
 
 

   

General Rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights. 

 • Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
 • You may not further distribute the material or use it for any profit-making activity or commercial gain  
• You may freely distribute the URL identifying the publication in the public portal 

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and 
investigate your claim. 
 
If the document is published under a Creative Commons license, this applies instead of the general rights. 

This coversheet template is made available by AU Library 
Version 2.0, December 2017 

 

Coversheet 
 
This is the accepted manuscript (post-print version) of the article. 
Contentwise, the accepted manuscript version is identical to the final published version, but there 
may be differences in typography and layout.  
 
How to cite this publication 
Please cite the final published version: 
 
Doan Nainggolan, Anders Branth Pedersen, Sinne Smed, Kahsay Haile Zemo, Berit Hasler, Mette 
Termansen, Consumers in a Circular Economy: Economic Analysis of Household Waste Sorting 
Behaviour, Ecological Economics, Volume 166, 2019, 106402, ISSN 0921-8009, 
https://doi.org/10.1016/j.ecolecon.2019.106402. 
(https://www.sciencedirect.com/science/article/pii/S0921800919302976) 

Publication metadata 
 
Title: Consumers in a Circular Economy: Economic Analysis of Household Waste 

Sorting Behaviour 
Author(s): D. Nainggolan, A.B.Pedersen, S, Smed, K.H. Zemo, B. Hasler, M. Termansen 
Journal: Ecological Economics 
DOI/Link: https://doi.org/10.1016/j.ecolecon.2019.106402 
Document version: 
 

Accepted manuscript (post-print) 
 

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License. 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


1 
 

Consumers in a Circular Economy: Economic analysis of household waste sorting 1 

behaviour 2 

 3 

 4 

1. Introduction 5 

The concept of a circular economy has garnered international attention over the last decade. 6 

For instance, developing a circular economy has become a focal point for the United Nations 7 

and is seen as vital for progress towards achieving several of the UN Sustainable 8 

Development Goals (UNIDO, 2017). 9 

The European Union is among the global frontrunners in policy development in the field – 10 

e.g. by introducing the concept of the waste hierarchy in the 2008 EU Waste Framework 11 

Directive (Directive 2008/98/EC) and most recently by approval of new ambitious measures 12 

for developing a circular economy by the EU Member States in May 2018. According to the 13 

EU, ‘the new legislation represents the most modern waste legislation in the world’ 14 

(European Commission, 2018). Among the aims are ambitious targets for recycling of 15 

municipal waste (55% in 2025, 65% in 2035) and new recycling targets for packaging waste 16 

fractions1 ranging from 30% (wood) to 85% (paper).  17 

A prerequisite for increasing the circularity of resource flows in the economy is that waste is 18 

maintained in separate resource types. It is therefore important to analyse the 19 

implementation, effectiveness and cost of different waste handling and separation 20 

mechanisms. Despite the growing interest in the subject, most of the research efforts to date 21 

have taken a technical system perspective using tools such as life cycle analysis of waste 22 

resources in circular economy  (e.g. Mik et al., 2016; Scheepens, et al., 2016; Huysman et 23 

 
1 Waste fractions refer to the different categories of waste according to their respective properties. The classification 
is particularly relevant in the context of sorting as different waste fractions require different ways of handling or 
treatment. Examples of waste fractions include paper, cardboard, plastics, electronics, batteries, organic or bio-waste, 
etc. 
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al., 2017). In general, studies into consumers’ propensity to take part in the realization of 24 

circular economy are still lacking (Borrello et al., 2017).  25 

In the present research, we investigate the factors shaping the propensity to engage in 26 

household sorting. We hypothesise that they will influence the likelihood of voluntary 27 

compliance with the rules of particular sorting and hence the effectiveness of the system. 28 

Based on previous studies we identify five factors that appear to be important for the extent 29 

to which individuals object/agree to comply with behaviours expected in particular sorting 30 

schemes. The identified factors are 1) the extent to which the respondent believes that the 31 

scheme is meaningful, i.e. reduce important negative environmental impacts; 2) the extent 32 

to which the respondent believes that the recycling is effective, i.e. that the recycled material 33 

will re-enter into new product cycles; 3) the effort required to sort; 4) any additional nuisance 34 

of using the various sorting schemes; 5) the importance of existing facilities and other factors 35 

including habits, self-image and social influence for the motivations to sort. To better 36 

understand the relative strengths of these factors we specify a model to characterise the 37 

attractiveness of different sorting schemes to the household. We adopt a discrete choice 38 

experiment (DCE) method to investigate the trade-offs households make between various 39 

characteristics of different waste sorting schemes. DCE is a well suited method for eliciting 40 

preferences for outcomes which can be described by a set of attributes. The method has 41 

been widely used in different fields, however, to the best of our knowledge, its applications 42 

for quantifying household preferences for waste sorting schemes are still limited (except a 43 

few examples: Karousakis and Birol, 2008; Czajkowski et al., 2014; Czajkowski et al., 2017; 44 

Lee et al., 2017).  45 

This paper makes a contribution to the field in a number of ways.  Firstly, in previous 46 

environmental economic studies investigating household preferences for waste separation, 47 
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the waste sorting system has been largely described by the number of fractions to sort, for 48 

example 1 fraction (no sorting required), 2 fractions, 4 fractions, and so on (e.g. Czajkowski 49 

et al., 2014). In the present paper, we investigate how households’ preferences for waste 50 

sorting schemes may differ according to the specific waste categories. Household waste 51 

consists of many different waste types and the environmental externalities and scope for 52 

resource re-utilisation varies significantly across categories. Focusing only on the number 53 

of sorting fractions is insufficient for environmental economic evaluation of alternative sorting 54 

systems. In this paper, we include attributes to explicitly indicate the types of waste to sort: 55 

Hazardous waste (e.g. chemicals, batteries, paint, nail vanish), plastics, and bio-waste to 56 

reflect the diversity of the waste. Sorting bio-waste is a relevant case as bio-waste makes 57 

up the large share of the total household waste quantity (e.g. Riber et al., 2009). Moreover, 58 

the sorting of bio-waste might exert inconvenience to households due to hygiene and 59 

unpleasant odours especially during hot summer seasons (e.g. Gilli et al., 2018). The degree 60 

of inconvenience can be an important factor reducing households’ waste sorting and has 61 

been estimated in monetary terms – the so-called inconvenience cost – using DCE (Lee et 62 

al., 2017). Batteries, other hazardous waste and plastics present important environmental 63 

risk as these are among waste fractions with high content of hazardous chemical substances 64 

including mercury (Hg), lead (Pb), and cadmium (Cd) (Riber et al., 2009). Furthermore, while 65 

recycling of plastics is currently increasing, the environmental and economic rationales are 66 

being debated (Craighill and Powell, 1996; Gradus et al., 2017).  67 

Secondly, in the existing economic literature, time has been suggested as a relevant variable 68 

in explaining households’ waste sorting behaviour (e.g. Kipperberg, 2007, Huhtala, 2010, 69 

Gilli et al., 2018). However, the explicit treatment of time in the designs of previous studies 70 

has been limited (if not non-existent). The design of the research for the present paper 71 
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makes it possible to make an explicit assessment of the cost of time incurred by households, 72 

which can potentially be included in cost-benefit analyses of alternative household waste 73 

sorting systems. Thirdly, while previous studies are largely more local in the coverage (e.g. 74 

specific neighbourhood, a city), the analysis for the present paper draws from a Danish 75 

nation-wide survey with a large sample size (n=1011). As such, the present study 76 

encompasses the variation in preferences among households representing the national 77 

socio-demographic spread and existing variation in household waste recycling schemes. 78 

From the identification of household preferences, we develop a typology of waste sorters 79 

which reflect the heterogeneity of household preferences towards home sorting alternatives. 80 

This has potential relevance for the development of more flexible policy interventions for 81 

supporting more effective home waste separation schemes. 82 

The overarching goal of the present research is therefore to quantify the scope for further 83 

decentralized waste sorting by assessing to what extent households are likely to opt for 84 

particular waste separation schemes and by investigating to what extent the designs of 85 

waste separation options shape households’ willingness to engage in sorting activities.  86 

The paper is structured as follows. Section 2 provides an overview of previous studies on 87 

household preferences for participating in different waste management programs. Section 88 

3 describes the modelling approach and data collection process. Sections 4 presents the 89 

findings of the research and section 5 discusses these in light of existing body of literature. 90 

Section 6 provides concluding remarks and policy insights. 91 

 92 

2. Overview of existing economic literature on household waste sorting behaviour 93 

Studies on household preferences for waste handling schemes to date have been 94 

approached using different scenarios. For example, using contingent valuation survey in 95 
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Finland, Huhtala (2010) investigated household preferences over two different waste 96 

management systems: recycling versus incineration. According to her calculation, an 97 

