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Abstract: This studywas designedb investigate the recent movement and current stage of
Chinds construction and demolitionC&D) waste recyechg and reuse Specifically, the
research aimed to provide the big pictureeafent C&D waste diversion practice in China, as
well as to offer insights from Chinese field practitioners’ perceptimvgards benefits,
challenges, andecommendations dZ&D recyclingand reuseThis research was conducted
based on aeview of existing practice and holistic apppach by collecting feedback of
professionals from multiple disciplindsrough aguestionnairdsased surveyfotally 77 valid
responses were received from 592 questionnairesBatht.quantitativedata and qualitative
informationimplied that Chinavas sill at the early stage of recycling C&D wastésck of
client demands was identified as one of the nahificulties in C&D waste diversionThe
studyrevealed that engineeand consultantbad a moreositive perception on promoting
industrialtraining inC&D waste recyéhg, while construction management professionals held
more conservative opinioon it It was also found that gaining experience in C&D waste
recycing and reuse woulaffer professionalsnore positive perception on the quality of

produds containing recycled contents. It was further implied that although ryoeetal
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supervision had a high impact on China’s current C&D waste management practice, the
economic viability should eventually dominate the C&D waste diversion.
Keywords: Constuction waste; Susainability; Recydng; Reuse;Policy, Questionnaire

survey

1. Introduction

Corstruction and demolitionJ&D) wastewasdefined as a mixture of qulus materials
generated fronsonstrucion, renovation, and demolition activities, for exaejplte clearance,
land excaation and roadwork, and demolition (Shen et al., 2004). It accounts for around 40%
of total urban waste in mainland China (China Strategic Alliance of Techndltgicaation
for Constriection Waste Recycling Industry or CSATWRI, 2014),26% of total solid waste
in the U.S. (U.S Environmental Protection Agency, 2009), and 34% of all industrial waste
within Europe (Eurostat, 2016). The construction industry in China is continuing its
considerable growth, and billions of tonné<C&D waste have been producedrecent years
due to the largscale urbanization programByan and Li,2016).The enormous amount of
C&D waste generated in China over the past decades has caused severe damage to the
environment (Lu and Yuan, 201%/u etal., 201§. Duan and Li (2016) used, Shenzhene
of China’s most developeahunicipalitiesas the example, showing that 84% of C&D waste
were landfilled in recent years far exceeding the local landfill capédicityas further stated by
Duan and Li (2016) that over half of C&D waste in Shenzhen was disposed to unlicensed
landfill sites or by dumping. The urgency in reducing C&Bste to decrease the pressure on
landfills and to enhance waste diversion has driven the movement towards the environmental
susainability from both government and industry perspectives in mainland China.

Wu et al. (2016) found that in China, government played an important role in guiding and

promotingcontractor’'sbehavior in C&D waste manageme8everal esearchers (e.g., Zhao
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et al., 2008; Zhao et al., 2010; Wu et al., 2016) proposed that besides governmental policy,
economic instruments (e.g., tax and subsidy for fostering the recycling indasthyconomic
viability in terms of business profitabilitglso influencd C&D recycling practice.Technical
issues with recycling C&D wastes such as quality of recycled concretegatggand their
applicationsvere alseevaluaed in the studies of Li (2008) and Li (200B)k and Yuan (2010)
suggested the importance of having the vactparticipation of all stakeholders (e.g.,
government, clients, contractors, and suppliers, etc.) in C&D waste managemenhélessr

lack of communication and coordination among parties was identified by Domingo and Luo
(2017) as one of the major biars. It was further identified by Saez et al. (2013) that limited
comprehensive strategies have been studied in effective waste management athgaindivi
attitudes towards the C&D waste management evaluation couldVagther multiple parties
involved in the C&D waste diversion share consistent views on this subject could ihmpact t
effectiveness in communication, as the C&D waste management requires teamineffor
recruiting participants from different disciplines. The other concern washemée prio
project experience would affect professionals’ perceptions on C&D wastgeraent.

Research gaps could be identified fronedew of these existing studiésg., Zhao et al.,
2010;Saez et al., 2013; Wang et al., 2014; Domingo and Luo,)2@1that: 1)there is still
limited research on investigating the overall experience of recycling andgen&D waste
crossing regions in China; 2)ere has beemsufficient feedback on policy and economy
related issues from practitioners and stakeholders widiractly invdved in the C&D waste
treatment; 3)limited studies have addressed the question regarding the influence of
professionals’ occupation and prior experience on their perceptions, which could fugaet i
their behavior on C&D waste treatment.

This studytargets on investigatinthe current movement and practice of C&D waste

recyclingand reuse in Chin&he objectives of this empirical studye 1) to gain theoverall



83  picture of more recerthange in China’sgovernmental policy and industpyactice towards

84  sustainable treatmesuf C&D waste 2) to study benefits and difficubts related to C&D waste

85 recycing and reuse from the perspectives of professionals within relevant fields; 3)doeexpl

86  whether practitioners’ perceptions towards C&aste management related items would be

87 dependent on their occupations or prior experience; and ) to provide suggestions on enhancing

88 the existing practice of C&D waste diversion based on the responses receivethérom

89 questionnaire surveySurvey partippants from this study consisted of practitioners or

90 researchers from multipleelevantfields (e.g., material supplier, construction management,

91 and engineering consultantd)he following sections of this paper include: 1) background

92 information regarding benefits, barriers, and recommendations in C&D wagtdimg and

93  reuse in Section 2; 2) a description of research methodology in Seatiaoi\Bng a review of

94 China’'s C&D waste diversion practice in terms of both quantitative data sumamdry

95 qualitaive policy changeas well as a questionnaip@sed survey to collect insights from

96 professionals involved in C&D waste treatment; 3) results and discussion ianSéutith

97  subgroup tests conducted to determine whether the perceptions on C&D wadiegacyt

98 reuse would be affected by survey participants’ occupations or their pperience.; 4)

99 summary from findings in Section providing information on whether stakeholders and
100  practitioners from various disciplines, either with or without releeaperience, would share
101  the consistent views on C&D waste management related isand$) conclusion in Section
102 6. The findings fom this study serve assights to stakeholdensicluding governmental
103  authorities especially thosé&rom developing coumies on the current practice and trend of
104 C&D waste managememt Ching as well as provide directions on sustainable treatment of
105  C&D wastein developing or populous regions.

106

107
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2. Background
2.1Benefitsof Recyclingand ReusingC&D W aste

Numerous studies (e.g., Li, 2008; Marzouk and Azab, 20iE®;a and Pereira 2015)
haverecognized several benefits of recycling and reusing C&D waktse beefits are
summarized below:
¢ Reusing oimaterials orsite and saving natural resourcBe@n and Chan, 2007 aR et

al., 2007; Tam, 2008Zhao et al., 201(Babai et al., 2021Duan et al., 2013Fuang et
al., 2013 Vieiraand Pereira, 2015
e Decreasinghe needs otandfill spacesHKisiao et al., 2002Poon and Chan, 2007,

Marzouk and Azab, 2013);

e Saving energynd reducing greenhouse gas emissiblgg et al., 20LMarzouk and
Azab, 2013);

e Reducing healthelated risks associated with landfilled C&D wastdsaizouk and Azab,
2013;

e Coping with governmental strategy or industry stand@a@chieve environmental
sustainability (Fatta et al., 200.i, 2008.

It can be indicated that the recycling and reuse of C&D wastes could generate
environmental, social, and economic benefiier example, recycling programs can save
landfill charge and build the social sustainability image (Doan and Chi@lg) and
construction companiesould benefit from reduced waste by lower costs to purchase virgin
materials(Bossink and Brouwers, 1996).

