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a b s t r a c t

Change in consumer behavior that leads to increased waste separation and recycling has been identified
as a critical component of Chinese national strategy for constructing a “Circular Economy”. Various
innovative solutions at community level targeting consumer behaviors are emerging in Chinese cities,
using information technology that can track the volume and quality of the sorting process. In order to
evaluate the potential impact of these novel solutions, we studied the behavioral change of households
by initiating an experimental recycling program in a residential community in Beijing, and developed an
Agent Based Model based on Theory of Planned Behavior (TPB) to identify key factors in changing
behavior. The results show that the Social Norm (SN) has a decisive effect on whether an area starts
recycling or not. As to the effectiveness of intervention, the Perceived Behavioral Control (PBC) plays a
large role in the determination of the recycling behavior in this study, while the role of attitude is
relatively small. The model outcomes can be corroborated with observations in different communities
using similar technical solutions. In conclusion, we suggest that efficient local interactions among various
stakeholders are needed in forming the social norm and common space that favorite recycling activities
at the community level.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

The growth of municipal solid waste (MSW) has become a
pressing environmental challenge in many cities in China. The
increasing demand for waste disposal, the rise of NIMBY objections
to waste processing facilities and the shortage of sites for landfills
are prompting a search for alternative strategies to solve the
problem (Zhang et al., 2010). The 3R concept (reduce, reuse and
recycle) has been promoted in China as a key component in the
national strategy for constructing a “Circular Economy”, in which
the change in consumer behavior that leads to increased waste
separation and recycling has been identified as a critical component
(The State Council, 2013).

Various programs have been initiated in cities in China since
1990s to encourage the source separation of waste at household
(Tai et al., 2011). However, these efforts were generally ineffective,
g).
either due to lack of revenue for recyclers (Zhang et al., 2016a, b), or
due to no incentives to participation for residents (Zhang andWen,
2014). It is clear that the planning and provision of physical recy-
cling facility was not enough to change the behavior of people. It is
important to understand the willingness and participating
behavior in waste separation and recycling (Zhang et al., 2015).

The Theory of Planned Behavior (TPB) provides a theoretical
basis to investigate both internal and external factors (Boldero,
1995; Tonglet et al., 2004), as well as social norm and contexture
culture effects (Botetzagias et al., 2015; Chan and Bishop, 2013;
Nigbur et al., 2010), which affect the waste separation and recy-
cling behavior in society. It has been widely used in building
consistent policy framework to convey the appropriate opportu-
nities, facilities and knowledge to recycle to the public (Davis et al.,
2006), reduce barriers for physically recycling, such as time
(Matsumoto, 2013), distance (Sidique et al., 2013), and inconve-
nience (Chu et al., 2013; Zhang et al., 2016a; b). It also provides a
suitable tool in cross-regional comparison (Stoeva and Alriksson,
2017), which facilitate the transmission from local practices to the
regulatory process at upper level.
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This paper presents the joint efforts between Peking University
and Delft University in a social experiment of community-based
recycling program to couple social experiments and agent based
simulations based on TPB in exploring key factors of a household's
decision to recycle or not. The aim of this study is to identify policy
levers at the community level, which could upscale the local best
practice applicable in more cities in developing countries. The next
section describes our social experiment conducted in Hongfuyuan
(H community), Beijing, as well as the agent-based model gener-
alized upon it. In section 3, we present the actual result of the social
experiment and the simulation result of the model with different
settings. In section 4 we discuss the implication of the results to the
waste separation and recycling policy in China. In conclusion, we
explore the potential to couple the social experiments and agent
based simulations in future.
2. Methods

We used a social experiment method in a community-based
recycling program in Beijing. The community level was chosen for
three reasons. First, the local social interactions at the community
level could be most decisive in the formation of social norm and
self-identity, which has been explored in existing research in
developed countries (Botetzagias et al., 2015; Martin et al., 2006;
Nigbur et al., 2010), but not received much attention in China,
yet. Second, it is a practical level to involve various stakeholders in a
manageable way to initiate an experimental program. Third, suc-
cessful practices at the community level could be generalized into
business model that can be copied in other places. In order to do so,
we combined the social experiment with the agent-based model-
ling technique to reveal the possible results under different settings
as suggested in community-based action research (Poteete et al.,
2010). Recent development of mobile internet solutions techno-
logically enables personalized incentives and feedback in waste
separation and recycling, which effectively improves the data ac-
cess to monitor the behavior change in social experiment.
2.1. Socio-economic historical context

