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Abstract: Municipal solid waste (MSW) management has become a problem in China, mainly since
there is no uniform standard for MSW management charges, causing conflict between local residents
and the government. An intelligent garbage sorting system (IGSS) is an effective sorting approach
for MSW management. To explore the predictors of local residents” willingness to pay (WTP) for
the IGSS, this study applied an extended theory of planned behavior (TPB) model by adding an
antecedent environmental concern (EC) prior to the main predictors of the TPB model (attitudes,
subject norms, perceived behavioral control). The WTP of Beijing residents for MSW management
and the determinants of WIP were analyzed. The specific amount of WIP was predicted by a
contingent valuation method (CVM) in an online questionnaire, and the mean WTP was estimated to
be USD 49.93 per household per year. The results showed a positive connection between EC and
residents’” WTP, and most of the participants were willing to pay for the IGSS for MSW management.

Keywords: theory of planned behavior (TPB); willingness to pay (WTP); municipal solid waste
(MSW) management

1. Introduction

According to the World Bank’s review, global municipal solid waste (MSW) generation
levels are estimated to increase to approximately 2.2 billion tons per year by 2025 [1].
Consequently, the traditional waste management system has encountered difficulties in
disposing of large volume of MSW [1], which has led to inadequate disposals and has
become a severe problem in many developing countries. China surpassed the U.S as the
world’s top MSW producer in 2004. Now, China’s MSW generation is growing at an annual
rate of 8-9% [1]. From 2010 to 2019, MSW production in Beijing rose from 6.35 million tons
per year to 10.11 million tons, averaging 27,700 tons per day, which is 1.2 kg per person per
day. With a series of policies, regulations, and measures, the composition structure of MSW
management technology has changed in proportion; in 2020, Beijing reached 87% of MSW
recycling (43% by incineration, 45% by landfill, 12% by composting) [2]. In addition, the
main problem of MSW management in China is that the MSW composition is complicated.
The average water content of MSW in Beijing reaches 50.19%, and this mixed MSW makes
it difficult to sort and recycle [2]. The water contained in MSW not only pollutes recyclables
in MSW, but also brings difficulties and increases the cost of MSW disposal, collection,
transfer, transportation, and treatment. Therefore, the pre-sorting and treatment of MSW
becomes a necessary condition for incineration [2]. In this case, effective MSW management
has become necessary, not only from the human health perspective, but also from the aspect
of environmental concerns [3]. Effective MSW management approaches such as smart
MSW sorting systems [3] have been proposed to minimize the harmful effects of inadequate
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disposal in urban areas. However, in China, there is a lack of a uniform standard for MSW
management charges, with local governments specifying the charges within administrative
districts, one of which is levied incidentally through utility charges such as water, gas,
and electricity [4]. Specifically, the payments for MSW management have normally been
extracted from utilities expenses by local residents, which has become a possible cause
of conflict regarding payments between residents and the local government [4]. The
intelligent garbage sorting system (IGSS) is a widely used smart MSW sorting approach
and is an effective way to improve urban MSW management and increase the productivity
of cleaning contractors [5]. Compared with the current MSW treatment methods mainly
performed in Beijing city, it can improve the efficiency of waste incineration treatment by
substantially improving the efficiency of recycling and separation [5]. The MSW sorting
features of IGSS are one of the most practical and economical methods and can reduce
the costs of unsynchronized disposal by 80—90% [5]. In that regard, health-hazardous
factors in MSW such as germs and other substrates can be substantially reduced [5]. In
addition, the pre-sorting of unburnable MSW (metals, glass, etc.) can significantly reduce
the costs of the second separation [5]. In this study, willingness to pay (WTP) is defined as
the willingness of local residents to pay for IGSS, which is influenced by their thoughts
and perceptions. Cases focusing on the WTP for IGSS have been frequently discussed in
previous research and have played an important role in improving MSW management
in developed countries [6,7]. In Europe, different countries have regulations on MSW
separation and recycling, but there is no uniform standard for MSW management (it
mainly depends on the consciousness of local residents) [8,9]. In addition, in Germany, the
recycling of certain bottles can be rewarded in supermarket recycling devices (Similar to a
type of IGSS), which improves the motivation of local residents for MSW separation [10].
In Japan, local residents sort MSW by different colored bags, and different levels of fees are
associated with sizes and categories, which significantly increases the treatment capability
of IGSS [11,12]. Compared with Europe and Japan, MSW management began late in
China, with a larger amount of MSW. In this study, investigating local residents” WTP for
MSW management will contribute to the development of government policies on MSW
management.

