 7.680*** 2.419* 1.808* 2.780*** 0.591*** 

 (1.879) (1.050) (0.688) (0.698) (0.170) 

      

Age -0.583 -0.626 0.150 -0.199 0.0947 

 (0.971) (0.779) (0.381) (0.376) (0.0945) 

      

Income 0.0733 0.0575 0.0181 -0.00333 0.00105 

 (0.0509 (0.0322) (0.0183) (0.0151) (0.00321) 

      

Environment -0.353 -0.251 -0.0549 -0.0681 0.0206 

 (0.421) (0.316) (0.115) (0.0800) (0.0182) 

      

Popden -0.0104** -0.00647* -0.00234 -0.00184 0.000298 

 (0.00394) (0.00261) (0.00136) (0.000980) (0.000188) 

      

House 0.293 0.436* -0.0189 -0.0972 -0.0278 

 (0.316) (0.195) (0.181) (0.0996) (0.0253) 

      

Cons 27.51 4.387 2.472 21.64 -1.089 

 (46.76) (31.73) (20.21) (20.29) (5.073) 

N 1916 1916 1916 1916 1916 

R2 0.414 0.119 0.385 0.474 0.118 
* p < 0.05, ** p < 0.01, *** p < 0.001 Robust standard errors clustered at the municipality level in parentheses. The dependent variables are 

the recycled materials glass, paper, plastic, and metal as well as the total of these four materials (total recycling). The dependent variables are 

expressed in terms of kilograms per resident per year. Included control variables are age, income, environment, popden, and house. All 

regressions include fixed effects for municipality and year. 

 

Table G2: Results from the model by Callaway and Sant’Anna for the years 2012-2020 with all the municipalities that have a 

weight-based fee excluded. 

 Total Recycling Glass Paper Plastic Metal 

Curbside 7.189*** 3.240** 1.381* 2.097*** 0.459** 

 (1.662) (1.185) (0.628) (0.572) (0.134) 

N 1916 1916 1916 1916 1916 
* p < 0.05, ** p < 0.01, *** p < 0.001 The dependent variables are the recycled materials glass, paper, plastic, and metal as well as the total 

of these four materials (total recycling). The dependent variables are expressed in terms of kilograms per resident per year. All regressions 

include fixed effects for municipality and year. The control group consists of the never treated. The standard errors are robust and clustered 

at the municipality level.  

 


