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ABSTRACT

The construction industry is very important for a developing country, but the rapid
development has caused an excessive generalization of solid construction and demolition
(C&D) waste. Many solutions have been discovered to prevent C&D waste from destroying
the environment—one of them being the implementation of ‘green building’ (GB) that
focuses on construction activity that is best able to minimize pollution. Therefore, the
strategies employed in waste management are becoming vital, especially in GB, as they
must be able to cope with future sustainability developments. Hence, this paper attempts
to review the strategies for waste management relative to green building practices. The
systematic literature review (SLR) method was employed to achieve the aims and objectives
of this research paper. Findings from the SLR indicate that construction waste can be
minimized during the planning or design stage, the managing or construction period as well
as demolition phase. C&D waste can be controlled by selecting the prefabricated materials,
good site management skills that help with on-site coordination, communication, just-in-
time (JIT) ordering and receiving of materials, training of workers that can be achieved
by reducing C&D waste. Furthermore, the reusing and recycling of C&D waste during
the construction period can be the strategies in managing waste. Besides that, in the aspect

of GB practice, waste management can be
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INTRODUCTION

The construction industry is considered the most important industry in many countries
since it stimulates the national economy and generates job opportunities. According to
Mohammed et al. (2020), the industry currently contributes to 4% of Malaysia’s total gross
development product (GDP) and is expected to contribute 5.5% of the total GDP by the
end of 2020. However, on the downside, the construction industry is also one of the largest
contributors to construction and demolition (C&D) waste. According to Nawi et al. (2018),
although the construction industry is a major contributor to the economy, if construction
activities are not well managed, they have a negative impact on the environment, economy,
and society. Furthermore, the construction industry is also the main contributor to pollution
in the environment, which has led to it becoming a global issue. Therefore, it is critical to
control each phase of construction, from building design to demolition, and green building
(GB) plays an essential part in accomplishing the goal of sustainable development in terms
of environmental protection and people’s well-being.

Schafiei et al. (2017) and Akdag and Beldek (2017) add that the construction sector
has the biggest environmental impact of all industries and that it also creates pollution that
has a direct impact on our lives. As it is harmful to our health and poses a significant threat
to future generations, one of the strategies involved in managing its impact is to adopt
green building designs and set standards to reduce energy consumption in construction
activities. According to both papers, the concept of green building was introduced to achieve
sustainable development goals in the construction industry. C&D waste is a prevalent issue
that needs to be addressed since the construction industry is considered a leading contributor
to solid waste generation. Liyanage et al. (2019) and Shafiei et al. (2017) mention that GB
is highly efficient in managing waste compared to non-GB practices. The objective of the
paper is to investigate the strategies of managing waste relative to GB practices. An SLR
was conducted to produce this paper.

LITERATURE REVIEW
Construction and Demolition (C&D) Waste

C&D waste can be defined as solid waste generated from the construction and renovation
of buildings, civil and infrastructure construction work; site clearance; and other demolition
activities. The basic construction waste produced includes brick, concrete, asphalt, glass,
wood, plastic, and metal (Ng et al., 2017). According to Liyanage et al. (2019), the
generation of C&D waste has a negative impact on the environment, basic health, economy,
and society and creates undesirable landfills. This situation has grown more critical over
the years, as C&D waste has kept increasing year by year. For example, as per the report
of Hasmori et al. (2020), Malaysia has up to 289 landfills, which also include dumpsites,
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but due to protests from the nearby residents and having reached full capacity, 113 of those
landfills are no longer in operation.

Hasmori et al. (2020) also mention that expanding awareness of the environmental
impact of C&D waste has driven proper waste management to be implemented as an
imperative approach in construction project management. Therefore, waste management
is crucial in construction projects to coordinate sustainable development goals.

As the levels of construction waste increase, many efforts have been undertaken by
the Malaysian government to attempt to minimize the generation of waste, one of which
is the application of sustainable construction. Unfortunately, many contractors mismanage
construction waste; therefore, several methods have been introduced to utilize construction
resources to reduce the quantity of waste produced while simultaneously recycling and
reusing such waste.