Previous studies have ascertained that environment-beneficial products, services, or
systems related to the IGSS are defined as having a “non-market” value [13], which cannot
be assessed by market behavior, but by non-market valuation techniques [14,15]. Thus,
in this study, a widely used, non-market value evaluation technique of the contingent
valuation method (CVM) [16,17] was conducted to assess the WTP for the IGSS in Beijing.
A standard CVM [16] was used for surveying the WTP for the IGSS by measuring subjective
feedbacks using a questionnaire similar to one used in a previous study [17]. The CVM has
been used in previous research for assessing the value of various environmental facilities
and environmental damage, conservation and restoration of natural and historical culture,
health hazard reduction, and health index improvement [17,18]. Compared to the research
on environment protection, the CVM has been used as an approach to study the influence
of public opinions on MSW management [18]. Based on a standard CVM, previous studies
have suggested that WTP for MSW management not only comprises socioeconomic factors
such as gender, age, and income, but also focused on psychosocial constructs, such as
AT, which is the behavior in questions [19], and SN, a social factor that refers to the
perceived social pressure of whether or not to perform the behavior [19]. PBC, which
is the person’s belief as to how easy or difficult performance of the behavior is likely to
be [19], is a predictor of WTP [19,20]. The theory of planned behavior (TPB) model was first
proposed by Ajzen [20]. It demonstrates that an individual’s attitude, subjective norms, and
perceived resources with regard to a specific behavior can help us better understand pro-
environmental behaviors [21]. The raw TPB model has been widely used in environmental
studies to analyze various behavioral intentions and behaviors, such as participation in
environmental activities [22], forest protection [23], wildlife conservation [24], consumption
of urban environmental goods [25], and greenhouse gas emissions [26,27].
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Compared with previous studies, although some researchers have extended the TPB
model for gaining a deeper understanding in the prediction of the WTP, the impact of
environmental concern (EC), the personal and social awareness, and subsequent concern
regarding the quality of the natural environment [27], has rarely been discussed. Thus,
this study proposed to investigate the WTP for the IGSS of local residents in China, by
introducing an extended TPB model that integrated the predictor of EC [27]. This study
mainly aimed to evaluate and compare the following predictors and their relationships:
EC, AT, SN, and PBC in the extended TPB model.

Similar works

Compared with the studies over the past five years, based on the raw TPB model for
improving urban environmental products, Zahedi and Batista Foguet analyzed residents’
WTP for improve urban air pollution [27], Zhang focused on protecting urban water bodies
to mitigate the heat island effect [28]. Zhang used the extended TPB model with EC, in ad-
dition, Wang predicted the impact conditions of respondents’ pro-environmental behavior
by merging the raw TPB and NAM model [29]. Among the research for MSW management,
Ma’s study tends to analyze human active behavior through the TPB model [30], and Shen’s
study, also through the extended TPB model by attended personal moral obligation, aimed
to respondents’ behavioral intention [31], and the research on WTP for MSW management
methods is not mentioned.

All mentioned abbreviations in this study are shown in Table 1.

Table 1. List of mentioned abbreviations.

Abbreviation Explanation
MSW Municipal Solid Waste
IGSS Intelligent Garbage Sorting System
WTP Willingness to Pay
TPB Theory Planned Behavior
CVM Contingent Valuation Method
EC Environmental Concern
AT Attitude
SN Subjective Norm
PBC Perceived Behavioral Control

2. Materials and Methods
2.1. Sampling Area

The investigation of this study was conducted within the following districts in Beijing:
Chaoyang District, Haidian District, Fengtai District, Xicheng District, Dongcheng District,
and Shijingshan District [32], which have 71% of local residents in Beijing, were defined as
the sampling area.

