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Abstract

Construction and demolition waste constitutes the largest municipal solid waste (MSW) globally with
environmental concerns. However, waste management is not considered a priority objective in
construction compared to time and cost. Therefore, construction practitioners’ waste management
priority is evaluated in this study. A review of the literature revealed waste management attributes
from multiple perspectives. A questionnaire survey was adopted to solicit practitioners’ contributions
on their importance. Then, the attributes were prioritised and categorised into high, medium and low
priorities using the Voting Analytical Hierarchy Process (VAHP). Empirical results indicate that the high
priority materials procurement attributes were alliance with suppliers, a take-back clause in suppliers’
agreement document, accurate material quantification, accurate material ordering, and just-in-time
delivery (JIT) plan. Senior managers’ early commitment to waste minimisation, effective
communication among project participants, making subcontractors responsible for their waste,
identifying recyclable materials and identifying reusable materials were high-priority attributes for
managing waste in the construction stage. The findings of this study indicate areas where contractors
should focus effort to improve waste management in the industry by collaborating with
subcontractors and suppliers. Future studies should focus on developing frameworks that provide

actionable means for implementing waste management attributes identified in this research.
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Notation

e confidence interval expressed as a decimal

no sample size

p worst-case percentage picking choice expressed as a
decimal

w total weight of each criterion or attribute at rank
positions (i.e.) 1, 2, 3...n

ws coefficient weight

z standardised variable (confidence intervals)



1. Introduction

The life cycle of construction materials impacts the environment from extraction to disposal.
Therefore, sustainable waste management cannot be ignored in construction due to globalisation and
continuous demands for natural resources. Sustainability became a watchword after the Brundtland
Commission in 1987, demanding sustainable conduct at individual, organisational, national, regional
and global levels. Hence, waste management is an integral part of the overall sustainable construction
that seeks to meet the need of the current infrastructural development without compromising future
demand for natural resources. There is a need to prioritise waste management strategies as
benchmarks for successful project management across the global construction industry for
sustainable development, owing to the impacts of waste on the natural environment (Sev, 2009).
However, most construction materials are usually wasted with minimal effort to minimise or reclaim
them. The industry’s waste accounts for about 40% of the total municipal solid waste (MSW) outputs

globally (Esa et al., 2017).

Studies have demonstrated waste output from different countries, creating awareness to drive the
minimisation agenda (DEFRA, 2020; European Commission, 2015; The United States Environment
Protection Agency, 2020). However, the disposal of waste to landfill is increasing in many parts of the
world, notably in the developing countries of Sub—Saharan Africa (SSA) (World Bank, 2018). For
instance, more than 78% of construction waste is disposed of indiscriminately or burnt in Ondo State,
Nigeria (Adedeji et al., 2013). Many studies are usually focused on the causes of waste, while strategies
for minimisation are seldom explored (Adeagbo et al.,, 2016; Adewuyi et al., 2014; Aiyetan and
Smallwood, 2013; Dousman et al., 2012; Idris et al., 2015; Koo and ltodo, 2013; Wahab and Lawal,
2011). Meanwhile, no study has examined the practitioners’ waste management priorities to help
contractors minimise waste by focusing on the key strategies and plan for implementation. Further,
there is a considerable effort to minimise waste in the construction stage (Lu and Yuan, 2011).
However, waste management needs to be considered in multiple stages (Ekanayake and Ofori, 2004),
particularly those with limited attention, such as the materials procurement stage (Ajayi and Oyedele,
2018). Therefore, this study intends to evaluate the Nigerian construction practitioners’ waste
management priorities in the materials procurement and construction stages to help contractors

appreciate the key strategies.

This research article is divided into five sections, from the introduction to the conclusion. Section 1 is
the background of the study. Section 2 reviews the literature and presents the conceptual framework
(Figure 1) to help analyse practitioners’ waste management priorities. Section 3 outlines the research
methods. Section 4 presents the results, and 5 discusses the findings. Finally, the research conclusion

is presented in section 6, including recommendations for practice and future studies.

4



2. Literature Review

Waste management hierarchy is fundamental to sustainable waste management (Aadal et al., 2013;
Lu and Yuan, 2011; Yuan and Shen, 2011). The model’s key objective is to help prevent and reduce
waste at the source substantially, and any amount generated can be reused or recycled. Further, it
promotes materials recovery against end-of-pipe treatment, which is harmful to the ecosystems.
Research efforts have been made to provide waste management solutions for construction
practitioners using the model as a motivating factor. For example, Ling and Nguyen (2013) identified
several ways waste could be minimised in Ho Chi Minh City, Vietnam. These are (1) employment of
subcontractors with waste management ability, (2) training, (3) audit and effective supervision, (4)
sequence activities to reduce damage to completed work, (5) set level of wastage allowable, and
enforce through punishments and reward systems. Doust et al. (2021) explored critical strategies for
construction waste management in the Australian construction industry and identified regulatory
change with policies and procedures focusing on the procurement stage. According to Omer et al.
(2022), providing temporary skip, identify activities that produce recyclable materials, and developing
policies will improve construction waste recycling. Government legislature, employees’ training,
construction company waste management policy, financial reward and incentives are key to reducing
waste in Chennai, India (Janani et al., 2022). Other important measures are awareness creation,

planning, implementation and monitoring (Elena et al., 2022).

These waste management strategies are a valuable reference for researchers who intend to develop
frameworks or models for sustainable waste management. For example, a world Bank (2005) report
stressed that the waste management model should be adopted to promote effective and sustainable
waste management. Although scholars have identified several waste management strategies using
the model to encourage reducing, reusing and recycling construction waste, their relative priorities

are not necessarily universal.

2.1. Conceptual Framework to Help in the Analysis of Practitioners’ Waste Management

Priorities

A literature search was conducted to identify key criteria for waste management in materials
procurement and construction activities. The literature shows several criteria through which effective
materials procurement and construction waste management can be achieved, such as top
management support (Bakshan et al., 2017; Dainty and Brook, 2004; Ling and Lim, 2002; Ling and
Nguyen, 2013; Mak et al ., 2019; Teo and Loosemore, 2001; Tam and Tam, 2008). Top management
support systems are means for improving competency for effective waste management. Another

criterion is contractual clauses which can influence positive partnerships between contractors and



employees, such as subcontractors and suppliers, to aid waste minimisation (Ajayi et al., 2017a;
Barritt, 2016; Cha et al., 2009; Ling and Nguyen, 2013; Lu et al., 2016; Nagapan et al., 2012; Poon and
Jaillon, 2004; Wrap, 2009; Wu et al., 2017). Contractual obligations allow subcontractors and suppliers

to collaborate with contractors to implement good waste management as a duty of care.

From the materials procurement perspective, low waste purchasing (Ajayi, 2017b; Bakchan et al.,
2019; Poon et al., 2004; Saez et al., 2013; Tam, 2008; Wang et al., 2008; Yu et al., 2021) and efficient
delivery management (Afolabi et al., 2018; Ajayi and Oyedele, 2018; Bossink and Brouwers, 1996;
Kofoworola and Gheewala, 2009; Poon et al., 2004) influences waste minimisation. Moreover, low
waste purchasing and delivery of construction materials are fundamental components of supply chain
management for just-in-time delivery of materials and inventory management to avoid damage,

spoilage, and other factors (Mohopadkar and Patil, 2017).

