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Abstract: Construction and demolition (C&D) activities generate a large amount of waste and have
significant impacts on the environment. Thus, it is necessary to implement C&D waste management
(WM), which requires the involvement of stakeholders and is influenced by a variety of factors.
This study aims to undertake a systematic review of the stakeholder-associated factors influencing
C&D WM. The Scopus search engine was used in a literature search, and two rounds of screen-
ing were performed. Only journal articles or reviews that were published in English after 2000
were used in this study. A total of 106 journal articles were reviewed. The review identified 35
stakeholder-associated factors influencing C&D WM and categorized them into six groups: regula-
tory environment, government and public supervision, advances in technologies, recycling market,
knowledge, awareness, attitude, and behaviour of stakeholders, and project-specific factors. All the
35 factors are discussed in detail with considerations into relevant stakeholders. Although there have
been studies focused on the factors influencing C&D WM, few have attempted to take stakeholders’
perspectives into consideration. This study expands the C&D WM literature by mapping the influen-
tial factors with relevant stakeholders and enables the practitioners to clearly understand their roles
and responsibilities and make better informed decisions in the C&D WM process.

Keywords: stakeholder; construction; demolition; waste management; factor

1. Introduction

The construction industry has been widely recognized as a major consumer of natural
resources and energy and generates great quantities of construction and demolition (C&D)
waste [1,2]. Demolition waste is the waste that arises from razed structures, while construc-
tion waste refers to the waste from construction, renovation, and repairing of individual
premises, commercial buildings, and other types of buildings [3]. C&D waste consists of
inert and non-inert materials [4]. The inert portion is comprised of soft inert materials
(e.g., soil and slurry) and hard inert materials (e.g., masonry and concrete), while the non-
inert portion includes materials such as plastics, glass, timber, paper, and organic materials.
Some C&D waste contains hazardous substances, such as lead paint, contaminated soils,
and asbestos from demolished structures. Thus, it is necessary to segregate C&D waste at
source [5,6].

C&D waste was estimated to represent 36% of the total waste generation in the
membership countries of the Organisation for Economic Co-operation and Development
(OECD) [7]. The European Union (EU) produced 834 million tonnes of C&D waste, which
represented the largest proportion (36%) of the total waste in 2018 [8]. Australia generated
20.4 million tonnes of C&D waste in 20162017, representing approximately 30.5% of the
total waste [9]. This indicated an increase of 20% in Australian C&D waste generation
in the past decade. Brazil was estimated to produce 100 million tonnes of C&D waste in
2016 [10]. China has experienced rapid urbanization and a huge amount of infrastructure
construction in the past decades and has become the largest C&D waste producer. In 2019,
China was estimated to generate approximately 2.3 billion tonnes of C&D waste [11], which
was much higher than the 600 million tonnes in the USA [12].
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The huge amount of C&D waste tends to occupy huge landfill spaces and exert
harmful impacts on the environment, if not properly treated. Therefore, effective C&D
waste management (WM) practice has been widely advocated and promoted around the
world. C&D WM has incorporated the concepts of the 3R (i.e., reduce, reuse, and recycle)
principle and the circular economy [13-15]. These concepts are consistent with the five
major steps (i.e., reduce, reuse, recycle, recover, and disposal) in the WM framework
proposed by El-Haggar [16]. Effective C&D WM is likely to bring about benefits to relevant
stakeholders, such as cost saving, reduced demand for landfill spaces, fewer accidents,
better social image, and improved productivity [16,17].

Although it is believed that around 90% of C&W waste is recyclable [6], previous
studies indicated that at least 35% of the global C&D waste was still directly sent to landfill
sites without treatment [18]. Developed countries tend to have a higher recycling and reuse
rate [19]. For instance, Australia recycled 67% of the C&D waste in 2017 [9]; the EU member
countries, such as the Netherlands, Germany, Denmark, and the UK, achieved a recycling
rate of 80-90% [18] and a near zero landfilling [13]; and Japan and South Korea have
made great efforts to achieve a reuse rate of 97% [20]. However, in emerging economies or
developing countries, there is still much room to improve their recycling and reuse rate
due to the lack of recycling facilities and relevant technologies. For example, previous
studies have estimated the recycling rate in Mainland China to be only 5-10% [15,21,22];
and India recycles only 1% of its C&D waste [23]. This fact echoes the prediction of Yuan
and Shen [24] that C&D WM would be a practical issue in developing countries.

C&D WM is obviously an interdisciplinary research field, covering management,
engineering, technology, economic, and policy research and targeting environmental,
social, and economic sustainability [2]. C&D WM practice is influenced by various factors.
The factors with positive influences on C&D WM can be seen as drivers or facilitators,
while those with negative effects on C&D WM can be viewed as barriers. In the past decade,
previous empirical studies have identified a list of such drivers and/or barriers in a region
or country, such as Mainland China [25,26], Hong Kong [27], Australia [28], the UK [29],
and Thailand [30].

Effective C&D WM inevitably requires the participation of various stakeholders [31,32].
These stakeholders refer to the organizations or individuals that are involved in C&D WM.
Different stakeholders tend to have different roles, concerns, and goals [33], which result in
in different behaviours, awareness, and attitudes [34] and make it challenging to implement
C&D WM [35]. For example, governments and the public tend to be concerned about the
enforcement of regulations and policies, as well as social and environmental impacts of
C&D WM [36,37]; clients may pay more attention to economic viability [28]; designers tend
to be passive about C&D WM because they believe C&D waste is usually generated in the
construction phase, but not the design phase [38,39]; contractors usually emphasize cost
and time savings [30,40] and play a crucial role in reducing or minimizing C&D waste on
site; waste recycling companies emphasize the government subsidy and sales revenues [37];
and experts or researchers tend to be concerned about development and use of relevant
technologies.

