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Abstract

Currently, waste classification management is being carried out in various parts of China. In order to

’

solve the pain points and difficulties of individuals’ “reluctant to sort, lazy to sort”, which is the source
of domestic waste management behavior, the thesis is based on the cost-utility theory, using institutional
engineering research methods to study the behavioral cost and utility of individuals’ disposal of domestic
waste. Studies show that after the implementation of waste classification management, the increase in
the cost and the decline in utility of the individuals’ behaviors in handling domestic waste is the root
cause of the failure of waste classification management in China. At present, the implementation of
Shanghai’s domestic waste management regulations has problems such as mismatch of penalties, poorly
targeted penalties, excessive supervision costs, too few convenient facilities, and individuals’ resistance.
The paper puts forward a “double-track” differentiated garbage classification management method, in
which market mechanism is introduced to collect garbage classification service fee from individuals
with time cost and reward individuals without time cost, while existing measures such as strengthening
supervision and increasing convenient garbage classification facilities are taken. On the premise of
ensuring the implementation of waste classification management objectives, the utility of individuals’
waste classification behavior can be improved, the government supervision cost can be reduced, and the
Pareto improvement can be achieved.
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Introduction

As China’s urbanization rate continues to increase
and people’ consumption capacity continues to grow,
the domestic waste generated by urban persons has
risen rapidly [1]. Which has attracted the attention
of many local government leaders and scholars [2].
In order to create a good living environment, reduce
garbage hazards, and eliminate waste of resources,
major cities in China have experienced many garbage
sorting campaigns. As early as July 12, 1957, the Beijing
Daily published an article on the headline of the front
page of “Garbage should be collected separately”,
and proposed to carry out the source classification
management of urban domestic garbage [3]. In 1996,
Beijing implemented a two-barrel garbage classification
management system of “recyclable garbage” and “non-
recyclable garbage”. Since 2000, 8 cities including
Beijing, Shanghai, Guangzhou, Nanjing, Shenzhen,
Hangzhou, Xiamen, and Guilin have successively
carried out the management of waste classification [4].
In 2012, Beijing began to implement the “Beijing
Municipal Domestic Waste Management Regulations”.
In March 2017, the National Development and Reform
Commission and the Ministry of Housing and Urban-
Rural Development issued the “Implementation Plan
for the Domestic Waste Classification Regulations”,
requiring 46 key cities, including Shanghai, to implement
mandatory domestic waste classification management
regulations [5, 6]. From the perspective of management
effectiveness, the domestic waste classification
management implemented many times in the past ended
in failure. From July 1, 2019, Shanghai has taken the
lead in implementing a new waste sorting policy. In
this process, there is still room for improvement in the
participation rate of household garbage classification, and
the classification and treatment of garbage at the source
has a long way to go [7].

Municipal solid waste classification management
is a systematic project. There are many reasons for the
failure of solid waste classification management. The
key reason is that the core problem of individuals “do not
want to sort, lazy to sort” [8] has not been solved well,
and then a scientific and effective governance plan has
not been formulated. Therefore, it is necessary to discuss
the issue of waste classification management from the
perspective of personal waste disposal behavior.

Literature Review and Comment
Literature Review

European and American countries implemented
waste classification management policies early, and there
are many research results on the source classification
behavior of municipal solid waste. Judging from the
existing research results, there are mainly six theories
in behavioral research involving garbage classification,

including value theory [9], environmental cognition
theory [10], comfort preference theory [11], 12], utility
perception theory [13], group norm theory [14, 15], and
social capital theory [16]. The value theory believes
that, compared to people with individualistic and self-
centered values, people who uphold social altruistic
values and surpass self-values are more willing to give
up their personal interests and engage in behaviors that
are beneficial to the environment and others [17-21]. A
person’s ecological values have a significant effect on
reducing the amount of household garbage, promoting
garbage recycling, and improving garbage recycling
[22-24]. The theory of environmental cognition believes
that the more people have knowledge of garbage
classification, the more they will actively participate in
related regulations of garbage classification and garbage
recycling activities [25-27], there is an obvious causal
relationship of them [28]. Through the investigation of
college students, Zhang et al. [25] found that the more
college students understand the hazards of garbage
pollution, the more they understand the role of garbage
classification, and the more they can accept garbage
classification management policies. However, some
scholars have found through research that there is no
obvious causal relationship and correlation between
cognition and garbage classification behavior [29-31],
or the correlation is very low [32-35]. The comfort
preference theory believes that people’s decision on
whether to implement garbage classification regulations
depends to a large extent on people’s comfort level
in the process of garbage classification. When faced
with whether to dispose of garbage according to the
garbage classification regulations, people will choose
behaviors that are not expensive and do not require
much effort. Garbage sorting and recycling facilities
that are convenient, large in quantity, and able to reduce
the time for sorting garbage have a significant impact
on individuals’ garbage sorting and disposal behavior.
Local governments provide convenient garbage sorting
facilities and services, and individuals’ willingness to
participate in household food waste sorting will increase
[36]. The convenient public facilities for garbage sorting
can motivate individuals to choose garbage sorting
more than preaching or written explanations about
garbage sorting. Whether it is waste sorting or green
ecological housing, whether people feel comfortable is
an important basis for which behavior strategy people
adopt. If a person feels that the garbage sorting behavior
makes them feel happy, they will sort the garbage
spontaneously. Conversely, if a person perceives that the
garbage sorting behavior will bring discomfort to their
lives, they are more inclined not to sort the garbage
[37, 38]. Studies have shown that the conclusions of
comfort preference theory and the conclusions of values
theory may be opposite [39]. The theory of utility
perception believes that the most important determinant
of whether garbage sorting behavior can be generated
is the personal reward and loss and convenience that
people feel in garbage sorting activities [40]. Reducing
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the cost of sorting garbage can stimulate people’s waste
sorting behavior [41]. Whether people can obtain utility
from garbage classification, and the low cost, easy
operation, and convenience determines whether people
will classify garbage [42]. The theory of group norms
believes that the norms of group ethics have a significant
impact on whether individuals follow the garbage
classification regulations to dispose of garbage [43]. The
ethics formed by groups closely related to individuals
play a key role in the classification and disposal of
“kitchen waste” by individuals [44]. If friends actively
participate in garbage sorting, personal participation
in garbage sorting activities will also be very active.
In Shanghai, it may appear that I am a Shanghainese,
and I cannot lose the face of Shanghainese. The theory
of social capital believes that social capital can have
a significant positive impact on the classification of
domestic waste [45]. Cultivating social capital to form
an independent governance model has become a new
direction for improving the effectiveness of domestic
waste governance [46], and a community should create
an opportunity for the residents to communicate,
consolidate and improve their trust bond with one
another [47]. In addition to the above theories, the use
of statistics to study garbage classification behavior
has also yielded many inspiring results. For example,
there are more women than men who carry out garbage
sorting activities [48], they are economically affluent and
have higher education, and well-educated elderly people
are the most active in participating in garbage sorting
activities [49]. However, some scholars have found that
individuals with low income levels are positively related
to environmental protection behaviors [50], households
with large populations are more willing to follow the
rules of garbage sorting behavior than households with
small populations [51]. Households with smaller houses
are more likely to engage in garbage sorting activities
than individuals with larger houses [52].