2.2. Online Survey

We used online questionnaires in this study. Questionnaires were assigned by a
third-party agency, in order to accurately recruit participants. Participants received a
compensation of 100 JPY (about 1 USD).

2.3. The Design of the Survey

System of the questionnaire has over 2.6 million sample resources for quick data
collection. To ensure the data is accurate and valid, the sample service provided a strict
quality control mechanism. Each answer sheet was screened by automatic screening rules
and manually checked by customers after submission. Those were not met the requirements
were marked as invalid. The number of times a member’s completed answer sheet was
marked as invalid exceeds a certain percentage. In that case, the system automatically
removed the member and no longer allow him/her to answer.
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A pre-survey was conducted, which obtained 532 questionnaire answers and was
used to determine the question direction and WTP range for the final questionnaire. The
formal study began on 21 July 2021 and lasted for 14 days. The questionnaire was sent
to Beijing residents randomly online, and a valid sample was eventually obtained. Many
studies have shown that the method of guiding WTP has a significant impact on WTP.
The payment method proposed in the questionnaire is personal and governmental share,
and the frequency of payment is once a month. The first part of the questionnaire is the
participants’ backgrounds. The second part carried out the WTP for conserving the MSW
management. The question about the WTP is: Suppose the Beijing Municipal Government
needed funds to purchase IGSS for community use to improve MSW management to reduce
MSW pollution. Based on your personal situation and the information above, considering
your annual household income, would you be willing to pay __ yuan (CHY)? Four bid
values.10, 20, 30, over 30 yuan to purchase IGSS for your community, these four bid values
above will be assigned to all respondents with a dichotomous option. The pre-survey was
conducted with 532 questionnaires to pre-survey citizens in core residential areas of Beijing
on their essential willingness to pay for environmental concern and MSW management.
The above-average payment amounts were obtained based on the average data. In the
third part, questions related to residents’ behavioral characteristics are asked. This section
focuses on the extended TPB model variables by questioning respondents about their AT,
PBC and intentions regarding MSW and MSW management, and the key EC directions
in the extended TPB model and refers to respondents’ attitudinal characteristics of pro-
environmental behavior regarding MSW management payments on 5-point Likert scales.
(1 = strongly disagree, 5 = strongly agree). (Shown in Table 2)

Table 2. Constructs and indicators of the extended TPB model.

Predictors

Response Scale

(1-5) References Used

Indicators

Environment-concern
(EC)

I care about urban environmental issues
very much.
I think I will reduce other expenses for Extremely negative-Extremely
urban environment improvement. positive

No concern—Very high concern [33,34]

Attitude (AT)

I think paying for MSW management is very
positive.
I think paying for MSW management is a
responsibility.
I think paying for MSW management is
pro-environmental behavior

Strongly disagree-Strongly agree [34,35]

Subjective norm (SN)

I think the people who are close to me will
pay for MSW management.
I think people who are close to me will
support the action of paying for MSW [35,36]
management.
I think people who are close to me will
support me paying for MSW management.

Strongly disagree-Strongly agree [34,35]

Perceived behavioral control
(PBC)

I think my payment will improve the urban
environment.
It is not difficult for me to pay for MSW
management.
I think I have time, money, and resources to
contribute to the MSW management

Strongly disagree-Strongly agree [34-37]

2.4. Data Analysis
Estimation of WTP

In this study, we used a contingent valuation method to be calculated WTP for MSW
management using IGSS. A format of dichotomous selection was used to elicit WIP
for residents. The average WIP was calculated according to the formula provided by
Hanley [38].
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Mean WTP = [ [1 — Gwtp] dW

Guwtp is the distribution function of WTP. T is the infinite value of the true payment
intention, which is truncated at a specific value for estimation purposes.

