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Abstract

:

This paper establishes a recycling system for construction waste and simulates the operation of its four links using the theory and method of system dynamics. In addition, based on the technology acceptance model and the theory of planned behavior, a research model on the willingness of purchasers to use recycled products of construction waste is established, and the factors influencing willingness to use recycled products are analyzed using structural equations. Results show that the operation trend of the building waste recycling subsystem and information feedback subsystem is relatively poor. Purchasers’ perceived ease of use of recycled products correlates positively with their perceived usefulness, and attitude toward use correlates positively with behavioral intention, which promotes willingness to use. The attitudes toward use, behavioral intention, and intention to use are all negatively correlated with purchasers’ perceived risk of recycled products, with the negative correlation being stronger for behavioral intention and attitude toward use. The results of this study provide a theoretical foundation for promoting the process of recycling construction waste.
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1. Introduction


Construction and demolition waste (C&DW) production in China is increasing year by year with the advance of urbanization. According to statistics, the total amount of C&DW produced in China is measured in tons every year, accounting for about 35 percent of the total urban waste [1]. Recycling construction waste can reduce the discharge of solid waste and the pollution of groundwater, as well as save resources and realize the effective utilization of resources. In July 2021, the National Development and Reform Commission issued the “14th Five-Year Plan for Circular Economy Development”, which put forward the target requirement that “by 2025, the recycling efficiency will be greatly improved and the comprehensive utilization rate of construction waste will reach 60%” [2]. However, at present, the utilization rate of CWR in China is only about 10%. The system of CWR is not perfect. There is low market recognition, and the negative attitude of purchasers seriously hinders the promotion and utilization of CWR products, thus restricting the development of construction waste resources. Therefore, studying the structure of the CWR system and the willingness to use recycled products to find out weak links in the development of CWR and the main factors that affect buyers’ willingness to use recycled products is conducive to the continuous advancement of construction waste reduction in China.



Many experts and scholars at home and abroad have performed a lot of research on CWR and its recycled products. In terms of CWR, Xu Yubo et al. [3] studied the payment mechanisms for CWR and discussed the problems of high cost and the unprofitable CWR industry. Li Qiang et al. [4] comprehensively analyzed the shortcomings and future development direction of China’s CWR resource system from aspects of C&DW reduction, reuse, and sustainability. Lei Du et al. [5] investigated and analyzed the decision-making behavior of stakeholders in the CWR system and found that the government’s reward and punishment measures can effectively reduce the illegal dumping of C&DW, but excessive reward and punishment measures have limitations in controlling illegal dumping. Li Ma et al. [6] established a dynamic evolution game model of construction waste recycling and analyzed the biological evolution of the behavior of construction enterprises and recycling enterprises with or without government incentives. Ding Zhikun et al. [7] adopted Agent simulation technology and the Repast Simphony platform and concluded that the effective management of C&DW was related to the attitude of stakeholders. In the aspect of recycled products of C&DW, Cui can et al. [8] evaluated the ecological risk of heavy metal pollution in recycled products of construction waste and concluded that the ecological risk level of recycled products was lower than the potential ecological risk of heavy metals in C&DW. Shi Shiying et al. [9] analyzed the matching between the supply and demand of recycled products and found that when the ratio of supply and demand of recycled products fluctuated between 0.1 and 0.25, there was a significant mismatch between supply and demand. Wang Chuan et al. [10] used C&DW as the main raw material to synthesize iron-loaded zeolite ceramsite for arsenic adsorption. Ding Zhikun et al. [11] studied the influence of media on consumers’ willingness to buy products recycled from C&DW and argued that media can significantly influence consumers’ perceptions and purchase decisions. By constructing the perceived value model, they also assert that the improvement of perceived value is helpful in promoting stakeholders to buy C&DW recycled products [12].



Existing studies on CWR mainly focus on payment mechanisms, the decision-making behavior of stakeholders, and evolutionary games. There is a lack of research on the overall evolution of the CWR system to find out the reasons for the slow progress of CWR in China. In addition, research on recycled products mainly focuses on risk, technology, and supply and demand balance. Although some scholars have studied the factors affecting the use of recycled C&DW products, most of them focus on the influence of single factors or subjects relating to the intention to use recycled products, such as media and perceived value, ignoring the relationship between buyers’ intention and behavior.



Therefore, the purpose of this study is to identify the weak parts in the CWR system, analyze purchasers’ willingness to use recycled products, consider the relationship between buyers’ willingness and behavior, and promote the development of the CWR industry. In this paper, the recycling system of C&DW is divided into four subsystems, and the weak parts that affect it are identified by using the principles and methods of system dynamics. Secondly, based on the theory of planned behavior and technology acceptance model, a structural equation model of the willingness to use recycled products of C&DW is constructed to explore the factors influencing purchasers’ willingness to guide the government and stakeholders to make appropriate behavior decisions, and to provide a reference for continuously improving the level of recycling of C&DW, promoting the sustainable development of cities and the social economy.




2. Materials and Methods


2.1. Establishment of a Recycling System Model for Construction Waste


2.1.1. System Boundary Determination


The determination of system boundary is the basis for establishing the system dynamics model. The CWR system involves many stakeholders, mainly including the government, scientific research institutions, construction enterprises, CWR enterprises, and the masses. Based on the subjects within the CWR system, a reasonable system boundary can be determined.



The government is a guide of C&DW resourcing. It can implement reward and punishment mechanisms to incentivize and regulate the recycling enterprises and construction enterprises, publicize the knowledge of CWR, and enhance the mass awareness of recycling and protecting environment. Construction enterprises are both providers of materials to businesses that recycle C&DW and consumers of recycled goods, with incentives and restrictions from the government. Scientific research institutions are technical providers for CWR. With the support of the government and other relevant departments, they provide construction waste recycling enterprises with technical support, mainly including CWR and harmless disposal technology [13]. CWR enterprises use CWR technologies to convert C&DW into recycled products and provide them to construction companies or the masses. For the masses, as the consumers of CWR, their awareness of recycling plays a great role in promoting the development of society and can also effectively promote the research, development, and innovation of new technologies by scientific research institutions. When recycled products are used, the quality and price problems are communicated to scientific research institutions and recycling companies. After receiving this feedback, scientific research institutions and resource-based companies are able to improve technically based on their own conditions and actual conditions in order to achieve better sales results.