Given the importance of understanding individual behavior in
its context, we start by exploring the socio-historical context of the
case study. The study area locates in Hongfuyuan (H community) in
northern suburb of Beijing, just between two waste villages,
Dongxiaokou and Qiliqu (Tong and Tao, 2016), and Asuwei, the
largest comprehensive waste disposal center (Fig. 1). The land of H
community belongs to a local village. In late 1990s, under the
leadership of the village head, the villagers collectively decided to
demolish all the old cottages, and to build a new town with mixed
functions, including a residential zone, a recreational complex, an
education zone, and an industrial zone (Kong et al., 2015). In the
following decade, Beijing experienced dramatic urban expansion.
Consequently, the population living in the new town grew from less
than 1,000 in 2000 to more than 30,000 in 2015.

H community consists of four areas, North Area, West Area, East
Area, and South Area. The North Area was excluded in the experi-
ment, because it was built late and separated from the other three
areas by a major road. The East Area was first established to
accommodate the original villagers. After relocating all the local
1 Danwei is a term translated from Chinese (单位) denoting the socialist working
place in China. Apart from salary, Danwei used to provide employees a compre-
hensive package of welfare and services including housing. Even after marketiza-
tion, the legacy of Danwei still has influence on social economic relations in urban
China.
villagers to the East Area, the village built new apartments in the
West Area and sold collectively to the staff of some large Danwei1

(Chai, 1996; Bray, 2005), including state-owned companies near
the village, and the new built colleges in the education zone. Thus,
the average education level is higher in this neighborhood. Both
East Area and West Area are acquaintance society with frequent
social interactions. The South Area was most recently developed.
The apartments were sold separately to independent households
on the market, thus formulated a stranger-society with less social
interactions among residents (Fig. 2).

The evolution of the waste management in this dramatically
urbanized village can be a miniature of the transition of urban
waste management in China in last 30 years. The waste separation
and recycling was included in the initial planning of the new town
in late 1990s. A small piece of land in the northern part of the village
was designated for waste sorting and recycling. Some local vil-
lagers, who lost farmland during the urban development, did waste
separation and recycling for residents living in the new town.
However, as the villagers got rich from the real estate development,
nobody would like to do the scavenging anymore. The village
outsourced the waste collection and recycling to a group of migrant
junk-buyers, who took care of the waste collection so as to enjoy
the privilege to buy old junks in the community. The recyclables
were sorted and sold in the waste villages nearby (See location in
Fig. 1).

However, as the population growing, the revenue from the
scavenging can hardly cover the cost for waste collection and
transportation. Therefore, the village built a cleaning company in
charge of the public sanitationwith annual cost over 1 million yuan
in 2011. The waste collection and transportation was separated
from the recycling business. The cleaning company collected all the
mixed waste from the dustbins, and transported to Asuwei, the
comprehensive waste disposal center established by the municipal
government (See location in Fig. 1). The migrant workers continued
their junk-buying business in this community by paying a small
administrative fee to the village. As economic growth has slowed
down in China in recent years, the market value of recovered ma-
terials decreased significantly. The junk-buyers refuse to accept the
low-value recyclables, leaving increasing waste to be collected and
transported by the cleaning company. The value of waste reduction
and separation at the generation source is obviously appreciated by
the administration, but actions should be taken at the community
level.

We aimed at establishing a waste separation system at the
source of generation for the whole community. However, in order
to test the effects of the new program on the behavior change, we
started from a small experiment by recruiting around 500 house-
holds to participate in volunteer, roughly 5% of the whole
population.

