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ABSTRACT

Construction waste issues have raised considerable concern in recent decades.
Green building (GB) has been adopted around the globe as a strategy to curtail build-
ing-related environmental issues, including construction waste. Particularly in China,
with the soaring construction activities tied to urbanization and urban regeneration,
massive construction waste has been generated, imposing tremendous pressure on
the industry and beyond. China is also vigorously pursuing a national GB strategy, but
its effects on construction waste management (CWM) are yet to be confirmed. This
paper evaluates CWM performance in GB by putting the dyads into China'’s particular
Political, Economic, Social, and Technical (PEST) context. By analysing a total of 310
LEED (Leadership in Energy and Environmental Design) accredited GB projects in
China, it is surprisingly discovered that GB does not prominently improve CWM. The
paper goes further to understand the causes of the mediocre CWM performance, by
conducting ten semi-structured interviews with GB and CWM practitioners in Chi-
na. Finally, a comprehensive PEST analysis is conducted to discuss the situation in
the context of China. Factors such as (a) incomplete CWM regulations in China, (b)
lack of economic incentives, (c) lacklustre awareness about CWM, and (d) lack of
advanced technologies, caused the CWM performance in GB. Based on the PEST
analyses, some targeted strategies are also recommended. This study is of benefits

1. INTRODUCTION

Construction plays a pivotal role in materializing the
built environment and maintaining the national economy in
China, revealed from its prodigious portion contributing to
its Gross Domestic Product (GDP) with a contribution of
consistently over 6% in recent years (NBS, 2019). Howev-
er, construction activity by nature is hostile to the natural
environment. It can lead to a series of negative impacts,
including land depletion and deterioration, energy con-
sumption, solid waste generation, dust and gas emissions,
noise pollution, and consumption of non-renewable natu-
ral resources (Shen et al., 2007; Lu and Yuan, 2011; Yang
et al., 2019; Yang et al., 2020), which have been frequently
witnessed in the past decades in China. Amongst the con-
tributions leading to environmental degradation, the solid
waste generated from construction activities has plagued
China for decades.

The solid waste arising from construction, renovation,
and demolition activities is called construction waste, or
sometimes, called construction and demolition (C&D)
waste (Kofoworola and Gheewala, 2009; Wu et al., 2017). In

to both researchers and practitioners in the GB industry.

recent years, a considerable amount of construction waste
has been generated in China due to the mounting construc-
tion activities tied to urbanization and urban regeneration.
C&D waste has incurred negative social-economic and en-
vironmental effects (Ye et al., 2012; Wu et al., 2019). The
world generates over 10 billion tons of construction waste
every year and about one quarter of the total waste is gen-
erated in China, reaching up to 2.3 billion tons (Lu et al.,
2016; Ajayi et al., 2016; Zheng et al., 2017). Lu et al. (2016)
estimated that approximately 1.13 billion tons of C&D
materials were generated in China during 2014. Conven-
tionally, the disposal methods for construction waste are
landfill and incineration, which not only considerably occu-
py valuable land resource but also causes environmental
deterioration. Therefore, how to tackle construction waste
problems, termed as construction waste management
(CWM), has become a discipline in its own right. In the past
decades, CWM has been receiving increasing attention in
China due to the growing awareness of embracing sus-
tainability. To address the issues arising from construction
waste needs various grand, systematic initiatives. Among
them, a promising initiative is to embrace the green build-
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ing movement in China.

Here, green building (GB) refers to an environmentally
responsible and resource-efficient structure or site through-
out its lifecycle (EPA, 2016). Amidst the global trend of
achieving sustainable development, GB has been elevated
to the top of many construction-related institutions, includ-
ing China. An array of governments, professional institu-
tions, and independent organizations have developed and
launched green building rating systems (GBRSs) to outline
GB standards and label certifications. There are eight cate-
gories of project performance defining the assessment cri-
teria of most prevailing GBRSs, covering project manage-
ment, site, energy, water, materials, emission and storage
of hazardous materials, and indoor environment quality
(Gou and Lau, 2014; Wu and Low, 2010). CWM, as a pivot
indicating the degree of sustainability, has also been for-
mulated in most prevailing GBRSs. It has been found that
credits aiming for CWM are typically under the "Materials"
category, comprising 8-12% of all the attainable credits in
a GBRS (Tam et al., 2004; Lu et al., 2016). Substantial stud-
ies have been undertaken to examine the effects of GB on
carbon emission, energy saving, occupant comfort, and
property market price (Shuai et al., 2018; Castleton et al.,
2010; Zhang and Altan, 2011; Fuerst and McAllister, 2011).
Nonetheless, rather limited studies have explored the ef-
fectiveness of GB on CWM, even though CWM also plays a
critical indicator of sustainability.