Literature Comment

The above scholars study the attitudes and
motivations of individuals in the classification
behavior of domestic waste, which have a certain
theoretical guidance role for the further research of
the classification behavior of domestic waste. Among
them, the theory of utility perception that the premise
of effective garbage classification behavior is to reduce
losses and obtain rewards is consistent with this paper’s
research entry point, the comfort preference theory is
similar to the viewpoint of this article, but the research
methods, research process and policy recommendations
are different. Excluding these scholars, others have
the following problems in their research: First, they
have not fully considered the basic fact that the sense
of rational people plays a leading role in the process
of garbage classification. Especially value theory,
environmental cognition theory and group norm
research theory, seem to completely ignore this point.

Second, they are lack of professional system design
theories and methods, and corresponding behavioral
conceptual models and mathematical models have not
been constructed. Most studies use social surveys and
statistics to infer that a certain factor has a causal or
correlation relationship with the garbage classification of
individuals, without fully considering the driving force
and restraint of human behavior, and lack of research
on how various factors interactively drive the behavior
of urban individuals’ garbage classification, ignorance
and not grasp that the driving mechanism of behavior
is a prerequisite for effective intervention in garbage
classification behavior, which lead to the practicability
of research results to be discussed. Third, there is a
lack of effective policy response. The goal of the policy
formulation of garbage sorting behavior is to regulate
individuals’ garbage sorting behavior while not reducing
the effectiveness of individuals’ handling of domestic
garbage and not increasing management costs. In the
process of formulating and implementing a standardized
waste sorting management system, ignoring the attitudes
and reactions of individuals will not only deviate from
the original intention of policy formulation, but may
also cause policy backlash. The failures of the past few
waste sorting management systems are a precedent.
Therefore, it is also important to discuss the attitude and
response of policy executors (urban individuals) to the
domestic waste classification and guidance policy and
management costs.

The innovation or contribution of this article
lies in four aspects. First, this article introduces the
research method of institutional engineering for the
first time in the research process. Garbage classification
management is essentially the comparison and selection
of management mechanisms, which belongs to the
category of institutional design and evaluation. Second,
although the cost-benefit theory is not new, but in the
known waste classification management research, this
article applies cost-utility theory to this field for the
first time in China. Third, from a realistic point of view,
this article divides the behavior subjects of garbage
disposal into two types of behavior subjects: individuals
with no time cost and individuals with time cost.
This classification is the first time in existing garbage
classification research. Fourth, in addition to discovering
that the current waste management regulations need to
be improved, this article also proposes a “dual-track”
waste classification management method, which is the
first time in existing research.

Analysis and Model Construction of Source
Classification Behavior of Municipal
Solid Waste

Theoretical Basis and Research Methods

Cost-utility theory refers to the behavioral subject
as a rational person who makes decisions based on
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the principles of loss, lowest cost, highest profit,
and maximum utility when faced with multiple
possible behavioral decisions. Individuals disposal of
garbage includes identification, sorting, packaging,
transportation, and delivery. These behaviors consume
physical strength and waste time, which is a burden
and can be regarded as a cost. Individuals dispose
of the garbage to avoid the smell of garbage, eliminate
air pollution, release the house space, and improve the
living environment, which can be regarded as a benefit.
Under normal circumstances, individuals will choose
the behavior of garbage disposal, which indicates that
the benefits of garbage disposal are higher than the
cost of behavior. Otherwise, people will not choose
garbage disposal behavior, that is, the effectiveness of
the behavior of individuals’ garbage disposal is positive.
When individuals handle garbage, the cost of mixed
garbage behavior is low, and the cost of garbage sorting
behavior is high. Under the condition of equal benefits,
the utility of mixed garbage behavior is higher than
that of garbage sorting behavior. This can well explain
that without external intervention, individuals would
choose to mix garbage instead of sorting and disposing
of garbage. Therefore, it is appropriate to apply the
cost-utility theory to the study of garbage classification
behavior.

This paper adopts the method of institutional
engineering to analyze the individuals’ behavior
in handling garbage, constructs conceptual models
and mathematical models, and proposes policy
recommendations.  Institutional  engineering was
founded by Professor Sun Shaorong [53]. It is a scientific
research method of broad institutional design that
studies the behavior of people and organizations. This
research method has three steps: firstly, describe the
behavior of people or organizations, then use methods
similar to designing circuit diagrams and mechanical
diagrams to construct behavioral conceptual models
using different shapes of graphic symbols. Finally, a
mathematical model is established and calculated, so as
to obtain the internal laws of human or organizational
behavior, and provide decision-making suggestions for
management systems including policies and regulations,
codes of conduct, and codes of conduct.

Models of Individuals’ Garbage Disposal Behavior
before Implementation of Garbage Classification
Management Regulations

Analysis and Conceptual Model of Individuals’ Garbage
Disposal Behavior before Implementing Regulations on
Garbage Classification Management

Individuals’ garbage disposal behavior has rational
characteristics, focusing on behavioral costs, behavioral
benefits, and behavioral utility. The physical and
mental energy spent in garbage disposal is the behavior
inhibitor of garbage disposal, which inhibits garbage
disposal. Treating garbage to make the house clean is

b
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Fig. 1. Conceptual model of individuals’ handling of mixed
waste before implementing waste sorting management.

the promoter of garbage disposal behavior and promotes
the behavior of garbage disposal. Fig. 1 is a conceptual
model of individuals’ garbage disposal behavior before
implementing garbage classification management.