In this study, structural equation modeling was used to calculate the variable factors
affecting WTP. In this study, licensed AMOS 26.0 was used for processing the data. Based
on the recommendations of Anderson and Gerbing [39], this study used confirmatory
factor analysis (CFA) to assess the measurement quality of the extended TPB model and
structural equation modeling (SEM) to verify the plausibility of the hypothesized extended
TPB model. As for the results of the CFA test, the robustness of the mean squared error
approximation (RMSEA) is expected to lie between 0.05 and 0.08. The comparative fit index
(CFI), the normative fit index (NFI), and the goodness of fit index (GFI) should be close to
0.9 or 1. At last, the Sobel test and bootstrap method were used to calculate the indirect
effects between the variables.

2.5. Theoretical Framework and Research Hypothesis

TPB (theory of planned behavior) is intended to predict and explain the behavior
of individuals in specific situations. The theory of planned behavior covered six areas:
(1) behaviors that are not completely controlled by individual will are influenced not only
by behavioral intentions but also by actual control conditions such as personal abilities,
opportunities, and resources; (2) accurate perceived behavioral control is reflective of
the state of actual control conditions and therefore can be used as a proxy measure of
actual control conditions to directly predict the likelihood of a behavior occurring, and the
accuracy of the prediction depends on the true degree; (3) AT, SN, and PBC are the three
main variables that determine behavioral intention; the more positive the AT, the greater
the support of significant others, the stronger PBC, and the greater behavioral intention,
and conversely; (4) an individual possesses a large number of beliefs about behavior,
but only a fairly few behavioral beliefs are accessible at a certain time and context; these
accessible beliefs, also known as contingent beliefs, are the cognitive and affective basis for
AT, SN, and PBC; (5) personal as well as sociocultural and other factors (e.g., personality,
intelligence, experience, age, gender, cultural background, etc.) indirectly influence AT, SN,
and PBC by influencing behavioral beliefs and, ultimately, intentions and behaviors; (6) AT
toward behavior, SN, and PBC can be completely different conceptually, but at times they
may share a common basis of beliefs. Thus, they are both independent of each other and
interrelated.

The structural model diagram TPB is represented in Figure 1 (for convenience, only
the main part of the structural diagram is presented here).

H4
H1

Willingness to pay
(WTP)

Perceived
behavioral
Control

H5

Figure 1. The raw TPB model.
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The raw TPB model, a respondent is more likely to finance environmental goods if
he/she has a positive AT toward behavioral options, if the respondent’s family and friends
support his/her behavior and if the respondent believes that he/she has the ability to
participate in urban waste collection activities to mitigate urban waste management. Based
on the discussion above, the following hypotheses are proposed.

Hypothesis 1 (H1). If people have more positive AT toward using IGSS to manage MSW, people’s
WTP will increase.

Hypothesis 2 (H2). If people were more optimistic about the SN of using IGSS for MSW manage-
ment, people’s WTP would increase.

Hypothesis 3 (H3). If people were more optimistic about the PBC of using IGSS for MSW
management, people’s WTP would increase.

Under the following relationships between PBC, SN, and AT, the following relation-
ships are proposed:

Hypothesis 4 (H4). If people have more positive SN about using IGSS for MSW management,
then people have more positive AT toward this behavioral option.

Hypothesis 5 (H5). If people have more positive SN about using IGSS for MSW management,
then people’s PBC over this behavioral option will increase.

In more than 20 years since the raw TPB was proposed, most research findings support
the TPB. The results of Armitage and Conner’s meta-analysis showed that behavioral
AT, SN, and PBC explained 27% of the variance in behaviors and 39% of the variance
in behavioral intentions, respectively, further demonstrating the good explanatory and
predictive power of the TPB. While being affirmed and supported, the TPB has also
been challenged by many research findings and questioned by many scholars, and these
challenges and questions have contributed to the development and improvement of the
TPB. Based on the raw TPB model, the extended TPB model are proposed. (Shown in
Figure 2)

Environmental
concemm

Subjective Norm

Willingness to pay
(WTP)

Perceived
behavioral
Control

Figure 2. The Extended TPB model of WTP of MSW.