‘average resident’ would have much higher probability (72%) for choosing recycling over 98 

incineration (28%). Huhtala’s findings point to income as an important determinant of the 99 

household preferences where high income households tend to express higher willingness 100 

to pay for incineration than recycling. Huhtala’s interpretation of the finding is that recycling 101 

demands more effort and time and that opportunity cost of time is higher for households with 102 

higher income than those with lower income. Furthermore, under the assumption that a 103 

household spends between 15 to 45 minutes per week recycling, and that the use of spare 104 

time has a value of half the wage rate, Huhtala estimates the ‘time cost’ associated with 105 

recycling to be within the range of FIM 27 – 82 (4.54-13.8 EUR) per hour, in 1999.  106 

Another example, a study by Lee et al. (2017), used a choice experiment to investigate 107 

people’s preferences for and the inconvenience cost of waste sorting alternatives in South 108 

Korea. More specifically Lee et al. investigated to what extent waste sorting preferences are 109 

influenced by, among other things, the availability of an automatic sorting system in a central 110 

facility (with focus on food waste and recyclables), the option of a private company visiting 111 

and collecting waste from each individual household, and the hygiene level of the spot where 112 

households otherwise have to drop off their waste. Lee et al. found heterogeneity in the 113 

waste sorting preferences and the associated inconvenience costs. To illustrate this, even 114 

though an automated (centralized) sorting system would require less effort, some people 115 

still prefer to do the sorting themselves (manual). Moreover, the study shows that younger 116 

people express higher inconvenience cost compared with the older people.  117 

Kipperberg and Larson (2012) employed a contingent rating experiment, and evaluated 118 

household preferences over five community recycling programs reflecting anticipated policy 119 
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changes in the community recycling system in Seattle.  Variation in the five programs were 120 

characterised by differences in the expected overall recycling rate and the estimated cost 121 

that each household has to bear per month. They reported variations in individual 122 

preferences and over the recycling programs. Their analysis also showed socioeconomic 123 

and attitude factors as determinants of the heterogeneity in respondents’ preferences across 124 

different community recycling programs. For example, their findings showed that introducing 125 

a food waste recycling program was not particularly appealing to older respondents and 126 

male respondents while a positive preference was observed for respondents with higher 127 

educational level. While the findings of Huhtala (2010) clearly showed income as an 128 

important explanatory factor for household waste recycling preferences, the findings of 129 

Kipperberg and Larson (2012) suggest that the relation between income and household 130 

preferences for recycling activities is not that straightforward. Kipperberg and Larson’s study 131 

found household income only marginally significant for one specific program namely the 132 

prohibition of mixing recyclable items into general waste.     133 

Some other studies investigated to what extent households prefer to sort waste at home as 134 

opposed to the alternative of leaving the waste sorting to be professionally handled by 135 

another party for example at a central facility. Differences in the findings from these studies 136 

are worth noting. For example, in a study by Sterner and Bartelings (1999), 57% of the 137 

respondents would consider the possibility of not having to do the sorting themselves, 138 

however, only 40 % of this group (i.e. 23% of the total respondents) expressed positive 139 

willingness to pay for such a service. The study reported an average WTP of 420 SEK (47.7 140 

EUR), a figure which is about five times lower than the estimated value of sorting effort of 141 

2500 SEK (283.9 EUR) which is based on the average number of hours spent on sorting 142 

and the average income per hour after tax. Another example, in a study from Norway by 143 
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Bruvoll et al. (2000), 72% of the respondents would rather have the sorting conducted by a 144 

recycling company, albeit under the premise that the provision of such a service does not 145 

lead to additional expenses on the respondents. On the contrary, choice experiment based 146 

studies by Czajkowski et al. (2014, and again in 2017) reported that on average their 147 

respondents prefer to sort waste at home even if doing so incurs cost (including efforts and 148 

time) to the respondents. To illustrate, 70% of their respondents display a positive 149 

preference for sorting their household waste into five categories compared to not doing any 150 

sorting.  151 

Previous research has shown that household choices to take part in more demanding waste 152 

handling schemes, such as recycling, can be explained by a multitude of factors. Household 153 

participation is influenced by the so called “inconvenience factor” because households have 154 

to make effort, to allocate space, and to give up time to undertake recycling activities 155 

(Huhtala 2010, Sidique et al., 2010a, Czajkowski et al., 2017). These activities also incur 156 

extra household expenses e.g. due to the use of warm water for cleaning some of the 157 

materials (e.g. Bruvoll et al., 2000). The provision of waste collection set up and recycling 158 

infrastructure, which contributes to lessening the inconvenience factor, has also been shown 159 

as an important determinant (Gilli et al., 2018). To illustrate, travel distance to a drop-off 160 

recycling site has negative effects on the rate of visits to the site (Sidique et al., 2010a). 161 

Studies show that households display greater recycling activities under the curb side 162 

collection system than if the households themselves have to transport the recyclable 163 

materials to a collection station (e.g. Hong et al., 1993; Caplan et al., 2002; Karousakis and 164 

Birol, 2008, Sidique et al., 2010b; Gilli et al., 2018). Existing studies also show that more 165 

frequent collection systems tend to be preferred by households (e.g. Karousakis and Birol, 166 

2008; Czajkowski et al., 2017). Furthermore, people express different preferences towards 167 



8 
 

recycling programs depending on the expected recycling rate and how much it would cost 168 

the households to participate in the programs (Kipperberg and Larson, 2012). Some studies 169 

indicate that higher fees for waste disposals and the implementation of variable pricing of 170 

waste disposal would give people incentive to recycle more (e.g. Hong et al., 1993; Sidique 171 

et al., 2010b). However, a recent study from Norway  (Heller and Vatn, 2017) suggests that 172 

the introduction of economic incentives, through a weight based fee on waste, trigger 173 

different responses. For some households, the scheme encourages them to sort more due 174 

to cost saving. In other words, these households respond positively to the external push 175 

brought about by the economic incentive.  Meanwhile, the introduction of economic incentive 176 

does not change the degree of sorting done by those households who are self-motivated; 177 

that they do not end up sorting more after the introduction of the scheme. Heller and Vatn 178 

(2017) argue that this illustrate that people motivated by environmental concerns may 179 

question the justification of an economic incentive scheme, and as a result the scheme can 180 

be counterproductive.  A recent study from Italy by Gilli et al. (2018) shows that the efficacy 181 

of policies to promote recycling is very much dependent on individual motivations.  182 

Another line of research has uncovered the important role of personal belief, moral aspects, 183 

social norms and social interactions. A recent study by Czajkowski et al. (2017), based on 184 

a survey in a neighbourhood in Poland, revealed that the majority of the household 185 

respondents prefer to sort themselves primarily because they believe it would not be done 186 

as thoroughly at a central facility. This highlights the importance of trust in the system, and 187 

it has been evidenced that reports about sorted waste ending up in incineration facilities 188 

have reduced the motivation to sort (e.g. Ingeniøren 2012; Bolius 2016). Some studies have 189 

shown that the propensity to participate in recycling schemes is closely related to the degree 190 

to which individuals perceive recycling as their moral obligation, that they are doing the right 191 
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thing for the environment, and that they hold a sense of personal responsibility for sorting 192 

(e.g. Bruvoll et al., 2000; Berglund, 2006; Nyborg et al., 2006; Brekke et al., 2010; Heller 193 

and Vatn, 2017). For some individuals, doing so is part of maintaining their self-image 194 

(Nyborg et al., 2006; Brekke et al., 2010; Czajkowski et al., 2017). Previous research reveals 195 

that individuals’ recycling behaviour is also influenced by views and behaviours with regard 196 

to recycling of those within the individuals’ community or social network. Individuals are more 197 

likely to recycle when their family and friends also share the idea that recycling is an activity 198 

worth pursuing. In the same vein, individuals are more likely to put greater efforts into 199 

recycling when they think that their neighbours and others in their community are also doing 200 

their share. The role of social influence is particularly important to individuals when they are 201 

not certain about their personal recycling responsibility (Brekke et al., 2010). Finally, 202 

previous studies have reported a number of socio-economic determinants of household 203 

waste handling behaviours including age, income, household size, and employment (e.g. 204 

Hong et al., 1993; Huhtala 2010; Sidique et al., 2010a; Sidique et al., 2010b; Kipperberg 205 

and Larson, 2012; Lee et al., 2017).               206 

 207 

3. Methods and Data 208 

3.1. Model specification 209 

We use a choice modelling approach to quantify the importance of different factors in 210 

household’s preferences for different waste sorting schemes. This follows the same 211 

approach as other economic studies analysing household’s waste sorting and recycling 212 

preferences (Kipperberg, 2007; Huhtala, 2010; Czajkowski et al., 2014; Lee et al., 2017).  213 

The approach follows the standard random utility framework, where the utility that 214 

respondent n gains from waste sorting alternative j is specified as (Adamowicz et al., 1998): 215 
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(1)																																																														U&' = 	𝑉&' +	𝜀&'.    216 

As such, the first component, 𝑉&', is the deterministic component of individual n’s utility, 217 

captured through the attributes of the waste sorting and handling alternative j. Based on the 218 

literature, we define 𝑉&' as a linear function of seven waste sorting attributes. The first three 219 

attributes concern the type of waste to be separated, as the respondents may attach 220 

different level of importance to recycling waste with different environmental impact profiles. 221 