In Fig. 1: b - individuals’ behavior of handling
mixed garbage, represented by squares; - individuals’
behavioral benefits of handling mixed garbage,
represented by rounded rectangles; ¢, - individuals’
behavioral costs of handling mixed garbage, represented
by ellipses.

Mathematical Model of Individuals’ Treatment of Mixed
Waste before Implementation of Waste Classification
Management Regulations

Assuming that individuals are completely rational
people, the utility function for individuals to dispose of
mixed waste is:

u=r—c,

@

In the above formula, r: the income of individuals
throwing mixed garbage, >0; c,: the cost of individuals
throwing mixed garbage, ¢ >0; wu: the utility of
individuals disposing of mixed garbage, u>0, r>c,.

Individuals’ Behavior Model of Garbage Disposal
According to the Regulations of Garbage
Classification Management

The Behavior Analysis and Conceptual Model of
the Individuals who Implement The Garbage
Classification Management Regulations

Since Shanghai implemented the “Regulations of
Shanghai Municipality on the Management of Domestic
Waste”, inspectors have been arranged from time to
time in places where individuals throw garbage. These
inspectors inspect, guide, educate and even punish the
behavior of randomly disposing of garbage that does not
follow the classification regulations, playing the role of
“police”. The act of sorting and disposing of garbage
consumes more physical strength, energy and time
of individuals, thus increasing the cost of individuals
disposing of garbage. At this time, the income of
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individual remains unchanged and still exceeds the cost.
Individuals will dispose of rubbish as required when
they are supervised by the “police”. Individuals will be
lazy when the “police” is not supervised and may choose
the behavioral strategy of throwing mixed rubbish, but if
discovered by the “police”, they will be required to pay
a fine or other punishment. At this time, the “policeman”
belongs to the monitor and plays a monitoring role.

When the individuals strictly follow the current
garbage classification regulations, he or she increases
the labor of garbage classification, which increases the
labor link of garbage classification compared with the
previous behavior of throwing mixed garbage, which
means that the physical labor, energy and time cost are
increased, and no benefits occur variety.

Observations in real life have found that from the
perspective of time cost, the individuals who handle
garbage can be divided into two types: individuals with
no time cost and individuals with time cost.

(1) Analysis and conceptual model of garbage
classification behavior of individuals without time cost.

Individuals with no time cost are also called
individuals with no opportunity cost, which refer to
individuals who have not lost other benefits when
implementing garbage classification. In order to clarify
the behavioral characteristics of different time costs
more clearly, this article refers to individuals who have
no time cost at all and those with very low time costs
collectively as individuals with no time cost. Under
normal circumstances, low-income groups, retired
elderly, unemployed, etc. are individuals with no time
costs. This group of people has low opportunity cost
and relatively ample time. They are less disgusted or
even resistant to garbage sorting (increasing costs)
according to regulations. When dealing with garbage
according to the garbage -classification regulations,
they may follow the regulations to sort the garbage and
then dispose of the garbage, or they may not dispose
of the garbage in accordance with the regulations, but
treat the mixed garbage as before. Due to the existence

of the “police” and the uncertainty of the supervision
of the “police”, it is difficult to fully supervise one
hundred percent. Therefore, individuals may be caught
by the “police” when they choose to deal with mixed
garbage. When not caught by the police, the cost for
individuals to dispose of garbage is the same as that of
mixed garbage before, but being caught by the “police”
will not only increase the cost of sorting garbage,
but also increase the cost of punishment. Fig. 2a) is a
conceptual model of the behavior of individuals with
no time cost in disposing of garbage according to the
requirements of garbage classification, and Fig. 2b) is a
conceptual model of the behavior of individuals who do
not handle garbage according to garbage classification
requirements without time cost.

In Fig. 2a) b: the behavior of individuals without
time cost to dispose of garbage according to garbage
classification regulations; c;: the behavioral cost of
individuals with no time cost to dispose of mixed
waste; ¢,: the behavioral cost added by individuals with
no time cost on the basis of handling mixed waste,
including the cost of identifying, sorting, and putting
garbage; r,: the income of individuals who have no time
cost from disposing of garbage according to garbage
classification regulations.

In Fig. 2b) b,: the garbage disposal behavior
in which individuals who have no time cost do not
dispose of garbage according to garbage classification
regulations and are not caught; b,,: the garbage disposal
behavior of individuals who do not follow the garbage
classification regulations and are caught without time
cost; ¢, the behavioral cost of individuals with no
time cost to dispose of mixed garbage; c,: the extra
behavioral cost of the individuals who has no time
cost and fail to dispose of the garbage according to the
regulations, and are caught after processing the mixed
garbage, that is, the cost of identifying, sorting, and
putting garbage; ,: the income of individuals who have
no time cost for not disposing of garbage as required
and not being caught by the “police”; r.: the income of

a) b)

by

)

l-p p

>
)

Fig. 2. a) conceptual model of the behavior of individuals with no time cost in handling garbage according to garbage classification
regulations; b) conceptual model of the behavior of individuals who do not follow the garbage classification regulations to dispose of

garbage without time cost.
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individuals who have no time cost and are caught by
the “police” who fail to dispose of garbage as required;
s: the punishment for individuals who have no time
cost and are caught by the “police” who fail to dispose
of garbage according to regulations; p: the probability
that individuals with no time cost will be caught when
he or she does not dispose of garbage according to
the classification regulations under the supervision of
“police”; 1-p: the probability that an individuals who
have no time cost will not be caught by the “police” who
does not handle garbage according to the classification
regulations when there is a “police” supervision.

(2) Analysis and conceptual model of garbage
classification behavior of individuals with time cost.