As a result of the above relationships between the subjects of the CWR system, the system boundaries are defined as main subjects and the factors that influence their behavior. Based on the production and operation process of recycled products, construction waste recycling system is divided into four subsystem boundaries: government governance, technology supply, recycled product utilization, and information feedback of recycled products. Government departments, construction enterprises, CWR enterprises, scientific research institutions, and the masses are the primary subjects of the government governance subsystem. Scientific research institutions and recycling businesses are the primary subjects of the technology supply subsystem. The recycling enterprises, construction enterprises, and the masses are the primary subjects of the subsystem for the use of recycled products. The masses, scientific research institutions, and CWR enterprises are the primary subjects of the information feedback subsystem. As shown in Figure 1, the integrated four subsystems form a construction waste resource system.




2.1.2. Causality Construction


A causality diagram is an important system dynamics analysis tool that can clearly show the dynamic influence relationship of various stakeholders in a system [14]. Promotion of the CWR process requires the coordination and cooperation of the various subjects within the system, as well as the regulation and promotion of external mechanisms. In addition to the main subjects such as the government, scientific research institutions, construction enterprises, CWR enterprises, and the general public, the operating C&DW resource system has other components such as the market environment, investment costs, scientific research environment, education and publicity, and material supply.



The operation of the government governance subsystem is primarily influenced by cooperation among the general public, construction companies, CWR companies, and research institutions, as well as the strength of education and publicity and financial support. The technology supply subsystem is mainly influenced by policy support, demand from CWR enterprises, social environment, market environment, research environment, and financial support. The recycled product utilization subsystem is mainly influenced by user demand, market environment, social environment, raw material supply, policy support, mass media promotion, and financial investment. The information feedback subsystem is mainly influenced by factors such as user satisfaction, user interest, technical level, economic efficiency, environmental efficiency, and social efficiency.



The causal relationship of the factors of the four subsystems can be integrated into a causal relationship within the C&DW resource utilization system, as shown in Figure 2.




2.1.3. Establishment of Construction Waste Recycling System Model


A logistic function is a common sigmoid function that is widely used in many fields [15]. In the process of CWR, various influencing factors have the characteristics of diminishing marginal utility. The logistic function is primarily used in this paper to analyze the behavior of various stakeholders and the impact of their decisions on CWR. The basic form of the logistic function is as follows:


    dy   dx    = kx    N − x    



(1)






  x  t   =   N     1 + Ce    − kNt      



(2)




where y is the resource utilization level, x is the work intensity, N is the saturated capacity, k is the growth rate of the resource utilization level, and t is the time. Set the recycling capacity range of C&DW to    [ 0 ,   1 ]   . According to Formulas (1) and (2), we can obtain:


   y =   1     1 + Ce    − kx      



(3)







Set the current level of resource utilization as    y 0   , and after continuing to invest in ∆x, the level of resource utilization will increase to   ∆ y  . By studying the level of resource utilization and the input changes of work intensity, this paper studies the degree of influence of stakeholders on the resource utilization of C&DW. Therefore, according to Formulas (1)–(3), we can obtain:


  ∆  y = y    −      y   0   =   1   1 +     1    −      y   0     y 0     e  − ∆ xk     −    y   



(4)







The change of government administration effect is mainly determined by such variables as the cooperation of the public (P), construction enterprises (CE), resource enterprises (RE), scientific research institutions (SR), education and publicity (EP), financial support (FS), and so on. The relevant equations of government administration effect are shown in Formulas (5)–(7).


    GI =   1   a   1 , 1       + a     1 , 2       + a     1 , 3       + a     1 , 4       + a     1 , 5       + a     1 , 6       + a     1 , 7       + a     1 , 8           a     1 , 1       P − G       + a     1 , 2       CE − G       + a     1 , 3       RE − G          + a     1 , 4       SR − G       + a     1 , 5       EP − G       + a     1 , 6       FS − G       + a     1 , 7       1     1 + a     1 , 9          − a     1 , 10    ES          + a     1 , 8       1   1 +       1 − G   G       − a     1 , 10    ES         



(5)






     GD = a     1 , 12       PE   ×   G + a     1 , 13     



(6)






   G = INTEG       GI − GD     G 0   



(7)




where    a  1 , 1 – 8     is the influence weight of each variable that affects the governance effect,    a  1 , 9     is the parameter C of logistic function,    a  1 , 10 – 11     is the parameter K of logistic function,    a  1 , 12     is the influence of poor social environment (PE) on governance effect,    a  1 , 13     is the influence of other factors, G is the government governance effect, GI is the government governance effect increases, GD is the government governance effect decreases, and    G 0    is the initial value of governance effect.



The technology supply subsystem mainly reflects its running trend by the technology supply capacity (T), which has an accumulation effect. With the influence of various factors, the resource technology supply capacity is enhanced. The main influencing factors of technology supply capacity are policy support (PS), resource enterprise demand (RD), social environment (SE), market environment (ME), scientific research environment (SRE) and capital support (CF). The related equations of technical supply capacity are shown in Formulas (8)–(10).