Further, implementing a site waste management plan (SWMP) is important in the construction phase.
A site waste management plan enables the planning and documentation of waste types, quantity
generated, and management options (Gangolells et al., 2014; Mcdonald and Smithers, 1998; Oladiran,
2009; Price, 2010; Shiers et al., 2014; Tam, 2008). SWMP can be used to benchmark a project against
others for waste management improvement. Additionally, adopting low-waste techniques in
construction is a hard measure for reducing waste in projects (Jaillon et al., 2009; Poon et al., 2003;

Umar et al., 2017; Yahya and Boussabaine, 2006).

Therefore, in this study, the waste management criteria that requires attention from the industry
practitioners are encompassed under four categories for materials procurement: (1) top management
support for procurement, (2) procurement clauses, (3) low waste purchasing and (4) efficient delivery
management. Similarly, for the construction stage, they are grouped under four categories: (1) top
management support for construction, (2) construction clauses, (3) site waste management plan and
(4) the use of low waste construction techniques. For each component, several attributes were also
identified and grouped in Tables 1 and 2, representing the research’s conceptual framework that
captures the contexts in which waste management priorities in materials procurement and

construction activities can be analysed.



Table 1: Criteria and attributes factors influencing materials procurement
waste management

Criteria Attributes References
Top (1) Waste management guideline for Abd Hamid et al., 2016
management procurement personnel
support for (2) Alliance with suppliers Dainty and Brooke 2004; Cheng and Mydin,
procurement 2014
(3) Involve a competent purchase manager in Tunji-Olayeni et al., 2017; Ahad et al., 2017
procurement activities
(4) Periodic training of procurement personnel on Al-Hajj and Hamani, 2011; Tunji-Olayeni et
waste management strategies al., 2017; Ahad et al., 2017
(5) Provision of stock control measures Dainty and Brooke, 2004; Williams and
Turner, 2011;
Procurement (1) Agreement with suppliers on waste Dainty and Brooke 2004
clauses management strategies
(2) Consistency in suppliers’ agreement Domingo et al., 2009
document
(3) Supplier flexibility in providing a smaller Dainty and Brooke, 2004; Cheng and
quantity of materials Mydin, 2014; Ajayi and Oyedele, 2018
(4) Supplies to supply quality and durable Esin and Cosgun, 2007; Nagapan et al.,
materials 2011; Al-Rifai and Amoudi, 2016
(5) Take-back clause in suppliers’ agreement Ajayi et al., 2017
document
Low waste (1) Accurate material ordering Memon et al., 2014 ; Ajayi et al., 2017
purchasing (2) Accurate material quantification Lee et al., 2016
(3) Purchase of high-quality products Nagapan et al., 2011; Al-Rifai and Amoudi,
2016
(4) Purchase of maintainable materials Begum et al., 2007; Wan Abdullah and
Mohd Ridzuan, 2008; Hussien et al., 2016;
(5) Materials substitution Zaman and Lehmann, 2013; Luciano et al.,
2020
(6) Purchase of secondary materials Wang et al., 2015; Liu et al., 2020
Efficient (1) Adequate site access for delivery vehicles Osmani et al., 2008; Poon et al., 2013
delivery (2) Careful material handling to avoid breakage Navon and Berkovich, 2006 Shakantu et al.,

2008

(3) Just-in-time delivery (JIT) of plan

Akintoye, 1995; Dainty and Brooke, 2004

(4) Safe storage of materials onsite

Begum et al., 2010; Fadiya et al., 2014




Table 2: Criteria and attributes factors influencing construction waste management

Criteria Attributes References
Top (1) Active site supervision Cha et al., 2009; Udawatta et al., 2015; Bakchan and
management Faust, 2019
support for (2) Adequate waste reduction Chen and Wong, 2002; Tam et al., 2007; Jia et al.,
construction investment 2017

(3) Effective communication among
project participants

Kulatunga et al., 2006; Yuan, 2013; Li and Du, 2015

(4) Motivating employees to minimise
waste

Teo and Loosemore, 2001; Chen and Wong, 2002;
Chen et al., 2002; Osmani et al., 2006; Li and Du,
2015

(5) Periodic training of site employees
on waste management strategies

Oyedele et al., 2003; Kulatunga et al., 2006; Zhang et
al., 2012 Park and Tucker, 2017;

(6) Senior managers early commitment
to waste minimisation

Teo and Loosemore, 2001; Lingard et al., 2000; Tan
etal, 2011;

Construction

(1) Incentive clause for effective waste

Poon et al., 2013; Ling and Nguyen, 2013; Lu et al.,

clauses management practice 2016
(2) Making subcontractors responsible Tam and Tam, 2008; Ann et al., 2013
for their waste
(3) Site waste management policy for Begum et al., 2007; Dania et al., 2007
site operatives
(4) Waste target clause in Tam and Tam, 2008; WRAP, 2009; BREEAM 2020
subcontractors' agreement document

Site waste (1) Adequate space for material Yuan et al., 2011; Mortaheb and Mahpour, 2016;

management movement onsite Abarca-Guerrero et al., 2017; Yuan et al., 2018

plan (2) Forecasting the emerging waste WRAP, 2009; Lu et al., 2016; Akinade et al., 2016
streams
(3) Identifying recyclable materials Tam and Tam, 2006; Tam, 2011; Katz and Baum,

2011; Yuetal., 2021

(4) Identifying reusable materials Tam, 2011; Acchar et al., 2013; Park and Tucker,
2017

(5) Segregating waste materials into Poon et al., 2004; Montero et al., 2010; Lu and Yuan,
categories 2012

Low waste (1) Adopting the right work sequence Dania et al., 2007; Ling. and Nguyen, 2013

techniques (2) Adopting prefabricated building Poon et al., 2003; Tam et al., 2005; Chiang et al.,

components

2006; Tam and Tam, 2006; Tam et al., 2006; Shen et
al., 2009

(3) Use of appropriate construction
equipment

Muleya and Kamalondo, 2017; Esa et al., 2017

(4) Maximise use of joint systems
instead of glueing

Akinade et al., 2017; Ajayi et al., 2017

(5) Use of deconstructable materials

Wang, 2018; Bertino et al., 2021

(6) Use of reusable formwork and
falsework

Lau et al., 2008; Lu and Yuan, 2010; Lu et al., 2011

(7) Use of steel scaffolds

Wang et al., 2014; Muleya and Kamalondo, 2017




3. Methods

The methods adopted in this study comprise verification of the conceptual framework, pilot testing, a
guantitative survey and the voting analytical hierarchy process (VAHP). Verifying the conceptual
framework means checking that the framework can fulfil waste management requirements from the
perspectives of the materials procurement and construction stages. Following Asah-Kissiedu (2019);
Lam et al., (2017), twelve academic construction experts of Nigerian origin were invited and recruited
through networks of personal contacts to verify the criteria, attributes and grouping. All the experts
have a PhD as a minimum qualification and are affiliated with one or two professional bodies. The
experts were positive that the conceptual framework can fulfil waste management requirements and
that the attributes' grouping under each criterion is legitimate. Therefore, the validation of the
conceptual framework helps determine the importance and robustness of the criteria and attributes

in fulfilling waste management objectives based on the research scope.