Furthermore, different types of waste may also involve different levels of nuisance to the 222 

households. The three types of waste are hazardous waste, plastics and bio-waste. The 223 

fourth attribute reflects the effectiveness of the system in terms of reuse of the material, i.e. 224 

percentage of the material that will re-enter the economic system as new products. The fifth 225 

attribute measures the effort (time) required by the household to sort, and the sixth and 226 

seventh attributes capture the level of service and cost respectively. These factors are 227 

measured as the frequency of waste collection and the annual fee for waste collection and 228 

handling (Table 1).  229 

The second component, 𝜀&',	is a random component of the utility function. Assuming that 230 

this term is distributed independently and identically (iid) across respondents and 231 

alternatives, it specifies the standard Conditional Logit Model (CLM) and the probability of 232 

respondent n choosing alternative j is: 233 

(2)																																																															P&'|0 = 	
𝑒2 34

∑ 𝑒2 367∈0
 234 

In this framework, we include the importance of current sorting and recycling habits, internal 235 

motivation (self-image) and social influence or interaction as factors potentially explaining 236 

the heterogeneity in preferences across households. These factors are captured by asking 237 

respondents to indicate the extent to which they agree or disagree to each of six statements: 238 
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three statements related to internal motivation and the other three for capturing social 239 

influence (see the last six variables in Table 2). To quantify potential heterogeneity in 240 

respondents’ preferences for waste sorting and handling alternatives, we estimate a Latent 241 

Class Model (LCM) (Boxall and Adamowicz, 2002; Greene and Hensher, 2003; Train 2009). 242 

Following the LCM framework, the latent heterogeneity of household waste sorting 243 

preferences is captured by assigning households into S number of segments. LCM therefore 244 

identifies individual segments (s=1,…,S) and the utility function for respondents in each 245 

segment can now be expressed as: 246 

(3)                                                     U&'|9 = 	𝛽9𝑋&' +	𝜀&'|9.  247 

Following this, the probability of choosing waste sorting j among J alternatives for 248 

respondent n belonging to segment s (P&9|('))	can be calculated (Greene and Hensher, 249 

2003): 250 

(4)																																																																P&9|(') = 	
𝑒2=34

∑ 𝑒2=367∈0
 251 

Each respondent n has a probability to belong to any segment even though the association 252 

of respondents to segments is not known. The probability of segment membership, Pns, is 253 

specified as constant probabilities that sum to one across the segments, S. The resulting 254 

likelihood of respondent n choosing a waste sorting and handling alternative j (P&('))	is equal 255 

to the sum over all latent classes s of the class-specific membership model conditional on 256 

the product of class Pn|s(j) and the probability of belonging to that class Pns (Swait, 1994): 257 

(5)																																																																	P&(') = ?P&9	P&9|(')

@

9AB

 258 

We explore the association between class or segment membership and the respondents’ 259 

socio-economic characteristics, current waste sorting and recycling habits and attitudes 260 
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towards sorting in their community.  We use a Latent Class framework following the 261 

argument previously made by others (see Boxall and Adamowicz, 2002; Beharry-Borg et 262 

al., 2013), that the LCM offers relevant and practical insights for policy developments on the 263 

heterogeneity of the target population. Continuous specification of the distribution of 264 

preferences, using a mixed logit specification, often reveals less insight for policy making. 265 

We use Nlogit version 5 to estimate the models (Greene, 1986 – 2012).  266 

 267 

3.2. Calculation of willingness to pay for different levels of recycling and 268 

inconvenience cost  269 

We calculate the household average willingness to pay for changes in scheme requirements 270 

for sorting of waste and other scheme attributes. As the coefficient, 𝛽7, for the sorting 271 

attribute k measures the change in the attractiveness of a scheme if sorting is required and 272 

the coefficient for waste collection fee, 𝛽C, measures the importance that the households 273 

place on the fee. The relative value of the coefficients, (𝛽7/𝛽C), therefore reflects the trade-274 

off households are willing to make between sorting of additional waste fractions and the 275 

collection fee. Assuming that collection fee has a negative impact on households, a positive 276 

coefficient on the sorting fraction would indicate that households would be willing to pay a 277 

higher collection fee for waste schemes where additional sorting would be required. In the 278 

same way a negative coefficient on a sorting fraction would indicate that households would 279 

not be willing to accept higher collection fees for schemes with requirements to sort. In this 280 

way, the relative values of the coefficients measures the relative importance of the different 281 

attributes of the waste sorting alternatives for the different segments as identified through 282 

the Latent Class Model (LCM). 283 
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Using the same logic, we also derive the implied average value of time, an inconvenience 284 

cost, that households place on home waste separation. This implied value of time is equal 285 

to the ratio of the coefficient for time attribute and the price (waste collection and handling 286 

fee attribute) coefficient from the choice model. 287 

 288 

3.3. Characterising waste sorting segments   289 

We use probit analysis to examine to what extent sociodemographic characteristics, 290 

respondents’ current habits on sorting and recycling, internal (personal) motivation as well 291 

as external (social) influence relate to the heterogeneity of household preferences for waste 292 

sorting alternatives (the last six variables in Table 2). In the analysis, respondents’ 293 

membership to one of the segments as identified through the Latent Class Model serves as 294 

the dependent variables and household sociodemographic characteristics, recycling habits 295 

and personal and external influences as predictors. The respondents are assigned to the 296 

segment for which the membership probability is highest. For each segment, first all 297 

predictors (presented in Table 2; in section 3.4) were included in the model specification and 298 

then the best model was selected following stepwise method in STATA (StataCorp, 2009). 299 

Significance level for removal of the variables from the model was set to 0.1.  300 

 301 

3.4. Data Collection 302 

We collected data through an online survey targeting households across Denmark. The first 303 

task in developing the DCE design was to identify a wide range of factors that would be 304 

relevant for inclusion as attributes of different waste sorting schemes. The subsequent task 305 

was to define appropriate levels for each chosen attribute. The initial list of relevant factors 306 
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was collated based on a literature review. In the end, seven attributes were selected and 307 

included in the DCE (Table 1).  308 

In the questionnaire, we tried to avoid bias by careful consideration of the neutrality, 309 

ambiguity and complexity of the questions (Choi & Pak, 2005). We aimed at having a 310 

reasonable amount of response categories in each section of the questionnaire to avoid 311 

‘drop outs’ and tried to avoid yea- and nay-saying by having questions turned in different 312 

directions. Questions were carefully phrased to aim at having them at a neutral level to avoid 313 

pleasing effects etc. (see Choi & Pak, 2005). Ultimo November 2017 we invited 7 persons 314 

to test a draft questionnaire, received comments, revised the questionnaire, and reduced 315 

the length of the survey to avoid respondent fatigue (see Choi & Pak, 2005). We then 316 

conducted a pilot survey with 60 respondents and provided space at the end of the 317 

questionnaire for the respondents to provide comments. No concerns were raised to the 318 

questionnaire, and we were therefore assured that the content of the questionnaire including 319 

the choice experiment set-ups appeared realistic to the respondents.     320 

 321 

Table 1. List of attributes for home waste sorting choices 322 
Attributes Definition Levels 

 
Hazardous 
waste 

How households should handle 
hazardous waste 

1. Households can dispose of this 
waste category in a special container 
that is installed locally less than 100 m 
from their residence    
2. Households must drive and drop off 
this waste category at a designated 
facility 
 

Plastics How households should handle 
plastic waste 

1. Households are required to sort 
plastic waste 
2. Households are NOT required to 
sort plastic waste 
 

Bio-waste How households should handle 
bio-waste 

1. Households are required to sort bio-
waste 



15 
 

2. Households are NOT required to 
sort bio-waste 
 

Recycling 
capacity 

The proportion of the sorted 
waste that eventually gets 
recycled. This reflects the 
capacity of the 
company/municipality that 
recycles sorted waste.  

1. 50% 
2. 60% 
3. 70%  
4. 75% 
5. 85% 
6. 95% 
 

Time use The amount of time households 
are expected to spend weekly on 
sorting and handling waste. This 
includes time used for cleaning 
waste before putting the waste 
into the specified containers, time 
used for driving to designated 
waste collection facility etc. 
 