    TI =   1   a   2 , 1       + a     2 , 2       + a     2 , 3       + a     2 , 4       + a     2 , 5       + a     2 , 6       + a     2 , 7       + a     2 , 8           a     2 , 1       PS − T       + a     2 , 2       RD − T       + a     2 , 3       SE − T          + a     2 , 4       ME − T       + a     2 , 5       SRE − T       + a     2 , 6       CF − T       + a     2 , 7       1     1 + a     2 , 9          − a     2 , 10    CF          + a     2 , 8       1   1 +       1 − T   T       − a     2 , 10    CF         



(8)






  TD =  a  2 , 12   MC × T +  a  2 , 13    



(9)






  T = INTEG   TI − TD    T 0   



(10)




where    a  2 , 1 – 8     represents the influence weight of each influencing factor,    a  2 , 9     represents the parameter C of logistic function,    a  2 , 10 – 11     represents the parameter K of logistic function,    a  2 , 12     represents the influence of market competition level (MC) on technology supply capacity,    a  2 , 13     represents the influence of other factors,   TI   represents the enhancement of technology supply capacity, TD represents the weakening of technology supply capacity, and T represents the initial value of technology supply capacity.



The utilization subsystem of recycled products is mainly reflected by the increase or decrease in the utilization rate of recycled products (PR). The utilization rate of recycled products has cumulative effect, and the utilization rate increases with the influence of various factors. The increase and decrease in product utilization rate are mainly determined by factors such as user demand (UD), market environment (ME), social environment (SE), raw material supply (MS), policy support (PS), publicity and promotion of mass media (MP), and capital investment (CI). The relevant calculation equations for the utilization rate of recycled products are as follows in (11)–(13).


    PRI =   1   a   3 , 1       + a     3 , 2       + a     3 , 3       + a     3 , 4       + a     3 , 5       + a     3 , 6       + a     3 , 7           a     3 , 1       UD − PR       + a     3 , 2       ME − PR       + a     3 , 3       SE − PR          + a     3 , 4       MS − PR       + a     3 , 5       PS − PR       + a     3 , 6       1     1 + a     3 , 1     e     − a     3 , 8    MP      − PR       + a     3 , 7       1     1 + a     3 , 9     e     − a     3 , 11    CI      − PR      



(11)






     PRD = a     3 , 12       MC   ×   PR + a     3 , 13     



(12)






   PR = INTEG       PRI − PRD         PR   0   



(13)




where    a  3 , 1 – 7     is the weight of each influencing factor,    a  3 , 8 – 9     and    a  3 , 10 – 11     are the parameters C and K of logistic function,    a  3 , 12     is the influence of market competition level on product utilization,    a  3 , 13     is the influence of other factors, PRI is the increase in recycled product utilization, PRD is the decrease in recycled product utilization, and PR0 is the initial value of the utilization rate of recycled products.



The information feedback subsystem of recycled products is mainly reflected by the increase or decrease in product favorable rate (FR). The favorable rate of recycled products has a certain cumulative effect, and the favorable rate will increase with the effect of factors. The factors that affect the increase and decrease in the favorable rate of CWR products are customer satisfaction (CS), customer benefits (CB), technical level (TL), economic benefits (EB), environmental benefits (EB1), social benefits (SB), etc. The related equations of the favorable rate of recycled products are shown in the Formulas (14)–(16).


    FRI =   1   a   4 , 1       + a     4 , 2       + a     4 , 3       + a     4 , 4       + a     4 , 5       + a     4 , 6           a     4 , 1       CS − FR       + a     4 , 2       ( CB − FR ) + a     4 , 3       TL − FR          + a     4 , 4       EB − FR       + a     4 , 5       EB 1 − FR       + a     4 , 6       SB − FR      



(14)






     FRD = a     4 , 7       MC   ×   FR + a     4 , 8     



(15)






   FR = INTEG     FRI − FRD      FR  0   



(16)




where    a  4 , 1 – 6     is the weight of each influencing factor on product favorable rate,    a  4 , 7     is the influence of market competition level on product favorable rate,    a  4 , 8     is the influence of other factors on product favorable rate, PRI is the increase in product favorable rate, PRD is the decrease in product favorable rate, and     FR  0    is the initial value of product favorable rate.



In order to analyze the efficient operation of the CWR system, the system dynamics models of the above four subsystems are integrated to establish the CWR system. The system dynamics model is shown in Figure 3.





2.2. Model and Research Design of Using Willingness of Recycled Products for Construction Waste


2.2.1. Research and Model Establishment


Perceived usefulness refers to the degree of increase in work performance perceived by individuals after accepting and using information technology systems [16]. In this paper, perceived usefulness refers to the purchasers’ belief that the raw materials of recycled products are sufficient to meet demand while also conserving resources. Perceived ease of use is the degree of difficulty that buyers perceive when using recycled products. According to the TAM theory, a user’s perceived usefulness and ease of use will affect their attitude toward using, and the perceived ease of use has a positive correlation with perceived usefulness, which in turn has a positive effect on the attitude of use, and perceived usefulness will also positively promote behavior [17]. Therefore, the following assumptions are made:



Hypothesis 1.

Purchasers’ perceived ease of use of recycled products positively affects perceived usefulness;





Hypothesis 2.

Purchasers’ perceived ease of use of recycled products has a positive impact on their attitudes towards use;





Hypothesis 3.

Purchasers’ perceived usefulness of recycled products positively affects their attitudes towards use;





Hypothesis 4.

Purchasers’ perceived usefulness of recycled products positively affects their behavioral intentions.





Subjective norms refer to the social pressure that an individual feels when deciding whether or not to adopt a certain behavior [18]. In this paper, the subjective norms mainly include the recognition of recycled products, relevant government promotion policies, and the market environment of recycled products. Behavioral intention is the degree of tendency of an individual to perform a certain behavior. Subjective norms will control the strength of behavioral intentions. For example, if the public has a higher degree of recognition of recycled products from resources, the behavioral intentions of purchasers will increase. Subjective norms also play an important role in attitude formation. Positive behavioral attitude will promote the generation of behavioral intention [19], which will then affect their behavioral willingness. This puts forward the following hypotheses:



Hypothesis 5.

Purchasers’ subjective norms of recycled products have a positive impact on their attitudes towards use;





Hypothesis 6.