Hence, this study aims to evaluate the effects of GB on
CWM in China, and then understand the causes of the ef-
fects by conducting a series of semi-structured interviews
and a comprehensive political, economic, social, and tech-
nological (PEST) analysis. According to the PEST identi-
fied, a series of targeted strategies are also recommended
to improve the CWM performance. This study will focus on
the GBRS of U.S.-developed Leadership in Energy and Envi-
ronmental Design (LEED) because it is the most prevailing
and widespread GBRS globally. A large number of GB pro-
jects in China have also been accredited by LEED. The de-
liverables of this study are not only beneficial to research-
ers and practitioners in the GB industry, but also provide a
good reference for exploring whether GB can be used as a
tool to improve the CWM performance in China.

2. LITERATURE REVIEW
2.1 Green building movement

The concept of GB can be traced back to 1960s when
the energy crisis and environmental pollutions concerns
were increasingly anabatic due to the over-exploitation and
overuse of fossil energy (Kibert, 2004). In the 1980s, with
the increasing embracement of sustainability in various
industries, the call for sustainability in the construction in-
dustry has become extremely strong with the conscious-
ness of the building industry as a predominant contributor
to energy consumption and environmental pollution (Lu
and Tam, 2013). Under this background, UK created the
first GBRS in the world, BREEAM (Building Research Es-
tablishment's Environmental Assessment Method), which
represents a milestone of the world GB movement (Cohen
et al., 1998). Afterward, the GB movement has entered the

track of rapid development (Shen et al., 2012).

Nowadays, GB, also known as sustainable building,
refers to a practice of creating structures and using pro-
cesses that are environmentally responsible and energy
efficient throughout a building's life cycle from planning,
design, construction, operation, maintenance, and decon-
struction (EPA, 2016). Green buildings are created to re-
lieve the adverse impacts of the built environment on both
human and natural environment (EPA, 2016). In recent dec-
ades, GB development has witnessed an unprecedented
surge, and numerous GBRSs have been issued by an ar-
ray of governments, professional bodies, and independent
organizations to pioneer sustainability of the construction
industry (Chi et al., 2020). GBRSs are tools to evaluate a
building's performance in conformity to a series of criteria,
such as site, energy, water, air, and materials (Wu and Low,
2010). Usually, GBRSs are created by a panel of experts
and stakeholders (Gou and Lau, 2014). A study conducted
by Vierra (2014) estimated that there are more than 600
GBRSs globally. Amongst them, LEED developed by the
U.S. is the most widely spread GBRS. According to USGBC
(U.S. Green Building Council) (2019), there have been more
than 94,000 LEED-certified projects in 167 countries and
territories globally.

In terms of the GB movement in China, the emergence
of GB is later than the west until 2005 when the first "in-
ternational green building conference" was held in Beijing.
After one year, in 2006, the Chinese national GBRS, Green
Building Evaluation Label (GBEL) was formally issued,
which significantly catalysed the GB movement in China.
Even though the inception of GB in China is later, the per-
meation of it is incredibly in-depth into the market. It is
ambitious of the Chinese government that by 2020, 50% of
new residential buildings will be certified by GBRSs accord-
ing to its "Construction Industry 13" Five-Year Plan" (Zhang
and Kang, 2018). Amongst the GBRSs prevailing in the Chi-
nese market, LEED possesses the leading position among
the clients despite the fact of the existence of its national
GBRS, GBEL. It is announced by USGBC (2018) that there
have been more than 1,211 LEED-certified projects (47.16
million m? GFA) until 2017, second only to the U.S. global-
ly. That is why LEED in China is the research focus of this
study.

2.2 Construction waste management

Construction waste, sometimes termed as construc-
tion and demolition waste (C&D waste), refers to the solid
waste resulting from any construction activities, such as
new construction, renovation, and demolition (Roche and
Hegarty, 2006; Lu et al.,, 2019). Construction waste can be
generally classified into two generic portions, inert materi-
als and non-inert waste depending on whether it has sta-
ble chemical properties (EPD, 1998). Inert materials, such
as soil, earth, slurry, rocks and concrete accounts for the
vast majority of the construction waste and are suitable
to reuse and/or recycle for different purposes, e.g., road
formation, land reclamation, and recycled aggregate. The
non-inert waste mainly comprises bamboo, plastics, glass,
wood, and paper, contaminates the surrounding environ-
ment significantly. Therefore, it is not considered for reuse
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and/or recycling, and it is normally disposed of at landfills
(Poon, 2007). Landfilling not only gives rise to negative so-
cial-economic impact but also leads to environmental deg-
radation due to anaerobic decay of the materials disposed
of and thus the production of carbon dioxide, methane, and
leachate (Lu et al., 2015). It also rapidly exhausts invalua-
ble land resources.