2.2.Dfficulties and Challenges in Recyclingand Reusng
Despite the widely recogredl benefitsthe sustainable management of C&D waate

facing these difficulties and challengéscluding:



132 e Lack of wasteprocessing facilities or compani@glelo et al., 2011; Domingo and Luo,

133 2017; Jia et al., 20}7

134 e Insufficient relevant policiesegulationsand actsChung and Lo, 2003; Fatta et al., 2003,
135 Rao et al., 2007; Domingo and Luo, 2017);

136 e Poor communication and coordination among parties involved (Domingo and Luo, 2017);
137 e Lack of eonomic feasibility and viability in recycling and reusi@gD wastes, for

138 example, when the cost of reayg) and reuse exceeding the recycled waste value, or when
139 landfilling tipping charge was lower for direct disposal (Zhao et al., 2008; Zhap2QH);

140 e Poorqualities of recycled producasmdtheir limited applicationgRao et al., 2007; Li, 2009;

141 Zhao et al., 2010; Sabai et al., 2012; Duan and Poon);2014

142 e Reluctance or cultural resistance to implement C&D waste diversion (Saez et 3| E28

143 et al., 2015 for example, illegal dumping still occurgrnwvorldwide Poon et al., 2001,
144 Concei@o Leite et al.2011;Melo et al, 2011).
145 It should be noticed that some benefits verse challenges within C&D waste ativersi

146  remain inconsistent among different studies. For example, Zhao et al. (2008hao et a

147  (2010) were backed by Gull (2011)’s study that incurred labor cost when extracBig wa
148  materials and the cost of using extra admixture in the recycled product could dothepla
149  economic benefit of recycling and reusing C&D wastes. In confrast, (D08&)’s case study
150 showed thatreusing recycled C&D materialsould be more cost effective compared to
151 landfilling them. Therefore, further studies might be needed to determinddbis eff multiple

152  parameterge.g., desired quality of recycled produdtshe economic viability of C&D waste
153  diversion.

154 2.3Recommendatiors on Improving C&D W aste Recyclingand Reusing

155 Existing studies have providedcommendations in enhancing the effective C&D waste

156  managementhese strategies and suggestions include:
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e Applying economic instruments, such as tax incentive, penalty and subsidy mechanism
(Zhao et al., 2008hao et al., 2010; Marzouk and Azab, 20W\Bang et al., 2014jia et
al., 2017;

e Governmental initiatives to increase C&D waste diversion activitiegxample, a landfill
ban for unsorted wastgmlicies towards more judicious management of C&D waates,
standards for recycled materials aiming to establish the recycling marketgZiala 2010
Melo et al., 2011Marzouk and Azab, 2013; Duan and Li, 2016; Esa et al., 2017);

e Innovations in construction technology and management such as fewer design
modifications, modular design onsite sorting out waste categorieand technical
regulationsof using recycled materials in construction (Lu and Yu&1,02Wang et al.,
2010; Saez et al., 2013; Wang et al., 2@k et al., 2017; Marrero et al., 2017

e |Investmentresearch(e.g., economic feasibility)and developmenin waste reduction,
recycing, and reuselu and Wang, 2010; Sabai et al., 20¥2anget al., 2014);

Trainingin C&D waste management (Lu and Wang, 20L@ worth noticing that these
suggestions for promoting C&D waste management came from different stuosssngr
countries. The effects of implementing these recommendations maiy \different countries
or regions, and the industry practitioners may hold varied views on the recommendations. F
example, the HongKong's Waste Management Disposal Charging Scheme, althtugh w
financial incentives to C&D waste generators, did not Siantly reduce waste diversion
according to Poon et al. (2013). Tam (2009)’s empirical study of waste concratkngec
practice in Australia and Japan also identified several inconsistent pemsdptvards relevant
recommended methods in enhancingcéng from practitioners between these two countries.

It is hence important to investigate the effectiveness and practitionezsppiens within the

context of the targeted country or region such as China in this study.
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2.4 Review of C&D waste diversion in China

Unlike developed countries such dpanwhere the recyclingndustry and marketave
been wellestablishedmost C&D waste currently in Chings still directly transported to
landfills instead of being reused effectively. AccordingC®8ATICWRI (2014), therewere
only around twenty professional corporations in Chifa&D waste reuse and recycling
market, mainly producing masonry bricks containing recycled contents but withdoadity
and limited applicationdn comparison, Soutkorea, withannual C&D waste generation at
about 60 million tones, has 373 constructiolC&D waste treatment corporations
(CSATICWR, 2014).

Nevertheless, governmental policies and guidelines are being developed to gatoera
C&D waste diversion in China. In April 2015, State Council of Cleinaouned Suggestions
on Accelerating Ecological Civilization Development demanding on the reuse of C&D waste
In the provincial level, the newly enact&dejiang Green Building Regulation that has taken
effect since May2016 @courages recycled building materials to be applied in building
foundation work, retaining wall road base and subgrade, as well as parking llotthe
municipal level, Chengdu government announced the polig@dtober 206 that for all
government-fundegdrojects, the percentagérecycled contentshould beanorethan 15% for
infrastructureprojects and atve 5% for building project$Some other municipal governments,
such as Sanya in southern China, has been planning the financial incentive to enC&bag

waste diversion.

3. Research Methodology
A holistic approachkvas adopted in this study was built upon a constructivist knowledge
claim with an inclinationdwards pragmatist paradigm as opposed to a pure positivist approach.

It used a mixed metlibapproach where a combination of secondary data analysis with the
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outcome of a questionnaire survey wereduelaborate on participants’ expert opinibas
C&D waste diversion related issues

The study investigated the cemt status of C&D wasteecycing and reuse in China.
Initially existing data (e.g., these related to C&D waste generation) were retrieved from
relevantliterature sources. This would also enable camstry comparison of C&D waste
diversion practice between China and some developed countries or region (e.g., Japan, U.S.,
and Europe)Relevantpolicy changesn China’'s C&D waste management were reviewed and
summarized to provide a big picture of the transitional change towaste diversion

A guestionnairdsased approachaslater adoptedo collect professionals’ perceptions on
C&D waste in terms of benefits, difficultieand suggestions in waste recycliagd reuse.
Survey guestiongrovidedin the appendixweredivided into two portions. The first portion
aimed to colletthe survey population’s background information on recycling and reo$ing
C&D waste Survey participants were identified based on their occupatidrinvolvenentin
C&D waste management, for instance, matetiglplier, contractor, and consultants, etc. They
were also asked whether they hae&evantprior experienceThe secondoortion adopted
Likert-scale questionsvhichweredivided into three categoriegthin C&D waste recyachg
and reusgnamelybenefis, difficulties, and siggestionsThere werenultiple items under each
category, and survey participantere asked to choose the numerical scale from “1” to “5”,
where“1l” indicated“least important” of the described item or “strongly disagree” wijtt8it
meant aneutral attitude, and “S¢onveyedhe option of “strongly agree” or the perception of
“very important”. Survey participants were also given the extra option &™Nunsure of
the given itemAt the end of each category, aneogended question wgwepared to capture
additional information of survey participants’ perception towards the giagrgoryin C&D

waste diversion.
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The guestionnaire was developed from Januaiag of 2016within the research team
of theUniversity of Nottingham Ningbo Chirend peer reviewed technicaitythe pilot study
The content of the questionnaire was finaliatithe end of May 201&he questionnairbased
research was approved by the institutional Research Ethics Office befeaehed survey
participants. Potential survey sample was identifié®@m the professional network of
Construction Material Research Rractice Group and Construction Waste Management
Forum within mainland ChinaThese professionalgroups consisted of practitioners and
researchers within the field of C&D waste managemeawt @material sustainabilityThe
guestionnaire was selectronically and sent tpotential participants through SOJUMP, a

Chineseondine survey tool www.sojump.comto collectresponses.