The roles of multiple stakeholders have attracted attention from researchers in the
area of C&D WM. For instance, Shen et al. [41] examined the decision-making behaviour of
material manufacturers and contractors in the C&D waste recycling process under various
environmental regulations; Su et al. [37] investigated the Chinese C&D waste recycled
product market and argued that the central and local governments, contractors, and waste
recycling companies could be viewed as promoters, supervisors, purchasers, and producers
in this market, respectively; and Du et al. [36] undertook evolutionary game analysis of
the decision-making behaviour of governments, the public, and contractors in C&D WM.
However, few studies have attempted to provide a stakeholder perspective on the factors
influencing C&D WM.

The stakeholders engaged in the C&D WM process should be clear about their
roles [14,42]. The factors influencing C&D WM should be linked to specific stakeholders,
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which allows the stakeholders to clearly understand their roles and responsibilities and
make better informed decisions in the C&D WM process. Therefore, the research question
of this study is: What are the stakeholder-associated factors that influence C&D WM? To address
this research question, this study aims to undertake a systematic review of the factors influ-
encing C&D WM with a stakeholder perspective. This study identifies a comprehensive
list of the factors influencing C&D WM and undertakes mapping between the factors and
relevant stakeholders through a systematic literature review.

2. Previous Review Work

Literature review refers to a more or less systematic approach to collecting and synthe-
sising previous research [43,44]. A literature review sets up a solid foundation for driving
theory development and advancing knowledge [45] and helps to obtain an in-depth under-
standing of a specific research field [2,46]. The C&D WM research field has a large number
of literature reviews published in journals. Some focus on a single aspect of C&D WM
research (e.g., [47]), while some take a holistic view (e.g., [2]).

There have been several reviews focused on C&D WM practice in specific countries,
such as India [48], Egypt [49], Norway [50], Malaysia [51], Russia [52], and China [53].
These reviews have mostly reported the regulations and policies, managerial implications,
and challenges relating to the C&D WM practice in these countries.

The technologies to recycle and reuse C&D waste have attracted great attention, and
there have been several reviews discussing the development of the technologies to recycle
a single type of material, such as concrete [54], wood [55], and glass [56]. In addition, Tam
and Tam [57] undertook a comprehensive review of the recycling practices of ten materials,
whilst Sormunen and Karki [58] reviewed the possibilities of using nine types of recycled
materials as raw components for composite materials. In addition, information technology
can improve the efficiency of C&D WM. Li et al. [47] reviewed the application of eight
advanced information and communication technologies (ICTs) in C&D WM, including
building information modelling (BIM), big data, barcode technology, radio frequency
identification (RFID), image recognition technology, image analysis, global positioning
system (GPS), and geographic information system (GIS).

Additionally, some reviews took a holistic view of the global C&D WM research. For
example, Yuan and Shen [24] analysed journal publications in 2000-2009 and predicted an
increasing use of modelling and simulating techniques in C&D WM practice; Wu et al. [59]
used a bibliometric analysis of the relevant journal publications in 1994-2017 and detected
five research clusters, including environmental concerns, recyclability of C&D waste,
performance and behavioural tests of recycled products, C&D WM practice, and C&D
waste with industrial ecology; and Jin et al. [2] undertook a scientometric analysis of the
journal articles published in 2009-2018 and discussed the hot research themes, research
gaps, and future research directions.

There have been few reviews focused on the factors influencing C&D WM practice.
Kabirifar et al. [14] made a good attempt to review the factors contributing to effective
C&D WM with considerations into the 3R principle but failed to identify the relationship
between stakeholders and factors. Therefore, this study aims to undertake a systematic
review of the factors influencing C&D WM and link the factors to the relevant stakeholders.

3. Methodology

This study undertook a systematic review of the previous publications relating to
C&D WM. A systematic literature review can be seen as a research method to synthesize
all relevant research findings that fit pre-defined inclusion criteria to address a particular
research question [44].

There are at least three types of inclusion criteria. The first type is to select the
databases to be searched for publications; the second type is to combine search terms and
logical connectors to identify a manageable set of publications from the selected database;
and the third type is to guide selection of publications for analysis [60]. These inclusion



Buildings 2021, 11, 149

40f22

criteria should be guided by the research question and objectives. Figure 1 show the
literature review methodology.

Database selection > Scopus advapced search
engine
\ 4 \ 4
Literature search > 390 Journql articles published
since 2000
A\ 4 \ 4
1st round of _ | Removal of articles irrelevant o 183 ournal articles
screening ” to C&D WM ” J
A\ 4 A\ 4 \ 4
2nd round of Removal of articles not
screenin > focused on the factors > 106 journal articles
& influencing C&D WM
v v v v v 4
Regulatory Government and Advances in || Recylcing Human factors of || Project-related
environment public supervision technology market stakeholders factors

Figure 1. The review process.

3.1. Database Selection

There are several general databases that can be searched for publications, such as
PubMed, Google Scholar, Scopus, and Web of Science. Comparing between various
databases, Falagas et al. [61] found that Google Scholar produced results of inconsistent
accuracy and that Scopus had wider coverage of journals than Web of Science and was
strong in keyword search and citation analysis. In addition, Scopus has been widely used in
review articles in the construction management area [2,62]. Therefore, Scopus was selected
to search relevant publications in this study.