In recent decades, vast amounts of construction waste
have been generated, which has raised worldwide atten-
tion. The need to tackle the construction waste issues
gradually fosters the emergence of a distinct discipline,
termed as construction waste management (CWM). CWM
can be generally guided by the ‘3R’ principles, i.e., reduce,
reuse, and recycle according to their desirability (Peng et
al., 1997). The 3R's highest priority, the reduction has been
examined extensively, and substantive measures have
been proposed. Such measures generally involve either (1)
adopting low waste technologies; (2) reducing waste by
design; (3) raising practitioners' attitudes towards waste
reduction; (4) developing an effective waste management
system; or (5) reducing waste by government legislation (Lu
and Yuan, 2011). Reuse means using the same material in
construction more than once, including using the material
again for the same function (e.g. formwork in construction)
(Ling and Leo, 2000) and new-life reuse for a new function
(e.g. using the cut-corner steel bar for shelves; using the
stony fraction for road base material) (Duran et al., 2006).
Recycling is considered the final option before disposal.
Through recycling, a variety of new materials can be made
from construction waste (Bao et al., 2019).

Compared with other Western developed countries,
construction waste issues in China are even worse. China
is already the world’s largest waste generator and by 2030
its volume of waste is projected to be double America’s
volume of municipal solid waste (MSW); nearly 40% of the
MSW generated is construction waste, consuming about
40% of natural resources and energy (WEF, 2018; Wang et
al., 2008). Nowadays, around three-quarters of Chinese cit-
ies are facing the dilemma known as "waste siege". The
construction waste issues in China are even more griev-
ous as a result of poor CWM performance (Bao and Lu,
2020). The reuse and recycling rate of construction waste
in China is only 5% compared with that of 70%-95% in some
developed countries (Huang et al., 2018). With the further
urbanization and urban renewal in China, the construction
waste issues would be even worse and thus, it is impera-
tive for China to devise some effective strategies to tackle
the construction waste issues. That is why this study aims
to evaluate the effectiveness of GB on CWM to see whether
GB can be applied as a strategy to tackle the construction
waste issues in China.

2.3 GBRS and CWM dyads

Considering that CWM is pivotal in the process of fos-
tering sustainability in the construction industry, some
scholars have tried to explore the potential of GBRSs to
tackle construction waste issues. For example, Lu et al.
(2019) did a study trying to compare the CWM perfor-
mance among the three GBRSs and unveiled that poor
CWM performance is in common in the three GBRSs. Addi-

tionally, Lu et al. (2018) analysed the effects of BEAM Plus,
GBRS developed by Hong Kong, on CWM performance
with big data analytics applied and the results indicate
that CWM performance shows a notable reduction only in
demolition projects. Chen et al. (2018) furthered the study
of the nexus between BEAM Plus and CWM and discov-
ered that BEAM Plus has a negligible influence on CWM
performance. Furthermore, Wu et al. (2016) compared the
CWM related items in the five GBRSs and uncovered that
GBEL, Chinese national GBRS pays the most attention to
the CWM problems, while GBI (Green Building Index), GBRS
developed by Malaysia emphasizes the CWM the least. To
conclude, even though there have been some studies trying
to investigate the potential of GBRSs to tackle the CWM,
minimal research, if any, has probed into the effectiveness
of LEED specifically in China, although China is the larg-
est construction market and LEED is the most widespread
GBRS. This is the research gap this study intends to fill.

3. RESEARCH METHODS

This study adopts a mixed method, including three
phases, i.e., archive analysis, semi-structured interview,
and PEST analysis. These three phases are related and
succeeded mutually, which are elaborated individually be-
low. To help the readers better understand the research
methods adopted in this study, a framework is made (see
Figure 1).

3.1 Archive analysis

This study begins with a series of desktop archive anal-
ysis to examine how GB projects certified with LEED influ-
ence CWM. The version of LEED v2009 New Construction
is selected for this study due to the fact that the number
of projects certified under the most recent version, the
amount of LEED v4 is still limited during the study period.
The authors first analysed where the CWM-related credits
are allocated in the LEED. It is found that the credits relat-
ed to CWM in this rating system normally reside under the
category of ‘materials & resources'. After finding out where
the CWM-associated credits exist, the authors also identi-
fied the CWM-related credits by probing into the evaluation
criteria by item by item. Afterward, a total of 310 GB pro-
jects accredited LEED including different certification lev-
els in China has been sourced from the U.S. Green Building
Council (GBC) in this study. By calculating and comparing
the average rate of credits attained under the category of
CWM and other performance categories, it is intuitional to
discover how the GB affect CWM.