Individuals with time costs is also called
opportunity-cost individuals, which refer to individuals
who have lost other benefits due to the practice of
sorting garbage. For the convenience of research, this
article refers to individuals with higher time costs as
individuals with time costs. People with high incomes
and a lot of work are generally individuals with time
costs. This group of people is short on time and has
high opportunity costs. They are highly resistant to
garbage sorting according to regulations. In addition,
the penalty amount accounts for a low proportion of
their income. Compared with individuals who have no
time cost, he or she is more inclined to take the risk
of disposing of mixed garbage. There are also two
possibilities for this group of people to dispose of
classified garbage according to regulations and dispose
of mixed garbage not according to regulations. They
may also be caught or escaped when garbage is not
handled according to regulations. Fig. 2¢) and Fig. 2d)
are the behavioral conceptual models of individuals
who have time costs to dispose of garbage according to
garbage classification regulations and not to dispose of
garbage according to classification requirements.

In Fig. 2¢) b: individuals who have time costs
handle garbage according to garbage classification
regulations; ¢ : the behavioral cost of individuals who
have time cost to dispose of mixed garbage; c,: the

extra behavioral cost of individuals who have time cost
to dispose of mixed garbage, that is, the cost of sorting
garbage; opp: the opportunity cost of the individuals
with time cost when sorting garbage; r: the income of
individuals who have time cost to dispose of garbage
according to garbage classification regulations.

In Fig. 2d) b,: the garbage disposal behavior in
which individuals who have time cost do not handle
garbage according to garbage classification regulations
and are not caught; b,,: the garbage disposal behavior in
which individuals have time cost and are caught who do
not handle garbage according to garbage classification
regulations; c: the behavioral cost of individuals with
time cost to dispose of mixed garbage; c,: the extra
behavioral cost added to the treatment of mixed garbage
after the individuals with time cost are caught, that is,
the cost of identifying, sorting, and putting garbage;
opp: the increased time cost for individuals who have
time cost to process classified garbage according to
regulations; r,: the income of individuals who have
time costs for not disposing of garbage according
to regulations and not being caught by the “police”;
r,: the income of individuals who have time cost
and are caught by the “police” who fail to dispose of
garbage according to regulations; s: the punishment for
individuals who have time cost and is caught by the
“police” who fail to dispose of garbage according to
regulations; p: the probability that individuals who have
time cost will be caught if he or she does not handle
garbage according to the classification regulations when
there are “police”; 1 — p: the probability that individuals
with time cost will not be caught if they do not dispose
of garbage according to the classification requirements
when there are “police”.

Mathematical Model of Individuals’ Garbage Disposal
Behavior when Implementing Garbage Classification
Management Regulations

At present, Shanghai implements a non-
discriminatory policy for the management of

c) d)
- I-p p
T ) O
. by | by l "3 l

“odbas

Fig. 2. ¢) conceptual model of the behavior of individuals who have time cost to deal with garbage according to garbage classification
regulations; d) conceptual model of the behavior of individuals with time cost not disposing of garbage according to garbage classification

regulations.
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individuals’ garbage disposal in violation of regulations.
All individuals, including individuals with no time cost
and individuals with time cost, implement the same
management system with “police” and not all-weather
monitoring. The mathematical model and influence of
this management system are as follows:
(1) Mathematical model of garbage disposal behavior
of individuals without time cost
— The utility function of individuals without time
cost when disposing of garbage according to the
regulations of garbage classification is:

Uy=n—¢-¢

@

In the formula, ¢ : the behavioral cost of mixed waste
disposal; c: according to the garbage classification
requirements, the additional garbage classification
cost based on the original mixed treatment of garbage;
r,: benefits from the cleanliness of garbage disposal,
r, =r,r>c, + c, otherwise, individuals will not choose
the behavioral strategy of garbage disposal; u: the
utility that individuals without time cost obtain when
he or she disposes of garbage according to garbage
classification regulations, u >0.

— The expected utility of individuals without time cost
when he or she do not treat garbage according to the
garbage classification regulations is:

u, =(1—p1)(r2 _Co)""Pl(’S =5 _Co_cl) 3)

In the formula, s : punishment for those who are not
following the garbage classification regulations after
being caught; r,: profit after not being caught by the
“police”, r, = r, = r; r,: profits after being caught by
the “police”, r, = r, = r, = r; u,: expected utility when
individuals with no time cost do not dispose of garbage
according to garbage classification regulations, u,>0; p:
the probability of being caught if you don’t follow the
regulations; 1 — p : the probability of not being caught
by throwing away garbage in violation of regulations.

The conditions for the effective classification of
waste management system are:

u, >u,

C))
That is:

n=—¢—-¢6 >(1_p1)(r2_co)+p1(’3_Sl_co_cl)

;/i:rz:;/é:r.

In addition
Therefore, effective punishment 5" can be obtained:

S1* > (l_pl)cl
D )

Effective supervision probability p

¢

p > +
¢ +s, ©)

The above analysis shows that for the current
garbage classification management system in Shanghai,
for individuals with no time cost, the prerequisite
for the system to be effective is that the punishment
is greater than (1 — p,) c/p, or the probability of
catching individuals with no time cost not handling
garbage as required is greater than c/(c, + s). In
other words, in order for individuals to strictly follow
the garbage classification regulations to dispose of
garbage, the “policeman” must implement effective
punitive measures or exercise effective supervision on
individuals who fail to dispose of garbage as required.

(2) Mathematical model of garbage disposal behavior
of individuals with time cost.

— The utility function of individuals with time cost
when disposing of garbage according to the garbage
classification regulations is:

u;:l’i—CO—C’l—Opp (7)

In the formula, opp: opportunity costs for
individuals with time costs to dispose of garbage
according to garbage classification regulations; u "
the utility that individuals who have time costs get
when they dispose of garbage according to garbage
classification regulations.

— The expected utility u," of individuals who have time
cost when he or she does not dispose of garbage
according to the garbage classification regulations
are:

u; =(1_p2)(r2 —CO)+p2(I’3 —CO—CI—Opp—SQ)
®)

The conditions for the effective classification of
waste management system is:

’ ’
u, >M2

©

That is:

h=CG=¢—opp >(1—p2)(}’2 _Co)+p2(’§_co_c1 —opp—sz)

. K==L =R =T
In addition ' "2 3 .
Therefore, the following effective punishment s’
can be obtained:

s (1-p,) (¢, +opp)

D, (10)

Effective supervision probability p,"
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* > Cl +0pp
c, topp+s, (11)

The above analysis shows that the current garbage
classification management system for individuals
with time cost, the prerequisite for the system to
be effective is that the punishment is greater than
(1 — p,)c, + opp)p, or the probability of catching
individuals with time cost not handling garbage as
required is greater than (c, + opp)/(c, + opp + s,).