Firstly, the conceptual content of the main variables has become more prosperous,
with personal subjective AT, SN, and PBC being some of the most critical components that
have been influential and the possibility of mediating variables between behavioral inten-
tions and behavior. Numerous studies have shown that the concern for the surrounding
environment plays an essential role in predicting environmental issues, so we propose the
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hypothesis that EC is positively correlated with people’s WTP. The following assumptions
were proposed:

Hypothesis 6 (H6). EC were positively related to people’s AT towards the use of IGGS for MSW
management.

Hypothesis 7 (H7). EC were positively related to the SN of paying for IGGS for MSW manage-
ment.

Hypothesis 8 (H8). EC were positively related to the PBC towards the use of IGGS for MSW
management.

Hypothesis 9 (H9). If EC were more positive, people’s WTP would increase.

In addition to this, EC may influence WTP through behavioral AT, SN, and PBC. The
following assumptions were proposed:

Hypothesis 10 (H10). EC influence WTP through behavioral attitudes.
Hypothesis 11 (H11). EC influence WTP through SN.
Hypothesis 12 (H12). EC influence WTP through perceived behavior.

3. Results
3.1. Demographic Characteristics of the Respondents in Questionnaire and WTP

The social background of the respondents included gender, age, education level, house-
hold size, and monthly income per person (Shown in Table 3). Most of the respondents
were in the 18 to 55 age range (94.2%). 52.1% of the respondents were male, slightly higher
than the percentage of females. As for the education level, more than 75% of respondents
have a bachelor’s degree or higher. More than 75% of the respondents had a monthly in-
come of 3000-Yuan and 12% of them who earn more than 10,000 yuan a month. Regarding
the family size, 73% of the families were composed of two to five family members.

Table 3. Individual demographic characteristics.

Item Response Frequency  Percentage
Gender Male 162 52.1
Female 149 479
Age 18-25 99 31.8
26-35 99 31.8
3645 47 15.1
46-55 48 15.4
>55 18 5.8
Education Level Elementary school & High school 74 23.8
Bachelor 205 65.9
Master’s degree 32 10.3
Household Size 20r3 113 36.3
4or5 114 36.7
>5 84 27
Monthly income per people 1000-3000 79 25.4
3001-5000 71 22.8
5001-8000 60 19.3
8001-10,000 64 20.6
>10,001 37 11.9

The result of WTP is presented in Table 3. As the price increases, the percentage
of responses agreeing to pay decreases gradually. Nearly 30% of respondents in the
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pre-survey and final questionnaire refused to pay. Among those who refused to pay,
the top three reasons were: payments can be diverted, unable to pay currently, and the
MSW management is the responsibility of the government. Respondents who chose the
option such as “I don’t have the ability to pay for the fund” and “I don’t think the MSW
management worth that much” are “real zero responses” (Shown in Figure 3). The survey
on social background found that respondents with higher incomes were more likely to pay.
(3 =0.49,p <0.05)

O Governmental Responsibility
Unable to support currently

@ Payment money can be diverted
B Don't want to pay for IGGS

& Others

Figure 3. The motivation for the zero responses.

3.2. Measurement and Structural Model

The structural model of the raw TPB model was estimated using the maximum likeli-
hood method. In the first step, we tested the plausibility and reliability of the measurement
model by confirmatory factor analysis (CFA), then estimated the variable structure and
correlations of the current model. To ensure convergence and discriminability, and mea-
surement reliability, we conducted confirmatory factor analysis (CFA), including mainly
the components of AT, SN, and PBC (Shown in Table 4). The results showed that the model
data were within the plausibility interval (Chi-Square = 247.1, GFI = 0.808, CFI = 0.867,
NFI = 0.804, RMSEA = 0.096). All four variable components were included and tested. The
standard regression coefficients of AT, PBC, and EC in 0.01 level. The standard regression
coefficient of the subject norm in the 0.05 level. All the scales achieved internal consistency.

Table 4. Distribution of responses.