3.2 Semi-structured interviews

Following the archive analysis, the study conducted a
series of semi-structured interviews to explore the reasons
for the effect of GB on CWM (Wang et al., 2019). Therefore,
a succession of semi-structured interviews was undertak-
en by collecting the qualitative data with LEED and CWM
experts, consultants, researcher, project managers based
in China. The detailed profile of the interviewees is shown
in Table 1. In total, 10 experienced and professional in both
LEED and CWM construction industry practitioners were

Z.Bao etal./ DETRITUS / Volume 12 - 2020 / pages 125-134

127



Research Objectives

Research Methods

Research Deliverables

e T TR T TR T TR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R, e ‘
: !
| To examine CWM “
| £ performance in GB projects : : Quantitative data of CWM ‘
: = awarded with LEED Archiive snalys performance I
P certification in China }
|

e e
I . e I
I |
| . |

To ascertain the effects of
I @ Qualitative data to explain the I
| = LEED on CWM and Semi-structured . WM 2 . [
1% understand the causes behind interviews « P erfo;na ncle obtained in I
: L the effects age :
I I
S O S |
r—FF " """/ /Ty Ty /" |
| 1 -' |
I c ; 7 I
| % T;éfggfg dﬂ;.zriifli;:e A series of PEST factors |
: as " — PEST analysis —| organized from the qualitative :
® measures to improve CWM .

| w . . data obtained from Stage 2 |
I performance in GB projects |
I |
I |

FIGURE 1: Framwork of research: objectives, methods, and corresponding deliverables.

interviewed. These interviewees, with deep industry ex-
perience, have been engaged in a great many GB projects
awarded by LEED.

The interviews were started by asking some open-end-
ed questions by eliciting the interviewee’s overall opinions
on the LEED itself in the context of China. Then the ques-
tions were extended to CWM in China, e.g.:

+ How is the CWM situation in China generally?

+ What do you think is the cause of the CWM situation
in China?

+ In your opinion, is the current CWM-related credits allo-
cation in the LEED rational enough to better improve the
CWM performance in China?

Afterward, the questions were even more targeted at
the specific item in the LEED and asked credit by credit,

e.g.

+ Which credits are relatively harder to achieve?

+ Why the credits are difficult to obtain?

+  Based on your practical experience, is there any effec-
tive approach to deal with the corresponding difficulty?

For each of the interview, it lasted between one to two
hours. The tape-recording was conducted for some of the
interviews, while if the interviewee did not agree to the
recording, a detailed note was taken accordingly. If some
notes taken during the interviews were not clear, the tele-

phone call was dialled with the interviewee to check, which
ensures the validity of the data.

3.3 PEST analysis

By collecting the qualitative data from the semi-struc-

TABLE 1: Profile of the interviewees.

Relevant working

No. Role N
experience
1 GB expert in an architecture firm, architect, > 12 vears
LEED AP y
2 i GB consultant in a world-class engineering < 8 vears
consultancy firm, LEED AP y
3 i GB consultant in a local GB consultancy firm, S 5years
LEED AP y
4 i GB consultant in a national architecture S 6 vears
institute, LEED AP y
5 | GB consultant in a regional comprehensive
desi . > 15 years
esign firm, engineer
6 : GBexpertin aregional architecture institute, > 15 years
LEED AP, engineer y
7  Researcher in a regional architecture
Lo > 5 years
institute
8  GB expertin aregional GB council, architect, S 8 vears
LEED AP Y
9 | Project manager in a state-owned construc-
. R > 20 years
tion firm, engineer
10 : Director in a real estate development firm,
. > 12 years
engineer
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tured interviews, a comprehensive PEST analysis was con-
ducted. The PEST refers to four factors, political, economic,
social, and technological. It is a powerful and widely used
tool for understanding strategic risk, identifying the change
and the effects of the external macro environment (Sam-
mut-Bonnici and Galea, 2015). PEST analysis has two func-
tions. The first is to identify the external environment where
the company or organization operates, while the other is
to provide data and information to enable the company to
predict situations and circumstances and formulate strat-
egies (Yuksel, 2012). PEST was firstly developed to apply
in the discipline of market research, but in recent years, it
has been widely applied across the disciplines due to the
awareness of its significance. Adapting the PEST analysis
into this study, it can assess how GB affect the CWM in the
context of China from four external factors, political, eco-
nomic, social, and technological. The results of the analy-
sis can inform the practitioners for reference to formulate
the strategies to improve CWM in the future.