Discussion

Policy Evaluation of Shanghai Waste Sorting
Management System

The Cost of Supervision is too High,
and the Punishment is Mismatched

Comparing the effective punishment intensity
and effective supervision probability (5)(6)(10)(11) of
individuals with no time cost and individuals with time
cost, we can find the requirements for punishment and
effective supervision probability for individuals with
time cost and those without time cost are different. Under
the premise of ensuring the effective implementation
of the garbage classification management system,
there are higher requirements for the punishment and
the probability of effective supervision for individuals
who have time costs for not handling garbage as
required. In order to ensure the effective implementation
of the garbage classification management system, there
are two system design schemes: The first scheme
is to implement different punishment policies for
individuals with different time costs. The advantage
of this strategy is accuracy, but the disadvantage
is poor operability, and it is impossible to confirm
which individuals have low time costs and which
individuals have high time costs. The second scheme
is to implement uniform punishment and supervision
probability for all individuals. The second plan is
currently implemented in Shanghai. The advantage

0,8

b
0,4

0,2

0 10 20 30 40

*

Sy

of this management system is that there is no need to
distinguish the time cost attributes of individuals, and it
is highly maneuverable.

According to the survey, Shanghai has arranged
supervisors at all domestic rubbish stations (21,000),
and the implementation of the non-discriminatory
garbage classification management method, with
an effective supervision rate of 100%. Supervision
expenditures for supervisors in the name of volunteers
are 1,800 CNY/month. In order to ensure the effective
implementation of waste classification management
regulations, Shanghai has paid 37.8 million CN'Y/month
and 453.6 million CNY/year for supervision. This high-
input, high-cost waste sorting management method is
unbearable for other cities with low fiscal revenues in
China.

Currently, the minimum wage in Shanghai is 22
CNY/hour (excluding social insurance premiums paid
by individuals and units according to law), individuals’
garbage sorting time is calculated as 1 minute, and
the lowest cost of local individuals’ garbage sorting
is 0.37 CNY. Assuming that the effective supervision
probability is greater than or equal to 0 and less than or
equal to 1, perform data analysis on (5) (6) (10) (11), as
shown in Fig. 3.

Fig. 3a) shows the relationship between effective
supervision rate and fine amount for individuals
without time cost. According to the model, the effective
supervision probability is 100%, that is, under the
current management mode (37.8 million CNY/month
supervision fee), the lower limit of the fine is 0.0037
CNY. If the effective supervision rate is reduced to
1%o, that is, when the supervision fee is 37,800 CNY
/month, the corresponding fine is 370 CNY. In other
words, the fine amount is more than 370 CNY, and the
city’s management fee is 37,800 CNY/month, which
can effectively supervise the waste classification of
individuals without time cost. Fig. 3b) is a diagram
of the relationship between the effective supervision
rate implemented for individuals with time costs and
the amount of fines. Taking the time cost opp = 0.51
CNY as an example (calculated based on the median
income of individuals in Shanghai in 2020 of 6,378
CNY/month), the effective supervision rate is 100%,

0,8

0,6

0,4

0,2 L
0

0 200 400 600 800 1000

*

5,

Fig. 3. a) Fines and effective supervision rate for individuals without time cost; b) Fines and effective supervision rate for individuals

with time costs (median income).
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Table 1. Violation fines and supervision costs for individuals with no time cost and individuals with time cost under effective supervision.

100% supervision rate 1%o supervision rate

Supervision fees

¥ 37.8 million /month ¥ 37,800 /month

Fine requirements for individuals with no time cost ¥0.0037 ¥370
Fine requlrements'for'1nd1V1d1'1als. Who have time costs v05] ¥ 880
(Median income individuals)
Current fine requirements in Shanghai ¥ 50-200 /

Note: The time cost of individuals with time costs is based on the median income of Shanghai individuals in 2020.

that is, under the current management measures, the
lower limit of the fine is 0.51 CNY. If the effective
supervision rate is reduced to 1%o and the management
fee is 37,800 CNY/month, the corresponding fine is 880
CNY. In other words, when the fine is more than 880
CNY and the supervision fee is 37,800 CNY/month, the
time cost is 0.51 CNY, and the garbage classification
behavior of individuals who are in the median
income and has time cost can be effectively treated.
According to model calculations, the current fine
amount far exceeds actual needs when the effective
supervision rate is 100%. The fine amount of 50-200
CNY is in vain and the supervision cost is extremely
high. Table 1 is a comparison chart of the amount of
fines and supervision fees for effective management of
waste classification.

In addition, judging from the management measures
of Article 54 and 57 of the “Regulations of Shanghai
Municipality on the Management of Domestic
Waste” currently being implemented in Shanghai, the
punishment for individuals who violate the regulations
on garbage classification and disposal of garbage is
50-200 CNY. Those who cause bad consequences
will also be included in the list of untrustworthy,
and personal information will be collected on the
credit information platform. The two penalties of
fines and inclusion on the untrustworthy list in the
“Regulations” are not implemented concurrently.
Instead, fines will be imposed on those who violate
the rules and those who have caused serious
consequences will be included in the list of dishonesty.
For individuals with no time cost, their income is lower,
and the penalty amount stipulated in the “Regulations”

is effective under the current 100% effective
supervision. However, for individuals who have time
costs, especially those with high time costs, the current
fines’ binding force on them is open to question, or
even invalid.

Individuals’ Waste Sorting Behavior Has High Cost,
Low Utility and Low Willingness

Before the implementation of the garbage
classification management system in Shanghai, the
cost for individuals to dispose of garbage was c,.
After the implementation of the garbage classification
management system, the cost for individuals to dispose
of garbage was ¢, + ¢, for no time cost, and the cost
for individuals to dispose of garbage with time cost was
¢, T ¢, + opp The utility of the individuals to dispose
of garbage before the garbage classification is r — c,.
After the implementation of the garbage classification
management system, the utility of the individuals
with no time cost to dispose of the garbage according
to the regulations is » — ¢, — ¢, and the utility of the
individuals with the time cost to dispose of the garbage
according to the regulations is » — ¢, — ¢, — opp.
Summary in Table 2.