WTP 10 20 30 Total
Positive 239 226 145 610
Negative 72 32 81 185
Protest zero 53 53 53 159
Total 311 311 311 933

The validity of the questionnaire data is corroborated by the fact that the AVE values
in Table 5 are all higher than 0.5, according to reference [40], if the squared correlation
coefficients of the different constructs are smaller than the AVE of each construct, then the
discriminant validity can be confirmed.
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Table 5. Reliability and CFA for the extended TPB model.
Scales Mean (s. d.) B CR AVE
Attitude 0.83 0.77
I think paying for MSW management is very positive 4.04 (1.11) 0.485
I think paying for MSW management is a responsibility 3.96 (1.15) 0.563
I think paying for MSW management is a pro-environmental behavior 3.96 (1.12) 0.584
Subject Norm 0.79 0.59
I think people who are close to me will pay for MSW management 3.83(1.20) 0.668
I think people who are close to me will support the action of paying 3.72 (1.24) 0.627
for MSW management
I think people who are close to me will support me paying for MSW 3.77 (1.20) 0.494
management
Perceived Behavioral Control 0.87 0.74
I think my payment will improve the urban environment 3.97 (1.04) 0.466
It is not difficult for me to pay for MSW management 3.81(1.27) 0.485
I think I have time, money, and resources to contribute to the MSW 3.67 (1.26) 0593
management.
Environment-concern
I care about urban environmental issues very much 3.86(1.23) 0.475 0.82 0.71
I think I will reduce other expenses for urban environment 3.84(1.19) 0.693

improvement

Mean (s. d): Standard deviation. f3: factor loading CR (composite reliability); AVE (average variance extracted).

A discriminant validity test of the scale was performed. According to reference [40],
if the squared correlation coefficients of the different constructs are smaller than the AVE
of each construct, the discriminant validity can be confirmed, as is shown in Table 6, the
correlations between the factors of the variables in the new extended TPB model. The high
correlations between AT, SN, and PBC show profound evidence of validity. Our objective
was to discover whether the TPB model, in the context of an integrated framework for
understanding consumers” WTP and behavior [41] could also assess willingness towards
pro-environmental behaviors that encompass “AT, SN, PBC”. These are the determinants
for the WTP for IGGS for MSW management in two successive questionnaires; although a
5-point scale was used in the Likert scale data statistics, it is still reliable for the applicability
of the model (Chi-Square = 262.8, GFI = 0.808, CFI = 0.834, NFI = 0.787, RMSEA = 0.094),
and all structural coefficients were statistically persuasive (p < 0.01). According to the
result, AT (3 = 0.573, p < 0.01) and PBC (3 = 0.692, p < 0.01) affecting respondents” WTP. So,
Hypothesis 1 and Hypothesis 2 can be accepted, and Hypothesis 3 was rejected.

Table 6. The scales’ discriminant validity.

Title 1 1 2 3 4
1. Attitude 0.77
2. Subjective norms 0.48 ** 0.59
3. Perceived behavioral control 0.45 ** 0.50 *** 0.74
4. Environment-concern 0.42 *** 0.42 ** 0.42 *** 0.71

< 0.05, " p < 0.01.

At the same time, the influence of SN on AT (3 = 0.762, p < 0.01) and PBC (3 = 0.800,
p < 0.01) are confirmed, so Hypothesis 4 and Hypothesis 5 can be accepted. (Shown in
Figure 4)

The fit measure of the extended model can be accepted (Chi-Square =243.8, GFI = 0.838,
CFI = 0.834, NFI = 0.787, RMSEA = 0.094), and most of the structural coefficients are signifi-
cant (p < 0.01).

When the facts of PBC and EC were compared, PBC had the most significant effect
on WTP (B = 0.692, p < 0.01) followed by the EC (3 = 0.594, p < 0.01). Hypothesis 3
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and Hypothesis 9 were validated. The positive effect relationship between EC and AT
(p =0.382, p <0.05), SN ( =0.610, p < 0.01), and PBC (3 = 0.341, p < 0.05) can be verified,
thus allowing Hypothesis 6, Hypothesis 7, and Hypothesis 8 to be accepted.

Attitude

B =076
B =057

Willingness to pay
(WTP)

Perceived
behavioral
Control

B--015(NS) PB-=069

Subjective Norm

B =0.80

Figure 4. Raw TPB model for WTP. 3 represents standard regression weight.