4. RESULTS AND FINDINGS
4.1 Archive analysis

From the archive analysis, Table 2 shows the credits
allocated to CWM in the LEED. The study identified CWM
associated credits by going through all the criteria item
by item. The LEED version 2009 for New Construction
includes seven aspects of assessment, i.e., sustainable
sites, water efficiency, energy & atmosphere, materials &
resources, indoor environmental quality, innovation, and

TABLE 2: CWM related credits in the LEED.

regional priority credits. It is examined that pertinent cred-
its relating to CWM lie on the performance category of
materials & resources as listed in Table 1. The materials
& resources category receives 14 credits out of total 110
credits, in the interim, 11 points can be attained by CWM.
The attainable point(s) of each CWM related item, as well
as its relative weight in the overall grade, were presented
in the last two columns of the table, from where all CWM
associated points account for 10% of the total LEED score.
It can also be perceived that this rating system allocates
dissimilar emphasis on different aspects of CWM perfor-
mance when devising the crediting mechanism.

This study has sourced the scoring data of all the 310
projects (as of 30 April 2019) certified for green building
certification as LEED (see Table 3) in China. Table 3 shows
the detailed credit distributions of LEED-certified projects
at different levels of certification. It is noticed that GB pro-
jects obtained low scores in the category of materials &
resources (MR) where CWM related items are allocated.
Based on the identification shown in Table 2, the authors
created one more column depicting how CWM is performed
in real-life LEED evaluation shown in the last column. The
analysis so far indicates that less than 32% of the total ap-
plicable credits in CWM are attained, which are relatively
lower in each level of certification. It can be induced that
the designated performance of enhancing CWM via LEED
has largely unattained. Furthermore, the detailed scores of
each CWM-associated credit in the LEED-accredited build-
ings are elaborated in Table 4. It would be intriguing and
necessary to keep digging the cause of this anomaly.

Overall assessment framework

CWM related credits

Attainable

Performance I Credit item Attai'nable Attainable rate in
category points points overall grade
1 sustainable sites (SS) 26 MR1.1 Building reuse - Maintain existing 3 2.73%
walls, floors, and roof
2 water efficiency (WE) 10 MR1.2 Building reuse - Maintain existing 1 0.91%
interior non-structural elements
3 energy & atmosphere (EA) 35 MR2 Construction waste management 2 1.82%
4 materials & resources (MR) 14 MR3 Materials reuse 2 1.82%
5 indoor environmental quality (IEQ) 15 MR4 Recycled content 2 1.82%
6 innovation in design 6 MR6 Rapidly renewable materials 1 0.91%
7 regional priority credits 4
Total 110 11 10%
TABLE 3: The credits distribution of LEED-certified projects in China.
o, Mool e, S0 WEG)  EAG MR KA D R owM(y)
Platinum 45 82.11 82.56 95.56 74.48 44.29 42.13 5.16 3.98 37.58
Gold 147 64.64 75.20 91.09 37.84 39.94 36.17 4.63 3.90 32.53
Silver 89 54.16 68.41 77.30 23.18 37.00 31.95 4.27 3.65 28.91
Certified 29 45.07 66.31 60.00 17.04 31.28 24.43 3.59 217 25.39
Average - 7312 80.99 38.14 38.13 33.67 31.10

Note: SS = sustainable sites; WE = water efficiency; EA = energy & atmosphere; MR = materials & resources; IEQ = indoor environmental quality; | = innova-
tion in design; RP = regional priority

Data Source: Public data posted on the official website of the U.S. Green Building Council
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TABLE 4: The CWM related credits distribution of LEED-certified projects in China.

Certification Level MR1.1 (%) MR1.2 (%) MR2 (%) MR3 (%) MR4 (%) MR6 (%)
Platinum 0 0 97.78 1.1 91.11 33.33
Gold 2.72 0.68 78.91 0 78.91 1.36
Silver 1.12 0 91.01 0 66.29 0
Certified 23 0 84.48 1.72 50 0
Average 1.54 0.17 88.05 0.71 71.58 8.67

4.2 The performance of CWM explained

Apart from the quantitative data collected above, this
study also conducted ten semi-structured interviews with
GB and CWM experts and practitioners. A combination of
the qualitative analysis and quantitative analysis can help
understand the rationales, i.e., the causes behind the poor
performance with respect to CWM in real practice and as-
sessment.

4.2.1 MR1.1 Building reuse - Maintain existing walls, floors,
and roof & MR1.2 Building reuse - Maintain existing interior
non-structural elements

These two credits are aimed to encourage developers
to reuse the existing, previously occupied building compo-
nents including structural and nonstructural elements em-
bedded in the first two items respectively. According to the
requirements, the thresholds are set as 55% and 50% for
the percentage of salvaged portion correspondingly. It can
be noticed that minimal buildings can earn these credits
even for the platinum-certified projects. Regardless of the
certification levels, the average percentages of the projects
that attained the credits MR1.1 and MR1.2 are only 1.54%
and 0.17% respectively. In total, there are only six projects
thereof that attained the credits among total 310 cases. As
informed by the interviewees, the majority of GB projects
are new construction, especially in China. These two cred-
its are more applicable to reconstruction projects, which
are more commonly seen in some developed countries,
such as U.S. As such, it is scarcely for the new building
to triumph the thresholds devised in the system. Addition-
ally, achieving these credits is heavily reliant on the plan
of demolition works in great details. The loss of previous
design documentation, the tight project schedule, as well
as the time cost expenditure can be the hindrance to living
up the ideal demolition works as per the high LEED's stand-
ards. In that case, many developers and GB consultants
will lower the priority of these two credits.