Purchasers’ subjective regulation of recycled products positively affects his behavioral intentions;





Hypothesis 7.

Purchasers’ attitude towards the use of recycled products positively affects his behavioral intentions;





Hypothesis 8.

Purchasers’ behavioral intentions on recycled products have a positive impact on their willingness to use.





Perceived risk believes that human behavior is uncertain and needs to bear risks [20]. In this paper, perceived risk refers to the concerns and worries of purchasers in terms of quality, price, and safety when using recycled products. With the buyer’s perceived risk increasing, it will affect buyer’s attitude to use, which in turn affects behavioral intentions and willingness to use. Perceived risk has a significant negative impact on purchasers’ attitudes, behavioral intentions, and willingness to use [21]. Therefore, the following hypotheses are proposed:



Hypothesis 9.

Purchasers’ perceived risk of recycled products negatively affects their attitudes towards use;





Hypothesis 10.

Purchasers’ perceived risk of recycled products negatively affects their behavioral intentions;





Hypothesis 11.

Purchasers’ perceived risk of recycled products negatively affects their willingness to use.





Based on the above discussion, a theoretical research model is constructed, as shown in Figure 4.




2.2.2. Variable Measurement


This article studies the influencing factors of the willingness to use CWR products. According to the 7 latent variables proposed by the research model, such as willingness to use, behavioral intention, attitude toward using, subjective norms, perceived risk, perceived usefulness, and perceived ease of use, the buyer’s willingness to use CWR products was studied. A total of 29 items were set based on the mature scales of domestic and foreign related research. The specific items and sources are shown in Table 1.




2.2.3. Questionnaire Design


Through in-depth interviews with experts, scholars, and government officials, as well as related literature, we determined the questionnaire options and designed a preliminary questionnaire. A preinvestigation was conducted before the questionnaire was formally sent out, and expert opinions were asked on whether the items in the questionnaire were reasonable, the factors were complete, and the expression was incorrect. The final questionnaire was formed after the questionnaire was revised. The questionnaire is mainly divided into two parts. The first part uses the Likert scale method to measure the buyer’s perception using CWR products. Scores from 1 to 5 represent different degrees of perception, in which the higher the score, the stronger degree of perception. The second part collects interviewees’ opinions and suggestions and the factors that they think influence purchasers’ use of recycled products.





2.3. Data Sources


The parameter assignment of the model simulation is determined by the expert scoring method, because there are many stakeholders and the influencing factors are complicated in CWR system. After scoring, the arithmetic average is calculated as an initial value of the corresponding index through regression analysis. In order to ensure the reliability and validity of the simulation results, the nonquantifiable indicators are standardized through a linear dimensionless processing method. The dimensionless standard functions are shown in Equations (17) and (18), respectively. The weights between various influencing factors are also determined by expert scoring method. Due to the limited space, we cannot repeat them here. Some results are shown in Table 2.


   β i  =         1 ;   α  i    ≤   α   min            α  max   −   α  i     α  max   −   α   min     ;   α   min   <   α  i  <  α  max         0 ;   α  i    ≥   α   max          



(17)






   β i  =          1   ;   α   i    ≥      α    max            α i  −   α   min      α  max   −   α   min        ;   α    min   <   α  i  <   α   max              0   ;   α   i    ≤      α    min          



(18)







The data of research on the buyers’ willingness to use CWR products were obtained through questionnaire survey. The subjects of questionnaire mainly included construction enterprises, purchasers, other related enterprises, and personnel that use CWR products or similar products, as well as a small number of experts and scholars. The questionnaires were mainly distributed in two ways: offline paper questionnaires and online e-mails such as WeChat, QQ, and other forwarding channels. A total of 436 questionnaires were distributed and 436 were recovered. Thirty-nine questionnaires with missing items, inconsistent answers, and obvious rules were removed from the recovered questionnaires, and 397 questionnaires were effectively recovered, with an effective recovery rate of 91.1%. The specific data are shown in Table 3.





3. Results


3.1. Analysis on the Evolution of Construction Waste Recycling System


3.1.1. Simulation Results


The obtained data were substituted into the system dynamic equation, and the running trends of the four subsystems were analyzed by computer simulation, as shown in Figure 5.



Figure 5 shows that: (1) the administration effect of the government is on the rise in the initial stage. At this time, the policies have just been promulgated, and the attitudes of all participants in CWR system are more positive and the administration effect of the government is enhanced. However, with the interest conflicts and contradictions among various stakeholders gradually revealed, the government’s administrative effect was blocked and its growth became slow. In the later stage, with the government constantly strengthening top-level design, perfecting supporting system, and establishing an all-round and multi-level incentive mechanism for recycling products, the administration effect of the government has been continuously improved. (2) The technology supply capacity increased rapidly at the initial stage, and the growth became slow after reaching the level of 0.5. In the early stage, China helps to develop the CWR industry by drawing foreign technologies and management experiences. However, due to the differences in industrial structure, economic level, and population between China and foreign countries, the foreign management and technical experiences are not suitable actual situations for China, which requires the research and development of new technologies, and the application progress is slow. (3) In the initial stage, due to policy constraints, construction enterprises, resource enterprises, and scientific research institutions cooperate effectively and the utilization rate of recycled products is relatively high. However, with conflicts of interest and contradictions, the quality and price of recycled products are questioned by users, resulting in a low willingness to use recycled products, and the increase in utilization rate is not significant. (4) The favorable rate of recycled products increased rapidly at the initial stage under the influence of national policies, but due to the influence of technical level, price, and quality, the utilization rate of recycled products is relatively low, which in turn affect the public’s objective evaluation, resulting in the favorable rate basically not increasing at the later stage.




