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ABSTRACT

Effective waste management is an important aspect of green building development.
However, a number of studies find that construction waste minimization actions
are not satisfactorily performed in practice. Thus, it is of significance to identify the
driving factors that influence construction practitioners’ waste minimization behav-
ior. This paper aims to explore the driving factors by comparing the affecting factors
and construction waste minimization behavior between Hong Kong and Shenzhen.
Firstly, through a comprehensive literature review, potential affecting factors were
categorized into five groups: background information variables, construction waste
minimization intentions, economic viability, governmental supervision, and project
constraints. Based on the identified factors, a questionnaire was initially designed and
then refined through a focus group meeting with three experienced experts. A total of
166 questionnaires were collected and non-parametric tests (Mann-Whitney U Test
and Kruskal-Wallis Test) were conducted to investigate the underlying driving factors.
Results revealed that background information variables play insignificant roles in
construction waste minimization. Compared with other affecting factors (i.e., waste
minimization intentions, governmental supervision, project constraints), economic
viability is the most important driving factor that determines construction waste
minimization. Results suggested that local governments should make policies that
increase practitioners’ profit, rather than just increasing their intentions or regulating
waste management behavior.
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1. INTRODUCTION

During the implementation of construction activities, waste is unavoidably generated due to
design change, inappropriate material storage, lack of environmental protection awareness,
etc. (Ajayi et al., 2017; Ling et al., 2013; Poon et al., 2004). To promote the development of
green building, effective waste minimization is required (Laquatra and Pierce, 2009; Wu et al.,
2016b). Thus, it is necessary for practitioners to adopt appropriate measures to minimize waste
generation at construction sites.

The generation of construction waste is enormous in both Hong Kong and Shenzhen.
According to a report published by the Hong Kong Environmental Protection Department
(HKEPD), non-inert construction waste that is disposed at landfills was 3,942 tons per day in
2014, increasing 9.8% compared with the disposal rate in 2013 (HKEPD, 2015). Meanwhile,
the amount of inert construction materials that are sent to the public fill reception facilities was
34,400 tons per day in 2014 (HKEPD, 2015). In Shenzhen, the minimization of construction
waste is not optimistic as well. Lu et al. (2017) estimated that wasted construction materials in
Shenzhen was about 1.13 billion tons in 2014; however, the recycling rate was no more than
10%, and the majority was simply landfilled or even illegally dumped.

In recent years, the minimization of construction waste has received widespread attention
from both academia and local authorities (Duan et al., 2015; Wu et al., 2014). Waste materials
from construction development can be treated as resources at wrong places; they can be reused/
recycled after proper treatment. For instance, Pongiglione and Calderini (2014) conducted a
case study to demonstrate a steel reuse approach, results showed that reusing wasted steel could
not only save new steel but also reduce CO, generation. Duan and Poon (2014) claimed that
recycled aggregates can be used to produce concrete which has properties as good as the one
produced using natural aggregates. In addition to material saving and environmental protection,
recycling wasted construction materials can also bring economic profits to the recyclers (Brown
etal.,, 2011). Considering that landfill space is running out in many regions, it is a necessity to
save materials at construction sites and minimize waste discharge at landfills (Onyango et al.,
2012; Park and Tucker, 2017; Sterner, 2008). Consequently, implementing construction waste
minimization in practice is of significant importance.

In order to promote construction waste minimization in practice, it is necessary to under-
stand the driving factors of practitioners’ waste management behavior. To date, there have been
a number of studies on investigating the affecting factors of practitioners’ construction waste
minimization behavior in different regions (Lu and Yuan, 2010; Peng et al., 2018; Tam and Lu,
2016; Udawatta et al., 2015a). However, existing studies were conducted focusing on only one
specific region, no attempt has been made to explore the underlying driving factors through
comparison of two regions. In order to bridge this research gap, this paper empirically inves-
tigates the construction waste minimization situations in Hong Kong and Shenzhen. The two
regions were selected because the generation of construction waste is enormous in both cities;
meanwhile, they are close to each other yet in different contexts. The comparison can investigate
if there is difference in terms of construction practitioners’ waste minimization behavior, and
its potential affecting factors between the two regions. It is expected that the comparison may
reflect more insightful reasons of implementing construction waste minimization practices.