Green Building

Schafiei et al. (2017), Dwaikat and Ali (2018), and Akdag and Beldek (2017) define ‘green
building’ as a building’s design, construction, operation, maintenance, and demolition. It
works by enhancing the efficiency of resources consumed in terms of energy, water, and
materials, while also lowering the building’s impact on human health and the environment
throughout its lifecycle. The above authors mention that GB represents the response of
the construction industry to sustainability requirements, and, as such, energy and water
efficiency; reduction in the consumption of natural resources; and improved health and
environmental impact are all key characteristics of a green building. Its implementation
should be planned and operated to minimize the building’s total impact on its surroundings.

Figure 1 shows that the GB development phase starts from the initial stage of
construction to the demolition of the building. The professional parties involved are required
to assess the building’s performance using green building rating tools before moving on to
the operational and maintenance phases to ensure that the building meets the GB standard
(Latief et al., 2017).

In other words, GB can be interpreted as an initiative to manage C&D waste throughout
a building’s lifecycle. Based on the actual data recorded, Dwaikat and Ali (2018) state that
the investigated green buildings saved around 71.1% of energy compared to the industrial
baseline. From a lifecycle perspective, the green building saves around 5756 kW h/m2,
which corresponds to $2, 796, 045 at a 1% average annual increase in energy price; and
it saves more than fourfold at a 5% average annual increase in energy price, reaching
around $12, 107, 060. Aghili et al. (2016) elaborate on five practices of GB management,
as depicted in Table 1.

Therefore, to fulfill the aims of GB, proper waste management strategies should be
planned concurrently with the GB practice.
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Table 1

Five (5) practices of green buildi

ss of green building assessment

ng management

Practice of Green

Details

Ensures a safe procedure for purchasing goods, services, and functions
to reduce the effects on society, the economy, and the environment
during the lifecycle.

Sustainable operation involves various activities in the lifecycle, from
inception to the demolition of the building. These activities comprise
the evaluation of the acquisition and building cost; selection of building
components, which lead to saving energy; reduction of maintenance
costs and having a good impact on the environment; and alteration and
demolition costs.

It includes the planning, coordination, and control of construction
projects that save money and protect natural resources and the
environment.

Encourages the usage of natural and artificial resources, which are least
polluting, while reducing operating costs and improving the productivity
and profitability of a building.

These activities include the storage, reuse, recycling, treatment, and
disposal of waste.

The practice of minimizing the repair and maintenance work is required

during the operation of the building using the appropriate materials and
tools.

No Building Management
1 Sustainable Procurement
2 Sustainable Operation
3 Resource Management
4 Repair and Maintenance
Management
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Table 1 (continue)

Practice of Green ]
No Building Management Details

Maintenance management is the ability to keep a building in good
condition by maintaining correct and consistent maintenance from
the beginning of the building’s lifecycle to its end. It can improve the
environment of the building and the occupant’s quality of life.

5 Environmental Health It is the process of taking care of the human health perspectives,
considering the biological, social, and psychosocial aspects of a
building’s maintenance.

Strategies in Managing Waste

The reduce, reuse, and recycle (3R) practice has grown popular because of its adoption in
policies and as an alternative to the waste hierarchy notion. This strategy is based on the
principle of fully utilizing resources before disposal. Efforts have been made to focus on
the 3R practice to reduce solid waste (Ng et al., 2017)

Reduce. According to Ng et al. (2017), the reduction is the most effective and efficient
approach to managing construction waste. Not only does reduction reduce the production
of C&D waste, but it also lowers transportation, waste disposal, and waste recycling costs.
Akdag and Beldek (2017) stress that supply chain management should enhance the interface
between site operations and the supply chain, improving the supply chain by shifting
activities from the site to the supply chain and integrating the two. In addition to this,
Othman and Abdelrahim (2020) add that proper discussion between project stakeholders
during the design stage helps in providing efficient design and innovation, which not only
involves the client in decision-making but also helps identify the constraints and issues
impressed upon a project, thus leading to a selection of technology and materials best
suited to minimizing waste.