3.1.2. Comparative Analysis of Operation Trends of Each Subsystem


The high-speed operation of the CWR system depends on the better operation trend of each subsystem. It can be seen from the running trend diagram of each subsystem of the CWR system that although the effect of government administration was not very good at the beginning of the period, it was growing, and it grew rapidly in the later period. The technical supply capacity increased rapidly at the beginning of the period, and then the growth rate slowed down, but it also kept growing all the time. However, the utilization rate and good evaluation of recycled products of construction waste increased rapidly at the beginning of the period, and after a certain period of time, the growth rate was very slow. The utilization rate of recycled products was particularly significant, but its value was the smallest. Overall, the government’s administrative subsystem and resource technology supply subsystem run well, while the information feedback subsystem and utilization subsystem of recycled products run poorly, which are important subsystems that affect the efficient operation of the CWR system.





3.2. Model Test and Analysis of Willingness to Use Construction Waste Recycling Products


3.2.1. Descriptive Statistics


Through the statistics of the sample data, the basic information of the respondents on the willingness to use recycled products of construction waste is shown in Table 4.



According to Table 4, the men account for about 70%. This is in line with the characteristics of more men being in the construction industry. The respondents under 40 years old accounted for 73.6%, and the overall age was young. Most of them have bachelor’s degrees or above, accounting for 68.7%. There are many undergraduate degrees, and the working life is generally about five years. Their willingness to use recycled products of C&DW is representative and conforms to the research scope. Respondents do not know much about the recycling of C&DW and recycled products, but most of them agree and express their willingness to accept construction waste recycling products.



The data related to buyers’ willingness to use were statistically analyzed from four aspects: average, standard deviation, kurtosis, and skewness of each measurement item, and the specific data are shown in Table 5.



According to Table 5, the average value and standard deviation of the measurement items under each latent variable are relatively close, indicating that the data have a certain degree of stability and the sample collection is reasonable. The absolute value of measurement item skewness in the table is within 3. The absolute value of kurtosis is within 10. The sample tends to be normally distributed as a whole, and the next step of data analysis can be carried out.




3.2.2. Reliability and Validity Analysis


Reliability tests the stability and consistency of related variables in the test questionnaire. In this paper, Cronbach’s alpha coefficient is used to measure the reliability of each factor. Generally, the  α  coefficient is preferably above 0.8, and a range between 0.7–0.8 is acceptable. According to Table 6, it can be seen that the alpha coefficient value of each variable is greater than 0.8, and the total reliability coefficient is 0.959, indicating that the reliability of each variable of the model in this study is good and can be analyzed.



Validity reflects the degree to which the data reach the expected measurement result through a variety of measurement methods. Validity is divided into content validity and structure validity. The content validity is to measure whether the test has achieved the test purpose from the content of the test. Each measurement factor in this article is compiled based on a more mature scale, and experts are asked to make amendments. The content validity meets the research requirements. The test of construct validity is carried out from exploratory factor analysis and test factor analysis. During the test, it is found that the load of individual factors is small. In order to further refine the items of the common factors and improve the accuracy of the latent variables in the model analysis, according to the MI standard, some items are deleted and the test is performed again. In the confirmatory factor analysis results, the aggregate validity of each variable is measured by the extracted average variance (AVE) and combined reliability (CR). The standards are: AVE > 0.5, CR > 0.7. In the analysis results of this study, the KMO value is 0.945, and the average variance extraction (AVE) and combined reliability (CR) are all within the acceptable range. It shows that every potential variable has good validity. The specific results of each index are shown in Table 6.




3.2.3. Analysis of Model Fit


In structural equation model testing, there are many ways to estimate parameters. However, only when the model passes the fitness test can the next step of analysis be carried out. Under normal circumstances, some indicators are used to judge the degree of fit of the structural equation model, such as   χ 2 / df   (the ratio of chi-square degrees of freedom), CFI (comparative fit index), GFI (goodness of fit index), IFI (incremental fit index), TLI (Tucker–Lewis coefficient), NFI (Bentler-Bonett normed fix index), RMSEA (root mean square error of approximation), information index AIC, and so on. The specific fitting index standards and the fitting results of this study are shown in Table 7.



It can be seen from the data in Table 7 that most of the fitting indexes of the initial model calculation are acceptable; only    χ 2 / df    is not within the acceptable range, which is far from the ideal fitting index standard. After correcting the model by increasing the residual correlation path, all fitting indexes of the model are greatly improved. Among them, CFI, GFI, IFI, TLI, and NFI are all within the ideal range.    χ 2 / df    and RMSEA are also within the acceptable standard, and the overall agreement is good.




3.2.4. Path Analysis and Inspection


From the above analysis results, it can be seen that the fit of this research model is good, and path analysis can be carried out. This paper uses Amos 23 to test a structural equation model. At the same time, it is judged whether the research hypothesis passes the test through calculating the path coefficient between the latent variables. The data of each variable are imported into the model for calculation, and the test results are shown in Table 8.



In this paper, assuming that the regression coefficient is 0, the criterion for determining the critical ratio of C.R. is that its absolute value is greater than 1.96, and it is significant when the p value is less than 0.05. According to Table 8, the normalized path coefficient of perceived ease of use to perceived usefulness is 0.538, which indicates that Hypothesis 1 is correct. Perceived ease of use of resource-based recycled items is positively correlated with perceived usefulness. The normalized path coefficient of perceived usefulness on attitude toward use is 0.393, indicating that buyers’ perceived usefulness of resource-based recycled products influences their attitude toward use, and Hypothesis 3 is correct. The normalized path coefficient of subjective norms on usage attitudes is 0.487, indicating that purchasers’ subjective norms positively affect their usage attitudes, and Hypothesis 5 is true. The normalized path coefficient of behavioral intention on willingness to use is 1.053, indicating that purchasers’ behavioral intention influences their willingness to use positively, and Hypothesis 8 is true. The standardized path coefficient of perceived risk on attitude toward use is −0.234, indicating that buyers’ perceived riskiness of resource-based recycled products negatively affects their attitude toward use, and Hypothesis 9 is right. The standardized path coefficient of perceived riskiness on behavioral intention is −0.323, indicating that buyers’ perception of risk influences their purchasing behavior negatively, and Hypothesis 10 is true. The p value in H2 and H11 is less than 0.01 and greater than 0.001, and the absolute value of C.R is greater than 1.96, which is within the significant standard. Therefore, the above assumptions are all true. The absolute values of C.R. of H4 and H6 were both less than 1.96, and the p values were both greater than 0.05, which did not meet the standard and were not significant. The survey results show that only 11.5% of the respondents have a deep understanding of the utilization of C&DW.