The following sections present the potential affecting factors identified from a thorough
literature review. Then, the research methodology used in this study is explained. Based on the
collected data, non-parametric tests are employed to analyze the differences between Hong
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Kong and Shenzhen. Discussions of the derived results are further provided based on interviews
with professionals. These findings can serve as valuable references for local government to adopt
proper strategies for construction waste minimization.

2. LITERATURE REVIEW

Exploring driving factors is essential for an in-depth understanding of particular phenomena
(Hong et al., 2017; Liang et al., 2016; Williams et al., 2010). Previous studies have been con-
ducted to investigate the affecting factors of construction waste minimization behavior (Lu and
Yuan, 2011; Palanta et al., 2018; Udawatta et al., 2018). Based on a comprehensive literature
review, the affecting factors can be categorized into five groups, namely background informa-
tion variables, waste minimization intentions, economic viability, governmental supervision,
and project constraints.

The background information of practitioners may influence the implementation of waste
minimization behavior. For example, Lee and Paik (2011) found that demographic variables
could affect respondents” household waste management behavior. In terms of construction waste
management, Lingard et al. (2000) stated that managerial staff had a less positive perception
of construction waste management than site workers because they focused more on cost, time
and quality objectives. Tam et al. (2007) investigated the relationship between on-site waste
generation amount and project types, revealing that different construction project types had
different levels of waste generation. Begum et al. (2009) claimed that contractors’ behavior
tended to differ based on their company sizes, construction-related education and experiences
of employees.

Construction practitioners’ waste minimization intentions may influence their waste
management behavior. For example, Li et al. (2015) revealed that designers attitudes towards
waste management had positive and significant effects on their behavior of waste minimization
design. According to the study conducted by Kulatunga et al. (2006), the construction project
practitioners were found to pay little effort on maintaining positive intentions towards waste
minimization. Furthermore, Osmani et al. (2008) claimed that changing designers’ current
intentions was a significant hurdle to overcome to achieve better waste minimization design.
This argument was echoed by Yuan et al. (2011), noting that weak awareness was a significant
obstacle for improving the performance of waste management. The research findings revealed
by Udawatta et al. (2015b) suggested that attitudinal approaches as well as technologies need to
be improved to achieve waste minimization. Two recent studies conducted by Liu et al. (2018)
and Yuan et al. (2018) also confirmed the importance of behavioral intentions on actual waste
management behavior.

Economic viability is regarded as a critical factor that influences practitioners’ waste mini-
mization behavior as gaining profits is a main objective for practitioners to participate in a
construction project. Begum et al. (2009) and Al-Sari et al. (2012) found that contractors’
involvement in waste management practices was mostly driven by economic considerations.
Crocker and Lehmann (2013) also asserted that financial rewards were commonly used in the
behavioral change approaches. Through an investigation of nineteen potential factors influ-
encing effective waste minimization, Wang et al. (2014) revealed that economic incentive was
one of the top critical factors. Oliveira Neto et al. (2017) claimed that economic performance
influences the selection of waste processing technologies. The importance of economic viability
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was also recognized by many other studies (Colomer Mendoza et al., 2017; Ding et al., 2018;
Duran et al., 2006; Jin et al., 2017; Lehmann, 2011; Marrero et al., 2017).

Government supervision, sometimes, exerts a more signiﬁcant influence in practitioners’
waste management behavior. For example, Poon et al. (2001) found that construction practi-
tioners in Hong Kong were reluctant to carry out on-site waste sorting even in when a tipping
fee is imposed. This statement was supported by Yu et al. (2013). In their research, it was found
that the implementation of the disposal charging scheme had little positive effect on motivating
subcontractors to improve their construction waste management behavior. Though it is generally
regarded that increasing a waste disposal fee has a positive influence in decreasing waste genera-
tion (Hao et al., 2008; Tam, 2008), Poon et al. (2001) claimed that legislation and contractual
requirements could be more effective to facilitate the full implementation of effective construc-
tion waste management. Manowong (2012) and Yuan (2013) asserted that relevant policies
and regulations could enhance the implementation of waste minimization. Wu et al. (2016a)
further stated that government should take the responsibility of demolition waste management.