2.2. Social experiment

We cooperated with Chengdu Green Earth, a social corporation
who developed a system based on mobile phone application to
provide incentives according to the sorting performance of the
users. They developed the system in their community-based
recycling program in Chengdu in 2011, which was supported by
the local government with public expenditure on community ser-
vices. They provide barcode sticker tags to households. The
households have two options to deliver their waste. One is to put
their sorted garbage into different bags according to the category of
materials, attach the barcode tag to each bag, then put the bags into
the recyclables container near their apartments. The other is to
submit their sorted recyclables during the on-site collection events
on weekend. During these events, the staff from Green Earth will



Fig. 1. The location of H community in Beijing.

Fig. 2. The map of H Community.
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interact with their customers face-to-face. The staff will scan the
barcode on the waste bags and input the scores according to the
weight and materials. The scores will be deposited in the accounts
of each household, who can use the scores to buy daily necessities.

We used this system in H community from Dec 2013 to the end
of 2016 to tract the behavior of participant household. We put six
recycling containers in the community near the entrance of each
neighborhood (Fig. 2). Initially, we collaborated with the cleaning
company of the village, who assigned a staff to collect the waste
from the containers, scan the barcode, and input the information
through the mobile phone application. However, the staff had
technical difficulties in using the system. Since June 2014, we
shifted the on-site operation of the system to a family of junk-
buyers in the community, who not only collected the waste from
the containers, but also offered on-call service. During the experi-
ment, we tested different strategies to encourage the households to
participate in the recycling program at different stages, including
on-site promotion events and various products as incentives.

Every half year, we organized a large on-site event with special
gifts for the participating households. Before each event, we called
all the participants to ask them several questions on their attitudes
towards this program.
2.3. Agent-based model

Based on the social experiment, we developed an agent-based
model to explore the social interaction factors that influence the
waste recycling and disposal behavior of households. Agent-based
models are a class of tools that belong to generative science
(Epstein, 2007), that are able to explore emergence of macro-level
patterns from micro theories of individuals (Epstein and Axtell,
1996). Existing research has used agent-based modelling to study
the effects of external policy factors, especially the charge on
landfill, on the waste disposal behavior of residents in Chinese city



Fig. 3. Representation of Agents decision tree.
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(Meng et al., 2016). The specific question driving our model
development was to understand what the most important behav-
ioral factors at the community level could influence a household's
decision to recycle or not. And consequently: How can new col-
lective norms favoring recycling activities be established from
bottom up?

The structure of the model covers two main themes: the social
interactions in the neighborhoods, and the waste management
system. We characterize the three neighborhoods with different
type of households to represent the spatial structure addressed
above as a reflection of typical composition of neighborhoods in
contemporary urban China.

The agents that will be part of our model, are households that
are within a specific neighborhood. Each household creates recy-
clable waste, but it depends on the consumers’ decision to throw it
to the dustbin for Landfill, or participate in recycling. The recycling
program offers two options: Containers or Collector. Containers are
situated at certain locations throughout the village (See Fig. 2), and
requires people to bring their recyclable waste to the containers
themselves. In return, households may receive valuable scores.
Collector can go door-to-door to collect the recyclables, and give the
guidance for garbage sorting face-to-face. The collector will use the
system to give scores to the households according to the material
and sorting quality. All recyclables collected from the households
will be sold on the recycling market. For the three choices, Landfill
and Collector represent the typical ways of household waste
disposal in current urban China, while Containers represent a
prevalent recycling options offered by the formal municipal waste
management system.

Households recycling behavior is only directly affected by
observing other households, thus the formation of Social Norm is
central in our model. However, the attributes of household could
have impact on the calculated intention of each household through
differentiating Attitudes to economic incentives and the Performed
Behavior Control on their waste disposal. The attributes of each
household include:

(1) Social-economic status: Household size (the number of
people in a household), Education level, Income level,
Amount of recyclable waste;

(2) Cognitive status: Environmental awareness, Knowledge of
recycling, Recycling intention, Willingness to change (the
degree to which a household is willing to change its current
behavior);

(3) Local status: Neighborhood (each household is situated in
one of the three neighborhoods addressed above), Social
network (a list of households that a household interacts
with), Direct neighbors (the adjacent neighbors of a house-
hold), Friends (other households in the community that are
part of the social network);

(4) Behavior constraints: Available time for recycling (spare
time is sufficient or insufficient), Available space for recycling
(storage space is sufficient or insufficient), Distance to the
container (the distance to the closest recycling container);

Besides the agents described above, we designed several ele-
ments as the adjustable interventions of the Environment,
including four categories: the amount and location of containers,
the available recycling methods, economic incentives, and provi-
sion of information.