Reuse. Ng et al. (2017) and Akdag and Beldek (2017) classify reuse as one of the most
popular choices of waste management because some building debris can be reused in other
construction projects. Reuse is a cost-effective option as contractors can save money by
avoiding disposal costs. Some materials can be used in many ways, such as formwork and
used doors and windows. Any material that cannot be reused, but can be recycled, will be
sent to a recycling center.

Recycle. Recycling can be used to create certain new materials. Construction waste
recycling can be divided into on-site and off-site recycling. On-site recycling is the
separation of construction trash that can be used as raw materials in other construction
projects. On the other hand, off-site recycling separates C&D waste as a raw material for
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other projects. For example, brick waste can be converted into broken bricks (Akdag &
Beldek, 2017).

METHODOLOGY: THE SYSTEMATIC LITERATURE REVIEW

A systematic literature review (SLR) involves significant databases with many publications,
as well as effective search methods, that allow sophisticated and logical expressions to
be used (Mesa et al., 2021; Wijewickrama et al., 2021). For this paper, such a review was
carried out on literature obtained from research databases related to strategies for managing
waste relative to GB practices. The researchers used the data obtained from the SLR to
hypothesize the best strategies for managing waste relative to GB practices. According
to Shaffril et al. (2018), there are four phases in the SLR method: (i) identification, (ii)
screening, (iii) eligibility, and (iv) data abstraction. Figure 2 shows the four phases of the
SLR method for the paper.

PHASE

1 < Scopus

Identification Database searching

< Google scholar l

Limited to:

12,408 papers

e English language

e Published year 2016 to 2020

e subject of environmental
engineering

2 !

Explore the topic and abstract

Screening > 30 papers

3 !

N Detail review based on topic suitability
Eligibility > 13 papers

4 !

Abstract the data for SLR
Data Abstraction >

Final papers
include to review

12 articles

Figure 2. Phases in the SLR method
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Phase 1: Identification

This phase was where a rigorous search of topics related to waste management strategies
in GB practice was conducted. Appropriate databases and keywords for article selection
should be determined, and many databases can be chosen to extract a wide range of articles
while minimizing selection bias. Wijewickrama et al. (2021) mentioned that related words,
such as synonyms, related terms, and variations of the main keywords, were all searched for
to obtain a thorough reading of the existing literature. Two databases were used to identify
the literature: Scopus and Google Scholar. There were 12,408 articles discovered using the
search string shown in Table 3, and these were limited to English language articles from
2016 to 2020 that covered the subject of environmental engineering. The search string was
established based on enriching keywords, as shown in Table 2.

Table 2
Result of identification process
Title Main Keywords Enriched Keywords
Strategies in Managing Waste  Strategies in managing Strategies in managing waste=
for Green Building in Malaysia waste Method
+ Construction waste Way
* Green building Plan

Construction waste=

Construction and demolition waste

Solid construction waste

Construction debris

Construction solid waste

Sustainable construction waste management

Green building=
Sustainable building
Eco-Friendly Building

Table 3
SLR search string
Databases Keywords
Scopus TITLE-ABS-KEY ("sustainable waste management" OR "green waste management”" OR
“eco-friendly waste management" AND "construction waste" OR "construction solid
waste" OR "construction and demolition waste" )
Google (("strategy*" OR "method*" OR "plan*" OR “way" OR "plan*") AND ( "managing"
Scholar OR "controlling" OR "handling" ) AND ( "construction waste" OR "construction solid

waste" OR "construction and demolition waste" OR "construction debris"))

Phase 2: Screening

In this phase, the identified literature was screened according to the suitability of their
strategies in managing waste for green building practice. Wijewickrama et al. (2021) remark
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that the screening includes exploring the topic and abstract of the papers. The purpose of
the screening process was to sort out irrelevant articles from the SLR. At this phase, 30
manuscripts were reviewed, and only 13 were found to be eligible for this paper’s review.