As a result, most of the respondents cannot make accurate judgments on the usefulness of recycled products. Although a high level of cognition affects the attitude to use, it cannot directly affect the purchasers’ willingness to use it. As a result, Hypothesis H4 is not established. Subjective norms control the strength of behavioral intentions, and imperfect policies and systems also affect them. Although the government has issued relevant policies on the recycling of C&DW, in the specific implementation process, purchasers often first consider their own interests and do not respond to the policies actively. Bad market conditions also affect the behavioral intentions of purchasers. These may lead to Hypothesis H6 not being valid.






4. Discussion


Overall, this paper analyzes the operation trend of the government administration effect, technical supply, recycling product utilization, and information feedback subsystems, finding that the information feedback and utilization of recycling products of C&DW subsystems operate relatively poorly. The utilization and evaluation of recycled products are interconnected. Product utilization has a direct impact on the quantity of evaluation, which in turn affects the sales of the product. The promulgation and implementation of CWR-related policies have an important impact on source reduction, resource utilization, and harmless treatment of C&DW. Scientific and technological innovation is critical to the economy and development.



The transformation of C&DW into various reusable products through advanced technology and sophisticated equipment can not only improve the utilization rate of natural resources, but also reduce environmental pollution and achieve sustainable social development. Therefore, it is urgent to strengthen the publicity of CWR, use science and technology to improve the technical level of C&DW, and increase the utilization rate of recycled products and the praise rate, so as to promote an efficient operation of the CWR system.



As an important participant in the recycling of C&DW, purchasers’ willingness to use has an important impact on the use and development of recycled products. In this paper, a theoretical research model of purchasers’ willingness to recycle C&DW products is constructed. The intention of purchasers to use recycled products is empirically studied, and the influence of various factors on purchasers’ behavior is clarified, so as to provide theoretical support for the use and development of recycled products. In the perspective of behavioral decision making, the purchasers’ perceived ease of use, perceived usefulness, perceived risk, behavioral intention, and attitude to use can directly or indirectly affect their willingness to use. In terms of external influences, the government’s policy effectiveness and social environment will also affect the purchasers’ willingness to use. All participants involved in CWR consider their own interests when making decisions. The perceived interests of buyers directly affect their behaviors, and their perceptions of the usefulness, ease of use, and risk of recycled products are based on their own interests. Therefore, when buyers choose to use recycled products, they should not only consider meeting their own needs, but also reduce economic risks. Their behavioral willingness is mainly influenced by interests, and there are specific interest-influencing mechanisms to be further investigated.




5. Conclusions


This study divides the CWR system into four subsystems: government administration effect, technology supply, utilization of recycled products, and information feedback. The system dynamics theory is used to establish a model, and a computer simulation is used to analyze and study the operation trend of each subsystem of the CWR system. Based on the technology acceptance model and the planning behavior theory, a structural equation model is constructed, the purchaser’s willingness to use CWR products is studied, and the following conclusions are obtained:




	(1)

	
The low utilization rate and positive evaluation rate of recycled products are important factors affecting the development of resource utilization. Among the four subsystems of CWR, the technical supply subsystem is a good running trend, followed by the government administration subsystem, while the information feedback subsystem and utilization subsystem of recycled products operate relatively poorly.




	(2)

	
The purchasers’ perceived usability of recycled products of C&DW is positively correlated with perceived usefulness, and their perceived usefulness, subjective norms, and attitudes towards use are all positively correlated, with the influence of subjective norms being more significant.




	(3)

	
The purchasers’ perceived risk is negatively correlated with their attitude, behavioral intention, and willingness to use, with a more significant negative effect on attitude to use and behavioral intention. Their attitude towards use is positively correlated with behavioral intention, which in turn positively affects willingness to use.









This study can provide guidance for the behavioral decisions of various stakeholders in CWR. There are a number of suggestions for the government to promote the development of CWR. The government should speed up the development of standards and norms for recycled products, strengthen supervision and quality management, and provide avenues for information exchange through the establishment of an information technology platform. In addition, it is necessary to intensify publicity, strive to popularize the concept of recycling construction waste, improve the perceived value of recycled products, and strive to eliminate public doubts.



There are some limitations to the study. The relationships of all parties involved in the CWR system are complicated, and their running rules are messy, making it difficult to describe all the relationships completely. Some parameters are determined through expert scoring, in which inevitably exists a certain degree of subjectivity. The choice of variables in the model of CWR products’ willingness to use may not be comprehensive enough, lacking consideration of factors such as the psychological expectations of buyers and the influence of the social environment. In the future, we can explore the intricate relationships among the relevant stakeholders involved in CWR, consider more thoroughly the factors influencing the willingness to use recycled products, and conduct an in-depth study in combination with the specific interest-influencing mechanism.
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Figure 1. Structural analysis framework of construction waste recycling system. 






Figure 1. Structural analysis framework of construction waste recycling system.



[image: Sustainability 14 12541 g001]







[image: Sustainability 14 12541 g002 550] 





Figure 2. Overall causality diagram of construction waste recycling system. 
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Figure 3. Dynamic model of construction waste recycling system. 
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Figure 4. Theoretical research model. 
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Figure 5. The operation trend of each link of the construction waste recycling system. 
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Table 1. Measurement scale of each variable.






Table 1. Measurement scale of each variable.