At setup, the households are spread across the map and divided
into three neighborhoods: Danwei Staff (West), Local Residents
(East), and Independent Residents (South). And the attributes of
each household are associated with the neighborhood it belongs to.

Each day, a household produces recyclable waste. The total
amount generated each day is based on three properties: (1)
Household size: a larger household increases the waste generation
(positive causality), (2) Income: a higher income increases the
consumption of a household and thereby the waste generation
(positive causality), and (3) Level of education: higher educated
households have a higher environmental awareness which de-
creases the waste generation per household (negative causality)

Eachweek, a household communicates with a certain amount of
directly neighboring households and other friends. The amount and
type of friends which is interacted with differs per household. This
interaction leads to a certain perception of household recycling
behavior in the community, also called the ‘perceived social norm’.
Every household thus creates their own social norm on how many
households recycle their waste. Along with other variables, this
influences their decision whether to recycle or not.

If the ‘amount of waste’ reaches a determined threshold, the
household decides whether it will use one of the three available
options addressed above by calculating the ‘utility’ for each
method, based on the required time and ‘economic incentives’. If
situational factors are applicable, certain hard constraints become
part of the household rationale. These constraints are then part of
the decision tree and landfill becomes another possible outcome.
Fig. 3 shows the decision tree according to the household's
preference.

The next step in the line of reasoning is to calculate the inten-
tion, which can be to recycle or not to recycle. If this intention is to
recycle, the possibility from intention to one of the two actions is
calculated. If the intention is not to recycle, the recyclables will be
disposed to landfill. Furthermore, while not all intentions result in
behavior, only in 70% of the cases a recycling intention results in
recycling behavior. View Fig. 4 for an overview of this procedure.

The model was implemented in Netlogo (Wilensky, 1999). The
model code is available for review on OpenABM.org repository. We
provide the simulation code, the data used to parameterize the
model, a detailed description of all agent behavior, model verifi-
cation steps, experimental design details and output analysis code.
Using the experiment data of 500 households, we simulate the
behavior change of approximately 10,000 households of the whole
community.
3. Results

In this section, we will first present the empirical result of our
social experiment; then we will discuss the outcomes of the agent-
based model to explore possible outcomes under different settings.
3.1. The behavior changes in experiment

In our social experiment in H community, around 500

http://OpenABM.org


Fig. 4. Decision Tree expressed in TPB concepts.
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households voluntarily registered in the system as users. At the end
of the experiment, roughly 40% of the registered households
participated in the recycling program. The changing behavior of the
registered household in the three neighborhood shows in Fig. 5.

Differentiated responses in behavior change can be detected in
the three neighborhood, which corresponded to the changing in-
centives we provided at different stage. At the first stage, we set up
the first container in East Area in Dec. 2013 to test the system. The
experiment of all three areas formally started fromMarch 1st 2014.
We had on-site promotion event every weekend during the first
month. The residents can register on our system on the event
through the mobile phone. However, before April 1st 2014, we
provided no economic incentives to the participating households.
All the scores of the participating households are devoted to the
charity organization. The second stage, after April 1st 2014, we stop
the on-site promotion events at weekend. The staff from the
cleaning company helped to collect the recyclables from the con-
tainers. There was no on-call service for pickup at home. In addi-
tion, the households could use their scores in the system to
exchange daily necessities. At stage 3, we cooperatewith a family of
junk buyers in the community from September 2014. The husband
took charge of the container. He started to use our system in his
own junk-buying business by providing on-call services. He also
helped his old customers in the community to register on our
system. Thus, the households had two options for recycling: con-
tainers and collectors. Using collector is increasingly popular
among the participants. The wife continued our on-site events at
weekend by redeem the scores of the households with daily
necessities.
Fig. 5. The number of participants.
In order to encourage the participation, we raised incentives in
April 2015 by introducing organic vegetables as gift for households
with high accumulated scores. This incentive had significantly
improved the participation, especially in the East Area.