It can be seen from Table 2 that under the premise of
ensuring the effectiveness of the garbage classification
management system, after the implementation of the
garbage classification management system, the cost for
individuals to dispose of garbage has increased, the
benefits have not changed, and the utility has decreased.
Individuals with time costs have a greater increase in
cost and a greater decline in utility. The increase in

Table 2. The behavioral cost and utility of individuals’ garbage disposal before and after the implementation of the garbage classification

management system.

Source Classification Behavior of Municipal Domestic Waste Cost Income Utility
The behavior of all individuals handling garbage before the implementation . p e
of the garbage classification management system 0 0
Individuals’ behavior of handling garbage without time cost after the c +c B e ¢
implementation of the garbage classification management system o ! o
Individuals’ behavior of handling garbage with time cost after the implementation
. . ¢, tc topp r r—c,—c, —opp
of the garbage classification management system ot 2 o "

Note: r—r —r,.
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Table 3. Statistics of violations of garbage disposal in Shanghai in July 2019.

Violation ranking Organization where the violation occurred Violation rate
1 Large shopping malls, commercial buildings 50.9%
2 Catering enterprises, enterprises and institutions 26.5%
3 Industrial parks, science and technology parks 24.3%
4 Hotels, inns 23.4%
5 Schools, residential areas, hospitals 20%

Note: The data comes from the Shanghai Municipal Greening and City Appearance Bureau and the urban management department.!

behavioral costs and the decrease in behavioral utility
are the fundamental reasons why individuals are
unwilling to sort and dispose of garbage. Table 3 shows
the statistics of illegal garbage disposal in Shanghai in
July 2019. It can be seen from Table 3 that large shopping
malls and commercial buildings have the highest
incidence of violations, followed by catering companies,
enterprises and institutions, the third is industrial parks
and hotels, such as science and technology innovation,
and the lowest is schools and residential communities
and hospital. The garbage generated in large shopping
malls and commercial buildings is solely borne by the
enterprise. There are many types of garbage and many
types of garbage, and the cost of garbage classification
is high. Schools and residential communities have a
small amount of garbage, and there are few types of
garbage. Especially in residential communities, the
garbage generated is borne by a single family, and
the cost of garbage disposal is low. The incidence of
violations is obviously positively correlated with the
cost of behavior.

Increased costs and reduced utility have caused
individuals to feel resistance to garbage classification,
coupled with mismatched punishments, the probability
of effective supervision is too low. If Shanghai’s
waste sorting management system is not adjusted, it is
expected that the implementation effect will be greatly
reduced and it will be difficult to last. Therefore, it
is necessary to improve the existing waste sorting
management system.

Individuals’ Behavior Analysis and Conceptual
Model of Garbage Disposal under the “Dual Track”
Garbage Classification Management System

In view of the shortcomings of the current
Shanghai garbage classification management system,
it is necessary to improve the design of this system.
The principle of improvement is to reduce the cost of
supervision, reduce the cost of individuals’ behavior,
and improve the utility of individuals’ behavior while

' The data comes from the Shanghai Municipal Greening and

City Appearance Bureau in July 2019.

ensuring that the garbage classification management
system is effectively implemented.

According to this principle, combining the
characteristics of individuals with or without time
cost, a waste sorting management system can be
designed: Individuals who have the time cost purchase
garbage sorting services from organizations such as
“online hire workers” and community housekeeping
attendants. Studies have shown that 69.2% of urban
individuals in Jiangsu Province have the willingness
to pay [54], assuming that the price of waste sorting
service is less than or equal to the time cost (g<opp),
and rewards will be given to individuals who have no
time cost. For example, Fudan University introduced
a smart recycling machine. 1000 grams of recyclables
will earn 100 points, which is equivalent to 1 yuan, and
you can withdraw them when you accumulate 20 yuan.
This allows students to experience the convenience and
benefits of garbage sorting, and the effect of garbage
sorting for students is very obvious [55].

Under the premise of ensuring the effective
implementation of the garbage classification
management system, the cost of individuals’ garbage
disposal has been reduced, the utility of individuals’
behavior has been improved, and Pareto improvements
have been achieved. Fig. 4a) is a conceptual model of
waste disposal for individuals with time costs under the
“dual track system”.

(]
= ]

bl b 1
Fig. 4. a) A conceptual model of garbage disposal behavior in the
“dual-track system” with time costs for individuals to purchase
garbage sorting services; b) Conceptual model of individuals’

garbage disposal as required by the “dual track system” without
time cost.
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In Fig. 4a) g: The “dual track system” has a time
cost for garbage classification service fees purchased by
individuals.

Let the subsidy and reward for individuals without
time cost be bt, br>0. Fig. 4b) is a conceptual model
of the “dual-track system” no-time cost individuals’
behavior of handling garbage as required. Fig. 4b) is
a conceptual model of the “dual-track system” no-
time cost individuals’ behavior of handling garbage as
required.

In Fig. 4b) bt: the subsidy or reward obtained after
the implementation of the “dual track system” system,
and the individuals who have no time cost to dispose
of garbage as required. In the “dual-track” waste
sorting management system, the conceptual model for
individuals with time costs and individuals without
time costs who fail to dispose of waste in accordance
with regulations is the same as before the system design
improvement.