Phase 3: Eligibility
In the eligibility phase, the 13 screened literature were further reviewed to ascertain their
suitability for the research topic. After being thoroughly analyzed, only 12 papers were
selected for the SLR. The content of another study proved to be unrelated to the paper
objective.

A systematic review was tabulated based on an item checklist that covered the author(s),
the title of publication, year of publication, the country where the study was conducted,
as referred to in Table 4.

Table 4
Papers’information
Year Country Title Author
2016 India Impact of the Construction Waste on the Cost of the Surendra et al.
Project

2016 Hong Kong  Time-based Construction Waste Management Planning Won & Cheng
Using Building Information Modelling (BIM)

2016 Malaysia A Review of Construction Waste Management and Saadi et al.
Initiatives In Malaysia

2017 Malaysia Contractors’ Perspective on Material Waste Reduction in Osman et al.
Kuala Lumpur

2018 Zambia Towards Sustainable Construction Waste Minimization and Mulenga
Management in Zambia and Beyond

2018 India An Analytical Approach for Assessing the Construction Reddy et al.
and Demolition Waste In Construction Industry By Using
Standard Practices.

2018 Malaysia Waste Minimization Strategy and Technique: Towards Noh & Mydin
Sustainable Waste Management

2019 Kazakhstan A Comprehensive Construction and Demolition Turkyilmaz et al.
Waste Management Model using PESTEL and 3R for
Construction Companies Operating in Central Asia

2019  Sri Lanka Towards the Adoption of Zero Waste Concept in the Liyanage et al.
Construction Industry: A Review of Existing Strategies

2020 Egypt Achieving Sustainability Through Reducing Construction ~ Othman &
Waste During the Design Process: A Value Management Abdelrahim
Perspective.

2020 Malaysia The On-Site Waste Minimization Practices for Hasmori et al.
Construction Waste

2020 Nigeria Waste Minimization Strategies at The Design Phase: Olanrewaju &
Architects’ Response Ogunmakinde
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Phase 4: Data Abstraction

Table 4 shows the systematic review tabulated in the data abstraction phase based on the
data from the 12 selected literature. The data abstracted were grouped into three main
strategies of managing waste for green building: (i) reduce, (ii) reuse, and (iii) recycle
using the thematic method.

ANALYSIS
Descriptive Information

This section explains the papers selected for the SLR. All 12 papers were collected from
two databases: Scopus and Google Scholar. The relevant papers were selected from the
last four years (2016 to 2020). According to Caldera et al. (2020), the country the author
originates from should be used as the publication’s geographical location. In Table 4, 3
authors out of the 12 were recorded from Malaysia, followed by two (2) from India, and
one (1) from each of the following countries: Hong Kong, Zambia, Kazakhstan, Sri Lanka,
Egypt, and Nigeria. It meets the criteria set by the author where all papers discussed waste
management. According to varieties of the author’s country, the author is biased by looking
at the Malaysian aspect and covered worldwide.

Strategies for Managing Waste Relative to Green Building

The method used to analyze the data are (i) the thematic method and (ii) content analysis.
Maguire and Delahunt (2017) define thematic analysis as the procedure for discovering
patterns or themes in the data collected. The use of these themes to address the analysis
about an issue by identifying relevant or intriguing trends in the data. According to Stemler
(2015), the content analysis assesses the pattern based on a high level of value according
to category.

Table 6 shows the literature review analysis conducted on the strategies for managing
waste in green buildings. Based on the data gathered in Table 5, the strategies were
arranged according to the frequency with which they were discussed as practices in GB
management. It applies the content analysis method. These waste management approaches
were then compiled and arranged according to which of the three main strategies of waste
management theme—reduce, reuse, or recycle—they fell into. The analysis was conducted
with a frequency of 4 and above, considered ‘high,’ as the total frequency was 8 (Table
6: most frequent strategies shaded in light grey). Besides, each of the approaches was
grouped according to the development phase that involves the planning stage, executing
(construction period), and demolition.