3.2. Literature Search
The terms “construction”, “demolition”, “building”, “waste”, and “C&D” represented

Y/}

C&D waste in the retrieval code. The terms “factor”, “enabler”, “driver”, “facilitator”,

Y77

“barrier”, “obstacle”, and “hindrance” represented the influential factors in the retrieval
code. In addition, the terms “management”, “recycling”, “reduction”, and “minimizing”
denoted WM practice in the retrieval code. The term “stakeholder” was not included
in the retrieval code because few studies have linked the factors to stakeholders, and
inclusion of “stakeholder” produced a small number of publications. Additionally, only
journal articles or reviews that were published in English after 2000 were used in this study.
This is because journal articles are recognized as representative of the most influential
and reputable research [63,64], and most systematic literature reviews use only journal
publications [65,66]. The initial search process started from inputting the following retrieval
code in the advanced search engine of Scopus:

TITLE (construction OR demolition OR building OR C&D AND waste) AND TITLE-
ABS-KEY(manag* OR reduc* OR recycl* OR minimi*) AND TITLE-ABS-KEY(driv* OR
motivat* OR enabl* OR facilitat* OR obstacle OR barrier OR hinder* OR hindrance OR fac-
tor) AND PUBYEAR > 1999 AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE,
“re”)) AND (LIMIT-TO (LANGUAGE, “English”)).
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The character “*” enables a fuzzy search to identify variations of a term. The initial
search generated a preliminary list of 390 literatures in early 2021, which were sorted by
relevance in Scopus. It should be noted that these 390 literatures included the articles
in-press, which may be officially published in 2021 or later.

3.3. Screening

Two rounds of screening were undertaken in this study to identify the most relevant
literatures for further analysis. In the first round of screening, the articles closely relating
to C&D WM practice were retained. Those relating to material science and technology
development using C&D waste were seen irrelevant to management practice and thus
removed. The first round of screening resulted in 183 articles. In the second round
screening, the titles, keywords, and abstracts of the 183 articles were carefully checked. For
articles to be retained, the article had to report either the general factors influencing C&D
WM, or the factors positively (i.e., drivers) or negatively (i.e., barriers) influencing C&D
WM. The articles not focused on the factors influencing C&D WM were excluded. Finally,
106 articles were retained for further analysis.

4. Stakeholder-Associated Factors

Stakeholders are classified into external and internal stakeholders. External stakehold-
ers include governments, the general public, and experts (e.g., academics, researchers),
while internal stakeholders are direct participants of construction projects and waste re-
cycling, including clients, designers, contractors (including subcontractors), and waste
recycling companies [67]. This study discusses the influence of stakeholder-associated
factors on C&D WM. Table 1 shows a list of 35 factors influencing C&D WM. Each factor is
linked to at least one stakeholder, which initiates or is directly engaged in the factor.

Table 1. Stakeholder-associated factors influencing construction and demolition (C&D) waste management (WM).

Group No. Factor Influential Stakeholder
1 Sufficient legislation and regulations Governments
. 2 Enforcement of regulations Governments
Regulatory environment
3 Financial incentives Governments
4 Landfill levies Governments
5 Fines and penalties Governments
Government and public 6 Government supervision Governments
supervision 7 Public participation in supervision Governments, the public
8 Availability of the C&D waste statistics Governments, experts
9 Application of information and communication =~ Experts, governments, contractors,
Advances in technologies technologies recycling companies
. . E 2 2 2
10 Maturity of the technologies to treat waste Xperts, governments, contractors
recycling companies
11 Availability of local waste recycling facilities Recycling companies
Recycling market 12 Supplies of recyclable waste to recycling facilities Contractors
13 Specifications, technical or quality standards for Governments
recycled products
14 Demand for recycled products Contractors, the public, designers
15 Cost of recycling products Governments, recycling companies
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Table 1. Cont.

Group No. Factor Influential Stakeholder
16 Knowledge and skills of staff Contractors, clients, designers
17 Awareness and attitude of clients Clients
Knowledge, awareness, 18 Awareness, attitude and behaviour of designers Designers
attitude, and behaviour of 19 Awareness, attitude and behaviour of contractors Contractors
stakeholders - - -
20 Awareness and attitude of the public The public
7 Training and education Experts, gove.zrnments, cqntractors,
recycling companies

22 Top management support Clients, contractors, designers
23 Organizational WM policies Clients, contractors, designers
24 Supportive organizational culture Clients, contractors, designers

Project-specific factors

Communication, collaboration and coordination

25 among project participants Clients, contractors, designers
26 Selecting contractors with C&D WM capability Clients

27 Effective contract management Clients, contractors, designers
28 Formal waste management plans Contractors

29 Site conditions for on-site waste treatment Contractors

30 Effective site planning Contractors

31 Effective material management Contractors

32 Regular site inspection Contractors

33 Incentives for workers Contractors

34 Rework minimization Contractors, designers

35 Adoption of low-waste methods in design and Contractors, designers, experts

construction

4.1. Regulatory Environment

Regulatory environment consists of several factors directly associated with govern-
ments or legislative bodies, which play a pivotal role in promoting and supervising C&D
WM. Clients, designers, contractors, and recycling companies are directly influenced by
the regulatory environment in terms of C&D WM.

4.1.1. Legislation and Enforcement

Sufficient legislation and regulations have been widely recognized as a critical factor
contributing to effective C&D WM practice in many countries or regions [25,28,68]. Govern-
ments usually promote C&D WM through legislation and by enforcing laws, regulations,
and policies for the construction industry [69], which provide an overarching framework
with legal obligations as well as how these obligations are monitored and enforced. There
have been a number of regional empirical studies covering the role of legislation and
regulations in C&D WM practice.

In China, the Environmental Protection Law was enacted in 1989, in which C&D WM
was seen as a way to protect the environment. In the 2000s, various central government
departments issued regulations regarding to C&D WM [70]. Provincial and municipal
governments can promulgate local regulations and policies that are suitable for their
specific situations, under the overarching national laws and regulations promulgated by the
central government. In Australia, reinforcing legislation is seen as a way to enhance C&D
WM [28]. In Canada, C&D WM is regulated by provincial and municipal governments,
and the majority of municipalities have enacted by-laws to outlaw the landfilling of specific
C&D waste [71]. In Japan, the government enforced several laws and regulations in
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2002, including the Construction Reuse Law and the Construction Engineering Materials
Recycling Law. These laws help to achieve C&D waste recycling through incentives [72],
making it mandatory to recycle certain materials from demolition waste [73]. In the USA,
the National Environmental Policy Act and Federal Resource Recovery Act were enacted
in 1969 and 1970, respectively. Then, the Resource Conservation and Recovery Act was
enacted in 1976, covering non-hazardous waste from C&D debris. The Comprehensive
Environmental Response Compensation and Liability Act was enacted in 1980, stating
that contractors have obligations to manage their C&D waste [70,74]. In the EU, member
countries can decide whether or not to legislate for C&D WM [75]. However, a national
regulation for C&D WM is not necessarily a prerequisite for effective C&D WM. For
example, Poland has no national regulations for C&D WM but obtains a high C&D waste
recovery rate above 90% [75].