Mathematical Model of Individuals’ Garbage
Disposal Behavior When Implementing the “Dual
Track” Garbage Classification Management System

Mathematical Model of Individuals’ Waste Disposal
Behavior without Time Cost

— The mathematical model for individuals with no time
cost to dispose of garbage according to regulations:

n

— The mathematical model of the individuals who do
not have time cost to dispose of garbage according
to regulations:

uy =(1=p;)(r,—c,)+ p, (”3_00_01_53)(13)

Conditions for effective Garbage Classification
Management System:

n n
u; >u,
That is:

n—co—e+bt>(1=p,)(r,—c)+pi(rn—cy—c —s;)
Inaddition " =h =hL =7h,
Therefore, effective punishment s,* can be obtained:

. (1= —bt
s> (1-p;)e

Ps (14)
Effective supervision probability p_*:

p*>c]—bt
3

¢ s, 15)

The amount of effective subsidies or rewards bt*:

bz‘*>(1—p3)cl—p3-s3 a6)

In other words, under the premise of ensuring the
effectiveness of the system, the “dual-track” waste
classification management system has a penalty of
greater than ((1 — p,) ¢, — bt)/p, for individuals who do
not dispose of waste as required, or the probability of
catching individuals who dispose of waste in violation
of regulations is greater than (1 — p,) ¢, — bt>s,, or
subsidies are greater than (1 —p,) ¢, —p, - s,.
Mathematical Model of Garbage Disposal

by Individuals with Time Cost

— The mathematical model of garbage disposal

behavior for individuals with time cost to purchase
garbage sorting service:

,”_
W=h—-¢—-§ (17)
..where & <0pp.
— Mathematical model of individuals who have

time cost not disposing of garbage according to
regulations:

uy =(1=p,) (1 —c))+ py(r,—c,~c,—opp~s,) (18)

Conditions for effective garbage classification
management system:

u’>u)
That is:

n—c,=g>(1=p,)(r,—¢,)+p,(rn—c,—¢c,—opp-s,)

Therefore, effective punishment s,* can be obtained:

* 87 PG Py OPP
Ps (19)

Sy

Effective supervision probability p,*:

p4* > L
S4 + C1 + opp (20)

Purchase service fee for garbage sorting g*:
g <p,(s,+c +opp) @1

In other words, the “dual-track” waste sorting
management system, under the premise of ensuring the
effectiveness of the system, will have a penalty of more
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than (g — p,c, — p, - opp)/p, for individuals who do not
follow the regulations to dispose of waste and have time
costs, or the probability of catching individuals who
dispose of garbage in violation of regulations is greater
than g/(s, + ¢, + opp), or the purchased garbage sorting
service fee is less than p (s, + ¢, + opp).

Comparison of Current Management System
and “Dual Track” Management System

Comparison of Punishment Intensity
and Effective Supervision Probability

Compare (5)(6)(14)(15) with (10)(11)(19)(20). For
individuals with no time cost, because the subsidy
is greater than zero br>0, so (1 — p)c/p>((1 - p,)
¢, — b)lp,, that is s>s.. Which shows that after the
implementation of the “dual-track” management
system, the requirements for penalties for violations
have been reduced compared to the current management
system, providing that the garbage classification system
effectively implemented.

Similarly, because br>0, so c/c, + s)>(c, — bt)/
(¢, + s,), namely p>p.. Which shows that after the
implementation of the “dual-track” management system,
the requirements for effective supervision probability
have dropped under the condition that the garbage
classification system is effectively implemented.

For individuals who have time costs, the cost of
purchasing garbage sorting services is less than their
time cost, otherwise they will choose to dispose of
the garbage by themselves, that is g<opp, so further
(1 =p,)(c, +opp) + p, (c, + opp)/>g, it can be introduced
(1 —p)c, + opp)>g —p, (c, + opp), that is s,>s,. Which
shows that after the implementation of the “dual-track”
management system, under the condition that the
garbage classification system is effectively implemented,
the requirements for penalties for violations have
been reduced compared with the current management
system.

Similarly, because ¢, + opp>g, so (¢, + opp)
e, + opp + s)>g/ (c, + opp + s,), namely p>p,.

Table 4. Comparison of different garbage disposal behaviors.

Which shows that after the implementation of the
“dual-track” management system, the requirements for
effective supervision probability have dropped under
the condition that the garbage classification system is
effectively implemented.

The above comparison can lead to the conclusion
that the implementation of the “dual-track” garbage
classification management system is better than the
phenomenon of the phenomenon garbage classification
management system. In real life, it means that the
number of “police” can be reduced, and the government
management cost is reduced.

Comparison of Behavioral Utility

Comparing equations (1)(2)(7)(12) and (17), it is
found that whether they are individuals with no time cost
or individuals with time cost, after the implementation
of the “dual-track system”, the behavioral effect of
the garbage classification system is guaranteed. All
have been improved, see Table 4. In real life, it means
that individuals’ resistance to throwing garbage has
decreased. For individuals who have no time cost, if the
subsidy is greater than their garbage classification cost,
the behavioral utility of the individuals® classification
and disposal of garbage is higher than the behavioral
utility of mixed garbage disposal. The act of sorting and
disposing of garbage not only does not resist emotions,
but is willing to accept such rules and regulations. For
individuals with time costs, the service fee paid is less
than the opportunity cost and sorting labor cost, and the
utility is also improved.

In summary, under the condition of ensuring
that garbage classification management is effectively
implemented, the improved “dual-track” garbage
classification management system has not only reduced
the punishment, supervision and management costs, but
also reduced the cost of individuals’ garbage disposal
and improved the effectiveness of individuals’ garbage
disposal. Thereby reducing individuals’ resistance to
garbage classification.

Different garbage disposal behaviors Cost Income Utility
Individuals’ handling of garbage before garbage classification c, r r—c,
Individuals’ garbage disposal behavior without time cost under the current management c +c p e e
system 0o 1 1 0o "1
Individuals’ garbage disposal behavior with time cost under the current management
c,te +opp r, r—c,—c¢, —opp
system
Individuals’ garbage disposal behavior without time cost under the “dual track”
c,tc r r—c,—c, +bt
management system o1 ! o
Individuals with time-cost handling garbage disposal under the “dual track” management
system €8 " TG 8

Note: r =r,=r,,g<(opp +c,)
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The Connection Between the Third Party
and the “Dual Track” Waste Classification
Management System

The purchase of garbage classification services in
the “dual track” garbage classification management
system involves a third party. From the perspective of a
rational person, buyers of garbage sorting services want
quick service time and low charges. Among the third-
party personnel, domestic servants, security personnel,
and unemployed personnel in the same community
who purchase garbage sorting services are all possible
service providers. Especially domestic service staff,
they help the garbage sorting buyers to dispose of the
garbage when they dispose of their employer’s garbage.
At this time, the marginal cost of the domestic service
staff is close to zero, but they have gained additional
benefits, so the utility is positive. For waste sorting
buyers, waste sorting labor and transportation labor are
eliminated, and the service cost is between 0 and the
time cost of waste buyers. If the price of housekeeping
service personnel is too high, but is lower than the time
cost of the garbage buyer, the garbage buyer may choose
the “online hire” or other personnel’s offer. Therefore,
in order to exclude other competitors, the housekeeping
service staff in the community must offer the lowest
price among all competitors. In fact, the market
mechanism and economic game in some communities
in Shanghai has evolved part-time domestic service
workers who sort waste. While serving employers, they
charge RMB 300 a month for waste sorting purchasers
in the community to obtain economic benefits. At
the same time, it saves the time of individuals who
have time costs, and the utility of both parties has
been increased. The “dual-track” waste classification
management system also involves subsidies or rewards
for individuals who have no time costs. It can actively
guide Internet companies such as Internet game
companies, big data collection companies, and mobile
companies to join. Since the marginal production
costs of these companies’ products are close to zero,
subsidies or rewards for individuals without time costs
will not incur substantial costs. Enterprises can obtain
traffic import or government policy preferences, such as
market access.