A survey was designed using the Qualtrics software platform because of its efficiency in data
management (Molnar, 2019). In developing the survey, the rank-order type was chosen to compare
lists of waste management items based on participants' priorities and preferences. Rank order was
found appropriate for this study for its straightforward statistical analysis and application in
construction project management studies (Lam et al., 2017). The survey was pilot-tested with twelve
construction practitioners to identify any potential error or difficulty in completing it. All the
participants suggested that the questionnaire was meaningful and unambiguous and had no difficulty

completing it.

Following the pilot test, the survey was ready to be distributed to the main participants online. A
search was conducted to find eligible construction industry practitioners through members of
professional bodies online directory of Nigerian industry professionals from the link
(https://educeleb.com/professional-bodies—in—nigeria—websites/). A similar approach has been
adopted in previous studies (Manu, 2012; Ogunmakinde, 2019). Therefore, by adopting purposive
sampling (Mbote et al., 2016; Shakantu et al., 2008), many engineering and construction professionals

who listed their email addresses or phone numbers on the website were contacted for participation.

Also, a chain referral technique was used in a quest to involve more participants in the survey for a
reasonable response rate. Therefore, some of the initially recruited participants assisted in recruiting
other eligible participants. According to Penrod et al. (2003), a chain referral technique can involve
hard-to-reach eligible survey participants. All invited participants were required to have a minimum
of one year in construction practice to ensure a good experience and a minimum of Ordinary National

Diploma (OND) academic qualifications to be eligible. Abuja, Lagos and Port Harcourt were selected



as the study area for geographical representation and significant construction activities. The sample
size was estimated because there is no publicly available data on the total number of the study
population. Therefore, Creative Research Systems (2016) was used to calculate the sample size using

Cochran (1977) formula below.

No = Z2p(1-p)
2
e

Where:
No = sample size

z = standardised variable (confidence intervals)
p = the worst-case percentage picking choice expressed as a decimal

e = confidence interval expressed as a decimal Sample size decisions

Based on most studies, a 95% confidence level (Creative Research Systems, 2016; Sweis et al., 2021)
was assumed where z = 1.96 at (a=0.05). Furthermore, to balance the level of precision, a confidence
interval (e) of 10% was also assumed for this study. Finally, a 50% or 0.5 picking choice (p) in a worst-
case was assumed to determine the appropriate sample size. Therefore, the sample size of this study

was calculated thus:

no = 1.962 x 0.5(1 — 0.5) =96

0.12

The required sample size for the survey is 96 construction practitioners. However, it has been reported
that a response rate between 20-30% is common and acceptable in studies adopting a questionnaire
survey for data collection (Akintoye, 2000; Dulami et al., 2003). Therefore, to achieve a minimum of
25% response rate, the sample size was adjusted to deal with nonresponse in the study. Thus, this
study assumed a conservative response rate of 25% to arrive at the sample size of the surveyed as

follows:

Final sample size = Initial no
Common response rate

No =96
0.25

Research sample = 384 practitioners

10



This sample size was doubled (768) following Manu (2012) to improve the number of responses and
further reduce the effect of the nonresponse rate common in an online survey (Nair and Adams, 2009).
The sample size for this study is large enough compared to similar studies (Adeagbo et al., 2016;
Adewuyi et al., 2014). A link to the online survey, including an invitation letter and a consent form,
was emailed to the 768 selected construction practitioners in Nigeria. As a result, 211 persons
responded and completed the survey adequately, representing a response rate of ~ 28%, which is

reasonable (Aderibigbe et al., 2017; Saidu and Shakantu, 2017).

3.1. Data Analysis Method

The VAHP model, proposed by Liu and Hai (2005) and improved by Hadi-Vencheh and Niazi-Motlagh
(2011), was adopted to determine the weighted priority of materials procurement and construction
waste management attributes. The VAHP model inherited Saaty (1980) AHP hierarchical model for
multiple criteria decision making and Noguchi et al. (2002) strong ordering model by data

envelopment analysis (DEA).

Using the VAHP, each participant can vote from 1 to S (S<R), where R is the number of attributesin a
criterion, and S is the rank order (Liu and Hai, 2005). In this study survey, S varies in the measurement
scale based on the number of attributes in a criterion (S=R). Therefore, respondents were asked to
rank their most preferred waste management strategy in ascending order from 1, 2, 3...n. Hence, the
most important attributes should be scored number 1, compared to other attributes and the second
most important number 2, in that order. Based on the variable Likert measurement scale, participants

were informed to assign the numbers on the boxes provided on the right-hand side of each question.

From equations 1 and 2 (Hadi-Vencheh and Niazi-Motlagh, 2011) the coefficient weights of the rank
positions presented in Table 4 were calculated using the Microsoft Excel spreadsheet. Thus, the global

weight of each waste management attribute is computed and categorised into priorities.

wi>2w2> -+ > SWs> 0 Eqg.1
and
S
EWS =1 Eq.2
s=1
Where:

ws = coefficient weight
w = Total weight of each criterion or attribute at rank positions (i.e.) 1,2, 3...n
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3.2.Categorising the Attributes into Priorities

To group the attributes into priority categories, a priority point was given to the attributes based on
their weights (Kim and Kumar, 2009). Therefore, from the global weight score results in tables 5 and
6, the attributes are grouped in categories to signify how the stakeholders prioritised them to help
contractors understand the waste management priorities of the industry practitioners to plan for
implementation actions based on available resources or circumstances. A weighted score of < 0.040
is considered a low priority category, 0.041>0.050 medium, 0.051 and above is a high priority category.
Therefore, in tables 5 and 6, the attributes’ priorities are limited to three (Georgopoulou et al., 2003).

Schema for prioritising the waste management attributes is presented in Figure 1.

Start

IDENTIFY CRITERIA AND ATTRIBUTES
(Literature review and experts’ confirmation)

Compute the local priority score/weight of each criteria
and attribute

Determine the global priority score/weight of the
attributes for the materials procurement and construction
categories

A 4

CATEGORISE ATTRIBUTES IN PRIORITIES (Global score)
Low priority (P3) < 0.040
Medium priority (P2) 0.041 > 0.050
High (P1) 0.051 and above

v

End

Figure 1: Schema for prioritising the waste management attributes
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4. Results

4.1.Respondents’ Characteristics

Table 3 summarised the data distribution patterns of respondents concerning their profession/job
roles, highest education qualifications, number of years of experience and professional body affiliation
using percentages (%) and frequency (n). All the participants indicated their job/professional roles.
The results show that all the participants are construction industry professionals confirming their
eligibility to participate in the survey. Project managers account for the highest (48), close to a quarter
of participants. At the same time, structural engineers and procurement managers were the least (20)
respondents each. The results of the highest qualification indicate that all the participants met the
minimum qualification, which means they are educated enough to provide the necessary information
for the study. Bachelor’s degree holders are 91 in frequency distributions, almost half of the
respondents, while PhD has the least (14) respondents. Likewise, the results show that most
participants who answered the research question have between 6-10 years of experience, accounting

for almost half (100) of the respondents according to the frequency distributions.