1. 10 minutes per week 
2. 15 minutes per week 
3. 25 minutes per week 
4. 30 minutes per week 
5. 50 minutes per week 
6. 60 minutes per week 
 

Frequency 
of waste 
collection 

The frequency of waste collection 
by the municipality 

1. Twice a week 
2. Once a week 
3. Fortnightly 
 

Waste 
collection 
and 
handling 
fee 

Annual bill that households must 
pay to the municipality for waste 
collection and handling service 

1. 1500 DKK per year 
2. 2500 DKK per year 
3. 3000 DKK per year 
4. 3700 DKK per year 
5. 4000 DKK per year 
6. 4500 DKK per year 
 

 323 
 324 

In the choice experiment, each respondent was presented with eight choice tasks. For each 325 

task a respondent was asked to choose one of three waste sorting and handling options or 326 

a none option which refers to the option of not choosing any of the presented sorting 327 

scenarios. This none option alternative does not have attribute levels associated with it and 328 

is specified only as the alternative specific constant. Several studies have adopted a similar 329 

approach (e.g. Christensen, et al., 2011, Greiner, 2016, Rose and Hess, 2009). 330 

There were three questionnaire versions (blocks), each with 8 choice tasks and the 331 

respondents were randomly assigned to one of the three versions. Furthermore, following 332 
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Carlsson et al. (2012), the choice sets were presented to the respondents in randomised 333 

sequences in order to mitigate any ordering effect. The design of the experiment was 334 

optimised based on the D-Efficiency score of the multinomial logit (MNL) model with 335 

assigned priors. The D- and A-Error of the final design are 0.0263 and 1.1293 respectively. 336 

The parameter estimates based on the results of the pilot (60 respondents) were then used 337 

to re-adjust the priors hence to revise of the design of the choice experiment. An example 338 

of a choice card can be seen in Figure 1 below.  339 

 340 

     Scenario 
1     

Scenario 
2     

Scenario 
3     None     

Hazardous waste     
Local 

collection 
point     

Drop off to 
central 

facility     

Drop off to 
central 

facility     
     

Plastic     Required to 
sort     

Not required 
to sort     

Not required 
to sort          

Bio-waste     Not required 
to sort     

Not required 
to sort     

Required to 
sort          

Time use     10 minutes     50 minutes     50 minutes          
Recycling     95%     60%     70%          

Frequency of waste collection     Twice a 
week     

Once every 
two weeks     

Twice a 
week          

Cost     1,500 DKK     4,500 DKK     4,000 DKK          
Which option would you 
choose?                         

Figure 1. Example of a choice card 341 
 342 

The survey was administered online by the consultancy company Userneeds. The survey 343 

was finally launched in the period December 28 2017 to January 3 2018. An invitation to 344 

participate in the survey was sent to 7801 households in Denmark who were members of 345 

the Userneeds panel (Userneeds, e-mail communication, 04.01.2018). The survey was 346 

terminated when the initially agreed number of complete responses was reached i.e. 1011 347 

respondents completed the questionnaire.  348 
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Given the set-up of the survey administration, information on response rate is not available. 349 

Instead, we use drop-out-rate, which indicates the proportion of the respondents who started 350 

yet did not complete the questionnaire. The drop-out rate of the present survey is 16 pct., 351 

which Userneeds characterizes as a ‘very good’ result. In general, if the drop-out-rate is 352 

higher than 30 pct., Userneeds normally analyses whether there were problems/mistakes in 353 

the questionnaire (Userneeds, e-mail communication, 04.01.2018). 354 

Collected socio-economic data and other variables considered relevant for modelling waste 355 

sorting behaviour are specified in the table below (Table 2). The last six variables listed in 356 

Table 2 capture internal (self-image) motivation and social influence on respondents’ 357 

choices for household waste sorting. 358 

 359 

Table 2. List of variables included in the probit analysis 360 

Variables Descriptions of variables 

 

Age Age of the respondent (years); Continuous 

Gender Dummy: Female =1, Male =0 

Long higher education  Dummy: =1 if the respondent has 

completed higher education for 5 years or 

longer, =0 otherwise 

Middle higher education  Dummy: =1 if the respondent has 

completed 3-4 years of higher education, 

=0 otherwise   
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Short higher education  Dummy: =1 if the respondent has 

completed up to  3 years of higher 

education, =0 otherwise 

High school education Dummy: =1 if high school (“gymnasium”) is 

the respondent’s highest education level, 

=0 otherwise 

Entrepreneurship education Dummy: =1 if entrepreneurship education   

is the respondent’s highest education level, 

=0 otherwise 

Retired Dummy: =1 if the respondent is retired,=0 

otherwise 

Student Dummy: =1 if the respondent is a student, 

=0 otherwise 

Skilled worker Dummy: =1 if the respondent is a skilled 

worker, =0 otherwise 

White collar (non-managerial) Dummy: =1 if the respondent is a white 

collar with non-managerial responsibility, 

=0 otherwise 

White collar (manager) Dummy: =1 if the respondent is a white 

collar with managerial responsibility, =0 

otherwise 

Household size Total number of people living in the 

household; Continuous 



19 
 

Apartment Dummy: =1 if the respondent living in an 

apartment, =0 otherwise 

Villa/Single-family house Dummy: =1 if the respondent living in a 

villa or single-family house, =0 otherwise 

Other types of housing This refers to all respondents living in 

accommodation types other than 

apartment and villa or single-family house. 

This is essentially the base category for 

the accommodation type dummies. 

Current sorting effort  Amount of time the household respondent 

typically spends on waste sorting and 

handling (minutes per week); Continuous 

Use of recycling centre more than 5 times 

a year  

Dummy: =1 if the respondent use the 

recycling centre more than 5 times a year, 

=0 otherwise 

Region level 1 Dummy: East=1, West=0 

Region Hovedstaden Dummy: =1 if the respondent residing 

within Region Hovedstaden, =0 otherwise 

Region Midtjylland Dummy: =1 if the respondent residing 

within Region Midtjylland, =0 otherwise 

Region Sjælland Dummy: =1 if the respondent residing 

within Region Sjælland, =0 otherwise  

Region Syddanmark  Dummy: =1 if the respondent residing 

within Region Syddanmark, =0 otherwise 
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Region Nordjylland  This refers to all respondents residing 

within Region Nordjylland. Essentially this 

is the base category for the region 

dummies. 

Sorting consciousness Dummy: =1 if the respondent agrees to the 

statement “I get bad consciousness 

when/if I do not sort my waste”, =0 

otherwise 

Time for the environment Dummy: =1 if the the respondent agrees to 

the statement “I do not mind spending so 

much time on waste sorting in my 

household because I am doing something 

good for the environment”, =0 otherwise 

Lifestyle for the environment Dummy: =1 if the respondent agrees to the 

statement “I care very much about the 

environment and the impacts of my 

lifestyle on the environment”, =0 otherwise 

Scepticism on others Dummy: =1 if the respondent agrees to the 

statement “Even if I do sort, I am not sure if 

others would actually sort their household 

wastes properly”, =0 otherwise 

Collective work Dummy: =1 if the respondent agrees to the 

statement “I think it is important to work 
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collectively with my neighbors on waste 

sorting”, =0 otherwise 

My neighbours’ judgement Dummy: =1 if the respondent agrees to the 

statement “My neighbours will judge me 

negatively if I do not sort my household 

waste”, =0 otherwise 

 361 

4. Results 362 

4.1. Demography of the household respondents 363 

Table 3 reports on a range of the survey respondents’ sociodemographic characteristics and 364 

the comparison between the distribution in the sample and the national figures. The 365 

respondents in the sample had an average age of 48 years with 50 pct. male and 50 pct. 366 

female. Most of the respondents were located in Region Hovedstaden (30 pct.) and fewest 367 

in Region Nordjylland (10 pct.). Most of the respondents live in single-family houses and 368 

apartments. The most frequent level of education of the respondents is medium long 369 

education. The occupation of the respondents varies with most being non-manual workers 370 

with no management responsibility (25 pct.) or retired (23 pct.). The median income of the 371 

respondents’ household income before tax is in the interval 500.000-599.999 DKK (not 372 

shown in table). The most frequent size of the households (including the respondent) is two 373 

persons (56 pct.).  374 

Our sample is fairly consistent with the national distribution for key variables such as age, 375 

gender, and geographical distribution. Nonetheless, there is also a notable discrepancy in 376 

terms of the representation of households in the low-income category and those with more 377 

members in the households. In addition, we have slightly more representation of households 378 



22 
 

within the high-income categories2 in our sample compared with the national distribution 379 

(Statistics Denmark, 2019). In the same vein, our sample has more households with higher 380 

education levels than those with primary and vocational educational levels.  381 

 382 
Table 3. Key socioeconomic characteristics of the respondents 383 
Variables Categories Sample distribution 

(% of total 

respondents) 

 

National 

distribution (%) 

Age (years) 18 – 34  27.2 29.9 

35 – 53  35.4 34.7 

54 – 75  37.4 35.4 

Gender Female 50.0 49.9 

Male 50.0 50.1 

Education Vocational 

education 

18.8 30.3 

Primary school 6.5 26.4 

Upper 

secondary 

school 

10.0 9.9 

Short higher 

education 

13.6 4.8 

 
2 Of the total 1011 respondents, 811 indicated their income level while 161 opted ‘do not wish to answer’ and 39 
‘don’t know’. 
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Medium long 

education 

31.7 16.6 

Long higher 

education 

18.6 9.8 

Others 0.7 2.2 

Household size 1 29.0 38.0 

2 56.0 33.7 

3 11.0 11.9 

4 3.0 11.1 

5 or more 1.0 5.4 

Type of 

housing/accommodation 

Villa/single-

family house 

48.5 43.7 

Apartment 33.4 38.8 

Others 18.1 17.5 

Household annual 

income before tax 

(DKK) 