4.2.2 MR2 Construction waste management

To reduce the amount of construction waste going to
the landfill and incineration facilities, the evaluation criteria
are highly dependent on the data and necessary supporting
documents submitted by the project contractors, indicat-
ing the percentage of the waste is recycled or salvaged. As
shown in Table 4, the average percentage of the projects
under the four certification levels reaches up to 88.05%.
Although the data shows GB projects got the highest rate
of points under this criterion, it reveals one issue derived
from the interviews. In China, only a few cities launch their
regional regulations to specify the waste disposal proce-

dure appropriately, but they still do not specify the sensible
way to calculate the amount of waste recycled or salvaged
which LEED does demand. As reflected by interviewees,
the documentation requested by LEED basically relies on
the estimation by figuring the number of dumpers and con-
tractors' experience. Due to the lack of verification mecha-
nism in the LEED evaluation process, the data may be thus
vague, which does not mirror the actual performance in the
real-life projects.

4.2.3 MR3 Materials reuse

This credit requires to use salvaged, refurbished or re-
used materials, the sum of the cost for using such materi-
als should be reaching at least 5% of the total value of pro-
jects materials usage. It is found that the credits are scored
rarely with the average percentage calculated only 0.71%
from Table 4. There are three major reasons for this phe-
nomenon, according to the interviews. Firstly, the quality
and durability of reusable/recycled materials are the prima-
ry concerns from project stakeholders. To this end, they are
reluctant to undertake unnecessary risks arising from the
quality of the recycled products. Secondly, both developers
and clients are unenthusiastic reusing old building materi-
als, partially due to their traditional Chinese mindset, fond
of the new and tired of the old. Due to this mindset, the
adoption of recycled products is bound to affect the selling
price of the projects and then the profitability of the stake-
holders, particularly for some commercial and residential
projects under the background of the current increasingly
heated real estate market in China. Thirdly, the cost savings
for applying the criteria might not considerably economize
the project cost, since the selection of qualified recycled
materials can increase the extra labor cost and time cost
and may not be able to perform price soar of the property
to be sold. In that case, this credit may not be a good can-
didate for scoring.

4.2.4 MR4 Recycled content

As reflected from Table 4, the average percentage of the
projects that attained the credit MR4 is 71.58%, which man-
ifests that the majority of projects achieve the requirement
of employing building products incorporated with recycled
content, thereby decreasing the usage of natural virgin ma-
terials. As mentioned before, the validation of such credit
depends on the evidence provided by the project develop-
er/applicant. To obtain the credit, the developer or contrac-
tor should collect corresponding proper documentation to
prove the proportion of recycled component reaches the
thresholds from product suppliers. In the current market,
there appears peculiar paucity of building materials origi-
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nally labeled with recycled content value within a material.
Therefore, the contractors should re-identify eligible mate-
rial suppliers, or provide a template of document for mate-
rial suppliers to fill in the information that LEED requests.
However, there is no standard operating procedure of data
collection to ensure the authenticity of the information. As
reflected by interviewees, making sure the authenticity of
documentation is still the loopholes in the GB evaluation
process. Some interviewees even admitted that the situ-
ation of the data fabrication to attain the credit is not un-
common in China.

4.2.5 MR6 Rapidly renewable materials

The average percentage of the projects attaining this
credit is calculated as 8.67% from Table 4. There appears
to be a scarcity of GB projects that earned this credit be-
cause there are limited options for the materials specified
in the requirement. According to the potential strategies
mentioned in the indicator, it is suggested to consider
using materials such as bamboo, wool, cotton insulation,
linoleum, wheatboard, strawboard, and cork. Through inter-
views, the most commonly used types of rapidly renewable
materials are bamboo and wood. For ordinary buildings, it
is improbable to install these kinds of materials accounting
for 2.5% of the total cost of building materials used in the
whole project. Therefore, only some pilot demonstration
projects that aim to achieve the big-league performance of
LEED certification are planning to employ these kinds of
certain materials in the very beginning usually at the stag-
es like design or selection of suppliers, so as to get to the
credit. Because of this condition, only platinum/gold-certi-
fied projects scored the point.