Effectiveness of the regulations regarding C&D WM is assured when these regula-
tions are effectively enforced, and practitioners comply with them [76]. However, the
extent to which the regulations are detailed, clear, and operable, significantly impacts
the enforcement of the regulations. In China, Lu and Yuan [25] indicated that national
laws and regulations are too general and some clauses are too vague for practitioners
to follow. Yuan [26] investigated the regulatory environment for C&D waste Shenzhen,
China. Although the Shenzhen government had enacted seven regulations since 1993, the
regulatory system was still immature, and the clauses of the local regulations were not de-
tailed enough for practitioners to follow [26]. Additionally, Yeheyis et al. [71] reviewed the
regulations regarding C&D WM in Canada and found that there was lack of enforcement
mechanisms that integrated the 3R principle into the life cycle of construction projects. In
India, the enforcement of the Environmental Protection Agency regulations was weak, and
thus contractors never recognized C&D WM as their priority and tended to illegally dump
waste [77].

4.1.2. Incentive, Penalty, and Fee

The construction industry is sensitive to cost, and thus WM should not become a cost
burden for relevant stakeholders [32]. Financial incentives play a critical role in driving
the adoption of C&D WM practice and facilitating the development of the waste recycling
market [28,78]. Financial incentives are usually seen as a policy tool [79] and can be in the
forms of government subsidies, funds, and rewards for organizations, especially contractors
and recycling companies, to offset their expenses relating to C&D WM. Some of the
government financial incentive or subsidies come from the revenues of landfill levies [80].

Imposing a landfill levy, which is also called a waste disposal charge, disposal tax, or
landfill tax in various regions, aims to increase the cost of C&D waste disposal in landfill
and encourage reusing and recycling C&D waste materials [28,69,81]. Several empirical
studies have discussed the role of a landfill levy in various countries or regions. In the
EU, although the landfill tax was perceived to drive waste recovery and recycling [82],
it was not found correlated with the recovery rate of C&D waste [75]. A case study in
Germany revealed that the C&D disposal tax was cost-effective to lower the direct disposal
rate and enhance total recycling but had limited influence on the recycling of a high
quality [83]. In Australia, landfill levies have been imposed by all states and territories
except Northern Territory and Tasmania, and a part of these levies is used to improve
enforcement and compliance and fund recycling practices [80]. However, some empirical
studies questioned the effectiveness of landfill levy imposition. Yu et al. [84] revealed that
the waste disposal charge in Hong Kong had been effective in reducing waste landfill in the
first three years since its imposition, but the effectiveness could not be sustained because
the charge scheme failed to motivate subcontractors to change construction methods for
less waste. This was consistent with the findings of Poon et al. [85]. Illegal dumping
has also been widely reported as a result of landfill levies in the countries or regions
where government supervision on waste disposal behaviours is not strict enough [86,87].
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Thus, previous studies have modelled the quantities of illegal dumping and attempted to
determine an appropriate landfill levy through the system dynamics technique [86,88].
Fines and penalties have been widely used in legislation and regulations to influence
attitudes and behaviours of internal stakeholders in C&D WM [14,79]. Calvo et al. [82]
indicated that Spain’s goal of recycling C&D waste could be achieved in 10 years using tax
penalties, which was faster than 12 years using financial incentives. Ajayi and Oyedele [79]
suggested that increasing penalties for poor waste performance should be incorporated in
the UK’s C&D WM policies. Penalties tend to reduce illegal dumping of C&D waste, while
excessive penalties have limitations. However, the impact of penalties on the C&D waste
generation could not be sustained in the long term [89]. Thus, several previous studies
have investigated the reasonable ranges of fines and penalties [36,90]. Mahpour and
Mortaheb [91] found that financial incentives were more efficient in promoting professional
ethics and motivating stakeholders to minimize C&D waste than punishment in Iran.

4.2. Government and Public Supervision

Government supervision is critical to assure the enforcement of relevant regula-
tions and reduce illegal waste dumping [82,92,93]. In an empirical study in Mainland
China, Wu et al. [94] argued that governments should impose strict supervision on WM
behaviour, as government supervision was the second most important factor contributing
to contractors” C&D WM behaviour. Government supervision also has an effect on waste
recycling companies. Long et al. [95] revealed that a higher-level of government supervi-
sion intensity would better motivate waste recycling companies. However, governments
do not have to consistently intervene with companies, and their roles vary at different
stages of the development of the C&D waste recycling market. Su [96] adopted game
theory to analyse the evolutionary decision-making process among governments, waste
recycling companies, and contractors and argued that governments will gradually reduce
their interventions and supervision as the C&D waste recycling industry becomes mature.

Although government supervision contributes to enforcement of the regulations relat-
ing to C&D WM, the probability or intensity of such supervision tends to be insufficient
due to limited resources available. Selective government supervision tends to result in
opportunistic behaviour and illegal dumping of C&D waste [36]. Therefore, the public
could be encouraged to supervise and report illegal dumping to alleviate the pressure of
governments. Chen et al. [90] indicated that involving the public in supervision can sup-
plement government supervision and effectively reduced illegal dumping and suggested
that governments should set supervision hotlines and information platforms to encourage
public participation in supervision and reporting, while Du et al. [36] reported that the
marginal benefits of public participation would decrease if financial incentives were high
enough.