Based on the SLR data on strategies for managing waste in the green building shown
in Table 6, the most frequent strategies adopted fell, firstly, into the category of reduce,
followed by reuse, and then recycle.

Pertanika J. Sci. & Technol. 30 (2): 1363 - 1380 (2022) 1371



Puteri Sidrotul Nabihah Saarani, Asniza Hamimi Abdul Tharim, Asmalia Che Ahmad and Rozana Mohamed Salleh

€ S N N juawdinbe uonoNISUOd JUAIOYJo d10W JO IS
s M MMM IS s[erojewW Jo Ayienb pue suorsuawip JySLI oy} JuLmsuyg
8 M M MMM MM IS sownjoA pue sonuenb jy3ur oy e porjddns sjerioje|y -
[eAQLIOX puB 5EI0)S [BLIdJRW o m
€ p M M 10§ SISUIBIUOD JUDIUDAUOD SUIPIAOI] / AIS-UO S[ELIdJeW Jo oFe10)s 1odold & s
¥y 8 (S IS SOLIOAT[Op pue saseyoind Jo Surnpayos 1091100 3 e\w)
8 M M [ S S S ¢ IS UOT)EOTUNUIWIO) PUE UOTJEUIPIOO0D d}IS POOD) =2
sanbruyo9) juswadeuewr 9)1s 1odoid jo uondo
L » MoM MM p ruy 1s sodoad jo uondopy oo
s MM M NN sa3ueyo udIsap SuIZIwIuIp
I M piepue)s 0} Surpiodoe Surugisaq
€ S $3500 A1essaoauun ay) Surknuopt ur juswadeuew anjea Sunuowojdwy -
I N JUQWISSASSE J[OAD 9JI'T vud
€ M M S S[eLIojew /SUSISAp A[pudLy-009 Junuowoyduy m
SYI0MOI PUE SIOLID m
L p M p1oae 03 A3o1ouyo9) (JN1g) Surjepow uorewiojur Jurping Sulkddy ~
s A [ rMop ‘sfeLIojew pajestiqeyard Suisn
aseyqd EIN VY
judw  Jurgdeury
ISIPIYD yoroaddy yuswoSeuewr 3)sep| -dopoa ur
-q S3133)e1)S
o wn
€ Fr ¥ o8r_92it
=03 & E £ 2228 ° ¢
= — [V o
S E5 8 22¢ 2 E8ZTFEEEPRE
T EE T EE S DEEZae g e 2 Q8
g 52 ¢ = 2 2 2 2 £ 8 s 2z o s1oyny
RN N N S - I ~ B -
SSES B S e nBSnRS S
= e S S s S2x 2333
S 22 & T 273553

21PN 3U1SDUDUL L0f §2132)D.41S 2Y] JO 1S1]02Y )
S 9IqeL

Pertanika J. Sci. & Technol. 30 (2): 1363 - 1380 (2022)

1372



Strategies in Managing Green Building Waste: A Review

- =
s MM Moop S sonbruyo9) JuroAoar 9Is-go nﬂo =
e ©
=
p p MMM SEE owdou
9)IS-UO S[BLIOJBUI 9)SBM JWIOS JO FUIOAXY o
L 3G
e =
o &
£
L M MM [ IS 9)IS-UO S[ELIJEU 9)SEM JUWIOS JO FJUIJOAII pue oSNy @ W S osmy
= 0
=y
S
4 M IS QATJRIIUT JUSTUULIOAOD)
14 M NN S [ouuosod uononIsuod Jo Jururel],
€ M M NN USWSIOM PA[[IYS JO Juowkojdwyg
K10308] 9U) Aq UOAIS
(I M d1e suononnsul pue ugisap Ayl 03 Jurpiodde Juip(ing Ay} SurdNNSUOD)
(srerorew jo Surpuey
¥ P P MM 1odorg “30) sioviom pue sioroqe] Suowe ssouareme Surdooasg
k4 M M uoisiazadns poon
7 M S 1001J0 JudwoFeuew d)sem e Juikojdwyg
I M 1500 A1BSS90UUN FUIAFNUAPI Ul juowoSeuew onjea Sunuowd[duy
aseyq ASBAN
judw  SuideurBy
dd 3 :
ISIPPRYD yaeoaddy juswadeurur )sey _dopa ur
-d $3139)e.nS
- ©n
QMV vnm > <8 — W ~ O w % =
mEof & B £, &Z3E°: ¢
2 55 3 20 2 A RS B 2 o a
S B 5 B F X 0@ %5 < a B =5
= =~ = == N = W [¢] 5 o & O ®
e 82 @ =38 o ©oB & T 6 = =g sioyny
s 2 = = I~ - =8 a8 8 o ® g o~
258238 p R EFEp g
ZgiosFs =o2582%%%
SRS R & S22z
S 82 & T=ETTI2T353