Table 3: Summary of Respondents’ Demography

Demography Groups/Labels Frequency | Percentage (%)
Profession/job Project managers 48 23
role Civil engineers 40 20
Quantity surveyors 32 15
Mechanical engineers 30 14
Procurement managers 20 9
Structural engineers 20 9
Site Supervisors 21 10
Other — —
Highest Bachelor’s degree/BEng 91 43
qualification Higher National Diploma 46 22
Master’s Degree 38 18
Ordinary National Diploma 22 10
PhD 14 7
Other - -
Level of 1-5 36 17
experience 6-10 100 47
(years) 11-15 55 26
16 -20 15 7
Above 20 5 3
Professional The Council for the Regulation of Engineering in Nigeria 67 32
body affiliation (COREN)
The Council of Registered Builders of Nigeria 53 25
Nigerian Institute of Quantity Surveyors (NIQS) 44 21
Nigerian Institute of Building (NIOB) 43 20
Other 4 2
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In comparison, only 5 respondents have above 20 years of experience, the least. Thus, all the
respondents met the minimum qualification for participation. Finally, the results indicate that
participants belong to professional bodies related to construction and engineering active in Nigeria,
showing they have a certain level of expertise in their professions/job roles. From the frequency
analysis, respondents affiliated with COREN are nearly a third of participants (67), which accounts for

the highest, while only (4) are those in Nigeria Society of Engineers (NSE), which is the least.

Table 4: The Coefficient ws for different rank orders

Formulae Number of| Criteria Attributes Coefficient ws
ranking positions
wl 0.3857
w2 0.1928
w3 0.1286
w4 0.0964
7 v Low waste techniques w5 0.0771
w6  0.0643
w7 0.0551
wl 0.4082
w2 0.2041
Top management support
(construction) w3 0.1361
6 Low waste purchase management w4 0.1021
w5 0.0816
w6  0.0680
wl 0.4380
4 Site waste management plan w2 0.2190
4 Top management support
5 (procurement) w3 0.1460
4 Procurement clauses w4 0.1095
w5 0.0876
wl 0.4795
w2  0.2398
v' Materials
4 Procurement 4 Construction clauses w3  0.1598
v’ Construction v' Efficient delivery management w4 0.1199

4.1. Results of the VAHP

In the fifth column (Tables 5 and 6), the respondents’ priority voting survey establishes the relative
importance of materials procurement and construction waste management attributes based on the
global priority rank. In the sixth column (Table 5), the categorisation of twenty attributes across the
criteria for materials procurement showed that alliance with suppliers, a take-back clause in suppliers’
agreement document, accurate materials quantification, accurate material quantification and just-in-
time delivery (JIT) plan are within the high priority category for materials procurement waste
management. Other attributes are within the medium or low priority categories. In the sixth column
(Table 6), senior managers’ early commitment to waste minimisation, effective communication among
project participants, making subcontractors responsible for their waste, identifying recyclable

materials and identifying reusable materials are in the high priority category. Therefore, out of the
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twenty-two attributes of construction criteria categories, only six are within the high priority

threshold, while others are within the medium or low priority ranks.

Table 5. Weighted importance of materials procurement waste management attributes (Wi)

Criteria Weight Attributes Weight Global Priority
(wi) (Wi) Weight
(wi)

Top management support 0.245 Involve a purchase manager in procurement 0.191 0.047 Medium

for procurement activities
Provision of stock control measures 0.185 0.045 Medium
Periodic training of procurement personnel on 0.181 0.044 Medium
waste management strategies
Alliance with suppliers 0.269 0.066 High
Waste management guidelines for 0.173 0.040 Low
procurement personnel

Procurement clauses 0.258 Take-back clause in suppliers’ agreement 0.311 0.080 High
document
Consistency in suppliers’ agreement document 0.154 0.040 Low
Suppliers to supply quality and durable 0.191 0.049 Medium
materials
Agreement with suppliers on waste 0.188 0.049 Medium
management strategies
Suppliers to provide materials in a flexible 0.156 0.040 Low
amount

Low waste purchasing 0.304 Purchase of secondary materials 0.149 0.045 Medium
Purchase of maintainable materials 0.138 0.042 Medium
Accurate materials quantification 0.220 0.067 High
Purchase of high-quality products 0.150 0.046 Medium
Accurate material ordering 0.202 0.061 High
Material substitution 0.141 0.043 Medium

Efficient delivery 0.194 Adequate site access for delivery vehicles 0.250 0.049 Medium
Careful materials handling to avoid breakage 0.224 0.043 Medium
Just-in-time delivery (JIT) plan 0.278 0.054 High
Safe storage of materials onsite 0.248 0.048 Medium
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Table 6. Weighted importance of construction waste management attributes (Wi)

Criteria Weight Attributes Weight  Global Priority
(Wi) (Wi) Weight
(wi)
Top management support 0.297 Senior managers early commitment to waste 0.221 0.066 High
for construction minimisation
Periodic training of site employees on waste 0.154 0.046 medium
management strategies
Adequate waste reduction investment 0.123 0.037 low
Active site supervision 0.125 0.037 low
Motivating employees to minimise waste 0.166 0.049 medium
Effective communication among project participants 0.211 0.062 High
Construction clauses 0.189 Waste target clause in the subcontractors’ 0.260 0.049 medium
agreement document
A site waste management policy for site employees 0.183 0.035 low
An incentive clause for effective waste management 0.251 0.047 medium
practice
Making subcontractors responsible for their waste 0.305 0.058 High
Site waste management plan  0.267 Adequate space for material movement onsite 0.150 0.040 Low
Identifying recyclable materials 0.285 0.076 High
Forecast the emerging waste stream 0.186 0.050 Medium
Segregating waste materials into categories 0.183 0.049 Medium
Identifying reusable materials 0.194 0.052 High
Low waste techniques 0.244 Maximise use of joint system instead of gluing 0.144 0.035 Low
Use of deconstructable materials 0.130 0.032 Low
Adopting the right work sequence 0.114 0.028 Low
Use of steel scaffolds 0.105 0.027 Low
Adopting prefabricated building components 0.201 0.049 Medium
Use of reusable formwork and falsework 0.161 0.039 Low
Use of appropriate construction equipment 0.145 0.035 Low

5. Discussion

5.1.Materials Procurement Attributes

Alliance with suppliers is widely considered a critical success factor of supply chain management for
improving waste management performance. The findings support Dainty et al. (2004) that developing
alliances with suppliers and recycling companies is the most important waste management attribute
contributing to improved supply chain management in construction. The findings also support
Bankvall et al. (2010) that strategic supplier alliances would reduce waste and improve the quality of
the supply chain. The findings, therefore, encourage the need for commitment and a stronger

relationship between clients/contractors and material suppliers.

Take-back clause in the suppliers’ agreement document is consistent with previous studies, indicating
that the take-back arrangement with suppliers is an important measure of waste minimisation in
materials procurement. For instance, through the subjective opinion of the UK design and
construction firms, Ajayi et al. (2017b) found that commitment to the take-back scheme is the most

important procurement attribute. The finding is consistent with Mortaheb and Mahpour (2016), who

16



identified take-back policies as the most important procurement attribute under supplier selection
management in the Iranian construction industry. However, an earlier study by Al-Hajj and Hamani
(2011) found that a take-back arrangement with suppliers is the ninth most important procurement
attribute for waste minimisation in the UAE construction industry. Considering this attribute as a high
priority for waste minimisation would mean extending waste management responsibility to suppliers
to minimise excess materials delivered on construction sites. Thus, it would require a prior agreement

with suppliers, thereby the importance of including this measure in their contractual arrangement.