Multiple statistical methodswere adopted in the data analysis of survey responses,
including Relative Important IndexR|l) to rank these multiple items under each category
related to C&D waste recyog and reusdi.e., benefits, difficulties, and recommendations)
Cronbach’s alph&alue to quantify the internal consistency of items witkach category, and
Analysis of Variance (ANOVA) to testhether participants’ perceptions would depend on
their occupations or prior experience.

TheRII value of each given Likescale itemwas calculated according to Eq.1, which had
been adopted in some other empirical studies (e.g., Tam et al., 2000; Tam et aEa298t

al., 2013; and Jin et al., 201 the field of construction engineering and management.

RI[ = 2% Eq.1.

AXN

wherew denotes the numerical score chosereagh survey participant in a givéam, A
is thepossibly highest score in the Likextale item, which i§ in this study. The parametér
denotes the total number of respon3é® RIl value ranges from 0 to 1, and a higher value of
RIl means a more positive attitude or higher perception of the survey population ttveards

target item.
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Cronbach’s alpha valyegarging from 0 to 1, it higher valuavould indicate a higher
consistency among the items within the category, meaning that a surveyppattivho has
chosen a Likert value for one item is prone to select a similar numerical valleetdens.
According b Nunnally and Bernsteir1i994) and DeVellis (2003), Cronbach’s alpha value from
0.70 to 0.95indicates ahigh internal consistency among all items. Otherwise, a lower
Cronbach’s alphavould display a poorer inteelatedness among iterfilgavakol and Dengk,
2011).

The survey population in this study was divided into subgroups according to their
occupation and prior experience in C&D waste managerA&DVA was applied to teghe
statistical consistency amoagbgroup in theirperceptionsowards items ¥hin each category
using the null hypothesis that thevas no significantly differemhean values among subgroups

towards the given Likerscale itenbased on the 5% level of significance

4. Results and Discussion

The results of this studgredivided intotwo major sectionghereview of current status of
C&D waste recyehg and reuse in Chinandthe data analysis of questionnanased survey.

4.1.Review of Current Sage ofC&D Waste Management in China

Quantitative data related to C&D waste generatand recovery were acquired from
multiple existing sources acrogdgferent countries or region (séable J.

Table 1 Comparison ofC&D waste
municipalities, countries, and region.

management relatedfarmation within selected

Annual Generation of | Generation C&D
Population generation of | C&D waste of C&D Average waste
City, density C&D waste per unit land | waste per tipping fee | recovery
Country | (number of (million area capita for solid (%)
or people per kn? | tonnes) (tonne/km?) (kg/person waste
region of land) daily) ($/tonne)?
Japan 337 76 201 1.63 359 80
Australia 3.3 18 2.34 2.13 68 57
Europe 73 870 85.5 3.22 102 75
U.S. 33 485 49.3 4.17 60 82
China 143 1550 to 2400 162 to250 3.14t04.86 11 5
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295

296

297

298

299

300

301

302

303

Table 1.Cont.

Shanghai 3,809 100to 144 15,773to 11.34to N/A?2 N/A?2
22,713 16.33
Beijing 1,322 35t0 40 2,133t0 2,438 | 4.42t0 5.05 N/A?2 N/A?2

1The average tipping fee has been adjustede@015 U.S. dollar value per tonne of solid waste

Note: The data in Table 1 are summarized from multiplerces including BDA Group (2009), Railey and
Greenberg (2009), Japan Environmental Sanitation Center (JESC, BQdd)ean Environment Agency (2013),
Ministry of the Environment (2014), Randell Environmental Consul(29d.4)CSATICWRI(2014) Shin (2014,
U.S. EPA (2014), ElJapan Centre for Industrial Cooperation (2015), and Eurostat Press(@fics Eurostat
(2016) U.S. EPA (2015 and Bureau of Transportatiota8stics(2017)

2The average tipping fee and C&D recovery rate in Shanghai and Beijing are nablavail

The annual C&D waste generated in China is much higherahgrother countries or
regionlisted in Table 1When evaluated from the averaggneration of C&D waste based on
unit land area or per capita, China still topped the cmsbr regionistedin Table 1.1t is
noticed that the average tipping fee for landfilling solid wastes in China isisagmiy lower
thanthat of any other developed countries or region. Jin and Chen (Rihfified that the
tipping fee would have gingly negative relationship with landfilling rate. This might partially
explain the low recovery rate (i.e., 5%) of C&D waste in China, while the samanrat
developed countries or region would be close to or over 60%alio worth noticing that ther
are regional differences in C&D wasgeneration within China. More populous or developed
regions, such as eastern coasdy generate more C&D waste than the less populous west
inland part of China. Two major metropolitan municipalities (i.e., Shanghai antdedjie
also listedn Table las examples of how more developed regions in China would differ from
the national average in C&D waste generatibrcan be foundhat population density in
Shanghai and Beijing are both close to or higher than 10 times of the national average. The
C&D generation per unit land area in Shanghai and Beijing are approxirh@@eand 10 times
of the national average value. The C&D generation per capita in Shanghaisgyalficantly
higher than China’averagevalue.

It can be indicated thauidelines and regulations from authorities could drivariiastry
pradice towards C&D waste recyoh and reuse, an example beitige “green” concrete

masonry blocks madeom recycled C&D debrig-ig.1 displays one ofhe researchers’ field
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investigations focusing areusing crushed C&D waste aplantproduction of masonry bricks

in China.

b) Crushed C&D
debris in fine aggregates

d) Final products c) Masonry production facility

Fig.1. Workflow of masonry brick production using C&D wastes in China

Though similar masonry products containing recycled esgstdescribed inFig.1l are
available in certain regions of China such as Zhej{arsputheastern province near Shanghai)
and Beijing, these “green” producise stilllimited in their applications, such as in rlmad
bearing partition walls. Some technical problems remain to be solved when utézyoied
materials, for example, the high water absorptiate in recycled aggregates may cause
durability problems in wall products. The recycling market would determine tlyetéom
business of “green” blding materials. Besides the commercial “green” masonry production
plant shown inFig.1, some PPP (i.e., publrivatepartnership) projectef C&D waste
treatment plarsthave beerplannedin metropolitan areas including Xi'an and Sanya. These

plants wold have annual treatment capadigtween 0.5 and 2 million tonnes.
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4.2 Questionnaire Survey Results

Among totally592 online questionnaires sent during June and August of 2016, 77 valid
responses were received, repréisgnthe response rate of 1360 which is acceptable
compared to previous questionnateveybased studies withiarchitecture, engineering, and
construction(AEC) industries (e.g., 7.4% in Abd&ahman et al.2006). All these 77
respondents claimed that they had either participated in C&D waste divesisitadprojects
in thepast three years or plannidbe involved in C&D waste diversion in the near futdue
to their work needs.

4.2.1. Background Information of Survey Participants

The respondentsame fromvariousregions of China. Fig.2 displays the nunsband

percentage of responses by provinces or municipalities in the map of mainland China.

5.2%)

2 (2.6%) 1

22 (28.6%)
5 (6.5%)

7(9.1%)
> 6 (7.8%)
2 (2.6%)

2 (2.6%)
Regions with one participant
(1.3% of the total participants)

D Regions with no participant

Fig.2 Working location of survey respondents (N=77)
Note: besides the twidentified types of regions either with only one respondemho in Fig.2, the remaining
regions have been highlighted in different colors, with each individualrresfiown the number of respondents
and the percentage accounted to the whole survey respondent sample.