	Variables
	Sources





	Usage intention (UI)

	
Compared with other products, I am more willing to use recycling products of C&DW



	
I am willing to insist on using recycling products of C&DW



	
I would like to recommend the use of recycling products of C&DW to people around me





	Venkatesh [18]

Davis [16]

Li Aoqun et al. [22]



	Behavioral intention (BI)

	
When choosing products to use, I will first consider recycling products of C&DW



	
Even if few people use recycling products from C&DW, I will use them



	
I think it is a fashion to use recycling products from C&DW



	
I will use the recycling products of C&DW under the recommendation or requirement of others





	Warsame [19]

Miranda [23]

Paundra [24]

Shi Shiying et al. [25]



	Attitude toward using (AI)

	
It is a wise choice to use recycling products of C&DW



	
I am happy to use recycling products of C&DW



	
I think there are a lot of benefits to using recyclable products from C&DW



	
I think the recycling products of construction waste are some good products





	Ahn Y H [26]

Paul J et al. [27]

Shi Shiying et al. [26]

Kumar [28]



	Subjective norm (SN)

	
I am very satisfied with the use effect of recycling products of C&DW



	
I think the recognition of recycling products of C&DW is relatively high



	
CWR products are being vigorously promoted by the government



	
I think the production technology of recycling products of C&DW has been very mature



	
I am very clear about the technical production of recycling products of C&DW



	
I am very clear about the use of recycling products of C&DW





	Chen [29]

Shi Jiangang et al. [30]

Li Aoqun et al. [22]

Davis [16]

Si et al. [31]



	Perceived risk (PR)

	
The price of CWR will be very high



	
The use of recycling products from C&DW will cause financial losses



	
I am worried about the quality of recycling products of C&DW



	
There are hidden safety risks in the construction projects using recycling products of C&DW





	Yang ruixian et al. [32]

Cabanillas [33]

Zhang et al. [34]

Theresa et al. [35]



	Perceived usefulness (PU)

	
The use of recycling products of C&DW can help me solve some problems that other products cannot solve



	
I think the use of recycling products of C&DW is of great help to save resources



	
I think the use of recycling products of C&DW is of great help to protect the environment



	
I think the use of recycling products of C&DW is of great help to the construction of “waste-free city”



	
I think the use of recycling products of C&DW is of great help to the sustainable development of society





	Davis [16]

Chen [36]

Lee [37]

Zhu D J [38]

Kumar [28]



	Perceived ease of use (PE)

	
CWR products are easy to buy



	
The recycling products of C&DW are very convenient to use



	
The use of recycling products of C&DW can easily help me achieve the desired effect





	Jokar [39]

Calisir [40]

Davis [16]

Kumar [28]
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Table 2. The initial value assignment table of the main variables in the system dynamics flow diagram.
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	Variable Names
	Initial Value
	Variable Names
	Initial Value





	Social environment
	1
	Policy restraint
	0.4



	Research environment
	0.75
	Bad social environment
	0.2



	Market environment
	0.7
	Power of work
	0.6



	Policy support
	0.9
	The salary
	0.8



	Innovation investment
	0.63
	Technical support
	0.72



	Propaganda and education
	0.6
	Level of market competition
	0.17



	Public Opinion
	0.34
	Resource saving
	0.79



	Scientific and technological progress
	0.86
	Social progress
	0.74
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Table 3. Statistical table of questionnaire on the willingness to use recycled products of C&DW.
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	Questionnaire

Distribution Form
	Quantity Issued

(Copies)
	Proportion of the Total

Questionnaire (%)
	Effective Quantity

(Copies)
	Recovery Rate (%)





	Paper
	100
	30%
	84
	84%



	Network
	336
	70%
	313
	93.2%



	Sum total
	436
	100%
	397
	91.1%
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Table 4. Basic information distribution of interviewed persons.
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Information Category

	
Frequency

	
Percentage (%)






	
Gender

	
Men

	
285

	
71.7%




	
Women

	
112

	
28.3%




	
Age

	
18–30 years old

	
173

	
43.6%




	
31–40 years old

	
119

	
30.0%




	
41–50 years old

	
92

	
23.1%




	
Above 50 years old

	
13

	
3.3%




	
Education background

	
High school and below

	
39

	
9.9%




	
College for professional training

	
85

	
21.4%




	
Undergraduate course

	
208

	
52.4%




	
Bachelor’s degree or above

	
65

	
16.3%




	
Working years

	
Less than 3 years

	
41

	
10.3%




	
3–5 years

	
227

	
57.2%




	
6–10 years

	
75

	
18.9%




	
More than 10 years

	
54

	
13.6%
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Table 5. Descriptive statistics of willingness to use.
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Minimum