Accurate materials quantification agrees with (Li et al., 2016), who proposed that enhancing
estimation accuracy through levels of detail and experts’ knowledge could lead to better materials
management in construction. It explained that if buyers fail to follow specifications in the design
documents or there is an error in specification, the outcome is usually over-ordering or purchasing
products that do not comply with specifications. In that case, excess materials could be delivered on
construction sites if quantity take-off is not accurately done (Muhwezi et al., 2012). The findings
demonstrated that understanding the scope of a project before purchasing materials cannot be

overemphasised, as acknowledged in the RIBA Plan of Work 2020.

Accurate material ordering is in concordance with (Faniran and Caban, 1998), who found that over-
ordering materials usually impacts waste generation on construction sites. Over-ordering of materials
usually begin with mistakes in quantity take-offs and waste allowance meant to cover unavoidable
losses (Hassan et al., 2012). It, therefore, brought into focus to pay special attention to materials
dimension to minimise offcuts. The findings imply that effort should be made to order materials in
smaller quantities. This would mean that contractors should look for environmentally motivated
suppliers ready to supply materials in smaller quantities (Ajayi and Oyedele, 2018; Cheng and Mydin,
2014; Dainty and Brooke, 2004).

The just-in-time delivery (JIT) plan agrees with (Al-Hajj and Hamani, 2011) that timely delivery of
materials on construction sites is one of the most important strategies implemented in the UAE
construction industry, which helps them minimise materials waste. The authors acknowledged that
less waste is produced when the required materials are supplied to a construction site for work rather
than stockpiling them. The findings buttressed (Dainty and Brooke, 2004), who maintained that timely
materials delivery would minimise the time of materials storage and the potentiality of double
handling and over-ordering. As a high-priority attribute, this would mean that materials will not be
subjected to frequent handling, poor weather conditions, and risks of theft/vandalism will be
minimised. In addition, the findings brought into focus a need to forecast materials demand accurately

and use a faster delivery route to deliver construction materials on sites.
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5.2.Construction Attributes

Senior managers' early commitment to waste minimisation is consistent with the findings of previous
studies. According to Papargyropoulou et al. (2011); Teo and Loosemore (2001), senior managers'
awareness and commitment improve waste management performance. However, contrary to the
current findings, there is evidence that senior managers are more interested in projects' time and cost
performance than waste management (Begum et al., 2009). This supports the common belief that
waste management is not usually a top priority for senior managers like cost and time. Nevertheless,
the current finding would mean that senior managers must see effective waste management as a top
priority to drive sustainable waste management. Their visible involvement and commitment can play
an important role in reducing waste in the industry. It further revealed the need for a top-down
approach to waste management in construction where senior managers champion the cause of

changing the industry's poor waste management culture (Teo and Loosemore, 2001).

Effective communication among project participants aligns with Constructing Excellence (2004) on the
importance of stakeholders being aware of project requirements for waste minimisation. The findings
would remind contractors to adopt efficient communication practices, such as good quality
documentation and feedback from site operatives on waste management performance (Lingard et al.,
2001). It focused on the importance of stakeholders sharing new ideas and experiences from past
projects to improve strategies and create awareness about sustainable waste management in the

industry.

Making subcontractors responsible for their waste is consistent with several studies on the need for
waste producers to be held accountable for the waste they produce (Lu et al., 2015; Poon et al., 2013).
It, therefore, reinforced the concept of extended producer responsibility, highlighting that contractors
and subcontractors share waste management responsibilities (Lu and Yuan, 2011). The finding would
remind contractors to employ subcontractors with waste management abilities (Ling and Nguyen,
2013). Since contractors are not the only waste producer, other stakeholders, such as subcontractors,
should be held accountable for the waste they produce during construction (Lu and Yuan, 2011) and
commit to agreed terms and conditions to ensure successful waste management devoid of dispute.
The finding is evidence that the willingness of subcontractors to accept some waste management costs
will significantly influence waste reduction (Saunders and Wynn 2004). The finding would remind
contractors to penalise poor waste management performance (Dainty and Brooke, 2004). For
instance, by not shortlisting subcontractors who are not committed to sharing waste management

responsibilities.
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Identifying recyclable materials supports the philosophy that, since waste cannot be eliminated
entirely in construction, there is an opportunity to identify the recyclables to facilitate a closed-loop
material flow (He and Yuan, 2020; Liu et al.,, 2020). Therefore, the findings support the works of
numerous researchers that recycling is a good reaction toward waste minimisation by elongating
materials' life expectancy (He and Yuan, 2020; Mak et al., 2019). However, the finding contrast with
Wahab and Lawal (2011), who found that Nigerian contractors hardly segregate generated waste in
projects. Therefore, the finding would remind contractors to understand the economic viability of

recyclable materials to recycle more materials in their projects.

Identifying reusable materials and reusing them would help minimise the need for virgin materials and
energy for recycling, which has economic and environmental benefits (Ng et al., 2017). This finding
agrees with studies advocating for the reuse of materials such as steel bars (Duran et al.,, 2006),
formwork (Ling and Leo, 2000), concrete aggregates (Li, 2008) and others. The finding places a
responsibility on contractors to train the employee on materials composition to increase the reuse of
construction materials. This would mean that construction materials and components can be reused
with little or no alteration to their physical characteristics and without changing their chemical

properties.

6. Conclusion

Previous research has shown that waste management is not adequately prioritised in the construction
industry. Therefore, this research examined the Nigerian construction actors’ waste management
priorities regarding materials procurement and construction attributes. Based on the literature
review, the research identified four criteria each for managing waste in materials procurement and
construction activities. Twenty attributes were identified under the materials procurement criteria,
while twenty-two were identified under the construction criteria categories. A team of academic
construction experts verified the criteria and attributes. Two hundred and eleven construction

practitioners participated in a survey exercise to evaluate the importance of the attributes.

Further, the VAHP method was used to establish the priority weights of the attributes. Then the
attributes were categorised into high, medium and low priorities using an equal-interval scale. The
research, therefore, presents the main findings from an empirical survey on the critical attributes that
can be implemented to improve the effectiveness of materials procurement and construction waste

management in Nigeria.
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Alliance with suppliers, a take-back clause in suppliers’ agreement document, accurate material
guantification, accurate material ordering, and just-in-time delivery (JIT) plan are high-priority waste
management attributes among the twenty related to materials procurement. The above findings have
implications for practice. Their commonalities indicate a need for effective materials and supply chain
management to help contractors minimise waste in projects. For instance, rather than concentrating
on onsite activities to manage the flow of materials, they suggest cooperation between contractors
and suppliers to improve waste management offsite and onsite. This ensures that only the required
materials for a job are supplied. However, if excess or the wrong materials are delivered onsite, there

would be an opportunity to return them to the supplier.