Through previous speculations, we hypothesized the indirect effect of environment-
concern on WTP for IGGS. Figure 3 shows that AT, SN, and PBC mediate between EC and
WTP. However, the regression coefficients from the Sobel test for the Likert scale indicate
that all indirect effects did not hold in this questionnaire. Thus, we can conclude that AT
(p = —0.31), SN (p = —0.36), and PBC (p = —0.12) in this WTP for IGSS have no indirect

effects. (Shown in Figure 5)

B =038 B =057

Attitude

3=10.61 35— — 015
Emrronmental [ m [ | Willingness to pay

Perceived
behavioral
Control

Figure 5. Extended TPB model for WTP. 3 represents standard regression weight.

4. Discussion

Based on Ajzen’s proposed raw TPB model in 1991, we extended the raw TPB model
in this study to investigate the Beijing residents” WTP for the IGSS for MSW management.
In terms of MSW management charging policies around the world, on one hand, the taxes
were imposed on local residents who use public facilities or enjoy public services for the dis-
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posal of MSW management. In Germany, they added a refundable deposit on the recyclable
bottles, which is partially refundable through the local residents’ recycling behavior, as
well as a system of packaging taxes and fees for the producers of the packaging [8]. On the
other hand, compared with the method of garbage bag tax used in Japan [9], considering
the situation in Beijing, the one of the largest cities with the largest population density, it is
meaningful to study the Beijing residents” WTP for the IGSS for MSW management.

Previous studies showed increasing predictors to the raw TPB model, such as the
case of EC, to improve the explanatory of raw TPB model [42,43]. In this study, we
compared the raw TPB model and extended TPB model. The result has shown that the
extended TPB model provides a more explanatory model for predicting WTP for IGSS
and MSW management. The results of research showed that Beijing residents WTP for
MSW management is significantly influenced by EC and PBC, and we found a positive
relationship between EC and AT, SN, and PBC. The extended TPB model also improves the
algorithm on local residents” willingness to pay for MSW management. Introducing EC
variables into the raw TPB model, the new TPB model might be a psychological approach
to future MSW management policies in China, such as proposing new waste recycling
methods and a bag tax system. For the current Beijing government administrations,
it is essential to understand what factors guide people’s pro-environmental behavior,
significantly to improve MSW management to mitigate environmental pollution. So,
for example, PBC and EC, which is correlative information, will help improve citizens’
pro-environmental behavior.

The mean WTP indicated that the residents of Beijing are willing to pay 319.2 yuan
(49.43 USD) annually for IGSS to reduce the MSW of Beijing, the mean WTP, which was
calculated through the CVM, if extended the mean WTP to the entire city. In the latest
census, the resident population of Beijing has reached 21.893 million people, the total WTP
is 6988.25 million Yuan (1082.17 million USD). The WTP for IGGS for MSW management
is strong among Beijing citizens. In the two successive questionnaires (pre-survey and
final survey), nearly 69.3 percent of the respondents expressed their WTP for IGSS. About
159 respondents refused to pay since they believed that “MSW management is a govern-
mental responsibility,” and, “the use of their payment money can be diverted.” These
refusals to pay and data were excluded when the processing data was performed. In addi-
tion, the socioeconomic characteristics of the residents also affect their WIP. Respondents
with higher incomes were more likely to give WTP questions positive responses [35].

The PBC of residents was the most influencing factors in predicting local residents
WTP for IGSS to MSW management. Secondly, residents” EC also influenced residents’
WTP for IGSS to reduce MSW pollution. The impact of EC has been reported in numerous
studies.