Waste statistics are required to show the imperativeness of C&D WM, encourage
public environmental awareness, and facilitate the development of WM policies and
specifications [26,97,98]. These may include the amount of waste generated, reuse and
recycling rate, etc. In developed countries or regions, such as the USA, Australia, and Hong
Kong, governments publish periodic statistics of solid waste, covering C&D waste statistics.
By contrast, in developing countries, the governments may not prioritize releasing sufficient
and accurate C&D waste statistics [14]. Experts or researchers may be engaged to estimate
and predict the waste generation statistics [99,100]. Yuan [26] found that the quantities of
the C&D waste generation in Shenzhen, China were estimated by researchers based on the
surveys with limited sample projects because the government did not attempt to collect
real-time fundamental C&D waste data.

4.3. Advances in Relevant Technologies

In the past two decades, ICTs and recycling technologies have rapidly developed,
which is attributed to the research and development efforts of experts and researchers,
contractors, and recycling companies, with the support from governments.
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In previous studies, several ICTs were applied in C&D WM and helped to improve
its efficiency and solve some key issues. For instance, barcode technology was used to
facilitate effective on-site material management and reduce construction waste [101]; GPS
could be installed on transportation vehicles to monitor C&D waste movement [102]; BIM
was applied to estimate the life-cycle carbon emission of C&D waste [103] and plan for
concrete and drywall waste recycling and reuse [104]; GIS was used to quantify C&D waste
from generation to disposal [105], plan for waste sorting areas [106], and detect the areas
with possible illegal dumping [107]; big data analytics was applied to minimize waste in
design [108], identify illegal dumping [109], and analyse the factors contributing to C&D
waste generation [110]; RFID was applied with rule-based reasoning technology to enable
waste recycling companies to track C&D waste transportation [111]; computer vision
technology was used in robot for waste sorting [112]; and image recognition technology
was adopted with Google Earth to provide fast and accurate prediction of demolition waste
generated from urban renewal [113].

Promoting C&D WM also requires the mature and reliable technologies that can
perform waste sorting, waste treatment, and waste recycling. Several studies have fo-
cused on the ability and efficiency of technologies, such as waste sorting technology [6],
on-site recycling equipment [27], and the technologies that produce recycled concrete
aggregates [114,115] and glass aggregates [116]. C&D waste recycling technologies, such
as concrete and cement separation, concrete and aggregate recycling, and carbonization
of waste, have been mature and widely applied in Japan, Germany, and Singapore [15],
which has led to high recycling rates. However, the technologies to produce recycled
materials were not mature in developing countries. Huang et al. [15] indicated that only
medium- and low-strength recycled concrete could be produced in China and found that
immature recycling technologies were a critical challenge for adopting the circular economy
in C&D WM.

4.4. C&D Waste Recycling Market

Building C&D waste recycling facilities or factories has been recognized as an effective
way to improve waste recycling rates and reduce landfilling [26] and is an important node
of the supply chain for C&D waste recycling. The economic viability of waste recycling
facilities should be taken into consideration. Gangolells et al. [117] revealed that the treat-
ment capacity of such facilities in a region should be consistent with the construction
industry growth and not exceed the real demand. Additionally, location of recycling facili-
ties also impacts WM performance. Lingard et al. [35] found that availability of local waste
recycling facilities was the top concern of contractors. If there are not recycling facilities
nearby, transportation costs may be higher than landfill levies, which is not economically
viable for contractors [118]. Thus, contractors may directly send waste to landfill sites.
Several previous studies have investigated how to determine the location of recycling
facilities [119,120]. Additionally, some studies investigated possibilities of on-site waste
recycling, which aimed to minimize transporting waste to off-site recycling facilities [27].

A mature C&D waste recycling market enables the recycling of C&D waste and brings
about a higher recycling rate. Governments play a critical role in promoting the waste
recycling market [121] through financial incentives and legislation. Supplies of waste
to recycling companies, prices and quality of recycled products and demands are also
important to this market. If contractors have on-site recycling facilities or off-site recycling
facilities are far from construction sites, contractors would not send their waste to off-site
recycling facilities. Yuan [26] found that it was difficult for waste recycling companies to
obtain recyclable waste from contractors in Mainland China.

In addition, that lack of specifications, technical, or quality standards for recycled
products tend to result in concerns regarding the quality of these products and make
them unattractive [82,122]. This also further leads to resistance to using recycled products
and decreasing demands [33,123]. In addition, designers were found to be reluctant to
specify recycled products in their designs [124] due to inadequate information about the
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market availability and quality, cost pressure, and negative perceptions of clients [125].
Tam et al. [126] found that one of the major obstacles to promoting recycled products
was the opposition of local councils to using recycled products in new construction in
Queensland, Australia.

Moreover, recycled products tend to go through more treatment processes, which
increases cost and reduces price competitiveness. Huang et al. [15] indicated recycle prod-
ucts had no price advantages over those made from original materials in China because
of the high cost associated with recycling treatment. Thus, waste recycling companies
require government subsidies to survive, and the recycling market needs financial incen-
tives to develop further [37]. Although the government subsidy is a useful policy tool,
the government should assure it is practicable and feasible. Liu et al. [72] indicated that
although subsidies were available according to the regional regulations of China, the strict
conditions made it difficult for companies to apply for these subsidies.

4.5. Knowledge, Awareness, Attitude, and Behaviour of Stakeholders

Human-related factors, such as knowledge and skills, awareness, attitude, and be-
haviour of clients, designers, and contractors, have been recognized as influential to
C&D WM.