Fig. 6 shows the accumulated scores of households in each
building during the experiment. The participation was generally
higher in buildings around the containers in East and West Areas,
which indicated the importance of convenience to the users
(Sidique et al., 2013). However, in South Area, most of the users
preferred on-call services, therefore, the location of containers was
insignificant.

3.2. Simulation results of the agent-based model

The agent-based model helps us to analyze the impacts of
various factors on the recycling behavior in a more systematic way.
Using the EMAworkbench, 2,000 experiments with different input
parameters were run. The output of the experiments consists of a
time series of the participation rate of the three choices: Landfill,
Collector and Container for every tick (day) in the model.

3.2.1. Overall possibilities
The overall result of all 2,000 simulation experiments shows

that in the best case more than 60% of the households are partici-
pating in a recycling program. In a quarter of the simulations be-
tween 25% and 62% of the households are participating after 1,000
days. In at least 25% of the experiments, nobody is participating in a
recycling program after 1,000 days. On average over all experi-
ments, around 15% households are using a recycling program after
1,000 days. In Fig. 7, the result of every 20th experiment is plotted
as a line over time to represent the character of the whole data set.

Furthermore, a violin plot in Fig. 7 represents the probability
density of the outcomes after 1000 days. It is striking that many of
the model outcomes have a participation rate in the recycling
program of less than 10%. It is also notable that there are almost no
outcomes between a participation rate of 10% and 25%. However, a
number of experiments result in a participation rate up to 25%e
60%. The mode outputs are thus bimodally distributed, showing
Fig. 6. The Spatial Distribution of accumulated scores of the participating households.



Fig. 7. The distribution of model outcomes.

Table 2
The settings and results of the two scenarios.

Baseline New scheme

Input Available Recycling Methods Both Collector
Container Incentives 30 0
Collector Incentives 30 30
Transformation into Behavior 100 100
Weight of Attitude 4 1
Weight of Social Norm 1 1
Weight of PBC 1 3

Output % Households using containers 26.74% 0
% Households using collectors 17.22% 59.08%
% Households using landfill 56.05% 40.92%
Total amount of waste 1.96*10 1̂1 1.96*10 1̂1
Brought to container 3.97*10 1̂0 0
Collected recyclables 2.28*10 1̂0 9.32*10 1̂0
Landfill waste 1.34*10 1̂1 1.03*10 1̂1
Average attitude 0, 50 0, 44
Average social norm 0, 44 0, 59
Average PBC 0 0, 55

Fig. 8. Simulation result of scenario 1.
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that within the model, possibility exists for two end states. The
most probable cases are very low participation in the recycling
program, which reflect the current situation in China.

The above outcomes were resulted from varied parameters
during experimentation. Table 1 shows the correlation between the
input and output variables, which indicates that the weight of So-
cial Norm (SN) and Perceived Behavioral Control (PBC) have the
most influence on the output variables of the model.

The SN has a decisive effect on whether an area starts recycling
or not. If for some reason, a large share of the households decides to
recycle, the social norm can accelerate this trend. On the other
hand, if the participation rate is low, the social norm represses
recycling. Since most of the 2,000 experiments results in low
participation rates, the increase of the weight of social norm in the
model could reduce the participation rate for recycling on average.

The PBC is based on the knowledge of recycling and the will-
ingness to change. It plays a positive and significant role in this
study. When PBC has a high relative weight in comparisonwith the
other components of the intention determination, it is more likely
that a household will recycle.
3.2.2. Scenario analysis of the model
We present two scenarios to show the possible effects of in-

terventions on the behavior change in the community. The two
scenarios are: (1) Baseline, and (2) New scheme (The settings and
results are presented in Table 2).
3.2.2.1. Scenario 1: Baseline. In this Scenario, we set the parameters
to emulate the condition of the real world experiment (Fig. 8). The
participation rate is expected to be high in the Danwei region, since
their attitude is higher on average than in the other regions. The
participation rate is expected to be higher around the containers,
Table 1
Correlations between input and output variables.