The professions of respondents mainlyluded supplyor manufacturingf construction

materiab, constructionmanagementengineang design or consultancyesearch institutes
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involving C&D waste management, and others (eugthority ofenvironmental protectioand
business developmgniThepercentages of survey participants according to their professions

are summarized iRig.3.

Others
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Rcsx_:urch Construction \
Institutes Materials |
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Manufacturin |

o

Engineering g
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Design/ ¥
Consultancy__"

8% \ /
Construction N
Management

8%

Fig.3. Distribution of Survey Participants’ Profession (N=77)

Note: Other professions irFig.3 include environmental protection agency and stakeholdrrsiness
developers imnvironmental protection, inspection authority, and heavy equipnamifacturer for ceamtitious
materials

It can be found frorkig.3 that over half of the respondents from this survey came from the
construction material industry.Around 42% of themconfirmed that they had worked in
projects involving C&D waste recynly and reuse in the past three years, thedrestc8%
statedthat theydid not have direct experience working in a specific project incorporating
recycing or reuse of C& waste. However, all the rest 58% claimed that they would be
involved in C&D waste diversion in the near futugirvey participants were further asked
about the treatment of C&D waste in the region where they worked the existing
applicatiors of recyted C&D wastes. The bar chartsFig.4 displaythe percentages of each

optionselected by respondentsthe multichoice questions.
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Fig.4. Summary of C&D waste treatment aralise from survey participants (N=77)

It can be seefrom Fig4 that landfilling remained the major treatment approach for C&D
waste in China according to thesponsgreceived Only 30% of survey respdents claimed
that C&D waste had been widely recycled and reused in their work regions.ajoryrof
the emainingl0% who chose “others” further specified that C&D wastes were mainly applied
in roadbase or backfilSomewhat similar to the study Wiloburn and Goonan (1998yho
identified that 85% of recycled concrete debris was used avasadn the U.S., in this survey,
70% of respondents perceived thatycled C&D wastéhad been reused in roddse.In
comparison, @écycled aggregate concrete agpikcast concrete members were not widely
identified by respondent3hose who selected “otherptovided details thatecycled @&D
wastes hadlso been applied in materials foement manufacturing and site backfill.

4.2.2. Benefits of C&D Waste Recycling and Reuse

In this subsection, participants were asked of their p&ores towards benefits related to
C&D waste recyahg and reuse.Table2 lists the seven major Likedcale itemsnamely B1
to B7, which areankedaccording to theiRll values.The overdlCronbach’s alpha over 0.750
in this category showed generdiiigh internal consistency of these seven bemneldted items,
indicating that a survey participant who chose a numerical option to one ifexhlen2would

be likely to select a similar aph to other items.
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Table 2. Data analysis of the overall survey sample regarding benefits of C&D waste
recycing and reuséCronbach’s alpha = 0.7878)

Item Percentage of selecting N* RII Item- Cron-
eachLikert -scaleoption total bach’s
(%) correl- Alpha
1 2 3 4 5 ation
B1: Complying with relevangovernmental 0 0 8 44 | 48 | 64 0.881 | 0.6860 0.7348
policies
B2: Saving space from landfills, reducing thq 2 3 3 45 | 47 | 66 0.867 | 0.3672 0.7866
demand for new waste landfills
B3: Saving natural materials 0 3 7 48 | 42 | 69 0.858 | 0.6909 0.7303
B4: Motivating the entrepreneurships 0 0 9 59 | 32 | 66 0.845 | 0.3655 0.7853
B5: Increasing business opportunities for AH 1 3 14 |51 | 30 | 70 0.811 | 0.4858 0.7664
companies
B6: Saving the transportation cost between | 3 6 15 |46 |30 | 71 0.789 | 0.5805 0.7488

construction $es and landfills and saving the
disposal cost

B7: Lowering project budget by using 3 10 | 17 [ 44 | 26 | 70 0.760 | 0.5204 0.7664
recycled materials
": The totalnumber ofresponseseceived in Tabl@ excluded those who cho8d/A” indicating unsure to the given item.
The same rule applies T@ble4 andTable6.

The individual Cronbach’s Alphaalues in Table 2 display the changed value if the given
item is removedrom this category. Each individual Cronbach’s Alpha value turned out lower
than the overall value, indicating that each item in Table 2 positively contrilouteel internal
consistencyltem-total correlation in Table displays the correlation between the given item
and the remaining items. B2 and B4, the ttems with higher individual Cronbach’s Alpha
values, had correspondingly lower itéatal correlations, meaning that survey participants
were more likely to assign inconsistent scores on B2 and B4, while their perceptiohsron ot
items tended to be monaternally correlated.

The top ranked item within this category was compliant with governmental pdlicies
terms of green building and environmental protection. Waste minimization and dnistaina
waste management were identified by Fatta et al. (2808psic principles of environmental
authorities. Lu et al. (2016) inferred that public policies impacted constnuetiaste
management performance in both public and private sectors. Most respondents iwvelyis sur
also highly emphasized the conforman€€&D waste management to certain governmental

requirements or guides. Other highly positively perceived benefits includedimg the
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demand on landfill spaces and saving natural materials, consistent to the findiags(@00D9)
in the study of concte recycling practice in Japan and Australia. The-aated items in
Table2 ranked relatively low in theRIl values, which conveyed the information that lowering
cost by reusing the recycling C&D wastes might still be uncertain compared tdetabt-
related items.

An openended question was askea order to gain more perceptions of survey
participants on extra benefitst listed in Table 2. The openresponses received can be

summarized from financial, social, and environmep&akpectivs:

In the financial aspect, some respondespecified the tax incentive by recycling and

reusing C&D wastes.

e Survey participants also mentioned that recycling C&D waste would rebdacsafety
related rigs caused by landfilling wastes.

e [t was also mentioneldy survey participants that C&D wastes had been placed illegally
somewhere when local landfill space was full or unavailable. Ragyahd reuse of C&D
wastes could also reduce the illegal waste placement.

e Respondents also perceived that recycling rauging C&D wastes could promote the
environmental friendliness by reducing pollutiomsiabling the benchmarked “green”
procedure of recycling and reusing wastes, and turning wastes into usefutessour
The overall survey sample was further divided into subgroups according topaenttici

occupations, showaearlierin Fig.3, and prior experience in C&D waste treatméirdble 3

displays the ANOVA conducted to test the subgrdifferences in each of the seven benefit

related items.
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Table 3 Subgrou@nalysis of survey participants’ perception towdrelsefits in recycling and
reusingC&D wastes

Item Overall Standard ANOVA analysis for subgroups | ANOVA analysis for subgroups
Mean deviation according to occupatiors with and without prior experience
F value p value F value p value
Bl 4.406 0.635 0.02 0.999 0.55 0.462
B2 4.333 0.810 0.66 0.625 0.67 0.417
B3 4.290 0.730 0.71 0.589 1.72 0.194
B4 4.227 0.602 1.24 0.304 1.19 0.279
B5 4.057 0.832 0.19 0.943 0.01 0.921
B6 3.944 0.969 0.52 0.723 2.57 0.113
B7 3.800 1.030 2.35 0.064 1.09 0.301

Subgroupdrom different professionwere found without significant differeas in their
perceptionsaccording to the low statistics and correspondipgvalues all highethan 0.05
in Table 3 Similar resits werefound in subgroup analysis feurvey participants with and
without prior experience in C&D waste reuse and reagclt is therefore inferred that survey
participans from different professionshared consistent views on benefits related to C&D
waste recyehg and reuse, and their perception was not adfHay whether they had myant
previous experiencer not