4.5.1. Knowledge and Skills

Knowledge and skills tend to impact behaviour of staff relating to WM [78,127].
Training and education may increase knowledge and skills of stakeholders. Previous
studies have investigated the skills and knowledges of stakeholders and their influence on
behaviour. For instance, Liu et al. [128] revealed that construction workers in the USA had
strong environmental awareness and better relevant knowledge and skills regarding waste
minimization than Chinese construction workers because relevant knowledge relating to
recycling, green materials, and emission reduction was included in high school or college
education; Udawatta et al. [32] found that inadequate experience and knowledge of WM
hindered C&D WM in Australia; and Sezer and Bosch-Sijtsema [129] indicated that clients
had limited knowledge relating to WM in Sweden, resulting in vague demands from clients
regarding WM and lack of relevant requirements in contractual documents.

4.5.2. Awareness, Attitude, and Behaviour

Awareness of the environmental impacts of C&D waste, attitude towards C&D WM,
and the subsequent behaviour of C&D WM have attracted great attention of researchers.
The theory of planned behaviour and the extended theory of planned behaviour, insti-
tutional theory, and the norm activation model could be used as theoretical foundations
to help explain pro-environmental behaviour relating to C&D WM [130,131]. Awareness,
attitude, and behaviour of different stakeholders should be taken into consideration to
adopt C&D WM [132].

Awareness and attitude of clients or developers significantly influence designers,
contractors, and subcontractors in terms of C&D WM [14,33]. Clients are usually profit-
driven and sensitive to cost [67]. Although contractors are directly responsible for C&D WM
during construction, clients finally bear the cost associated with C&D WM [30]. Therefore,
clients tend to be passive to C&D WM without perceivable profitability [133]. Government
clients are more favourable towards WM practice than private clients [32]. Regulatory
requirements and communicating the benefits (e.g., less accidents, better social image, and
improved productivity) can positively change clients” attitude towards C&D WM [71],
which further trigger clients’ commitment.

Design significantly influence waste [134,135], and designers play an important role in
minimizing C&D WM, as one third of waste results from improper design [136]. Previous
studies indicated that designers may not be aware of the potential of materials for waste
minimization [26,137] and misunderstand that waste is generated from site operations and
not the design phase [42]. Designers with limited knowledge of materials and construction
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methods may lead to design changes, rework, and waste [138]. Thus, it is necessary to focus
on the design phase that provides a good opportunity to minimize waste at the source [29].
BIM is a powerful tool for designing out C&D waste [139]. In addition, organizational
culture within design companies and the external environment also positively contribute to
designers’ attitude towards waste minimization [140]. As such, designers can inform clients
of the benefits of reusing materials, undertake environmental impact assessment, adopt
WM plans at an early design stage, and consider the life cycle of materials or components,
including their eventual reuse, recycling, recovery, or disposal [25,67,141].

Contractors and subcontractors are directly involved in the generation and manage-
ment of C&D waste and need to follow a WM plan [14]. As the construction industry
is competitive by nature, it is not surprising that contractors and subcontractors aim to
maximize profits [133] and may view C&D WM a cost burden. Construction workers on
site may consider C&D waste as inevitable by-products [142], and subcontractors may
have poor awareness and WM practice [143]. Through training and education, contrac-
tors and subcontractors may obtain relevant knowledge and skills, become aware of the
environmental impact of waste, and hold positive attitudes towards C&D WM [28,67],
which further contribute to WM behaviour [144]. Using theory of planned behaviour,
Wu et al. [94] indicated that such positive attitudes were shaped by perceived benefits,
including improved environmental quality, sustainable development, the company’s brand
benefit, improved social image, and the perception that it was worth promoting effective
C&D WM, whilst Jain et al. [130] believed that such attitudes were shaped by both per-
ceived costs and benefits and the perception that perceived benefits can outweigh perceived
costs.

Awareness and attitude of the public was found to influence C&D WM in several
empirical studies. For instance, Udawatta et al. [28] indicated that advertising benefits
of C&D WM through social media could improve public awareness, which enhances
C&D WM; Yuan [26] suggested that regularly releasing the C&D waste statistical data
to the public would effectively motive the environmental awareness of the public; and
Li et al. [145] found that environmental concern of the public was one of the critical
factors that should be considered when making C&D WM policies. The public still has
concerns regarding the quality of recycled materials. Lu et al. [146] and Akhtar and
Sarmah [147] indicated that C&D waste recycled products were viewed as inferior to the
original products, while Udawatta et al. [32] revealed that the public in Australia was
interested in recycled materials if they had competitive prices and reliable quality.

4.5.3. Training and Education

Training and education enable contractors, designers, and clients to increase employ-
ees’ knowledge, attitudes, and awareness relating to WM and have been recognized as effec-
tive ways to improve C&D WM in several countries, such as the USA [148], China [25,149],
Australia [28,127], Vietnam [150], Malaysia [144], and the United Arab Emirates [151].

C&D WM can be embedded in the training courses provided by government de-
partments, universities, and research institutions [25]. Contractors have been the main
subject of training on C&D WM. In contractors, vocational training on C&D WM provides
their workers with skills to sort and reduce waste on site and enhance their awareness of
environmental benefits of 3R activities [152]. The training time should be long enough to
ensure the workers have all the necessary skills [25,153] and understand why they practice
WM [32]. Additionally, for designers and architects, education and continued professional
development programs are expected to foster their positive awareness and attitude towards
C&D WM [67]. Moreover, governments may initiate information campaigns or use social
media to promote the benefits of C&D WM, which can enhance the public awareness and
participation in supervision [32].
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4.5.4. Organizational Context

A positive organizational context contributes to C&D WM practice in an organization.
Top management support and commitment is necessary to implement effective C&D WM
within organizations, because the attitude of top management influences the development
and implementation of internal WM policies, organizational culture, and resources alloca-
tion for WM. Lingard et al. [35] found that top management support was viewed as a critical
driver for C&D WM by workers, site management staff, and headquarter management
staff of contractors. Teo and Loosemore [142] revealed that WM would not be prioritized
unless managers prioritized it and provided resources for it. Ling and Lim [154] indicated
that WM should be a top-down approach and depended on top management support
to succeed. Top management support may be driven by compliance with government
legislation relating to C&D WM.