Input/Output Participation rate landfill

Collector incentives �0.05
Container incentives �0.12
Weight of attitude e

Weight of SN 0.5
Weight of PBC �0.4
due to the higher convenience. The result confirms the hypothesis,
proving that the supposed relation between variables in this model
can reflect the real condition in the social experiment.

3.2.2.2. Scenario 2: new scheme. The research program supporting
the experiment completed in the end of 2016. We tried to continue
the recycling activities with other resources. During our research,
the similar community-based recycling solutions have been
increasingly used in cities in China. Some of them provide the
platform for the urban junk-buyers, who can use the system to
access customers with reward scores according to the recyclables.
The containers are eliminated. This is closer to the traditional
recycling business in cities. But it creates the possibility to raise
incentive to collectors according to their contribution on waste
reduction in cities. The results show that with a higher perceived
behavior control, the presence of collectors in the community could
possibly lead to a participation rate up to 59.08% without other
interventions (Fig. 9). This result confirms the findings of Timlett
and Williams (2008) that the personalized incentives and feed-
back were highly cost-effective at behavior change to engage with
residents at the point of service delivery by the collection crews.
Participation rate collector Participation rate container

0.3 �0.18
�0.25 0.27
e e

�0.33 �0.35
0.28 0.25



Fig. 9. Simulation result of scenario 2.
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4. Discussion

4.1. Possible interventions at the community level

Currently, the policy on waste sorting for recycling in China
centered around the planning of recycling facilities. However, our
social experiment shows that the provision of recycling facilities
alone could trigger little behavior change. Intensive face-to-face
interactions between the research team and our participating
households in the community are crucial to raise the awareness and
form the social norm, which could lead to concrete behavior
response.

The overall outcomes of the simulation experiments correctly
represent the general reality of waste separation in Chinese cities.
That is, in a high probability, the community-based waste separa-
tion programwill result in a very low participating rate. Just like in
the developed countries, the regulatory pressures to move away
from landfill is a critical external factor pushing the local commu-
nities shift to recycling (Davoudi, 2000). Improving charge on
landfill could be an effective way at the municipal level in some
cities in China (Meng et al., 2016). However, even without consid-
ering the possible external pressure of landfill cost, the outcomes of
our simulation model demonstrate the possibility of considerable
high participating rate (40e60%), in which the social norms exert
the decisive role. The possible achievement through local efforts at
community level was confirmed by the result of recycling programs
in different communities using the same system (Table 3).

An even more inspiring case took place in 2016 in Xinzhuang, a
rural community not far away from our experimental site. Seven
mothers initiated a grassroots waste separation and recycling
program within around 500 households, among which half are
families who have children going to a local private school, which
offers Waldorf education favoring close community interaction and
collaboration; half households of local villagers planting straw-
berry. There are intensive social interactions among the residents
due to the education connections and local social networks. In
addition, the families share common value on sustainability. With 3
months’ preparation, the whole village established a waste
Table 3
The performance of the recycling program in different communities.

A community in Chengdu
April 2015

C Community in Beijing
April 2014

Governance structure PPP between municipal government
and community recycling firm

Demonstration projects
government and certifie

Registered
Households/total
households

1397/3000 108/2250

Average collection per
household (kg/h.m)

9.34 1.34

Participant rate 50.5% 27.8%
Sorting correct rate 83.7% 97.2%
separation and recycling system at the community level with
nearly 100% participation of the households. This case confirms the
result of our model that a pro-recycling social norm could possibly
be built in the neighborhood through local collaboration.

4.2. Scaling up local experiences

Given the results in our experiment, we generalized several key
elements for scaling up the local experiences into wider policy
strategies.