4.2.3. Difficulties encountered in C&D waste recycling and reuse

Survey participants were asked of their opinions on difficulties or barriers enalinte

during C&D waste recyolg and reuse. In total 20 Likescale items were provided in this
category. They were listed ihable 4 following their RIl values calculatedThe overall
Cronbach’s alpha value &9275indicated very high internatonsistency of the 20 items

within this difficulty-related category.
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Table 4. Data analysis of the overall survey sample regarding difficulties in @&Bte
recycing and reuse (Cronbachalpha = 0.9275)

Item Percentage of selecting N* RII Item- Cron-
eachLikert -scde option total bach’s
(%) correl- Alpha
1 2 3 4 5 ation
D1: Lack of demand from thelienton C&D 1 3 4 54 | 38 | 69 0.846 | 0.6722 0.9234
waste recyéhg and reuse
D2: Lack of supervision and regulations in | 2 3 8 52 | 36 | 66 0.836 | 0.5795 0.9246
C&D waste recycle and reuse
D3(1): Lack of industry standasin C&D 1 7 4 51 | 36 | 69 0.826 | 0.7143 0.9222
waste recy¢hg and reuse
D3(2)": Lack ofindustrialawaremss and 1 4 9 51 | 35 | 69 0.826 | 0.4635 0.9267
support for C&D waste recyidg
D5: Lack of governmental support 1 7 11 | 39 [ 42 | 72 0.825 | 0.4870 0.9264
D6: High cost and labeintensiveness in 0 4 12 |52 | 32 | 73 0.822 | 0.6392 0.9233
separating industrial wastes
D7: Lack of sufficientC&D waste recyéhg 0 8 10 |48 |34 | 71 0.814 | 0.582 0.9243
practitioners
D8: Insufficient AEC companies’ supportin | O 3 17 |51 | 29 | 69 0.812 | 0.5786 0.9245

developments of technology, resource,
training and human resource

D9: Lack of participation and traiing of 3 6 7 57 | 28 | 72 0.803 | 0.7141 0.9225
employees in C&Dwaste recyéhg and reuse

D10: High cost for transportation betem 0 5 16 |51 |27 | 74 0.800 | 0.6135 0.9238
jobsites and waste diversiofacilities

D11:Lack of balance between demand and| 1 4 17 |50 | 27 | 70 0.794 | 0.7256 0.928
supply in the recyahg and reusenarket

D12: The cost for wastdiversionis higher 1 10 | 13 |43 |33 | 70 0.791 | 0.7455 0.9207
than traditional landfilling

D13: Insufficientinvestmerg in thescientific | O 6 19 |53 [ 23 | 70 0.786 | 0.5222 0.9255
research of C&D waste diversion

D14: Increaseavork load such as recording | 5 5 14 |53 | 23 | 74 0.765 | 0.6663 0.9227
and supervisig C&D waste diversion

D15: Difficult to install and maintain 3 10 | 16 | 46 | 25 | 69 0.759 | 0.5793 0.9251
recycingand reusenachines (e.g. crushers) ¢n

jobsites

D16: Increasethaintenance and amagement| 4 7 24 | 38 |27 | 74 0.754 | 0.5693 0.9251
cost spent in C&D waste diversion

D17: Difficult to establish a waste reciyg 1 14 | 14 | 46 | 23 | 69 0.751 | 0.6047 0.9240
plan for an individual project

D18: Causing changes aompaniesexisting | 3 15 |13 [ 49 |21 | 72 0.739 | 0.6447 0.9231
management poljcand working mechanisms

D19: Inferior quality of products containing | 3 10 | 24 | 43 | 19 | 67 0.731 | 0.5274 0.9255
recycled contents

D20: Limited applications for recycled 3 15 | 15 |49 | 18 | 72 0.728 | 0.5615 0.9249
products

*: Two items within this category received the sdRhlevalue at 0.826 and ranked among all items. Therefore, they were
denoted as D3(1) and D3(2).

All individual Cronbach’s alpha values irable4 lower than the overall value showed
that each item cdnbuted positively to the consistency. Among these items, D3(1), D9, D11,
and D12 turned out with higher contribution to the internal consistency according towresi
individual Cronbach’s alpha values and higher #etal correlations (i.e., over T00). In

other words, survey participants’ perceptions towards difficulties relatéatk of industry



458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

standards, insufficient participation and training, unbalanced between supplynaardde as

well as higher cost were highly correlated to the restifitulty-related items. In contrast,
survey participants’ opinions on D3(2) (i.eack of industrial awarenesad support for C&D
waste recyclingand D5 (i.e., lack of governmental support) tended to be more independent
with what they viewed on the lagr items inTable 4.1t could be inferred that respondents
generally had a higher recognition on these two items and their perceptere not affected

by other difficulty+related items.

It is seen inTable4 that the first ten items hdd| values gual to or over 0.800, which
wascorresponding to a mean Likert score value at 4Bich meanthat survey participants
tended to have a higher recognition of these difficulties, among which the top rankec&gem w
the lack of client demands on C&D wadtavas stated by Lu et al. (2016) that clients play the
leading role in environmental protection and closely monitor contractors’ construcgia w
practices, and hence making a significant difference to contractors’ waste martagemen
performance. Besidethe insufficient client requirements, lack of regulations, industry
standards, and industry awareness were also perceived as major barresngcling and
reusing C&D wastes. These higlinked items ifTable4 conveyed the information that tikeer
could be potentié} betterestablished technical guidelines and standiardsainlandChinato
drive the C&D diversion movemengimilar challenges in terms of lack of governmental
legislatives and public practices had been identified in other developingiesu@#.D waste
diversion, such as that in Vietnam (Lockrey et al., 2016).

Survey participants were further askambutother difficulties or challenges encountered
in recycling and reusing C&D wastes. The findings could be summarizedns técultural,

economic, and othexspects.
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e The most frequently mentioned barriers turned to be cultural resistance to products or
projects usingC&D wastes. Specifically, endisers and public currently had doubt or
uncertainty of living or working in a building contang recycled C&D waste streams

e Economic issue was another barrier in implementing C&D waste diversion, agctvdin
openended responses received. Survey participants revealed that: 1) the cost of treatin
C&D wastes other than directly landfilling theras high withotifinancial aids; 2) the
return on investmen diverting C&D wastes were low and AEC companies could not see
the best economic benefits; 3) it was also costly tegmaizedifferent C&D wastes; 4)
contractors were unwilling to spend extra budget on C&D waste diversion.

e Some other difficulties included lack of locally qualified companies in dealitigC&D
wastes, hard to collect C&D wastes discreetly distributed across diffeations,and
some individual projects did not generatege amount of C&D wastesid hence not worth
the cost ofecycing.

Subgroupnalysis was also conducted and summarizéadlote5. The overall sample was

divided according to their occupations and prior experience in C&D wasteingcyat reise.