Cultural change is essential for promoting WM practice [155]. With top management
support in place, a supportive organizational culture can be developed gradually, which
indirectly influences individuals’ attitudes towards WM within a design company or
contractor [28,140]. In addition, a WM policy at the organizational level could be created
to identify the targets and strategies of waste reduction and the accountability for waste
reduction.

4.6. Project-Specific Factors

Project-specific factors are those directly related to project planning and design, ten-
dering, construction, and demolition phases. The project operation phase is not covered in
this study. Clients, designers, and contractors (including subcontractors) are the project
participants that are associated with C&D WM.

4.6.1. Communication and Coordination among Project Participants

Communication and coordination among project participants can enhance mutual
trust and reduce conflicts, positively change attitudes, and play an important role for
effective C&D WM in different project phases [14,156,157]. In the design phase, designers
and clients communicate and coordinate to reuse C&D waste; reduce design errors, changes,
and reworks; and reduce waste [26,67,158]. In the tendering phase, clients’ demand for
waste minimization should be declared and communicated to potential contractors. In the
construction phase, communication between contractors and subcontractors contributes
to trade of on-site recycled products [27]. All the relevant WM policies should be clearly
communicated among project participants [142].

4.6.2. Selecting Contractors with C&D WM Capability

The contractors with effective C&D WM plans and relevant experience are more likely
to minimize waste on site and comply with relevant legislation. Private clients tend to select
the lowest bidder to minimize costs, while government clients may adopt prequalification
procedures to select contractors based on their previous C&D WM performance [32].
Previous studies have suggested that contractors” C&D WM plans, policies, and past
performance should be incorporated into the tender selection criteria [25,137,153]. This
practice also demonstrates that clients hold positive attitudes towards WM, enhances the
competitiveness of the contractors with strong C&D WM capability, and reveals that cost
and time are not the only focuses of clients [117].

4.6.3. Effective Contract Management

Contractual clauses have great potential for waste reduction [159]. The disclaimer or
exculpatory clauses in standard contractual documents and the clauses regarding qual-
ity, workmanship, and site inspection are likely to result in rework and construction
waste and thus require amendments [160,161]. Previous studies have recommended
several amendments to reduce waste during construction, including setting waste and
recycling targets for contractors and subcontractors and clarifying their responsibilities for
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WM [117,137,159], minimising design changes or identifying the required design changes
before the work impacted is started [134,159,162], and fostering high-level collaboration
and risk sharing [28].

4.6.4. Formal WM Plans

At the project level, formal C&D WM plans typically cover waste sorting, waste
streams, waste clearance schedule, waste collection and transportation, waste reuse, recy-
cling and disposal, possible issues and solutions, and required resources [4,25]. WM plans
are developed in accordance with government regulations and organizational WM policies.
As a well-recognized driver for effective WM, a WM plan should be adopted at the design
stage for waste minimization [28]. As the effectiveness of WM plans is influenced by its
compatibility with the actual situation [30], WM plans need to be monitored, reviewed and
updated throughout a project [70,117].

4.6.5. Site Conditions for On-Site Waste Treatment

On-site waste sorting can significantly increase reuse and recycling rate and reduce
pollution and waste transportation cost and disposal [163,164], whilst on-site waste treat-
ment and recycling on site can minimize the nuisance relating to transporting waste to
off-site recycling factories [27]. However, adequate site space is required to allocated for
placing equipment, waste collecting, sorting, treatment, and recycling [163]. Previous
studies have indicated that limited site space hindered the implementation of on-site waste
sorting [4,5] and on-site waste recycling [27] in Hong Kong, where construction sites are
usually located in crowded neighbourhoods, and building retrofit projects, which involve
existing buildings in operation with constrained site space [165]. Therefore, site managers
should plan the site for on-site WM.

4.6.6. Effective Site Management

Effective management of all the on-site activities contributes to C&D waste reduction.
Effective site planning, including planning the space for waste collection and sorting, is
necessary to ensure the WM process and stockpiles do not interfere with other construction
activities on site and enable on-site material to avoid contamination or being disposed
of as mixed waste [71,137]. In addition, effective material management is also essential
for C&D WM. Previous studies have revealed optimal purchasing management, proper
handling of materials, proper storage of materials, proper access to storage areas for
deliveries, and the provision of central areas for cutting materials should be assured
to effectively manage materials on site [25,137,162,166,167]. Additionally, regular site
inspection should be undertaken, and performance of WM should be reviewed to identify
additional requirements of waste reduction [137,168]. An on-site incentive system within
contractors may be used to reward the staff producing a lower amount of waste [152].
Furthermore, on-site rework needs to be minimized, and any packed materials should be
collected [169].

4.6.7. Adoption of Low-Waste Methods in Design and Construction

Adoption of low-waste methods in design and construction significantly contributes
to waste reduction. Lean construction, which adopts lean principles in construction to
create value and eliminate non-value-adding activities, focuses on eliminating waste from
construction processes [28,170].

In addition, off-site construction and precasting or prefabrication technologies, which
produce building components in off-site factories, have been found to considerably reduce
construction waste [136,171,172], despite disadvantages relating to lower flexibility with
manufacturing and transportation problems [173]. Using reusable temporary work, such
as metal formwork, can also reduce waste [137].

Moreover, WM is one of the assessment criteria of some widely-used green building
rating systems, such as Green Star in Australia, Building Research Establishment’s Envi-
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ronmental Assessment Method (BREEAM) in the UK, Green Building Index in Malaysia,
and Green Mark in Singapore [174,175]. Thus, achieving a green building rating is also a
low-waste method.