<300000 29.35 37.76 

300000 – 

599999 36.13 32.65 

600000 and 

higher 34.52 29.6 

Region Region 

Hovedstaden 

30.0 31.5 

Region 

Midtjylland 

22.7 22.7 
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Region 

Nordjylland 

9.6 10.2 

Region Sjælland 15.4 14.4 

Region 

Syddanmark 

22.3 21.1 

 384 
 385 

4.2. Results from Choice Modelling  386 

Table 4 presents the results from the Conditional Logit Model (CLM) and the Latent Class 387 

Model (LCM). The models are estimated based on complete responses from 1011 388 

respondents. Only 5.6 % of the total respondents choose the ‘None’ option in all choice 389 

cards presented to them. This suggests that the waste sorting options presented in the 390 

survey are considered realistic by the respondents. We also estimated a model that included 391 

the interaction terms between the time attribute and the individual waste categories. These 392 

interaction terms are not statistically significant which supports the initial model specification, 393 

as the attribute time reflects the intensity of effort for the overall sorting for a given scheme 394 

hence not attached to a specific waste category.     395 

In this section, the focus is on the statistical significance and direction of impact of the 396 

individual attributes. We return to the magnitude of the individual parameter estimates in the 397 

following section and estimate willingness to pay (WTP) for the different choice attributes 398 

(reported in Table 6). The results from the CLM show that 6 out of 7 attributes included in 399 

the present choice experiment study are statistically significant (p<0.05) in explaining 400 

household choices on waste sorting and handling alternatives (Table 4). 401 

We estimate four Latent Class Choice Models with 2, 3, 4, and 5 individual segments 402 

respectively. Based on the key model statistics (log likelihood and AIC) we conclude that a 403 
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LCM with 4 segments gives a good fit to the data and we choose this LCM model for our 404 

further analysis.  405 

  406 

Table 4. Results from CLM and LCM on household waste sorting scenarios 407 

Attributes of 

household 

waste sorting 

and handling 

options 

Parameter estimates 

 CLM LCM 

Segment 1 

LCM 

Segment 2 

LCM 

Segment 3 

LCM 

Segment 4 

 

Hazardous 

waste  

-0.0215 

(0.0413) 

-0.3163*** 

(0.1216) 

-0.2124 

(0.1649) 

2.3677*** 

(0.2167) 

-0.3676*** 

(0.0890) 

Plastics 0.4412***  

(0.0492) 

0.5281*** 

(0.1507) 

0.5715*** 

(0.1935) 

1.2794*** 

(0.2082) 

0.2997*** 

(0.1129) 

Bio-waste -0.0962* 

*(0.0393) 

0.1492 

(0.1135) 

-0.3200 

(0.1644) 

0.3415** 

(0.1584) 

-0.3389*** 

(0.0834) 

Time  -0.0136***  

(0.0011) 

-0.0248*** 

(0.0035) 

-0.0192*** 

(0.0039) 

-0.0133*** 

(0.0038) 

-0.0105*** 

(0.0026) 

Recycling 

capacity  

0.0072***  

(0.0018) 

0.0247*** 

(0.0061) 

0.0254*** 

(0.0086) 

0.0085 

(0.0070) 

0.0113*** 

(0.0039) 

Waste handling 

fee 

-0.0008*** 

(.3201D-04) 

-0.0014*** 

(.9803D-04) 

-0.0006*** 

(0.0001) 

-0.0005*** 

(0.0001) 

-0.0003*** 

(.7364D-04) 
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Frequency (3 

levels): 

1 = once every 

two weeks  

2= once a week 

(base level) 

3= Twice a week 

 

 

0.3666*** 

(0.0471) 

 

 

-0.1070*** 

(0.0414) 

 

 

0.7470*** 

(0.1332) 

 

 

0.0965*** 

(0.1187) 

 

 

0.1028 

(0.1751) 

 

 

-0.2892 

(0.1657) 

 

 

-0.0892 

(0.1832) 

 

 

0.0558 

(0.1541) 

 

 

-0.0306 

(0.1044) 

 

 

0.1091 

(0.0924) 

Alternative 

specific constant 

-1.9818*** 

(0.2645) 

-4.3399*** 

(0.8092) 

2.0538 

(1.1587) 

1.2968 

(1.0412) 

-2.9353*** 

(0.5899) 

Class share  46% 17% 15% 22% 

Log likelihood -8499.88 -6862.77 

AIC 17017.8 13803.5 

*** and ** indicate significance at 1% and 5% levels respectively. Standard errors are 408 

reported in (parentheses). 409 

 410 

As can be seen from the parameter estimates for the LCM (Table 4), there are some 411 

similarities between the four segments in terms of what influences their preferences for 412 

waste sorting schemes. All segments demonstrate a positive preference towards schemes 413 

which involve sorting of plastic. Conversely, as expected, the attributes time and waste 414 

handling fee are statistically significant and negative across all segments. This shows that 415 

households are most likely to get discouraged by waste handling schemes that are 416 

expensive and burdensome in terms of time allocation for home waste sorting. Furthermore, 417 

the parameter attribute for recycling capacity is statistically significant and positive for all 418 
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segments but one. This indicates that households belonging to the three segments (1, 2, 419 

and 4) are more likely to take part in waste sorting programmes if they trust that a large 420 

proportion of the sorted waste will actually get recycled. For segment 3, the preference for 421 

household waste sorting does not seem to be sensitive to recycling capacity as indicated by 422 

the non-statistically significant parameter estimate for recycling capacity attribute for this 423 

segment. 424 

The results of the LCM also highlight some differences between the identified segments 425 

(see Table 4). Respondents in segment 1 prefer schemes with the requirement to drop off 426 

hazardous waste to a designated facility typically located further away from their residential 427 

areas. This can be seen from the statistically significant and negative parameter estimate 428 

for hazardous variable for segment 1. In addition, respondents in segment 1 are clearly in 429 

favour of waste sorting and handling systems with less frequent waste collection. However, 430 

respondents in segment 1 do not have a clear opinion on the requirement to sort bio-waste. 431 

Approximately 46% of the survey respondents belong to segment 1. We identify households 432 

in segment 1 as ‘the frequent waste collection resisters’ (S1).  433 

Segment 2 covers around 17% of the survey respondents (Table 4). The preferences of 434 

respondents in segment 2 for waste sorting and handling alternatives are largely comparable 435 

to those belonging to segment 1. However, while the coefficient for local collection of 436 

hazardous waste for segment 1 is statistically significant and negative, the parameter for the 437 

same attribute is statistically non-significant for segment 2. This indicates that respondents 438 

in segment 2 appear to be less sensitive to arrangement for hazardous waste handling and 439 

collection compared to those in segment 1. Moreover, compared to segment 1, the 440 

importance of recycling capacity is more pronounced in determining the preferences for 441 

waste sorting schemes by households in segment 2. This indicates that segment 2 finds it 442 
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important that the municipality actually has the capacity to utilise the sorted waste. We 443 

identify households in segment 2 as ‘the sceptics’ (S2). 444 

Segment 3 covers approximately 15% of the survey respondents. In general, of all the 445 

segments identified through LCM, respondents in segment 3 demonstrate the most positive 446 

view on sorting of plastics and bio-waste, and at the same time they reveal a clear 447 

preference for the possibility to dispose hazardous waste to allocated container within the 448 

vicinity of their residences. The parameter estimates for the attributes hazardous waste, 449 

plastic and bio-waste are statistically significant and positive (see Table 4). Interestingly, in 450 

contrast to the other segments, the parameter estimate for recycling capacity is statistically 451 

non-significant for segment 3 which may suggest that the preferences for waste sorting and 452 

handling schemes by respondents in segment 3 seem to be less dictated by the intensity of 453 

recycling of the sorted waste. Finally, the respondents in segment 3 appear to be less 454 

concerned about how often the municipality collects the waste as indicated by the coefficient 455 

for the attribute frequency being statistically non-significant. We identify households in 456 

segment 3 as ‘the sorting enthusiastic’ (S3).  457 

The key distinguishing features of segment 4, making up 22% of the survey respondents, 458 

are the statistically significant and negative parameter estimates for the attributes bio-waste 459 

and hazardous waste (Table 4). These findings suggest that respondents in segment 4 are 460 

not interested in waste sorting and handling schemes, which require them to separate bio-461 

waste. In addition, respondents in segment 4 are not in favour of having local collection 462 

points for hazardous waste. Furthermore, the preferences for waste sorting schemes by 463 

respondents in segment 4 seem to be less influenced by the frequency of waste collection 464 

as indicated by the statistically non-significant parameter estimate for the corresponding 465 

attribute. We identify households in segment 4 as ‘the bio-waste sorting resisters’ (S4). 466 
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 467 
4.3. Implied value of time (inconvenience cost) and household willingness to pay for 468 

different levels of sorting 469 

Based on the parameter estimates for time use and waste collection and handling fee 470 

attributes (see Table 4) we calculate the average value of time (see section 3.2 regarding 471 

the calculation method) for waste sorting activities for households in each of the four 472 

segments. This implied value of time, in the context of the present research, indicates how 473 

much these households are willing to pay in order to spend one hour less per week on 474 

sorting. The implied value of time is highest for ‘the bio-waste sorting resisters’ (S4) at 46.69 475 