4.3 PEST analysis

From the results obtained from archive analysis and
semi-structured interviews, CWM-related credits attained
in the LEED-accredited projects in China were the lowest
compared with other performance categories, inducing GB
does not have distinct effects on improving regular CWM
performance in China. A PEST analysis was conducted to
analyze further and understand certain situations that Chi-
na would face when promoting CWM in further ascension
ahead. Four external perspectives (political, economic, so-
cial, and technological) are elaborated individually below
(see Table 5).

TABLE 5: Summary of PEST analysis.

4.3.1 Political dimension

Poor CWM performance in the GB projects can be at-
tributed to the incomplete CWM regulations in China con-
cerning the political dimension. Very few cities, like Beijing,
Shanghai, and Shenzhen, have issued their regional CWM
related regulations. A vast majority of cities still do not
have any regulation to stipulate CWM issues. Even for the
cities like Beijing, Shanghai, and Shenzhen, the regulations
are far from complete compared with western countries
and other developed economies. The current regulations
are just enough to improve construction waste treatment
at a very general stage. As a consequence, in terms of a
specific situation, the regulations are difficult to follow. As
echoed with Yuan (2013), comprehensive regulations could
form a concrete basis to implement CWM. Nevertheless,
the neighbors of (Mainland) China, e.g., Japan and Hong
Kong, where the relatively mature and all-around CWM re-
lated political mechanism is implemented for addressing
construction waste issues, and thereof have yielded nota-
ble effects on CWM. From the view of the political system,
the primary endeavor is to formulate a series of systematic
CWM related regulations at both national and regional lev-
els. Besides, more efforts can be input in China to learn a
well-rounded CWM system and practical experience from
advanced countries/regions.

4.3.2 Economic dimension

In terms of the economic dimension, the lack of finan-
cial incentive gives rise to the subpar CWM performance
in the GB projects. To have a better CWM performance in
the GB projects, the cost imposed would be increased in
various aspects. As mentioned by many interviewees, to
obtain more CWM-related credits in the LEED-accredited
projects, it is required to have efficient management on
site and extra manpower for CWM, e.g., on-site sorting,
which will surely increase the cost. Additionally, to obtain
some credits, such as MR.3, it requires to use the recycled
materials to diminish the consumption of virgin resources.
However, the market for recycled building products in Chi-
na is still in its infancy. The price of recycled building ma-
terials is even higher than virgin/ordinary materials, which
economically hinders the stakeholders from adopting recy-
cled materials. It makes sense that the environment is gen-
erally in the lower priority compared with the cost, quality,
duration, and safety in the Chinese construction industry

PEST dimensions Specific factors

Political dimension (P) P1: limited regulatory enforcement on CWM in a handful of cities;

P2: imperfect CWM-relatad political system by the national and regional authorities;
P3: inadequate political support in promoting the adoption of recycled construction materials.

Economic dimension (E) E1: addtional investment / cost in CWM (e.g. labor cost, on-site sorting);

E2: premature market for construction waste recycling industry;
E3: lack of economic motivation in promoting the adoption of recycled construction materials.

Social dimension (S) S1: weak public awareness about developing better CWM;

S2: excessive worries on recycled construction materials from project stakeholers;
S3: undertrained on-site workers.

Technological dimension (T) T1: lack of core competente on recycled construction materials manufacture;

T2: deficient information and tools to implement proper demolition / deconstruction;
T3: insufficient funds for supporting research in field of CWM.
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(Shen et al.,, 2006). Therefore, some strategies could be
formulated from an economic perspective. For example,
the government can provide direct financial incentives if
the stakeholders use recycled materials to a certain level
in the projects.

4.3.3 Social dimension

Considering the social dimension, a relatively low level
of stakeholders' awareness about CWM in China results in
the poor CWM performance in these projects. The contrac-
tors are reluctant to conduct CWM because, in the tradi-
tional Chinese construction industry, more concerns have
been given to cost, quality, duration, and safety instead of
the environment. For instance, on-site sorting is regarded
as an effective approach for dealing with construction
and demolition waste. However, in the real practice, the
waste generated is usually divided into "can be sold", e.g.,
steel, metallic materials; and the remaining "cannot be
sold" waste is muddled up together, then going to land-
fills without being separated. Moreover, generally in China,
the on-site workers are not well educated, which causes
their awareness on CWM is very low if there is not enough
training provided for them. The behaviors of workers may
directly impact the effectiveness of CWM in the execu-
tion. Therefore, the targeted strategy from the social per-
spective is that the government should provide a series of
training courses for construction industry practitioners to
enhance their awareness about the environment, as well
as launch certain award as an incentive for stakeholders to
actively involved and perform in CWM-associated events,
so as to arouse public consciousness.