(anuiju02) G dqeL.

1373

Pertanika J. Sci. & Technol. 30 (2): 1363 - 1380 (2022)



Puteri Sidrotul Nabihah Saarani, Asniza Hamimi Abdul Tharim, Asmalia Che Ahmad and Rozana Mohamed Salleh

Table 6

Analysis of the strategies for managing waste relative to green building practice

Strategies for

Managing Development Waste Management Approach Frequency Green Bu.ilding
Phase ® Practice
Waste
REDUCE E Good site coordination and 8 Sustainable Operation
communication
E Materials supplied at the right 8 Sustainable Operation
quantity and volumes
E Adoption of proper site 7 Sustainable Operation
management techniques
E Ensuring the right dimensions and 5 Sustainable Operation
quality of materials
P Using prefabricated materials 5 Resources
Management
E Minimizing design changes 5 Sustainable Operation
E Correct scheduling of purchases 4 Sustainable Operation
and deliveries
E Developing awareness among 4 Sustainable Operation
laborers and workers (e.g., Proper
handling of materials)
E Training of construction personnel 4 Sustainable Operation
E Proper storage of materials 3 Sustainable Operation
on-site/Providing convenient
containers for material storage and
retrieval
E Use of more efficient construction 3 Sustainable Operation
equipment
E Employment of skilled workmen 3 Sustainable Operation
P Applying building information 3 Sustainable Operation
modeling (BIM) technology to
avoid errors and reworks
E Implementing eco-friendly 3 Resources
designs/ materials Management/
Environmental Health
E Employing a waste management 2 Sustainable Operation
officer
E Good supervision 2 Sustainable Operation
E Constructing the building 2 Sustainable Operation
according to the design and
instructions are given by the
factory
(0] Government initiative 2 Sustainable
Procurement
(0] Implementing value management 1 Sustainable Operation
in identifying unnecessary costs
P Lifecycle assessment 1 Repair and
Maintenance
Management
1374 Pertanika J. Sci. & Technol. 30 (2): 1363 - 1380 (2022)
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Table 6 (continue)

Strategies for

Managing Development Waste Management Approach Frequency Green Bu.ilding
Phase ® Practice
Waste
P Design according to standard 1 Sustainable Operation
REUSE E&D Reuse of some waste materials Resources
on-site 7 Management /
Environmental Health
RECYCLE E&D Recycling of some waste materials Resources
on-site 7 Management /
Environmental Health
E&D Off-site recycling techniques Resources

5 Management /
Environmental Health

Notes. The most frequently appearing strategies are shaded in light grey.

Reduce

The most prominent strategies in reducing waste are shown in Table 6. The highest-ranked
activities under ‘Reducing Waste’ are good site coordination and communication; and
materials supplied at the right quantities and volumes, both of which have scores of {=8.
They are closely followed by the adoption of proper site management techniques; and the
reuse and recycling of some waste materials on-site, with scores of f=7. The strategies of =5
include ensuring the right dimensions and quality of materials, application of prefabricated
materials, and minimizing design changes. Meanwhile, scheduling purchases and deliveries,
purchasing sufficient raw materials, developing awareness among the labor force; and
training construction personnel all have scores of f=4. As of the nine (9) most significant
activities listed, eight (8) of them are the activities that take place during the construction
management stage and involve implementing sustainable operation under GB practices.
The lowest frequency strategies in the reducing waste category are implementing value
management, lifecycle assessment, and standard design application, all of which scored f=1.