Project constraints are very common in practical construction projects and may influ-
ence the implementation of waste minimization practices. Shah Ali et al. (2009) conducted a
questionnaire survey in Malaysia and found that time and cost issues were the main problems
in refurbishment projects. Li and Yang (2014) further asserted that constrained site spaces and
limited access to building information were the main barriers to waste minimization in retrofit
projects. In addition to the limited site spaces, Su et al. (2012) argued that labor resource avail-
ability and a constrained time schedule were also common project constraints. In the research
conducted by Wang et al. (2010), manpower, market for recycled materials, site space, and
sorting equipment were identified as the key factors influencing the adoption of on-site sorting.
Recently, it has been a trend that newly built buildings are required to apply for green building
certificates, waste minimization is also an essential component during the assessment, thus waste
minimization can be improved by promoting green building assessment (Doan et al., 2017;
Lehmann et al., 2013; Wu et al., 2016b).

Through the above literature review, it can be found that the driving factors may vary
in different regions due to specific regional contexts. The existing studies mainly investigated
the influencing factors focusing on one specific region; there is a lack of comparison studies
for different regions with different contexts. Therefore, this study attempts to compare the
construction waste management situations in Hong Kong and Shenzhen, expecting that the
comparison may reflect more insightful reasons to implement construction waste minimization
practices. Detailed instruments for the investigation are developed based on the potential identi-
fied influencing factors and the process of instrument development is described in Section 3.

3. RESEARCH METHODOLOGY

The research methods used in this study involved a combination of literature review, focus group
meeting, questionnaire survey and interviews with experienced professionals. A literature review
was employed to preliminary identify potential influencing factors and to design an initial
questionnaire, then a focus group meeting was conducted to refine the questionnaire and to
formulate a formal questionnaire. A questionnaire survey was employed to investigate the differ-
ences of construction practitioners’ waste minimization behavior and relevant affecting factors
between Hong Kong and Shenzhen. After completing the non-parametric tests, interviews with
experienced professionals were conducted to discuss the derived results.

158 Volume 14, Number 4

$S8008 98] BIA §2-80-GZ0Z 1€ /woo Aiojoeignd-poid-swnd-yrewssiem-jpd-swiid//:sdny woll papeojumo(



3.1 Questionnaire design and data collection

Based on the literature review, an initial questionnaire which measures potential affecting factors
was designed. A focus group meeting was further conducted to confirm the affecting factors
and to formulate the measurement scales for the subsequent formal questionnaire surveys.
Three participants, including one academic researcher whose research field is construction waste
management, and two experienced practitioners who have been engaging in construction waste
management for more than five years, were invited to participate in the focus group meeting.
They were invited because they have sufficient experience in construction waste management.
Through the focus group meeting, improvement was made by adding and deleting instruments.
In addition, the wording of the instruments was also revised to make them more understand-
able for practitioners.

In the formal questionnaire, respondents’ background variables include the following: job
category, work experience, gender, level of education, number of participated projects, project
type, contract sum, and number of on-site staff. The developed measurement scales for the
affecting factors and waste minimization behavior are shown in Table 1.

A Likert scale was adopted to measure the numeric factors. Five optional responses include
“strongly disagree,” “disagree,” “neutral,” “agree,” and “strongly agree,” with ranking values from
1 to 5 respectively. The third question in the measurement scales of behavioral intention was
designed using reverse wording, giving a reverse meaning compared to the other three ques-
tions. The purpose of using reverse wording was to test the reliability of the collected responses.

The target population of the questionnaire survey involved construction practitioners in
both Hong Kong and Shenzhen. During the data collection process, a "snowball sampling"
strategy was employed because of its efficiency and cost effectiveness (Sambasivan and Soon,
2007). In Shenzhen, a total of 132 responses were collected from practitioners, of which 125
responses were valid. In Hong Kong, the collected responses were 46, of which 41 were valid.
After statistical analysis, five professionals, who participated in the questionnaire survey and left
their contact information were invited to attend face-to-face individual interviews for discussion
of the derived results. The background information of the interviewees is presented in Table 2.