Further, the senior manager’s early commitment to waste minimisation, effective communication
among project participants, making subcontractors responsible for their waste, identifying recyclable
materials and identifying reusable materials were high priorities for practitioners in the construction
stage. The practical implication of these findings reflects the key aspects of good waste management
in the construction stage. They show a need to integrate “soft’” and “hard” measures for effective
waste management in construction. The findings show that construction companies can adopt soft
and hard managerial instruments to address waste management issues from social and technical
perspectives. These include communication, legal/mutual agreements with subcontractors,
supervision, and increasing recycling and reusing materials to minimise waste disposal to landfills. The
findings of this study will be useful for managing waste in the materials procurement and construction
stages; therefore, efforts should be made to conduct similar research to improve waste management
in the design and end-of-life stages. Hence, the findings may be peculiar to contractors with less or no

influence on projects’ design and end-of-life stages.

6.1. Recommendations

v Stakeholders should consider waste management as a critical priority for sustainable
development.

v' Contractors should develop and consistently improve partnerships with subcontractors and
suppliers at the company level to achieve waste management goals at the project level.

v" Subcontractors should comply with contractors’ requirements for waste reduction. For
instance, subcontractors should forecast the likely waste streams and identify options for
reduction if a contractor requests.

v Suppliers should be committed and consider themselves as part of the waste management
team throughout project implementation (e.g. reduce the quantity of excess packaging, agree
with contractors’ take-back scheme)

v" There is a need for early supplier involvement in the design process
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Future work includes developing frameworks for managing materials procurement and construction
waste for Nigerian contractors using the Multi-criteria decision-making (MCDM) concept. The
frameworks are designed based on the current research results to assist contractors in identifying and
incorporating critical criteria for improving waste management practices in the industry and plan for

implementation based on the attributes’ priorities identified in this study.

21



References
Aadal H, Rad KG, Fard AB, Sabet PGP and Harirchian E (2013) Implementing 3R concept in construction

waste management at construction site. Journal of Applied Environmental and Biological Sciences

3(10): pp.160-166.

Abarca-Guerrero L, Maas G and Van Twillert H (2017) Barriers and motivations for construction waste

reduction practices in Costa Rica. Resources 6(4): pp. 2—14.

Abd Hamid Z, Zain MZM and Roslan AF (2016) Sustainable construction waste Management. Ingenieur

66: pp. 62-70.

Acchar W, Silva JE and Segaddes AM (2013) Increased added value reuse of construction waste in clay-

based building ceramics. Advances in Applied Ceramics 112(8): pp.487-493.

Adeagbo D, Achuenu E and Oyemogun | (2016) Construction material waste management practices in
selected construction sites in Abuja, Nigeria. Journal of Management and Technology 1(2): pp. 96—

104.

Aderibigbe YA, Ataguba OC and Sheyin Y (2017) Minimisation of wastage of material on construction
sites in Nigeria. International Journal of Advanced Academic Research/Sciences, Technology and

Engineering 3(9): pp. 1-15.

Adewuyi TO, ldoro, Gl and lkpo IJ (2014) Empirical evaluation of construction material waste

generated on sites in Nigeria. Civil Engineering Dimension 16(2): pp.96—103.

Afolabi AO, Tunji-Olayeni PF, Ojelabi RA and Omuh Ol (2018) Construction waste prevention as a
sustainable tool in building mega cities: A Theoretical Framework. In IOP Conference Series: Earth and

Environmental Science 146 (1): pp.1-7.

Ahad A, Khan ZR and Srivastava S (2017) Application of IT in Supply of Construction Material

Procurement. International Journal for Science and Advance Research in Technology 3(7): pp.638—-642.

Ajayi SO and Oyedele LO (2018) Waste-efficient materials procurement for construction projects: A

structural equation modelling of critical success factors. Waste Management 75: pp.60—69.

Ajayi SO, Oyedele LO, Akinade OO, Bilal M, Alaka HA and Owolabi HA (2017b) Optimising material
procurement for construction waste minimisation: An exploration of success factors. Sustainable

Materials and Technologies 11: pp.38—46.

22



Ajayi SO, Oyedele LO, Akinade OO, Bilal M, Alaka HA, Owolabi HA and Kadiri KO (2017b) Attributes of
design for construction waste minimisation: A case study of waste-to-energy project. Renewable and

Sustainable Energy Reviews 73: pp.1333-1341.

Ajayi SO, Oyedele LO, Bilal M, Akinade OO, Alaka HA and Owolabi HA (2017a) Critical management
practices influencing onsite waste minimisation in construction projects. Waste management 59:

pp.33-339.

Akinade OO, Oyedele LO, Ajayi SO, Bilal M, Alaka HA, Owolabi HA, Bello SA, Jaiyeoba BE and Kadiri KO
(2017) Design for Deconstruction (DfD): Critical success factors for diverting end-of-life waste from

landfills. Waste Management 60: pp.3-13.

Akinade 0O, Oyedele LO, Munir K, Bilal M, Ajayi SO, Owolabi HA, Alaka HA and Bello SA (2016)
Evaluation criteria for construction waste management tools: towards a holistic BIM framework.

International Journal of Sustainable Building Technology and Urban Development 7(1): pp.3-21.

Akintoye A (1995) Just-in-time application and implementation for building material management.

Construction Management and Economics 13(2): pp.105-113.

Akintoye A (2000) Analysis of factors influencing project cost estimating practice. Construction

Management and Economics 18: pp 77-89.

Al-Hajj A and Hamani K (2011) Material waste in the UAE construction industry: Main causes and

minimisation practices. Architectural Engineering and Design Management 7(4): pp.221— 235.

Al-Rifai JAR and Amoudi O (2016) Understanding the key factors of construction waste in Jordan.
Jordan Journal of Civil Engineering 10(2): 244-251

Asah-Kissiedu M (2019) Development of an integrated safety, health and environmental management
capability maturity model (SHEMCMM) for Ghanaian construction companies (Doctoral dissertation,

PhD Thesis, Faculty of Environment and Technology, University of the West of England, Bristol).

Bakchan A, Faust KM and Leite F (2019) Seven-dimensional automated construction waste
guantification and management framework: Integration with project and site planning. Resources,

Conservation and Recycling 146: pp.462-474.

Bakshan A, Srour |, Chehab G, El-Fadel M and Karaziwan J (2017) Behavioral determinants towards
enhancing construction waste management: A Bayesian Network analysis. Resources, Conservation

and Recycling 117: pp.274-284.

23



Bankvall L, Bygballe L E, Dubois A and Jahre M (2010) Interdependence in supply chains and projects
in construction. Supply Chain Management 15(5): pp. 385—-393.

Barritt J (2016) An overview on recycling and waste in construction. Proceedings of the Institution of

Civil Engineers-Construction Materials 169(2): pp.49-53.

Begum RA, Satari SK and Pereira JJ (2010) Waste generation and recycling: Comparison of
conventional and industrialised building systems. American Journal of Environmental Sciences 6(4):

pp.383—-388

Begum RA, Siwar C, Pereira JJ and Jaafar AH (2007) Implementation of waste management and
minimisation in the construction industry of Malaysia. Resources, Conservation and Recycling 51(1):

pp.190-202.

Begum RA, Siwar C, Pereira JJ and Jaafar AH (2009) Attitude and behavioural factors in waste
management in the construction industry of Malaysia. Resources, Conservation and Recycling 53(6):

pp.321-328.

Bertino G, Kisser J, Zeilinger J, Langergraber G, Fischer T and Osterreicher D (2021) Fundamentals of
building deconstruction as a circular economy strategy for the reuse of construction materials. Applied

Sciences 11(3): pp.1-30.