4.3.4 Technological dimension

Regarding the technological dimension, the interview-
ees stated that the current technology in China is still not
advanced enough to support to have a better CWM perfor-
mance. Some interviewees explained that most equipment
in China to produce recycled construction waste materials
is imported from western countries, significantly increasing
the cost of recycled materials in the market. In turn, high-
er price hinders the stakeholders from using it in the pro-
jects. The above challenges have been largely responsible
for the immature market for construction waste recycling,
which will eventually affect the effectiveness of CWM per-
formance. Additionally, there appears no specific and clear
standard concerning the demolition or deconstruction
work where a significant amount of waste generated. Dem-
olition wastes are heterogeneous mixtures of building and
decoration materials that are usually contaminated with
lots of chemical components. As reflected by interviewees,
a proper sequence and approach of demolition may pri-
marily simplify the treatment of waste at source. Starting
from this point, the proposed strategy is that the govern-
ment should invest a considerable amount of funds to sup-
port the CWM related research, research and development
(R&D) in the fields of construction and demolition waste
minimization, construction waste treatment guidelines,
lean construction, prefabricated building, recycled building
materials, sharing or trading of construction waste.

5. DISCUSSION AND RECOMMENDATION

Based on the results from PEST analysis as summa-
rized in Table 5, some targeted recommendations have
been proposed in accordance with the political, economic,
social, and technological dimensions, which are elaborated
individually below.

5.1 Political dimension

A well-developed CWM regulatory system with a
well-defined hierarchy from national to regional should be
established and emphasized in more cities as currently,
only limited cities have formulated the CWM-related regu-
lations. Also, the regulations formulated should be as de-
tailed as possible so that they are straightforward to follow
and enforce. Additionally, the conflicts of the regulations at
the national and regional level should be avoided. Finally,
once the CWM regulatory system has been enacted, the
enforcement should be strictly executed.

5.2 Economic dimension

In the economic dimension, a mature construction
waste recycling market should be cultivated, which can
also provide some financial incentives for stakeholders to
conduct the CWM behaviors, e.g., on-site sorting, partially
if not fully covering their additional cost. Additionally, the
government, either regional or national can allocate a spe-
cific fund to promote the adoption of recycled construction
materials in construction, for example, different levels of
subsidies can be set when different percentages of recy-
cled construction materials are adopted in construction.

5.3 Social dimension

In terms of the social dimension, the government
should use various public media tools to raise awareness
of the public about the importance of CWM, such as news-
papers and television programs. Moreover, the government
can provide regular training courses for the practitioners
involved in the CWM, including architects, engineers, con-
tractors, and workers. Through the proper training, on-site
workers can have better knowledge and skills on how to
achieve better CWM performance and excessive worries
on recycled construction materials from stakeholders can
also be relieved or even eliminated.

5.4 Technological dimension

Regarding the technological dimension, the govern-
ment should provide more funds to support the research
of CWM in different manners. For example, the proper
techniques for conducting demolition activities can reduce
construction waste most in different situations. Moreo-
ver, the various equipment to achieve better CWM perfor-
mance, such as on-site sorting equipment and the equip-
ment for the storage of sorted construction waste should
be developed as soon as possible so that the cost of stake-
holders to use the equipment can be reduced. Additionally,
the compilation of the standards of recycled construction
materials, e.g., recycled aggregate for concrete is also of
great importance.
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6. CONCLUSION

Construction waste issues have raised worldwide at-
tention due to their negative social-economic and environ-
mental effects. Particularly in some developing countries,
massive construction activities have been undertaking to
support their economic growth, leading to profuse con-
struction waste generation. A promising strategy to ad-
dress the issues is to promote green building. Some past
studies have been conducted to investigate the potential
of GBRSs to address CWM, but rather limited studies have
probed into the effectiveness of LEED specifically focusing
on China, hence calling for more studies to be conducted
due to the extreme seriousness of CWM issues in China.
To this end, this paper evaluates the effects of totally 310
GB projects accredited by LEED on CWM in China. From the
archive analysis, it is discovered that CWM performance in
these LEED certified GB projects is rather poor. The causes
behind this phenomenon have been pointed out from item
toitem in the LEED based on the semi-structured interviews
with GB and CWM experts and practitioners. Afterward, a
comprehensive PEST analysis was conducted to probe into
this phenomenon in the context of China.

Generally, the multiple causes, incomplete CWM reg-
ulations in China, lack of economic incentives of CWM,
inadequate awareness concerning CWM and lack of ad-
vanced technologies from political, economic, social and
technological (PEST) perspectives respectively hinder
contractors and developers from achieving excellent CWM
performance in practice. Finally, some strategies have also
proposed to improve the CWM performance based on the
PEST analyses. The study is beneficial to both researchers
and practitioners in the GB industry. It also provides an im-
portant reference for exploring whether GB can be used as
a tool to improve the CWM in China.
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