Furthermore, Zhang et al. [176] and Poon et al. [177] identified several low-waste
methods for construction and design, including design for thin floor slabs and internal
walls, design for reducing foundation size, design for reusing excavated spoils as back-fill
materials, design for recycled materials, sequential demolition technology, use of large
panel formwork, design for hanging cradles, and modular building designs.

5. Conclusions and Recommendations

C&D WM practice is influenced by a variety of factors, which could be associated
with various stakeholders. These stakeholders usually have different interests and goals
and influence C&D WM through relevant factors. Thus, the stakeholders should clearly
understand their roles and responsibilities in C&D WM and make better informed decisions
in the C&D WM process. This study undertook a systematic literature review of the
stakeholder-associated factors influencing C&D WM. Through an initial search in the
Scopus search engine and two rounds of screening, this study focused on 106 journal
articles for analysis, each of which was checked carefully to identify stakeholder-associated
factors. Finally, a total of 35 factors were identified and categorized into six groups:
regulatory environment, government and public supervision, advances in technologies,
recycling market, knowledge, awareness, attitude and behaviour of stakeholders, and
project-specific factors. Each of these factors was linked to at least one stakeholder.

The regulatory environment creates compliance pressures for internal stakeholders,
such as clients, designers, and contractors, to adopt C&D WM. This also consists of reward—
penalty schemes, which economically drive C&D WM. Any non-compliance behaviour,
such as illegal waste dumping, should be monitored and punished to assure strict en-
forcement of regulations. Government supervision is required, but supervision intensity
is usually not enough because of resource constraints. Government supervision could
be supplemented by public participation in supervision. Public participation is usually
motivated by the environmental awareness encouraged by disclosing C&D waste statistics
and information campaigns. C&D waste statistics also contribute to government policy
making but are usually unavailable in developing countries. In some cases, researchers or
experts are invited to estimate or predict waste statistical data.

Implementing C&D WM cannot be separated from the advanced ICTs (such as BIM,
GIS, RFID, computer vision, etc.) and recycling technologies. The development of these
technologies is attributed to the efforts of experts, contractors, and recycling companies,
which are fully or partially supported by government research grants. Some of the technolo-
gies can be used for government supervision, design optimization, on-site waste sorting,
and recycling.

C&D waste recycling facilities should be built up to accept the recyclable waste
from contractors. However, the transportation cost is highly related to the location of
such facilities. In addition, such recycling facilities represent only one of the various
stakeholders of the C&D waste recycling market. They also need to assure the supply
of recyclable C&D waste from contractors and the demand for the recycled products.
The quality of recycled products should be in accordance with relevant specifications or
technical standards. However, if there are no such specifications or standards, concerns
regarding quality will arise. In addition, the high cost of recycling waste through multiple
complex treatment processes tends to incur higher prices, making the recycled products
uncompetitive compared to those made from original materials. Thus, government subsidy
can help recycling companies to survive before the C&D waste recycling market becomes
mature.

The knowledge, skills, awareness, attitude, and behaviour of internal stakeholders,
such as clients, designers, and contractors, are usually viewed as human-related factors.
Education and training can help enhance these factors and enable stakeholders to have
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positive attitudes toward C&D WM. It should be noted that awareness, attitude, and
behaviour of clients can influence those of designers and contractors. In turn, designers
can also influence clients and promote reusable and recyclable materials to clients, while
contractors can demonstrate practical benefits of C&D WM to clients, which strengthens
clients’ positive attitudes. In addition, within each stakeholder, the organizational context,
covering top management commitment, organizational culture, and internal WM policies,
can also influence staffs” attitudes and behaviours relating to C&D WM.

With a project life cycle perspective, project planning and design, tendering, construc-
tion, and demolition phases and relevant stakeholders influence C&D WM practice. Thus,
communication and coordination among clients, designers, and contractors (including
subcontractors) in various project phases are important for effective C&D WM. Designers
need to adopt low-waste methods in design. Clients need to incorporate the C&D WM ca-
pability of contractors into prequalification and tendering criteria. Contractual documents
may be amended to include specific WM targets and responsibilities for contractors and
methods to minimize rework and waste. During construction, contractors need to follow
their WM plans and adopt lean construction or prefabrication methods to minimize C&D
waste on site. Contractors also need to perform on-site waste recycling, transport waste to
off-site recycling facilities, or send the non-recyclable waste to landfill sites. This process
should be supervised by clients and governments.

There are some limitations of this study. First, this study does not adopt any quantita-
tive analysis of the literatures but is based on qualitative analysis. This is different from a
quantitative scientometric review. Second, this study reviewed the journal publications
written in English only. There may be significant and relevant articles in other languages.
Third, with the passage of time, the 35 factors identified in this study may not be exhaustive
or comprehensive. Fourth, this review focuses on the articles in Scopus while excluding
some grey literatures that may be helpful. Nonetheless, this study still provides practition-
ers with an understanding of the stakeholder-associated factors and sets a basis for future
studies focused on the stakeholders in C&D WM.

As the roles of stakeholders change throughout a project life cycle, the interactions
among stakeholder-associated factors will change accordingly. Future studies should hold a
dynamic view and investigate how the network of these interactions among factors evolve
in different project phases. In addition, as the regulatory environment is an important
driving force contributing to C&D WM, future studies should collect longitudinal data
to simulate how the stakeholders collaborate with each other at different stages after the
enforcement of relevant regulations in a period. This will help clearly demonstrate the role
of the regulatory environment in promoting C&D WM. Moreover, project characteristics,
such as project size or duration, and organizational characteristics, such as company size,
could moderate C&D WM practice. Future studies would examine the moderation effects
of these characteristic variables on the factors influencing C&D WM practice. Furthermore,
the development of emerging technologies, such as the ICTs that enhance C&D WM [47]
and the biotechnologies that are capable of producing biofuels using biomass waste from
construction sites [178-180], will involve more stakeholders. Future studies would update
the list of stakeholders with new stakeholders and the factors associated with them.
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