Table5. Subgroup analysis of survey participants’ perception towsadsers in recycling and
reusingC&D wastes

Item Overall Standard ANOVA analysis for subgroups | ANOVA analysis for subgroups
Mean deviation according to occupatiors with and without prior experience
F value p value F value p value
D1 4.232 0.789 1.14 0.347 0.60 0.440
D2 4.182 0.821 0.54 0.705 142 0.239
D3(1) 4.130 0.906 0.52 0.724 0.04 0.835
D3(2) 4.130 0.856 0.74 0.569 0.00 0.951
D5 4.125 0.963 0.85 0.500 1.71 0.195
D6 4.110 0.774 1.60 0.186 0.13 0.719
D7 4.070 0.884 2.16 0.084 1.29 0.260
D8 4.058 0.765 0.43 0.786 2.87 0.095
D9 4.014 0.911 0.25 0.908 0.17 0.681
D10 4.000 0.811 1.22 0.312 0.76 0.387
D11 3.971 0.868 1.61 0.183 131 0.257
D12 3.957 0.999 1.16 0.337 1.98 0.164
D13 3.929 0.804 1.14 0.345 1.65 0.203
D14 3.824 1.025 0.50 0.733 1.64 0.204
D15 3.797 1.023 3.89 0.007 1.07 0.304
D16 3.770 1.054 0.93 0.454 1.19 0.278
D17 3.754 1.020 1.43 0.235 0.05 0.831
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D18 3.694 1.057 1.80 0.139 0.32 0.573
D19 3.657 1.008 1.43 0.236 5.20 0.026
D20 3.639 1.039 2.54 0.048 2.48 0.120

*: p value lower than 0.05 indicates significantly different perceptions among spisgowards the given item

While generally all subgroups shared consistent viewstems related to difficulties

encountered in C&D waste management, there were a few significantly differeeptions

among subgroups in D15, D19, and D20:

Material suppliers and construction managers tended to perceive difiicelties in
instaling and maintaimg recycing ard reuse facilitien jobsites with average Likert

score at 4.111 and 4.000 respectively. In comparitiom, average Likert scores in
subgroups of engineers & consultants and others reached 3.600 and 3.778 respectively,
indicaing that these two subgroups had the perception between “agree” and “neutral”
towards D15. In contrast, respondents from research institutions had the parbefuiv
“neutral”, with average score at 2.923. It could be inferred that materialiengpphd
construction managers, who hadna jobsite experience, woutnsider more difficulties

on placing recyahg facilities, compared to those professions with less site exposure, such
as researchers.

All those professionals directly involved in C&D readyq and reuse were prone to have

an attitude between “agree” and “neutral” regarding the limited applicatiorexydled
products, with average Likert scores at 3.763, 3.000, 3.200, and 3.286 respectively for
material suppliers, construction managers, megis & consultants, and researchers.
However, other professions (e.g., environmental protection agendhorities, and
entrepreneursperceived more difficultiesn the applications of recycled C&D wastes,
with the average score at 4.333. This diffgpedceptionfrom other professions could be
dueto the factthattheytended toview the difficulty at the macro level from social and
economic perspectives and henaght see more barriers in marketing products containing

recycled streams. In comparisothe remaining professionals were mostly direct
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practitioners within C&D waste management field, they might view the applications of
recycled products more from the technical perspective.

e Survey participants with and without prior experience in C&D waste diversion held
significantly different views on the quality issue of products contgireeycled material
Those without previous project experience in C&D wastes tended to perceive iamore
problem of qualities in recycled products, with an average Likert score at 3.895 hokée t
with prior experience wdd consider it less a problem quality issueqaverage Likert
score at 3.345)his could be due the fact that gainingroject experience in C&D waste

diversion will provide more confidence to professionals on quality of recycled products.

4.2.4. Suggestionsto improve C&D waste recycling and reuse
This category focuses on suggestions to improve C&D waste regyahd reuse. Survey
participants were asked of their perceptions on the importanagedfikertscale items, which
are listed inTable6 in the order according to their overBlll values.

Table6. Data analysis of the overall survey sample regarduggestionsn enhancing
C&D waste recychg and reuse (Cronbashalpha = 0.8537)

Iltem Percentage of selecting N* RII Item- Cron-
eachLikert -scaleoption total bach’s
(%) correl- Alpha
1 2 3 4 5 ation
S1: Mandatory requirement or financial 0 0 6 40 | 54 | 63 0.895 | 0.5910 0.8372
incentives from governmental authorities
S2: Categoriing recyclable wasteaccading | 0 1 3 52 | 43 | 69 0.875 | 0.6204 0.8340
to the application ofecycled produst
S3 Including C&D wasteecycing and reuse | 0 1 7 44 | 47 | 68 0.874 | 0.5714 0.8389
in theearly projecstags
S4 Effective communication among clients,| 0 1 4 51 | 43 | 68 0.871 | 0.7467 0.8208
engireers, contracors and consultants
S5: A comprehensive and accurate evaluati¢ 0 1 9 49 | 41 | 69 0.858 | 0.5098 0.8456
on the return on investment
S6: Enhancing C&D waste recyng 0 0 11 |51 | 38 | 65 0.855 | 0.6475 0.8311
technologies
S7: Promoting training of C&D waste 1 0 6 59 |34 |70 0.849 | 0.6896 0.8289
recycingin the industry
S8: Enhancing trainings and management o] 1 3 3 62 |31 |71 0.837 | 0.5459 0.8412
C&D waste recyéhg within AEC companies
S9: Increasing the tipping fe@ff landfilling 0 3 16 | 48 | 33 | 67 0.821 | 0.3409 0.8657
C&D wastes
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The Cronbach’s alpha value @B8537indicated high internal consistency among the nine
items. However, S9 (i.e., increasing the tipping fee for landfilling C&D wastes)itha
individual Cronbach’s alpha value higher than the overall value, indicating that S9 waythe onl
item that did not contribute to the internal consistency. The-titeah correlation of S9 also
appeared low at 0.3409, which means that respondents tended to have an independent view on
it compared to what they did to other eight items.

Excluding those responses claiming unsure to the given item, it can befrimomithble6
that the majority of survey participants chose “4” or “5” in all these Likeale items,
indicatingthey would positively suggest or strongly recommend these methods in improving
C&D waste diversionlt is seen in Tablé thatall nine suggestions were received with positive
perceptions among survey participants, vieth valueshigher than 0.800, or c@sponding
averagd.ikert scores over 4.000. Simildy to two other categories, the governmemfilence
was considered one of the top driving factors in moving forward C&D waste iregwcid
reuse. Governmental support, either mandatory requiremenéancial incentiveswas ranked
as the topecommendation in enhancing C&D waste diversi@ihersuggestionperceived
highly positive included S2 (i.ecategorizing C&D wastes according to their applicaloB8
(i.e.,earlier project delivery stagevolving C&D waste management p)aand S4 (i.e multi-
party communications on C&D waste diversion).

The operended question was asked to collect more insights from participants on extra
suggestions in driving C&D waste diversidrhe governmental regyementand monitoring
was still the most fre@ntly mentioned suggestiocBome other suggestiongre alsgrovided
from the survey sample and could be summarized below.

e The gateof-the-art practicezould be demonstrated C&D waste recychg and rese at
certain provincial and municipal levels. This could potentially lead to knowledge transfe

in the relevant field.
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e Public guidelines and effective monitoring to sustainability practice from theray were
important to continuously implement C&D sta diversion.
e Public or governmeriunded projects should consider it a priority using products
containing C&D wastes as the way to show the public the government attitudeanhd eff
in promoting C&D waste recyiclg and reuse.
Survey participants were tesl of subgroup perceptions towards the nine given suggestions
The survey sample was divided into subgroups based on their occupations and prior experience
in C&D waste management. Tallalisplays the ANOVA results.