First, the participating rate can be used as an indicator for local
government to support this kind of social programs. During our
experiment, similar programs are increasingly popular in many
cities in China. For example, Beijing Huanwei, the largest state-
owned city sanitation company in Beijing, have initiated similar
programs in the city since Dec. 2015, and now covering around
1,000 communities (Beijing News, 2016). However, most of these
programs are highly relying on subsidy from local governments.
Our experiment shows that, in the long run, the social norm and the
perceived behavior control are critical factors influencing house-
hold's behavior. There are various ways to achieve a high partici-
pating rate in the community. Roughly a participating rate of
40e60% could be taken as a successful implementation target for
enjoying the subsidy.

Second, the integration of the community-based approach with
the Extended Producer Responsibility (EPR) could be a feasible way
to provide an alternative financial support to these programs. EPR is
an environmental policy approach intended to create incentives for
product innovation with lower environmental impacts throughout
the lifecycle by extending a producer's responsibility, physical and/
or financial, for a product to its post-consumer stage, and shifting
the cost of waste management from local government to con-
sumers and producers (Lindhqvist, 2000). It's a challenge to inte-
grated the EPR system with the traditional municipal waste
management system, because the EPR system requires higher vis-
ibility of specific waste flows from the consumers. The information
technology used in our social experiment could provide a better
approach to track thewaste flows from the households, which open
opportunities for new business model for post-consumer recycling
(Tong et al., 2018).

4.3. Inclusiveness

It is a special challenge to include the informal sectors into the
urban waste management system in developing countries. In our
experiment, the participant of the migrant junk-buyers is critical in
sustains the experiment for 3 years. Just as the experiences in
developed countries has shown: the personalized incentives and
feedback were highly cost-effective at behavior change to engage
with residents at the point of service delivery (Timlett and
inner city H community April 2014 H community May 2015

by municipal
d recyclers

Community recycling program
initiated by Research team

community recycling program
run by migrant junk-buyer

512/10,000 595/10,000

4.35 5

37.9% 15.6%
48.8% 68.9%



X. Tong et al. / Journal of Cleaner Production 187 (2018) 1006e1013 1013
Williams, 2008). The on-site services provided by themigrant junk-
buyers in our program helped to increase the engagement of the
residents. It's economically and environmentally more effective to
use the subsidy to leverage the role of informal collectors in
building the common space for recycling in urban communities.
5. Conclusion

This research shows the large potential that coupled social ex-
periments and agent-based simulations have in exploring the
policy effectiveness for intervention in community-based recycling
program. The social experiment at the community level is generally
action oriented to stimulate a group of people to work together on
specific goals. The strength of the community-based tool is to fit the
special local context when introducing any intervention. While the
agent-based modelling helped to generalize the findings from the
social experiment under specific context, and test the suitability by
changing conditions.

Our research also confirms the effectiveness of many factors that
affect recycling activities identified in existing research conducted
in developed countries also applicable in China, such as the op-
portunities and knowledge to recycle, time for recycling, distance to
recycling facilities, and face to face interactions between residents
and collection crews. The TBP could be a proper framework to
integrate these factors and enable the share of experiences among
different cultural contexts.

The results show that the social norm has a decisive effect on
whether an area starts recycling or not. As to the effectiveness of
intervention, the perceived behavioral control plays a large role in
the determination of the recycling behavior. The role of attitude is
relatively small. This finding is especially meaningful under current
situation in China. The policies to promote waste separation and
recycling at sources generally take the top-down approaches in
China, including raising awareness through public media and
planning physical recycling facilities at the municipal level. Recent
research suggested to include the cost of landfill intowaste disposal
fees and charge directly to the individual consumer. However, how
can pro-recycling environment be built at the local level? Our
model shows that a general social norm uninterested in recycling
actually depress the intention of individual household to partici-
pate in waste separation and recycling. Without systematic col-
lective action at the community level, this situation will hardly
change. Successful cases, although unusual, show the strength of
local actions in forming the pro-recycling environment within a
close neighborhood.

The changing waste regime and the introduction of new tech-
nology jointly bring opportunities for new business models of post-
consumer recycling in China. With increasing number of social
companies are actively engaging in the community-based recycling
program with various IT solutions, this research suggests the local
government could use the participation rate as an indicator to
evaluate the performance of such kind of program and encourage
various stakeholders to collectively build a common space in the
city for the development of circular economy.
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