	
Maximum

	
Mean

	
Standard Deviation

	
Skewness

	
Kurtosis




	
Stat

	
Stat

	
Stat

	
Stat

	
Stat

	
Standard Errors

	
Stat

	
Standard Errors






	
PE1

	
1.00

	
5.00

	
3.3300

	
0.83752

	
−0.347

	
0.122

	
0.670

	
0.244




	
PE2

	
1.00

	
5.00

	
3.4937

	
0.70215

	
−0.110

	
0.122

	
0.778

	
0.244




	
PE3

	
1.00

	
5.00

	
3.4937

	
0.71286

	
−0.041

	
0.122

	
0.706

	
0.244




	
PU1

	
1.00

	
5.00

	
3.6826

	
0.80405

	
−0.125

	
0.122

	
0.123

	
0.244




	
PU2

	
1.00

	
5.00

	
3.9521

	
0.81664

	
−0.471

	
0.122

	
0.309

	
0.244




	
PU3

	
1.00

	
5.00

	
4.0327

	
0.80806

	
−0.550

	
0.122

	
0.274

	
0.244




	
PU4

	
1.00

	
5.00

	
3.9824

	
0.79276

	
−0.641

	
0.122

	
1.025

	
0.244




	
PU5

	
1.00

	
5.00

	
3.9924

	
0.79293

	
−0.597

	
0.122

	
0.748

	
0.244




	
PR1

	
1.00

	
5.00

	
3.7078

	
0.91025

	
−0.278

	
0.122

	
−0.429

	
0.244




	
PR2

	
1.00

	
5.00

	
3.5189

	
1.01393

	
−0.344

	
0.122

	
−0.489

	
0.244




	
PR3

	
1.00

	
5.00

	
3.6121

	
0.92423

	
−0.177

	
0.122

	
−0.458

	
0.244




	
PR4

	
1.00

	
5.00

	
3.5617

	
0.92624

	
−0.210

	
0.122

	
−0.465

	
0.244




	
SN1

	
1.00

	
5.00

	
3.6599

	
0.82434

	
0.214

	
0.122

	
−0.518

	
0.244




	
SN2

	
1.00

	
5.00

	
3.4912

	
0.86634

	
0.016

	
0.122

	
−0.220

	
0.244




	
SN3

	
1.00

	
5.00

	
3.5768

	
0.84821

	
−0.067

	
0.122

	
−0.122

	
0.244




	
SN4

	
1.00

	
5.00

	
3.4106

	
0.94023

	
−0.042

	
0.122

	
−0.300

	
0.244




	
SN5

	
1.00

	
5.00

	
3.4836

	
0.90334

	
−0.054

	
0.122

	
−0.315

	
0.244




	
SN6

	
1.00

	
5.00

	
3.4811

	
0.92538

	
−0.098

	
0.122

	
−0.429

	
0.244




	
AT1

	
1.00

	
5.00

	
3.7708

	
0.73879

	
−0.023

	
0.122

	
−0.058

	
0.244




	
AT2

	
1.00

	
5.00

	
3.7506

	
0.72876

	
0.029

	
0.122

	
−0.046

	
0.244




	
AT3

	
2.00

	
5.00

	
3.7758

	
0.75050

	
0.033

	
0.122

	
−0.601

	
0.244




	
AT4

	
1.00

	
5.00

	
3.7531

	
0.73479

	
0.079

	
0.122

	
−0.362

	
0.244




	
BI1

	
2.00

	
5.00

	
3.6952

	
0.79156

	
0.077

	
0.122

	
−0.635

	
0.244




	
BI2

	
1.00

	
5.00

	
3.6801

	
0.77910

	
0.111

	
0.122

	
−0.436

	
0.244




	
BI3

	
1.00

	
5.00

	
3.6877

	
0.81537

	
−0.296

	
0.122

	
0.348

	
0.244




	
BI4

	
1.00

	
5.00

	
3.7859

	
0.75009

	
−0.060

	
0.122

	
−0.088

	
0.244




	
UI1

	
1.00

	
5.00

	
3.6423

	
0.83365

	
0.068

	
0.122

	
−0.547

	
0.244




	
UI2

	
1.00

	
5.00

	
3.7330

	
0.78447

	
0.036

	
0.122

	
−0.471

	
0.244




	
UI3

	
1.00

	
5.00

	
3.8060

	
0.76881

	
−0.189

	
0.122

	
0.157

	
0.244
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Table 6. Test results of reliability and validity of measured variables.
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	Variables
	Reliability Coefficients     α    
	AVE
	CR





	Usage intention (UI)
	0.916
	0.737
	0.894



	Behavioral intention (BI)
	0.922
	0.705
	0.877



	Attitude toward using (AT)
	0.910
	0.675
	0.862



	Subjective norm (SN)
	0.915
	0.576
	0.803



	Perceived risk (PR)
	0.897
	0.643
	0.844



	Perceived usefulness (PU)
	0.953
	0.739
	0.919



	Perceived ease of use (PE)
	0.883
	0.669
	0.858
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Table 7. Calculation results of model fitting index.
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	Fit Indices
	     χ  2 /  d f     
	CFI
	GFI
	IFI
	TLI
	NFI
	RMSEA
	AIC
	BCC





	Ideal standards
	<2
	≥0.9
	≥0.9
	≥0.9
	≥0.9
	≥0.9
	<0.05
	The smaller the better
	The smaller the better



	Acceptance criteria
	<3
	≥0.8
	≥0.8
	≥0.8
	≥0.8
	≥0.8
	<0.08
	The smaller the better
	The smaller the better



	Initial model
	3.474
	0.936
	0.900
	0.936
	0.927
	0.913
	0.079
	700.000
	749.189



	Final model
	2.621
	0.965
	0.933
	0.965
	0.958
	0.945
	0.064
	500.000
	583.914
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Table 8. Path coefficient estimation results.






Table 8. Path coefficient estimation results.





	Hypothesis
	Path
	Normalized Path Coefficient
	S.E
	C.R
	p





	H1
	Perceived usefulness ← Perceived ease of use
	0.583
	0.060
	9.720
	***



	H2
	Attitude toward using ← Perceived ease of use
	0.156
	0.060
	2.617
	**



	H3
	Attitude toward using ← Perceived usefulness
	0.393
	0.039
	10.163
	***



	H4
	Behavioral intention ← Perceived usefulness
	−0.071
	0.038
	−1.867
	0.062



	H5
	Attitude toward using ← Subjective norm
	0.487
	0.059
	8.259
	***



	H6
	Behavioral intention ← Subjective norm
	0.015
	0.055
	0.269
	0.788



	H7
	Behavioral intention ← Attitude toward using
	0.759
	0.063
	11.003
	***



	H8
	Usage intention ← Behavioral intention
	1.053
	0.073
	14.479
	***



	H9
	Attitude toward using ← Perceived risk
	−0.234
	0.060
	−3.87
	***



	H10
	Behavioral intention ← Perceived risk
	−0.323
	0.050
	−6.442
	***







Note: *** means significant at the 0.001 level, ** means significant at the 0.01 level.
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