Table 7. Subgroup analysis of survey participants’ perception towards suggestions in
improving practices of recycling and reusing C&D wastes

Item Overall Standard ANOVA analysis for subgroups | ANOVA analysis for subgroups
Mean deviation according to occupatiors with and without prior experie nce
F value p value F value p value
S1 4.476 0.618 0.81 0.526 2.29 0.135
S2 4.377 0.621 0.65 0.629 0.32 0.571
S3 4.368 0.689 0.55 0.699 0.55 0.460
S4 4.353 0.641 0.06 0.993 3.08 0.084
S5 4.290 0.688 2.04 0.099 0.84 0.364
S6 4.277 0.650 0.75 0.5%60 2.24 0.140
S7 4.243 0.690 2.56 0.047 0.00 0.988
S8 4.183 0.743 1.07 0.377 1.99 0.163
S9 4.104 0.781 4.07 0.005 1.58 0.213

*. p value lower than 0.05 indicates significantly different perceptions among spsgmwards the given item

There weregenerally consistent views on items listed able 7 among subgroups,
especially for subgroups with and without previous experiemaepthat:

e Compared to participants from other occupations who would strongly suggest promoting
the industrywide trairing on C&D waste recytig, with the average Likert score ranging
from 4.111 to 4.600, the subgroup of construction management showed less positive view
on the same suggestion with Likert score at 3.500. This could be due to the fact that
construction management is the profession that has most exposure and direci@xperie
C&D waste treatment, and it could be in their perception that relevant trainingpivmee

most critical factor compared to other factors in enhancing waste irecgcid reuse.
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e Professionals from other occupations including material supplier, construction
management, research, and others were highly positive on the suggestion to iherease t
tipping fee for landfilling wastes, with average Likert score rangiogn f4.000 to 4.263.

In contrast, engineers & consultants had a low recognition on this item, with thgever

Likert score at 2.750 indicating their perceptim@iween “unimportant” and “neutral”.

5. Discussion

This study aimed to investigate therant stage of C&D waste redymy and reus@ractice
in China. It started from describing the big picture of China’s C&D wastesioremovement
in terms of governmental policghangesand industry practice. The questionndiesed
approach was later adopted to study perceptions of participants, splgcificaking on the
three major categories (i.e., benefits, difficulties, and suggestiorShina’'s C&D waste
recycling and reuse.

5.1.The overview of China’s C&D waste managemenmtractice

China generates a tremendous amount of C&Dtevasmnually compared to some
developed countries or reg®fe.g., U.S and Europe), and the average generation rate of C&D
waste measured by unit land area or per capita is also comparatively high. &brgpar
developed countries, the landfilling chargeCinina is significantly lower, which could be one
cause of low C&D waste recovery rate in China. It is worth noticing thavitiage values of
C&D waste in China does not reflect the regional status, especially tlroyeedsveloped or
populous regions sh as Shanghai and Beijing, where the C&D generatiorkipéor per
person daily is significantly higher than China’s national average vali®.irtiplied that
diversion of C&D wastes within these metropolitan regions are more urgeb&[asvastes,
if not properly treatedgould further occupythe limited land sourcesRecent movemesiof

C&D waste diversion from both governmental regulations and industry implementation i



614  China has indicated the ongoittignds of technical standard development for walstersion

615 It should be realized that although there have lohangesn policy and guideline to promote
616 the sustainable treatment of C&D waste from all the three governmental legelstéte,
617  provincial, and municipal) in China, the current C&D wasteycing and reuse in China is
618  still at the early development stage compared to developed countries or ragjiodafean). A
619 longterm efforttowards the higérrecovery of C&D waste could be expecte€imna starting
620 from thesefew metropolitan areage.g., Chengdu) where the municipal governmental
621  guidelines have been announced.

622 5.2. Benefits anddifficulties within C&D waste recycling and reuse

623 Practitioners had a high awarenesgovernmental policies in C&D waste management.
624  All governmental policies, guides, or support relatedstemre ranked as timeost important
625  or key issues in each tife three categories with this questionnaire survey. Besides complying
626  with governmental policies, other main benefits of recycling and reusing C&2sveceived
627  with highly positive perceptions included lowering the demands on landfilling apdcaving
628 natural resources, which were also considered top benefits of concretegeoythe study
629 conducted in U.S (Jin et al., 2015) and Australia and Japan (Tam, 2009).

630 Governmental supportivolicies in terms of mandatory requirements or financial
631 incentives, guidelines, and effort in monitoring the industrial behavior of regyatid reusing
632 C&D wastes were perceivabplaying a significantly importat role in promoting the C&D
633  waste diversion practicédowever,it was also mentioned by survey participants thatlack
634  of governmental support and insufficient awareness or effort themgovernment side would
635 become one of the major barrielisshould be noticed that althdugpolicies from the state
636 government and certain provincial authorities have been established in enuguitai
637 sustainable C&D waste treatment, the implementation at local or municipal level eoyld v

638  significantly depending osome factors such as the local governmental guideline andingcycl
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facilities of local AEC companies. The availability of we#itablished regulations and
standards was also identified as one major concern in treating C&D wastemparison,
other potential problems associated with implementing C&D waste diversion, such a
increased work load and management ¢bstextra cost of recycling wastes, as well as limited
applications and lower qualities of recycled products were not perceived asattgpges.
Responses from opendal questions revealed anothmarrier of applying recycled products
due to the public cultural resistance.

Generally the crosscountry comparison revealed that developing countries, such as
China in this study and Vietnam the study of_ockreyet al. (2016), would be more likely to
claim governmental support and legislatiamnth top importance in enhancing C&D waste
recycing and reuse. In contrast, investigations conducted in developed countries, such as U.S
(Jin and Chen2015) aml Australia and Japan (Tam, 2009) would find governmental
restrictions on waste generation with less impact on C&D waste diverlSmmomic
feasibilitiesand governmental supervisions were identified as two key factors aff€ttina’s
C&D wastemanagemenZhao et al. 201Q Wu et al., 2016), and this stuflyrtherimplied
that survey participants perceived more influence from governmental policy cbaanaic
motivations. This could be due to tliact that China is still at the beginning stagke
implementing C&D waste recyialg and reuse nationwide, and governmental guide would play
a more significatrole in influencing industripehaviors. Nevertheless, as the recycling market
is growing and developing its own economic mechanism, eventuallgabnomic viability
would beadetermining factor in C&D waste management, as what is now seen in the market
of some developed countries such as Japaere recyclers are more capatdemakeends

meetwithout governmental aid
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5.3Subgroup perceptionstowards C&D waste diversion

Although the perceptions of the survey population towards the three major categories
within C&D waste diversion were mostly consistent crossing differentipatmons and
generally unaffected by thearior experience, @rtainsignificant subgroup differences were
identified on survey sample’s perceptions. For example, professionals froreenmggrdesign

and consulting firms had the most positive viewposmoting industrial training on C&D waste

recycing, but with significantly lower recognitions on increasing the tipping charge of
landfilling wastes. Differing from engineerand consultants, construction management
professionals held more conservative opinion on promoting the industrial traimi@gD
waste diversionThosewith prior experience in C&D waste recya) or reuse would hold
more positive view on thgualities of recycled products, and those with more direct exposure
to C&D waste management were more likely to be more optimistic oappkcations of
recycled @D wastes.

5.4.Suggestions to promoting C&D waste management in China

All suggestions listed in this study in improving C&D waste management wete/@lys
perceived by the survey sampBased on the responses collected fronréwveew of existing
practce andquestionnaire survey, several recommendations to imgtouea’'s C&D waste
recycing and reusareprovided:

e Continuous work on establishing regulations and standardsistainable treatment of
C&D wastes, especially thoselated to categorizingc&D wastesaccording to their
applications, and certain policies (e.g., incentives for recy€li&ip wastes);

e Enhancements of clients sophistication aiming to increase the demand omgeaydi
reusing wastes through possible approachesasidemonstration and knowledge transfer

startingfrom public sector projects involving C&D waste diversion;
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e Governmentor authority work in both provincial and municipal levels to be further
implemented, including but not limited to specified requirements on site wesycing
and reuse, incentives to encourage waste diversion, and promoting inwdiditityainings
in relevant field;

e Communicating and specifying&D waste management work in the early project design
or procurement stage by involving multiple projpatties (e.g., engineexgntractors, and
consultants);

e Continuingdevelopment ofechnologiedo improve the quality of recycled produetsd
exploring potential applications of prodscontaining recycled streams;

e Further investigation of economic feasibility and governmental supervitrategies

aiming to nurture the local recycling markets.