3.2 Statistical analysis

A non-parametric test was employed as the statistical analysis technique in this study to evalu-
ate whether there are statistically significant differences between Hong Kong and Shenzhen.
Non-parametric techniques were undertaken because, compared with parametric tests, non-
parametric tests do not make assumptions about the underlying population distribution, and
they are ideal for the data measured by nominal and ordinal scales (Pallant, 2007; Yu et al.,
2008). Two non-parametric techniques, the Mann-Whitney U Test and Kruskal-Wallis Test,
were used. The former tests the differences between two independent groups, while the latter
allows comparison of more than just two groups.

In a Mann-Whitney U Test, the null hypothesis is no significant difference exists between
the two independent groups. The corresponding parametric alternative is an Independent-
samples T-test. The calculated Z value and probability value (i.c., p-value) are usually used to
interpret the analysis results. If the p-value is less than 0.05, the null hypothesis is rejected,
which means a significant statistical difference exists between the two groups.

Similar with Mann-Whitney U Test, the null hypothesis of Kruskal-Wallis Test is that
there no significant difference exists between the tested three or more independent groups. The
corresponding parametric alternative is One-way Between-groups Analysis of Variance. The
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TABLE 1. Measure scales of affecting factors.

Affecting factor

Measurement scales

‘Waste minimization
intention

I intend to take actions to avoid construction waste generation.

I intend to take actions to reuse or recycle construction waste.

I intend to see the inappropriate dumping of construction waste.

I intend to attend trainings on construction waste minimization.

Governmental
supervision

The government has complete and clear regulations on construction waste
management.

The government has particular department(s) for construction waste
management.

The government has a comprehensive supervision system for construction waste
management.

The government imposes strict punishment to illegal construction waste

dumping.

Economic
viability

On-site construction waste management can reduce construction cost.

Decreasing construction waste can save construction cost.

Effective construction waste management can bring benefits to the company.

The current fee for discharging construction waste is high.

The government has attractive policies to encourage minimizing construction
waste.

Project
constraints

The project has enough workers for effective construction waste management.

The project has enough money for effective construction waste management.

The project has enough time for effective construction waste management.

The project has enough space for effective construction waste management.

The project has enough equipment for effective construction waste management.

The current construction waste recycling market is mature.

Behavior

I used to minimize construction waste through appropriate on-site management.

I used to minimize construction waste through appropriate material
procurement.

I used to minimize construction waste through advanced construction
technologies.

I used to minimize construction waste through on-site sorting.

I used to directly reuse construction waste in my project.

I used to recycle construction waste in my project.

I used to minimize construction waste through other measures in my project.
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TABLE 2. Profile of the interviewees.

Interviewee 1 2 3 4 5

Job category Construction Quantity Construction Project Project
engineering survey engineering management management

Working 0-5 years 6-10 years 6-10 years Over 15 years | 6-10 years

experience

Gender Male Male Male Male Male

Level of Postgraduate Bachelor Bachelor Bachelor Bachelor

education

Number of 1-5 6-10 6-10 11-20 6-10

participated

projects

Project type Residential Public works Residential Residential Commercial
building building building building

Number of More than 200 | More than 200 | 101-200 More than 200 | More than 200

on-site staff

Chi-Square value, the degrees of freedom, and the significance level are the main indicators for
interpreting the outputs. If the significance level is less than 0.05, the null hypothesis is rejected
and there are significant differences among these groups.

4. RESULTS AND DISCUSSION

4.1 Influence of personal background variables
The non-parametric test results of personal background information variables to waste mini-
mization behavior are presented in Table 3. In the eight background variables, the variable of
“Gender” has two groups (i.e., male and female), thus Mann-Whitney U Test was selected as
the analysis method. The other background variables have more than three groups; as a result,
the Kruskal-Wallis Test was employed for the analysis.

From Table 3, it can be seen that all significance levels of the non-parametric tests are
larger than 0.05. It can be concluded that the background variables have no significant influ-
ence in implementing construction waste minimization in both Hong Kong and Shenzhen.
This research finding is different from the arguments of Begum et al. (2009) who claimed that
company size, education level of employees, and work experiences critically influence waste
minimization behavior in Malaysia. The research findings in this study revealed that the back-
ground variables, in both Hong Kong and Shenzhen, play an insignificant role in determining
practitioners’ waste minimization behavior.