DKK (6.28 EUR) per hour followed by ‘the sceptics (S2)’ and ‘the sorting enthusiastic (S3)’ 476 

at 35.15 DKK (4.72 EUR) and 31.32 DKK (4.21 EUR) respectively. The lowest implied value 477 

of time is observed for ‘the frequent waste collection resisters (S1)’ at 20.72 DKK (2.78 478 

EUR). 479 

Household willingness to pay (see section 3.2 regarding the calculation method)  for 480 

selected attributes of the waste sorting alternatives presented to the respondents in the 481 

choice experiments provide a consistent basis for comparing household preferences (Table 482 

5). In general ‘the sorting enthusiastic (S3)’ are keen on having the possibility to dispose of 483 

hazardous waste in an area within close proximity to their residence. For such a service, 484 

they seem to be willing to pay close to 5000 DKK (650 Euro), which indicates that the option 485 

to have a local collection of hazardous waste has a high importance for this particular 486 

household group. On the contrary, ‘the frequent waste collection resisters (S1)’ and ‘the bio-487 

waste sorting resisters’ (S4) are not in favour of the installation of local disposal points for 488 

hazardous waste as indicated by their negative willingness to pay values. In this regard, ‘the 489 

bio-waste sorting resisters’ (S4) are 7 times more reluctant than ‘the frequent waste 490 

collection resisters (S1)’ are.  491 
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Household preferences for the option to sort plastic are positive across all segments with 492 

‘the sorting enthusiastic’ (S3) and ‘the bio-waste sorting resisters’ (S4) having the largest 493 

willingness to pay for sorting plastics at 2611 DKK (351 Euro) and 1153 DKK (155 Euro) 494 

respectively. This suggests that ‘the sorting enthusiastic’ (S3) and ‘the bio-waste sorting 495 

resisters’ (S4) are more keen to sort plastics than ‘the frequent waste collection resisters’ 496 

(S1) and ‘the sceptics’ (S2) are. Our analysis further suggests that, keeping other factors 497 

constant, the amount of time households in the different segments are willing to spend on 498 

sorting plastics is varied: 21 minutes per week for ‘the frequent waste collection resisters’ 499 

(S1), approximately 30 minutes for ‘the sceptics’ (S2) and ‘the bio-waste sorting resisters’ 500 

(S4), and 96 minutes for ‘the sorting enthusiastic’ (S3). This indicates that although 501 

household preferences for sorting plastic are positive in general, the introduction of a system 502 

that requires more effort (hence to spend longer time) will reduce their utility gain from plastic 503 

separation. The results confirm that ‘the sorting enthusiastic’ (S3) are the most interested in 504 

sorting plastics; the amount of time they are willing to spend on waste separation is three to 505 

four times as much as what the other segments are willing to allocate.  506 

Contrasting preferences among segments towards the requirement to sort bio-waste are 507 

evident. While ‘the sorting enthusiastic’ (S3) display a positive WTP for sorting bio-waste at 508 

around 700 DKK (94 Euro), a negative WTP is observed for ‘the bio-waste sorting resisters’ 509 

(S4) at twice the magnitude. This shows that for households belonging to the segment 4, 510 

sorting bio-waste accrues substantial inconvenience cost.  In general, recycling capacity has 511 

a positive influence on household preferences for home waste separation. Nevertheless, the 512 

WTP estimates show that the likely effect of increase in recycling capacity on preferences 513 

for home waste sorting are more pronounced (slightly more than twice as much) on ‘the 514 
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sceptics’ (S2) and ‘the bio-waste sorting resisters’ (S4) compared with ‘the frequent waste 515 

collection resisters’ (S1).  516 

The frequency of waste collection appears to be of concern only for ‘the frequent waste 517 

collection resisters’ (S1). The findings show that ‘the frequent waste collection resisters’ (S1) 518 

are reluctant to choose frequent waste collection in general. 519 

 520 

Table 5. Household’s willingness to pay for different features of waste sorting 521 

alternatives 522 

Willingness to 

pay (per year) 

for:  

 

’the frequent 

waste collection 

resisters’ (S1) 

‘the sceptics’ 

(S2) 

‘the sorting 

enthusiastic’ 

(S3) 

‘the bio-waste 

sorting 

resisters’ (S4) 

Local collection 

point for 

hazardous 

waste 

-229.20 DKK 

(-30.81 Euro) 

-337.13 DKK  

(-45.32 Euro)  

(ns) 

4832.14 DKK 

(649.60 Euro) 

-1413.77 DKK 

(190.06 Euro) 

Option to sort 

plastic 

382.71 DKK 

(51.45 Euro) 

907.22 DKK 

(121.96 Euro) 

2611.02 DKK 

(351.01 Euro) 

1152.77 DKK 

(154.97 Euro) 

Option to sort 

bio-waste 

108.12 DKK 

(14.53 Euro) 

(ns) 

-507.95 DKK  

(-68.28 Euro) 

(ns) 

696.90 DKK 

(93.69 Euro) 

-1303.38 DKK  

(-175.22 Euro) 

Recycling 

capacity 

17.90 DKK  

(2.41 Euro) 

40.30 DKK 

(5.42 Euro) 

17.37 DKK 

(2.33 Euro)  

(ns) 

43.58 DKK 

(5.86 Euro) 
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Frequency of 

waste 

collection: once 

every two 

weeks (as 

opposed to 

once a week) 

541.27 DKK 

(72.76 Euro) 

163.24 DKK 

(21.94 Euro) 

 (ns) 

-182.08 DKK 

(-24.48 Euro) 

(ns) 

-117.77 DKK 

(-15.83 Euro) 

(ns) 

Frequency of 

waste 

collection: twice 

a week (as 

opposed to 

once a week) 

69.89 DKK 

(9.39 Euro) 

(ns) 

-459.09 DKK 

(-61.72 Euro) 

(ns) 

113.98 DKK 

(15.32 Euro)  

(ns) 

419.81 DKK 

(56.43 Euro) 

(ns) 

ns: not statistically significant (p value > 0.05) 523 

 524 

4.4. Drivers of the waste sorter typology  525 

Findings from the probit analysis offer insights into the extent to which sociodemographic 526 

characteristics relate to the heterogeneity of household preferences for waste sorting 527 

alternatives (Table 6). The results also indicate the importance of habits and personal and 528 

social motivation for waste sorting. Parameter estimates in Table 6 are from the best 529 

specification for each segment following stepwise estimation. As such, Table 6 only reports 530 

the variables appearing in the best specification. Marginal effects are provided in Appendix 531 

1. It is important to note that, as indicated by the pseudo R2 values reported in Table 6, in 532 

general the explanatory power of households’ socio-demographic characteristics and 533 
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attitudinal factors in explaining the heterogeneity of households’ waste sorting preferences 534 

is low.  535 

The results show that households that frequently use the recycling centre are more likely to 536 

belong to segment 1 – ‘the frequent waste collection resisters (S1)’. Households in this 537 

segment are driven by self-consciousness to sort waste.   For segment 2 – ‘the sceptics 538 

(S2)’, gender turns out to be an important predictor where male respondents are more likely 539 

to belong to this segment than female respondents are. This segment is also characterized 540 

by households who live in villas/single-family houses and who are not frequent users of the 541 

recycling centre. Moreover, households are unlikely to belong to this segment if they are 542 

self-conscious about sorting and about the impacts of their lifestyle choices on the 543 

environment. In the same vein, households who are concerned about their neighbours’ 544 

judgement on their waste sorting behaviour are unlikely to belong to this segment. 545 

Segment 3 – ‘the sorting enthusiastic (S3)’ is characterized by respondents being female, 546 

living in apartments, and non-students.  In addition, households in segment 3 are not keen 547 

on travelling to and using the recycling centre. Moreover, the results show that respondents 548 

who agree with the statement that it is important to work together with their neighbours on 549 

waste separation are less likely to belong to segment 3. In other words, the waste sorting 550 

behaviours of households in this segment do not appear to be driven by the role of collective 551 

efforts on waste sorting.          552 

Respondents currently spending relatively a lot of time on waste sorting and handling tend 553 

to belong to segment 4 - ‘the bio-waste sorting resisters (S4)’. The marginal effects 554 

(Appendix 1) indicate that a change in the current time allocation for waste sorting by one 555 

minute per week leads to an increase in the probability by 0.0022 for a household to belong 556 

to segment 4. Employment status also appears to be an important determinant of segment 557 



34 
 

4. The results indicate that respondents with “White collar (non-managerial)” employment 558 

are less likely to be ‘the bio-waste sorting resisters’ (S4). Moreover, respondents having self-559 

consciousness towards waste sorting are also less likely to belong to this segment.   560 

 561 

Table 6. Results from probit analysis: socio-demographic and attitudinal 562 

determinants of segmentation of household waste sorting preferences   563 

Variables Parameter estimates 

 

 Segment 1  

– ‘the 

frequent 

waste 

collection 

resisters’ 

(S1) 

Segment 2 – 

‘the sceptics’ 

(S2) 

Segment 3 – 

‘the sorting 

enthusiastic’ 