The improved “dual-track” waste sorting
management system has reduced the cost of
government supervision, increased the utility of
individuals, increased the utility of waste sorting
service providers, and increased the utility of waste
sorting subsidies to reward providers, finally realizing
Pareto improvement. Therefore, the design of the “dual-
track” waste classification management system is an
effective management system that can achieve the goal
of municipal solid waste source treatment.

Conclusions and Policy Recommendations
Conclusion

From the above research, it can be seen that the
difficulty and pain point of municipal solid waste source
classification behavior management is that individuals
and other solid waste treatment actors are unwilling to
classify the garbage, the behavior cost increases, the
income remains unchanged, and the utility decreases
because individuals are unwilling to choose to classify
garbage. The fundamental reason, the key to governance
is to reduce the behavioral cost of individuals’ disposal
of domestic waste and improve the utility. The effective
implementation of the classification and treatment of
urban domestic waste at the source not only requires
strengthening supervision and penalties for violations,
but also requires various measures to reduce the cost
of individuals’ garbage disposal, so that classification
management policies can be effectively implemented
and will not be abandoned halfway. Individuals who
deal with garbage are divided into two types: time-
cost and non-time-cost. The waste sorting service fee
is charged to individuals who have time cost, and the
subsidy and reward is provided to individuals who
do not have time cost. This can not only improve the
effectiveness of individuals’ garbage disposal, but
also ensure the waste. Under the premise of effective
implementation of classification, penalties for violations
can be reduced, and government and social supervision
costs can be reduced. The study also found that the
current garbage classification management system
implemented in Shanghai needs to be improved, and
the system design and measures for the management
of municipal solid waste source classification behaviors
are insufficient. Including the mismatch of penalties,
the low probability of effective supervision, the high
cost and low utility of individuals’ garbage disposal,
the resistance of individuals and enterprises to the
management of garbage classification, and the high
incidence of violations. It is necessary to correct and
improve these problems.

The research in this paper is based on mathematical
deduction and demonstration based on pure theoretical
assumptions. The advantage of the research method
used is that even when there is no data and when it is
difficult to quantitatively analyze variables, it can still
mathematically model and derive economic management
behavior, and obtain better qualitative conclusions.
The disadvantage is that there is not enough data
collected to verify and empirically analyze the research
conclusions. In the future, when studying behavioral
science issues including garbage classification, we will
collect data as much as possible, conduct more in-depth
empirical research, and further enhance the scientificity
and practicality of the subject research.
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Policy Recommendations

Combining this article and foreign research
results, it is recommended to add the following to the
existing “Regulations of Shanghai Municipality on the
Management of Domestic Waste”.

Adjusting Penallties for Violations

In general, individuals with no time cost are more
sensitive to economic punishment, and individuals with
time cost are more sensitive to being included in the
untrustworthy list. In addition to imposing financial
penalties on the offenders, they must also be included in
the list of dishonesty, and double punishment measures
will be implemented [56]. The former has an obvious
effect on individuals without time cost, and the latter
has a strong deterrent effect on individuals with time
cost. Punishment measures must not only become
a system, but also be implemented, otherwise the
system will fail. It can be short-term or long-term to
be included in the untrustworthy list, and the judgment
is based on the severity of the violation and the degree
of repentance. If the first violation occurs, after being
included in the short-term untrustworthy list, there
is no second violation within one year, and the list is
cancelled. If the violation occurs again within one year,
it will be included in the long-term untrustworthy list.

Improving the Probability
of Effective Supervision

The number of urban management personnel in
major cities across the country, including Shanghai, is
limited, making it difficult to effectively supervise the
large number of individuals and organizations in the
city. A series of measures such as the establishment of
the “Whistle Blowing Act”, installation of monitoring
equipment, participation of public welfare organizations,
development of Internet artificial intelligence
technology, and encouragement of social groups such
as retirees and students to participate, can increase the
probability of effective supervision and reduce the cost
of supervision [57]. A number of measures could be
taken simultaneously to effectively curb the occurrence
of illegal garbage disposal.

Implementing a “Dual Track” Waste Classification
Management System

Two different sets of garbage classification
management methods are implemented for individuals
with no time cost and individuals with time cost. On
the one hand, encourage the development of a garbage
sorting service purchase market, establish a sound
garbage sorting service purchase market mechanism,
and use market methods to guide individuals who
have time costs to purchase garbage sorting services
from community security and housekeeping service

personnel. On the other hand, the introduction of
Internet companies, mobile communication companies
and other institutions to implement subsidies and
incentives for individuals who have no time cost [5§],
and cultivate their garbage classification habits.

The main contribution of this article is to use cost-
utility theory to analyze the behavioral process of
individuals handling domestic waste, and point out
the fundamental reason why individuals are unwilling
to choose waste classification. Based on practical
considerations, the paper divides individuals into
two types of groups with time cost and no time cost,
and puts forward a “dual track” waste classification
management strategy. The shortcomings of the thesis
are that the punishment and the probability of effective
supervision for the subjects of illegal garbage disposal
are not given specific quantitative analysis because the
data is difficult to obtain.

In short, the source classification management of
municipal solid waste is a multi-disciplinary systematic
project that integrates economics, management,
systems, sociology, behavior, and Internet information
technology. It is a long-term process and requires multi-
party cooperation in society to be effectively solve.
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