6. Conclusions

This study adopted holistic approach in investigating the current status of C&D waste
recycing and reuse in Chin®uantitative data includinGhina’s C&D waste generation were
provided and discussed in comparison with some developed countries or region (i.alighustr
Europe, Japan and U.S). The urgency of diverging C&D wastes in metropolitan and
surrounding regions (e.g., Shanghai and Bejjimgs addresse@ome governmental policies
and guides from state, provincial, and municipal levels on enhancing diversion of C&B waste
were reviewed together with the existing applications of recycled pro@eicts masonry
bricks). It could be foreseghatChina is moving towards treistainable treatment ofastes
although thdong-termwork in C&D waste diversiosan be expected he second part oe
study adopted a questionnalvased survey by recruiting professionals from rpldti
occupations involved in C&D waste management. Perceptions of the survey sample towards

benefits, difficulties, and suggestions related to C&D waste riegyahd reuse were analyzed.



713  Governmental policies, guidelines, and strategies were perceived as afrevkeyfactor in

714  implementing C&D waste diversion in China. Other key issues identrigdpacting C&D

715  waste diversion included clients’ demands on waste treatment, availabrigewént industry
716  standards, classifying C&D wastes, and mpé#rty communicationof C&D waste

717  management in the early project stalgesponses collected from opended questions also
718  provided insights on suggestions in enhancing C&D waste management practicanfplee

719 demonstrating sustainable use of C&D wastes from governtmeaéd projects, whitcould

720 be one strategy in handling the public cultural resistance to products witheckcgeitents.

721 This empirical study serveas the extemgn from previous researchn C&D waste

722 managemertty combiningreview d stateof-the-artimplementation and questionnairesed

723 approach which provides information on whether professionals’ occupation or prioeagpe
724  would affect their percepti@nThe findings obtained from this study could provide insights to
725 relevant stakeholdsiin studyng the strategiesr making decisionsf implementing C&D

726  waste diversiorCritical factorsn implementing C&D waste management could be applicable
727  crossing countries, such as governmental influence, cultural acceptaecgdied products,
728 and multipaty communicationslt is implied that though a C&D diversion market (e.qg.,
729  mainland China) at the initial stage might view governmental superas@key impact factor
730 inits own development, the economic viability would ultimately become the dongriatitor

731 in C&D waste diversion business.

732 The survey sample in this questionnaiesed study mostly came from more populous or
733  developed regions along the eastern coast of China (e.g., Beijing, Shanghai, Guangdong,
734  Jiangsu, and Shandong), with limiteide of sample from less developed or populous inland
735  regions. Although the survey results would be more applicable to these populous rétdions w
736  more urgent needs of C&D waste diversibepuld be implied thaas China is undergoing the

737  continuous urbanization with more C&D wastes generated, other less developed regobns coul
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also learn from the experience in these studied populous counterparts in theRuiure.
research could focus othe follow-up evaluation of C&D waste diversion performance
accordng to relevant benchmarked criteria or governmental regulagstigjaing the return
on investment of recycling and reusi@&D wastes through case studies, the effects of project
delivery method (e.g., integrated project delivery) on enhancing C&BDevdagersion in the
early project stage, and the application of digital technologies (e.g., builtmgnation
modeling) in C&D waste management.
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Appendix: Questionnaire Survey on Recyahg and Reuse of Constructiorand Demolition
Waste

Background and Experience on Recycling and Reuse of Construction Waste

1.
2.

Have you participated in any projects involving C&D diversion in thé thase years? A. Yes B. No
Based on your work needs glou plan to be involved in projects related to rdogchnd reuse o€&D
wastein the near future

A.Yes B.No C.Unsure

Your working location.

Your career fieldA. Constructbn materials B. Constructiorindustry C. Engineering design or
consulting DAcademics E. Others (Pleasmecify).

What is the major way of disposing construction waste in the redienenyou workA. Landfilling B.
Recyclngand raise  COthers (Pleasspecify).

According to your experience, what are the main applications of theuwrimstand demolitiorwaste
recycing and reuse in your region? Multi choide.Wall materials (e.g. bricks and blocks) B. Recycled
aggre@te concrete C. Precast concrete members D. Roadbase E. OthersyPtifgse

Perceptions on Recycling and Reuse of Construction and Demolition Waste

Please answer the benefits, difficulties and suggestions in constructivaste recycling ara. For the
following questions, the choices are-& (1. Strongly disagree 2Disagree 3. Neutral 4.Agree 5.
Strongly agree 6. Not sure)

.........\]

The benefit of constructioand demolitionwaste recyghg and reuse

Saving space from landfillseducing the demarfdr new waste landfills

Savingnatural materials

Lowering project budget by using recycledterials

Saving the transportation cost between construction site and landdilsa&ing the disposabst
Complying with the governmeat policiesof green building and environmental protection
Enhancing the competitiveness and increasing business opportuni#dsdaompanies
Motivating the entrepreneurshipsthe field of construction waste reciya and reuse

Others, please expia_

8. The difficulties of construction and demolitiaraste recydéhg and reuse

High cost and labeintensiveness in separati@§D wastes

High cost for transportain betweerobsites and waste diversiofacilities

Difficult to install and mainti recycing & reusemachines (e.g. crushers) jofsites

The cost for waste diversias higher than aditional landfilling

Increased maintenance and management cost spent in C&D waste diversio

Difficult to establish a recyiig plan for an individuaproject

Increased work load su@s recording and supervisi@&D waste diversion related activities
Causing changes in companies’ existing management policy and workihgumsms

Lack of participation and training of employee<J&D waste recyéhg and reuse

Inferior quality of products containing recycled contents (e.g. strength reduntrecycled aggregate
concrete)

Limited appliations for recycled products

Lack of balance between demand and suppthe recydhg and reusenarket

Lack of investment irthe scientific researchfdC&D waste diversion

Not enough AEC companies’ support in developments of technology, restraining and human
resource irC&D waste recydhg

Lack of demand from the owner or investor sideC&D waste recyéhg and reuse

Not enough construction waste recycle practitisner

Lack of awareness and support @D waste recyéhg in the industry

Lack of support from government

Lack of supervisiorand regulations in C&Dvaste recy¢hg and reuse

Lack of industrystandard irC&D waste recyéhg and reuse

Others, please explain



995

996

997

998

999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012

For the following questions, the choices are-@ (1. Least important 2. Unimportant 3. Neutral 4.
Important 5. Very important 6. Do not know)

9. Suggestions in constrtion and demolitiorwaste recyéhg and reuse

A comprehensive and accurate evaluation omeéhen on investment of C&Waste recyéhg and reuse
Defining the categories of recyclalfl&D wastes according to the application of the recycled product (e.g
red bricks, old concrete, mud and etc.)

Enhancing C&Dwaste recycle technologies

Including C&D waste recydhg and reuse in the early projestages

Enhancing trainings and managemen€&D waste recyéhg within AEC companies

Pronoting training ofC&D waste recycle in the industry

Effective communication among clispengineers, contractoand consultants db&D waste recythg
and reuse

Mandatory requirement or financial incentives from governmental atiélsofor waste recyaig on
constructbn sites

Increasing theipping fee for landfilling C&Dwastes

Others, please explain