(S3) 

Segment 4 – 

‘the bio-waste 

sorting 

resisters’ (S4)’ 

 

Gender 

(Female=1) 

na -0.3140*** 

(0.1173) 

 

0.3128*** 

(0.1132) 

na 

Student (Yes=1) na na -0.4900** 

(0.2183) 

 

na 

White collar (non-

managerial) 

(Yes=1) 

na na na  -0.2805** 

(0.1183) 
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Apartment 

(Yes=1) 

na na 0.3147** 

(0.1320) 

na 

Villa/Single-family 

house (Yes=1) 

na 0.3154** 

(0.1309) 

na na 

Region Midtjylland 0.1980 

(0.1064)(ns) 

 

na na na 

Current sorting 

effort (minutes per 

week) 

na na na 0.0076*** 

(0.0027) 

 

Use of recycling 

centre more than 

5 times a year 

(Yes=1) 

0.2480*** 

(0.0901) 

-0.2667** 

(0.1301) 

-0.4118*** 

(0.1288) 

na 

Sorting 

consciousness  

0.3766*** 

(0.0943) 

-0.2797** 

(0.1260) 

na -0.3336*** 

(0.1017) 

 

Lifestyle for the 

environment 

na -0.2534** 

(0.1260) 

 

na na 

Collective work 0.1826 

(0.0935)(ns) 

 

na -0.2455** 

(0.1202) 

 

na 
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My neighbours’ 

judgement 

na -0.5369*** 

(0.1984) 

 

na na 

Constant -0.5058*** 

(0.0938) 

-0.5973*** 

(0.1198) 

 

-1.0073*** 

(0.1238) 

-0.6585*** 

(0.0959) 

 

Pseudo R2  0.0320 0.0667 0.0569 0.0274 

*** and ** indicate significance at 1% and 5% levels respectively. Standard errors are 564 

reported in (parentheses). 565 

ns= not statistically significant (p value > 0.05) 566 

na= removed during stepwise estimation (p value > 0.1) hence not appear in the 567 

specification of the selected model. 568 

 569 

5. Discussion 570 

Drawing on a national scale choice-experiment survey (n=1011), the present research offers 571 

new insights into household preferences for waste sorting and handling in Denmark.  We 572 

investigated the microeconomic aspects of household waste sorting preferences in 573 

Denmark, with the focus to investigate household preferences for different modes of home 574 

waste sorting. More specifically, households were able to evaluate and hence make trade-575 

offs between the following factors: alternative arrangement for disposal of hazardous waste, 576 

requirement for sorting plastic and bio-waste, time demand for waste sorting and handling, 577 

the capacity for recycling at municipality level, the frequency and the fee of waste collection 578 

and handling service by the municipality.  579 
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Previous choice-experiment studies have analysed respondents’ evaluation of the 580 

complexity of home waste sorting through the inclusion of an attribute for the number of 581 

waste categories to be sorted. Based on a study on kerbside recycling services in London, 582 

Karousakis and Birol (2008) found that their respondents were more likely to choose 583 

kerbside services that collect more waste categories. In the same vein, Czajkowski et al. 584 

(2014) and Czajkowski et al. (2017) found that, based on a study in Poland, their 585 

respondents preferred to sort waste into more categories compared to fewer categories. 586 

While the previously mentioned studies show that the respondents are more likely to choose 587 

a home sorting system with more waste categories, the contrary was reported by Sakata 588 

(2007). Reporting on a study from Japan, Sakata (2007) found that increasing the number 589 

of categories to sort, results in negative utility for the respondents. In the present research, 590 

we tackle the issue by incorporating attributes for the handling of specific waste categories 591 

(plastic, bio-waste, and hazardous waste) and by specifying how long it would take for 592 

respondents to carry out a particular home sorting system (in minutes per week). Findings 593 

from the present research indicate that households have different preferences towards the 594 

sorting arrangements of specific waste fractions. Nevertheless, in general we found that the 595 

longer the time it requires to implement a sorting system the less likely a household is going 596 

to choose a given sorting scheme. 597 

Frequency of waste collection has been considered an important factor that determines the 598 

rate of home waste sorting. Based on a study on waste separation services in Beijing, Yuan 599 

and Yabe (2015) presented two levels of waste collection frequency: once per day and twice 600 

per week in their survey.  Karousakis and Birol (2008) presented three levels of frequency 601 

of waste collection: fortnightly, weekly, and twice a week to their respondents. Czajkowski 602 

et al. (2017) specified the waste collection frequency as categorical attribute with three 603 
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levels: once a month (as reference level), twice a month, and four times a month. Yuan Yabe 604 

(2015) and Karousakis and Birol (2008) treated waste collection as a linear variable in their 605 

model specification and found that their respondents prefer more frequent waste collection. 606 

The findings from Czajkowski et al. (2017) also indicate that their respondents gain utility 607 

from more frequent waste collection. In the present study, based on the LCM, the frequency 608 

of waste collection attribute is only statistically significant for one of the four segments. 609 

Furthermore, contrary to findings reported from previous studies, the present research 610 

indicates that one segment of the respondents in our study actually prefers less frequent 611 

waste collection. Nonetheless, in our choice experiment, while the attribute for waste 612 

collection frequency is also categorical with three levels, the level specification is slightly 613 

different from that of Czajkowski et al. (2017). In our choice experiment, the levels are once 614 

every two weeks, once a week, and twice a week.  615 

Based on the LCM, the households in our study can be grouped into four segments with 616 

regard to their home waste sorting preferences. Even if these four segments share similar 617 

responses toward selected features of home waste sorting alternatives (i.e. positive 618 

preference towards sorting plastic waste and negative reaction towards waste collection fee 619 

and time demand for sorting), the degree of the influence differs between segments. To 620 

illustrate, the average willingness to pay estimate for the option to sort plastic for ‘the sorting 621 

enthusiastic’ (S3) is 6 times as high as for ‘the frequent waste collection resisters’ (S1). This 622 

suggests that, compared with ‘the frequent waste collection resisters’ (S1), ‘the sorting 623 

enthusiastic’ (S3) have much higher preference for a waste sorting scenario with plastic 624 

separation.  625 

The four segments can be further distinguished based on a number of factors. Households 626 

in segment 1 (‘the frequent waste collection resisters’ (S1)) prefer the existing arrangement 627 
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for dropping off hazardous waste at a designated waste facility away from their residential 628 

areas. In addition, households in this segment appear to be very sensitive to how often 629 

waste collection takes place. Households in segment 2 (‘the sceptics (S2)) appear to be 630 

indifferent towards the option for local collection point for hazardous waste. Households in 631 

segment 3 (‘the sorting enthusiastic’ (S3)) – which have a majority of women - have positive 632 

preferences towards the possibility for disposing hazardous waste within close proximity to 633 

where they live and towards the requirement to sort plastic as well as bio-waste. Households 634 

in segment 4 (‘the bio-waste sorting resisters’ (S4)) are not very keen on the idea of having 635 

a local collection point for hazardous waste. They also demonstrate a negative preference 636 

towards bio-waste sorting. Using a probit model we have identified a range of household 637 

sociodemographic characteristics including gender, type of accommodation, and occupation 638 

as determinants of the heterogeneity of households’ waste sorting preferences. To illustrate, 639 

female respondents, living in apartments and who are not currently studying are more likely 640 

to belong to ‘the sorting enthusiastic’ (S3). Additionally, our findings show that respondents’ 641 

current habits on sorting and use of recycling facilities appear to be important predictors of 642 

waste sorting preferences for some segments. To illustrate, in our research, a higher 643 

frequency of use of a recycling centre is closely related to the likelihood of belonging to the 644 

‘frequent waste collection resisters’ (S1), while the opposite relation is evident for the ‘the 645 

sorting enthusiastic’ (S3).     646 

Previous studies have discussed the significance of personal intrinsic motivation as well as 647 

social pressures in explaining household behaviours with regards to waste sorting and 648 

handling (Czajkowski et al., 2017; Lee et al., 2017; Heller and Vatn, 2017). In the present 649 

research, the aforementioned attitudinal factors were found statistically significant in 650 

explaining household preferences for alternative waste sorting schemes. For ‘the frequent 651 
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waste collection resisters’ (S1), in general the preference towards waste sorting by 652 

households in this segment has positive association with their internal motivation i.e. being 653 

self-conscious about the need for waste sorting. The opposite trend of association between 654 

personal motivation and waste sorting behaviours is evident for two segments - ‘the sceptics’ 655 

(S2) and ‘the bio-waste sorting resisters’ (S4). Furthermore, our findings also show that the 656 

role of social pressures is only statistically significant and negative in explaining the 657 

preference of only one segment - ‘the sceptics’ (S2). For the ‘sorting enthusiastic’ (S3), their 658 

waste sorting behaviour does not appear to be dictated by external motivation; as indicated 659 

by the statistically significant and negative relation between belonging to segment 3 and 660 

agreement with the importance of collective effort to handle waste sorting with neighbours.   661 