4.2 Comparison of affecting factors

The affecting factors and construction waste minimization behavior in Hong Kong and
Shenzhen were compared using non-parametric tests. The Mann-Whitney U Test was selected
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TABLE 3. Non-parametric tests of background information variables.

p-value
Variable Shenzhen Hong Kong
Job category 0.278 0.700
Experience 0.257 0.576
Gender 0.058 0.357
Education 0.480 0.505
Project number 0.856 0.648
Project type 0.199 0.975
Contract sum 0.051 0.576
Staff number 0.301 0.709

as the analysis method because there are two groups compared, i.e., Hong Kong and Shenzhen.
The results of the non-parametric tests are shown in Table 4. From Table 4, it can be seen that the
affecting factors in Hong Kong and Shenzhen are significantly different at the significance level
0f 0.05, which means the levels of affecting factors in Hong Kong and Shenzhen are different.
The means of waste minimization intentions, governmental supervision, and project constraints
in Shenzhen were greater than Hong Kong, whilst the mean of economic viability of Shenzhen
was lower. The levels of construction waste minimization behavior in the two regions were also
different at the significance level of 0.1. The mean of construction waste minimization behavior
in Shenzhen was lower than Hong Kong, which indicates that the practitioners in Hong Kong
perform better construction waste minimization in practice than the practitioners in Shenzhen.

In terms of the behavioral intentions of construction waste minimization, the practitioners
from both Shenzhen and Hong Kong showed positive willingness. The mean values of behav-
ioral intentions in both regions exceeded 3.7, illustrating that the construction practitioners
in the two regions were willing to adopt effective construction waste minimization measures
from their individual perspectives. However, the practical construction waste minimization
performance in both regions were regarded as not satisfactory; the mean values of behavior were
just 2.696 and 2.902, respectively, both less than a neutral score (i.e., 3.0). This means that
behavioral intentions do not have a positive influence in practical implementation. This research
finding is opposite to the conclusions from many existing research studies (e.g., Begum et al.
(2009) and Osmani et al. (2008). This brings to mind the proverb: “the road to hell is paved with
good intentions.” In the construction industry of Hong Kong and Shenzhen, the practitioners’
construction waste minimization behavior was not improved because of their good intentions.
During the following-up interviews, an interviewee said that though they have a willingness to
reduce construction waste generation, there are many other aspects that they should pay more
attention to. For example, if the project is required to be completed in a limited period, they
would deemphasize construction waste minimization and focus more on how to shorten the
construction period.
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TABLE 4. Non-parametric tests of affecting factors and construction waste minimization

behavior.
Mean
Affecting factor Shenzhen Hong Kong | Difference | Z p-value
Waste minimization intention 4.048 3.781 0.268 -2.696 0.007
Governmental supervision 3.551 3.144 0.407 -3.416 0.001
Economic viability 2.535 3.061 -0.526 -5.126 0.000
Project constraints 3.597 2.720 0.877 -6.489 0.000
Behavior 2.696 2.902 -0.207 -1.745 0.081

Hong Kong and Shenzhen both have regulations guiding practitioners’ construction waste
minimization behavior. However, the practitioners’ perceived governmental supervision in
Shenzhen is better than Hong Kong, getting a mean score of 3.551. This finding is a little
surprising. In Hong Kong, construction waste minimization has been attracted attention from
the government since the 1990s. A website was specifically established by the Environmental
Protection Department (EPD) for introducing construction waste minimization measures and
publishing construction waste statistics (EPD, 2015). Meanwhile, a disposal charging scheme
has been implemented in order to achieve construction waste minimization (Hao et al., 2008;
Lu and Tam, 2013). Thus, it is generally regarded that governmental supervision in Hong Kong
is better than Shenzhen. According to an interviewee from Hong Kong, the possible reason
may be that construction waste management regulations have been implemented in Hong
Kong for a long period without any improvement; therefore, the practitioners have already got
used to the existing requirements. In other words, the existing regulations have few effects on
improving the practitioners’ perceptions towards construction waste minimization improve-
ment. Nevertheless, as the local government in Shenzhen have been paying increasing attention
to sustainable development in the construction industry, practitioners perceive an increasing
governmental supervisory role for construction waste minimization.