Bossink, B.A.G. and Brouwers, H.J.H. (1996) Construction waste: quantification and source evaluation.

Journal of Construction Engineering and Management 122(1): pp.55-60.

BREEAM (2020) Construction waste management. Resource management plan Wst01. Available at:
https://www.sre.co.uk/wp-content/uploads/2020/02/Wst-01-Resource-Management-Plan.pdf
[05/12/2021].

Brundtland GH (1987) Our common future—Call for action. Environmental Conservation 14(4): pp.

291-294.

Cha HS, Kim J and Han JY (2009) Identifying and assessing influence factors on improving waste
management performance for building construction projects. Journal of construction engineering and

management 135(7): pp.647—656.

Chen Z, Li H and Wong CT (2002) An application of bar-code system for reducing construction wastes.

Automation in construction 11(5): pp.521-533.

Cheng KJ and Mydin MAO (2014) Best Practice of Construction Waste Management and Minimization.

Analele Universitatii'Eftimie Murgu', 21(1): pp. 72-84.

24



Cheng S, Chan CW and Huang GH (2002) Using multiple criteria decision analysis for supporting
decisions of solid waste management. Journal of Environmental Science and Health, Part A 37(6):

pp.975-990.

Chiang YH, Chan EHW and Lok LKL (2006) Prefabrication and barriers to entry—a case study of public

housing and institutional buildings in Hong Kong. Habitat International 30(3): pp.482-499.

Cochran WG (1977) Sampling techniques. 3rd ed, New York: John Wiley and Sons.

Constructing Excellence (2004) Partnering' [Online]. Available at:
https://constructingexcellence.org.uk/wp-content/uploads/2015/03/partnering.pdf [accessed
23/11/2021].

Creative Research Systems (2016) Sample size formula. [Online]. Available from:

https://www.surveysystem.com/sample-size-formula.htm [20/09/2021].

Dainty AR and Brooke RJ (2004) Towards improved construction waste minimisation: a need for

improved supply chain integration. Structural Survey 22(1): pp.20-29.

Dania AA, Kehinde JO and Bala K (2007) A study of construction material waste management practices
by construction firms in Nigeria. In Proceedings of the 3rd Scottish Conference for Postgraduate

Researchers of the Built and Natural Environment, Glasgow. November, pp. 121-129.

DEFRA (2020) UK Statistics on Waste. [Online]. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_da
ta/file/918270/UK_Statistics_on_Waste_statistical_notice_March_2020_accessible_FINAL u
pdated_size_12.pdf [25/08/2021].

Domingo, N., Osmani, M. and Price, A. (2009) Construction waste minimisation in the UK healthcare

industry. 25th Annual ARCOM Conference, 7-9 September 2009, Albert Hall, Nottingham, UK, pp.1-10.

Doust K, Battista G and Rundle P (2021) Front-end construction waste minimization strategies.

Australian Journal of Civil Engineering 19(1): pp.1-11.

Dulami MF, Ling FYY and Bajracharya A (2003) Organisational motivation and interorganisational
interaction in construction innovation in Singapore. Construction Management and Economics 21.:

307-318.

25



Duran X, Lenihan H and O’Regan B (2006) A model for assessing the economic viability of construction
and demolition waste recycling—the case of Ireland. Resources, Conservation and Recycling 46(3):

pp.302-320.

Elena S, Konstantinos K and Giorgos G (2022) Integrated Management of Construction and Demolition
Waste as Key Factor of Urban Circular Economy. Journal of Sustainability and Environmental

Management 1(2): pp.197-209.

Esa MR, Halog A and Rigamonti L (2017) Developing strategies for managing construction and
demolition wastes in Malaysia based on the concept of the circular economy. Journal of Material

Cycles and Waste Management 19(3): pp.1144-1154.

Esin T and Cosgun N (2007) A study conducted to reduce construction waste generation in Turkey.

Building and environment 42(4): pp.1667-1674.

Eze EC, Seghosime R, Eyong OP and Loya OS (2017) Assessment of materials waste in the construction
industry: a view of construction operatives, tradesmen and artisans in Nigeria. The International

Journal of Engineering and Science 6(4): pp. 32-47.

Faniran OO and Caban G (1998) Minimising waste on construction project sites. Engineering,

Construction and Architectural Management 5 (2): pp. 182-188

Gangolells M, Casals M, Forcada N and Macarulla M (2014) Analysis of the implementation of effective
waste management practices in construction projects and sites. Resources, conservation and recycling

93: pp.99-111.

Georgopoulou E, Sarafidis Y, Mirasgedis S, Zaimi S and Lalas DP (2003) A multiple criteria decision-aid
approach in defining national priorities for greenhouse gases emissions reduction in the energy sector.

European Journal of Operational Research 146(1): pp.199-215.

Hadi-Vencheh A and Niazi-Motlagh M (2011) An improved voting analytic hierarchy process— data
envelopment analysis methodology for suppliers’ selection. International Journal of Computer

Integrated Manufacturing 24(3): pp.189-197.

Hassan SH, Ahzahar N, Fauzi MA and Eman J (2012) Waste management issues in the northern region

of Malaysia. Procedia-Social and Behavioral Sciences 42: pp.175-181.

He L and Yuan H (2020) Investigation of construction waste recycling decisions by considering

consumers’ quality perceptions. Journal of Cleaner Production 259: p.120928.

26



Hussien A, Samin R and Idris M (2016) An analysis of, willingness and effective factors on waste
minimisation in construction industry: Iraq. Advances in Natural and Applied Sciences 10(12): pp.77-

84.

Jaillon L, Poon CS and Chiang YH (2009) Quantifying the waste reduction potential of using

prefabrication in building construction in Hong Kong. Waste Management 29(1): pp.309-320.

Jain M (2012) Economic Aspects of Construction Waste Materials in terms of cost savings—A case of
Indian construction Industry. International Journal of Scientific and Research Publications 2(10): pp.1-

7.

JananiR, llango T and Meenakshi E (2022) Minimization of construction waste in Chennai construction

industry. Materials Today: Proceedings 52: pp.1884-1890.

Katz A and Baum H (2011) A novel methodology to estimate the evolution of construction waste in

construction sites. Waste Management 31(2): pp.353—358.

Kim DY and Kumar V (2009) A framework for prioritisation of intellectual capital indicators in R&D.

Journal of Intellectual Capital 10(2): pp. 277-293

Kofoworola OF and Gheewala SH (2009) Estimation of construction waste generation and

management in Thailand. Waste Management 29(2): pp.731-738.

Kulatunga U, Amaratunga D, Haigh R and Rameezdeen R (2006) Attitudes and perceptions of
construction workforce on construction waste in Sri Lanka. Management of Environmental Quality:

An International Journal 17(1): pp.57-72.

Lam TT, Mahdjoubi L and Mason J (2017) A framework to assist in the analysis of risks and rewards of

adopting BIM for SMEs in the UK. Journal of Civil Engineering and Management 23(6): pp.740-752.

Lau HH Whyte A and Law P (2008) Composition and characteristics of construction waste generated

by residential housing projects. International Journal of Environmental Research 2(3): pp261-268.

Lee D Kim, S and Kim S (2016) Development of hybrid model for estimating construction waste for
multifamily residential buildings using artificial neural networks and ant colony optimisation.