In the present research, we are able to derive the implied value of time that reflects variation 662 

in household preferences for home sorting. We estimate the implied value of time for each 663 

of the four segments based on the corresponding parameter estimates for time attribute and 664 

annual bill for waste collection attribute. We found that ‘the bio-waste sorting resisters’ (S4) 665 

has the highest implied value of time of 46.69 DKK (6.28 EUR) per hour while ‘the frequent 666 

waste collection resisters’ (S1) has the lowest implied value of time of 20.72 DKK (2.78 EUR) 667 

per hour. Meanwhile the implied values of time for ‘the sceptics’ (S2) and ‘the sorting 668 

enthusiastic’ (S3) are 35.15 DKK (4.72 EUR) and 31.32 DKK (4.21 EUR) respectively. It is 669 

noteworthy that even the highest implied value of time of 47 DKK (6.3 EUR) per hour is still 670 

lower than the minimum wage for Denmark of approximately 110 DKK (14.8 EUR) per hour. 671 

The results indicate that sorting waste at homes still incurs opportunity cost of time to 672 

households. At the same time, the finding also suggests that the value of time for pro-673 

environmental activities such as home waste sorting is not necessarily comparable to wage 674 

earning activities. Our finding is somewhat consistent with other studies albeit using a 675 
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different approach. Bruvoll and Nyborg (2002), Sterner and Bartelings (1999), Berglund 676 

(2006) reported respondents’ willingness to pay for having others to sort waste being 677 

substantially lower than the average wage rate. Huhtala (2010) estimated the ‘time cost’ for 678 

recycling efforts by assuming the value of spare time at half of the wage rate. Literature from 679 

other fields, such as transportation studies, also points out that the value of leisure time is 680 

different from the wage rate (e.g. Jara-Díaz et al., 2008). Directly comparing the opportunity 681 

cost of time for household waste sorting derived from this study with those reported by earlier 682 

studies is rather problematic. This is partly due to the fact that the other studies were 683 

undertaken using different methodological approaches and adopted different assumptions 684 

with regard to the appropriate value of time for waste sorting or recycling activities. Our 685 

research, to the best of our knowledge, is the first attempt to explicitly capture the opportunity 686 

cost of time associated with waste separation at household level.  687 

All in all, the present research shows that, although in general Danish households are 688 

supportive of a home waste separation programme, their preferences for participation are 689 

heterogeneous and are influenced by a wide range of factors. For example, some 690 

households are not keen on sorting bio-waste and are very critical about how much effort 691 

they have to put into sorting activities (‘the bio-waste sorting resisters’ (S2)). For these 692 

households, the opportunity cost of time hence the inconvenience cost of household waste 693 

sorting is high. Meanwhile, other households are enthusiastic to sort different categories of 694 

waste including bio-waste, however they are the only segment in favour of the proposed 695 

provision of local collection points for hazardous waste. As such, for households belonging 696 

to this segment – ‘the sorting enthusiastic’ (S3), the existing system requiring households to 697 

drop off certain categories of waste (such as hazardous waste) to a designated facility, which 698 

is typically located away from residential areas, seems to be sub optimal. Furthermore, being 699 
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convinced that their efforts for sorting is worthwhile (as indicated by the proportion of waste 700 

getting recirculated to the economy) is important, the effects appear to be more pronounced 701 

on some groups (‘the sceptics’ (S2) and ‘the bio-waste sorting resisters’ (S4)). 702 

It is important to acknowledge a caveat that financially less affluent and less educated 703 

households are slightly underrepresented in our sample survey. These households may 704 

display waste sorting preferences that are different from those households with higher 705 

education and income level.  Nevertheless, the findings from the present research indicate 706 

the need to consider household heterogeneous preferences towards different sorting levels 707 

when policy makers or municipalities develop future planning for waste sorting programmes 708 

for example in terms of rolling out new sorting systems or customizing current sorting policy. 709 

Findings from the present study can for example provide a basis for the development of 710 

campaign or outreach and flexible instruments to encourage household compliance on 711 

waste sorting. There may be scope for allocating public expenditure to public education on 712 

recycling (Sidique et al., 2010b). At the very least, the findings provide indications for policy 713 

makers/municipalities, that specific mandatory sorting schemes are not likely to lead to 714 

100% efficacy, as parts of the population may have negative utility associated to a specific 715 

scheme. This might lead to a certain category of waste actually ending up in a general waste 716 

bin for example. 717 

 718 

6. Conclusion 719 

The present research investigates to what extent different factors influence household 720 

preferences for different alternatives for waste sorting and handling at home. We employed 721 

a choice-experiment based survey targeting households across Denmark and obtained 722 

1011 complete responses for choice modelling. Findings from the research offers further 723 
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insight into the scientific understanding surrounding the scope for getting households on 724 

board with home sorting. More specifically the research sheds further light on three areas. 725 

Firstly, previous studies refer to the number of categories of waste to sort as an attribute to 726 

depict how demanding the different home waste sorting schemes would be to the 727 

respondents. In our research, we approach the subject matter by presenting scenarios in 728 

terms of how the respondents are expected to handle specific types of waste (i.e. plastic, 729 

bio-waste, and hazardous waste). In addition we include an attribute for the expected 730 

amount of time as a proxy for the intensity of effort the respondents will have to devote on a 731 

weekly basis should they choose a specific home waste sorting system. Secondly, by having 732 

time and waste collection fee attributes in the choice set ups, we are able to approximate 733 

the implied value of time respondents ascribe on home sorting. Our findings indicate that 734 

the values range between 21 to 47 DKK (2.8 to 6.3 EUR) per hour, which is only a fraction 735 

of the minimum wage for Denmark of approximately DKK 110 (14.8 EUR). This shows that 736 

home sorting actually incurs opportunity cost of time to households. However, the value of 737 

time for pro-environmental activities such as home waste sorting cannot be directly 738 

estimated from wage earning activities. Thirdly, with the relatively large size of the sample 739 

in our study (1011 households) we were able to model the heterogeneity of preferences 740 

among the respondents with regard to different options of home waste sorting. Using the 741 

Latent Class Choice Model, we found that the respondents could be differentiated into four 742 

groups reflecting their unique preferences for home waste sorting. The heterogeneity in their 743 

preferences is particularly related to how households in each of these four segments 744 

respond to the following factors: the option to have a local collection point for hazardous 745 

waste, the requirement to sort bio-waste, and the frequency of waste collection. We also 746 

found that the segmentation of the households hence the heterogeneity in household 747 
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preferences for home waste sorting is to a certain extent related to the sociodemographic 748 

characteristics of the respondents including gender, occupation, and the type of housing 749 

where respondents reside. Moreover, respondents’ current level of waste sorting effort as 750 

well as personal motivation and social influence were found to be important predictors of 751 

some segments.  Overall findings from the present research suggest that household 752 

preferences for home waste sorting and handling are not homogeneous. Households 753 

express different appreciations towards different aspects of home waste sorting systems. 754 

This needs to be considered in the development of policy initiatives for more effective sorting 755 

systems and more support from the public at large as manifested through greater 756 

compliance. 757 
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Appendix 1. Marginal effects of probit analysis: sociodemographic and attitudinal 946 

determinants of segmentation of household waste sorting preferences   947 

Variables Marginal effect 
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 Segment 1 

– ‘the 

frequent 

waste 

collection 

resisters’ 

(S1) 

Segment 2 – ‘the 

sceptics’ (S2) 

Segment 3 – 

‘the sorting 

enthusiastic’ 

(S3) 

Segment 4 – 

‘the bio-waste 

sorting 

resisters’ (S4)’ 

 

Gender 

(Female=1) 

na -0.0665*** 

(0.0247)  

0.0681*** 

(0.0245) 

na 

Student (Yes=1) na na -0.1066** 

(0.0474) 

na 

White collar (non-

managerial) 

(Yes=1) 

na na na -0.0803** 

(0.0336) 

Apartment (Yes=1) na na 0.0685** 

(0.0286)  

na 

Villa/Single-family 

house (Yes=1) 

na 0.0668** 

(0.0276) 

na na 

Region Midtjylland 0.0762 

(0.0407)(ns) 

 

na na na 

Current sorting 

effort (minutes per 

week) 

na na na 0.0022*** 

(0.0008) 
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Use of recycling 

centre more than 5 

times a year 

(Yes=1) 

0.0955*** 

(0.0342) 

-0.0565** 

(0.0275) 

-0.0900*** 

(0.0278) 

na 

Sorting 

consciousness  

0.1450*** 

(0.0352) 

-0.0593** 

(0.0265) 

na -0.0955*** 

(0.0287) 

Lifestyle for the 

environment 

na -0.0537** 

(0.0266) 

na na 

Collective work 0.0703 

(0.0357)(ns) 

na -0.0534** 

(0.0261)  

na 

My neighbours’ 

judgement 

na -0.1138*** 

(0.0419) 

na na 

*** and ** indicate significance at 1% and 5% levels respectively. Standard errors are 948 

reported in (parentheses). 949 

ns= not statistically significant (p value > 0.05) 950 

na= removed during stepwise estimation (p value > 0.1) hence not appear in the 951 
specification of the selected model.  952 
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