Reuse

Table 6 presents the frequency for reusing some waste materials on-site, which is f=7. This
activity usually occurs during construction management and involves applying resource
management/environmental health to GB practice.

Recycle

The recycling of some waste materials on-site and off-site recycling techniques have scores
of =7 and f=5, respectively, as shown in Table 6. These activities usually occur during
execution and involve applying sustainable operation/environmental health in GB practices.

Pertanika J. Sci. & Technol. 30 (2): 1363 - 1380 (2022) 1375
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FINDINGS AND DISCUSSION

Papers were collected worldwide to obtain the best findings; however, Malaysian authors’
papers were the highest in quantity. Therefore, only papers from the past four years were
selected to analyze the latest techniques in GB for this SLR. The strategies used in managing
C&D waste relative to GB are necessary during a building’s planning, execution, and
demolition. The findings from the analysis are presented in the framework in Figure 3.

Based on the framework shown in Figure 3, it can be deduced that reducing waste is
the main strategy that should be employed in managing C&D waste. The proper design,
with the right technology and materials used, can help reduce the amount of C&D waste
generated, which relates to the resources management aspect of GB. Besides that, good
site coordination, correct planning on the quantities of materials supplied, and clear
communication between stakeholders are the most crucial factors of reducing waste, which
relate to the sustainable operations aspect of GB. These findings are supported by Othman
and Abdelrahim (2020), which stress that selecting the best technology and materials can
minimize waste. On the other hand, Akdag and Beldek (2017) mention that C&D waste can
be reduced by improving the supply chain to enhance the interface between site operations
and the supply chain; and employing a JIT style of operations.

The second strategy used to manage waste is finding ways of reusing waste material
on-site. This strategy is supported by Ng et al. (2017) and Akdag and Beldek (2017), which
both state that reusing on-site waste can reduce a contractor’s expenditure by avoiding
disposal costs. Recycling is the final strategy, encouraging contractors to recycle C&D
waste either on-site or off-site. According to Akdag and Beldek (2017), recycling can create
certain new materials. Reusing and recycling materials saves time and money and protects
the environment, which is the main concern of green buildings.

Figure 4 presents the application of C&D waste management and GB practices
throughout the development phase, as Latief (2017) mentioned. During the planning stage,
waste can be reduced by utilizing the right technology and materials related to proper
resource management under GB practices. Planning is the activity that happens before
construction begins or during the design stage of a construction project.

Execution, which happens during the construction phase, is where one would apply
all three strategies: reduce, reuse, and recycle. The reduction of waste can be achieved by
good site planning and coordination with well-trained workers who can relate to sustainable
operations and resource management. The reuse and recycling of construction waste will
reduce the quantity of waste produced and protect the environment from pollution, which
is related to the environmental health aspect of GB. During demolition and alteration,
reuse and recycle strategies are applicable, thus relating to resource management and
environmental health.
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Figure 3. Framework on the strategies of managing waste relative to GB practices
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Figure 4. Strategies for managing waste relative to GB practices in accordance with the development phase

CONCLUSION

Construction waste contributes to economic waste, for example, in terms of time and money.
However, this SLR only focused on managing solid C&D waste for planning, executing, and
demolishing a building. The strategies for managing C&D waste have reduction as their
main strategy, followed by reuse and recycling. As for GB practices, C&D waste is dealt
with in sustainable operations, followed by resource management and environmental health.
Other activities should be taken into consideration, although the SLR’s frequency results
for these strategies are low. Those strategies are the application of building information
modeling (BIM), the implementation of value management, and the usage of eco-friendly
materials. The application of BIM during the design and construction stages is in-line with
the Industry Revolution 4.0 (IR 4.0) plan and the overall digitalization of construction.
Value management is able to identify unnecessary and excessive design choices made
during the design stage, whereas eco-friendly materials will offer protection toward the
environment and one’s health.
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