The conclusion is PBC, and EC determine the behavior of the respondents. EC, directly
and indirectly, influences residents” WTP for MSW management using IGSS to reduce the
MSW, directly and indirectly, which has also been confirmed in previous studies [44—47].
However, the impact rate of EC was not as large as PBC, which was different in previous
studies by others for the extended TPB model [48,49]. However, a long time in China
and the lack of unadvertised charging standard has resulted in the conflict of payment
responsibility between residents and the local government. This illustrates that PBC has a
significantly direct effect on the WTP for MSW management. Obviously, if Beijing residents
thought they have the extra resources to contribute to the MSW management, they will
respond more positively toward for environmental behavior. Therefore, it is necessary to
strengthen the positive belief of those who already thought they are able to contribute to
solving this issue and change the negative belief of those who thought they do not have
the corresponding resource currently. It also indicates that the government administration
plays a crucial role in motivating people or residents to pay. By compiling and analyzing the
data, we have learned that environmental products such as IGSS if they believe they have
additional resources to reduce MSW pollution. Therefore, it is necessary to enhance the
positive beliefs of those who already believe they can contribute to MSW management and
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alter the negative beliefs of those who believe they do not have the appropriate resources
and capability to pay. Compared with the raw TPB model [50], the extended TPB model,
including EC, improves the explanatory ability of the raw TPB model, which has been
consistently confirmed.

Therefore, the introduction of EC helps better explain the WTP of Beijing residents for
using IGSS to improve MSW management. Finally, the object of this study is the value of
IGSS in terms of MSW management effects. The results of the study do not generalize to
all approaches to MSW management (landfilling, composting, incineration) [51].

5. Conclusions

The raw TPB model proposed by [52,53] was adopted to anticipate Beijing residents’
WTP to use IGSS to reduce MSW pollution. Based on the raw TPB model, the extended
TPB model is completed by introducing the variable condition of EC [54]. This paper has
presented an extended TPB model incorporating the four variables such as EC, AT, SN, and
PBC to predict and explain the effect of the variables on willingness to pay. According to
the test results, PBC and EC that had a significant positive effect on Beijing residents” WTP.
In addition, EC about environmental issues can directly or indirectly influence people’s
pro-environmental behavior. As is addressed by [54,55], the improvement of WTP depends
on the combined effect of PBC, EC, and AT in the extended TPB model. Determinants such
as social background, residents’ income and education are positively related to the WTP.

The positive effect between AT, PBC, and EC of Beijing residents on the MSW man-
agement showed the result of the relationship between the predictors assumed in our
extended TPB model, which indicates that residents have a positive attitude towards the
improvement of the urban environment, environmental behaviors, and concerns for the
urban environment (which were certified by Hypothesis 1, Hypothesis 3, Hypothesis 9). In
addition, SN is not a major condition that influences citizens’ behavior in Beijing at present.
Compared with Europe and Japan, the current legal regulations for MSW management in
China are well established, but there is still a time lag between Beijing residents and govern-
ment for understanding of MSW management regulations. It means the current publicity
for MSW management in China is not effective enough (Overturned by Hypothesis 2).

Urban environmental management administration should inform residents about the
harmful effects of MSW and the mitigation measures. Environmental protection administra-
tion helps promote knowledge and support for environmental protection through various
means of communication, such as television, radio, and online media [55]. The increasing
EC that accompanies increases people’s performance of their pro-environmental behavior.
EC can promote the behavior of MSW management. Meanwhile, residents” WTP varies ac-
cording to their income and education background; policymakers can consider developing
potential funding sources and central payment populations for MSW mitigation [56].

In the pre-survey and final questionnaire, close to 40% of the respondents refused to
pay for IGSS. The main reason for the refusal to pay is that they think the environmental
fund can be diverted by the environmental needs [57]. Therefore, disclosing the use of
utility charges and information related to the management of the urban environment has
become necessary to increasing public participation [58,59].

In the pre-survey prediction, EC were ranked the first in terms of local residents WTP.
However, in the questionnaire compilation and analysis, we found that the impact of PBC
on local residents” WTP is higher than residents” EC and higher than residents” AT, and
we need more accurate data to verify the relationship between these predictors and local
residents” WTP.

This study was conducted in Beijing, the capital of China, one of the largest cities with
the largest population density. With the rapid urbanization in China, the MSW pollution
issue will have the same impact on other cities. However, the WTP and acceptance of IGSS
in other regions or rural areas will require further research due to the income disparity
between regions. The main novelty of this study compared to similar studies on MSW
management is that it predicts the WTP for IGSS (a pro-environmental product) through
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an extended TPB model, providing a medium of communication between citizens and the
government for a future approach to sustainable development in China.
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