Despite the better perceived behavioral intentions and governmental supervision, the
economic viability of construction waste minimization in Shenzhen is lower than Hong Kong,.
Economic viability involves two aspects: cost and profit. According to the charging scheme in
Hong Kong, it takes HK$71, HK$175 and HK$200 for each ton of waste disposal at public
fill reception facilities, sorting facilities, and landfills respectively. In Shenzhen, the waste dis-
posal charging fee varies greatly from region to region, ranging from 2 yuan/ton (1 yuan = 1.16
HKS$) in Beijing and Shanghai to 70 yuan/ton in Jiangxi and Hubei province (Yuan and Wang,
2014). Through this comparison, it can be easily concluded that the cost of waste disposal in
Shenzhen is much less than in Hong Kong. In addition, the recycling market in Hong Kong is
better than Shenzhen. In Hong Kong, the list of recycled construction materials and products
are presented on the official website of EPD, and the information of recyclers, such as accept-
able waste types, locations, is presented for selecting a recycler. Thus, the economic viability of
construction waste minimization in Hong Kong is better than Shenzhen.

Journal of Green Building 163

$S8008 98] BIA §2-80-GZ0Z 1€ /woo Aiojoeignd-poid-swnd-yrewssiem-jpd-swiid//:sdny woll papeojumo(



The level of perceived project constraints (i.e., 2.72) in Hong Kong is lower than the
normal level of 3.00. This indicates that project constraints, such as lack of enough workers
or space, may be factors that hinder the implementation of construction waste minimization.
However, practitioners from Shenzhen seem to be more optimistic about project conditions
than Hong Kong practitioners, with a mean value of 3.597. These findings are not difficult to
explain. In Hong Kong, there are many construction activities based on existing, developed
projects. The work space at such construction sites is usually limited; there might be not enough
place to store and sort generated waste. However, projects in Shenzhen are usually newly devel-
oped projects which involve several development phases. It is rare that space limitation is a
problem. In addition, the labor cost for a single experienced worker in Hong Kong is much
higher than Shenzhen, which also caused the perception of project constraints.

In terms of construction waste minimization behavior, contractors from both Hong
Kong and Shenzhen regarded it as insufficient. According to the statistical analysis results,
practitioners in Hong Kong perform relatively better than Shenzhen at the significance level
of 0.1. Overall, the practitioners in Shenzhen have advantages in implementing waste mini-
mization management from the aspects of behavioral intentions, governmental supervision,
and project constraints; however, the economic viability of conducting construction waste
minimization is not as good as Hong Kong. The only weakness (i.e., economic viability)
leads to the lower performance of construction waste management. Thus, it can be concluded
that, compared with other affecting factors, economic viability is the most significant factor
determining practitioners’ waste minimization behavior. Supported by Wu et al. (2017), it
is found that the factor of behavioral intentions does not play a determinant role in waste
minimization behavior.

5. CONCLUSIONS

Understanding the affecting factors is essential for implementing effective construction waste
minimization. This study compared the affecting factors between Hong Kong and Shenzhen
in order to provide insightful reference for the promotion of effective waste minimiza-
tion management.

Results derived from non-parametric tests revealed that the performance of waste minimi-
zation in Shenzhen was lower than Hong Kong. The background variables, such as job category,
gender, education level, did not play important roles in determining practitioners’ construc-
tion waste minimization behavior in both Hong Kong and Shenzhen. The other four affecting
factors (i.e., waste minimization intentions, governmental supervision, economic viability, and
project constraints) were significantly different between Hong Kong and Shenzhen. Overall, the
affecting factors in Shenzhen got higher scores than the ones in Hong Kong, except economic
viability. Given the better performance in Hong Kong, it can be concluded that economic
viability is more significant in affecting practitioners’ waste minimization behavior.

According to the derived results, it is suggested that rather than attempting to increase
practitioners’ waste minimization intentions or regulating their waste management behavior,
the most efficient measures for local government to promote construction waste minimization
should be related to the policies that can increase practitioners’ profits. At the industry level,
project managers should make a reward mechanism for workers to encourage their material
saving behavior.
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