Sustainability 8(9): pp.1-14.

Li M and Yang J (2014) Critical factors for waste management in office building retrofit projects in

Australia. Resources, Conservation and Recycling 93: pp.85—-98.

Li RYM and Du H (2015) Sustainable construction waste management in Australia: a motivation

perspective. In Construction Safety and Waste Management, pp. 1-30. Springer, Cham.

27



Li X (2008) Recycling and reuse of waste concrete in China: Part I. Material behaviour of recycled

aggregate concrete. Resources, Conservation and Recycling 53(1-2): pp.36—44.

Ling  YY and Leo KC (2000) Reusing timber formwork: importance of workmen’s efficiency and

attitude. Building and environment 35(2): pp.135-143.

Ling FY and Lim MC (2002) Implementation of a waste management plan for construction projects in

Singapore. Architectural Science Review 45(2): pp.73-81.

Ling FYY and Nguyen DSA (2013) Strategies for construction waste management in Ho Chi Minh City,

Vietnam. Built Environment Project and Asset Management 3(1): pp. 141-156

Lingard H, Gilbert G and Graham P (2001) Improving solid waste reduction and recycling performance

using goal setting and feedback. Construction Management and Economics 19(8): pp.809-817.

Liu FHF and Hai HL (2005) The voting analytic hierarchy process method for selecting supplier.

International Journal of Production Economics 97(3): pp.308-317.

Lu W and Yuan H (2010) Exploring critical success factors for waste management in construction

projects of China. Resources, Conservation and Recycling 55(2): pp.201-208.

Lu W and Yuan H (2010) Exploring critical success factors for waste management in construction

projects of China. Resources, Conservation and Recycling 55(2): pp.201-208.

Lu W and Yuan H (2011) A framework for understanding waste management studies in construction.

Waste Management 31(6): pp.1252-1260.

Lu W and Yuan H (2012) Offsite sorting of construction waste: what can we learn from Hong Kong.

Resources, Conservation and Recycling 69: pp.100-108.

Lu W, Chen X, Ho DC and Wang H (2016) Analysis of the construction waste management performance
in Hong Kong: the public and private sectors compared using big data. Journal of Cleaner Production

112: pp.521-531.

Lu W, Peng Y, Webster C and Zuo J (2015) Stakeholders’ willingness to pay for enhanced construction

waste management: A Hong Kong study. Renewable and Sustainable Energy Reviews 47: pp.233-240.

Lu W, Yuan H, Li J, Hao JJ, Mi X and Ding Z (2011) An empirical investigation of construction and
demolition waste generation rates in Shenzhen city, South China. Waste Management 31(4): pp.680—

687.

28



Mak TM, Iris KM, Wang L, Hsu SC, Tsang DC, Li CN, Yeung TL, Zhang R and Poon CS (2019) Extended
theory of planned behaviour for promoting construction waste recycling in Hong Kong. Waste

Management 83: pp.161-170.

Manowong E (2012) Investigating Factors Influencing Construction Waste Management Efforts in
Developing Countries: An Experience from Thailand. Waste Management and Research 30(1): pp.56—

71.

Manu PA (2012) An investigation into the accident causal influence of construction project features.

(Doctoral dissertation, University of Wolverhampton).

Mcdonald B and Smithers M (1998) Implementing a waste management plan during the construction

phase of a project: a case study. Construction Management and Economics 16(1): pp.71-78.

Memon AH, Abdul-Rahman | and Memon | (2014) Rule Based DSS in Controlling Construction Waste.
Life Science Journal 11(6): pp.417-424.

Mohopadkar JS and Patil DP (2017) Application of inventory management in the construction industry.
International Journal on Recent and Innovation Trends in Computing and Communication 5(6): pp.229-

231.

Molnar A (2019) SMARTRIQS: A Simple Method Allowing Real-Time Respondent Interaction in

Qualtrics Surveys. Journal of Behavioural and Experimental Finance 22: pp.161-169.

Montero A, Tojo Y, Matsuo T, Matsuto T, Yamada M, Asakura H and Ono Y (2010) Gypsum and organic
matter distribution in a mixed construction and demolition waste sorting process and their possible

removal from outputs. Journal of Hazardous Materials 175(1-3): pp.747— 753.

Mortaheb MM and Mahpour A (2016) Integrated construction waste management, a holistic

approach. Scientia Iranica 23(5): pp.2044—-2056.

Muleya F and Kamalondo H (2017) An investigation of waste management practices in the Zambian

construction industry. Journal of Building Construction and Planning Research 5(01): pp.1-13.

Nagapan S, Rahman IA and Asmi A (2011) A review of construction waste cause factors. In Asian

conference on real estate: Sustainable growth managing challenges, October, pp. 967-987.

Nagapan S, Rahman, IA and Asmi A (2012) April. Construction waste management: Malaysian
perspective. In International Conference on Civil and Environmental Engineering Sustainability

(IConCEES), Malaysia 2: pp. 299-309.

29



Nair CS and Adams P (2009) Survey platform: A factor influencing online survey delivery and response

rate. Quality in Higher Education 15(3): pp.291-296.

Ng LS, Tan LW, and Seow TW (2017) Current practices of construction waste reduction through 3R
practice among contractors in Malaysia: Case study in Penang. In IOP Conference Series: Materials

Science and Engineering, November 271: pp.1-8

Noguchi H, Ogawa M and Ishii H (2002) The appropriate total ranking method using DEA for multiple
categorised purposes. Journal of Computational and Applied Mathematics, 146(1): pp.155-166.

Ogunmakinde OE, Sher W and Maund K (2019) An assessment of material waste disposal methods in

the Nigerian construction industry. Recycling 4(1): p.13.

Oladiran 0J (2009) Innovative waste management through the use of waste management plans on

construction projects in Nigeria. Architectural Engineering and Design Management 5(3): pp.165-176.

Omer MM, Rahman RA and Almutairi S (2022) Strategies for Enhancing Construction Waste Recycling:
A Usability Analysis. Sustainability 14(10): p.5907.

Osmani M, Glass J and Price A (2006) Architect and contractor attitudes to waste minimisation. In
Proceedings of the Institution of Civil Engineers-Waste and Resource Management, May 159(2): pp.

65-72.

Papargyropoulou EFFIE, Preece C, Padfield R and Abdullah AA (2011) Sustainable construction waste
management in Malaysia: A contractor’s perspective. In Management and Innovation for a Sustainable
Built Environment MISBE 2011, Amsterdam, The Netherlands, June 20-23, 2011. CIB, Working
Commissions W55, W65, W89, W112; ENHR and AESP

Park J and Tucker R (2017) Overcoming barriers to the reuse of construction waste material in
Australia: a review of the literature. International Journal of Construction Management 17(3): pp.228—

237.

Penrod J, Preston DB, Cain RE and Starks MT (2003) A discussion of chain referral as a method of

sampling hard-to-reach populations. Journal of Transcultural Nursing 14(2): pp.100-107.

Poon CS, Ann TW and Ng LH (2003). Comparison of low-waste building technologies adopted in public
and private housing projects in Hong Kong. Engineering, Construction and Architectural Management

10(2): pp. 88-98.

Poon CS, Yu AT and Jaillon L (2004) Reducing building waste at construction sites in Hong Kong.

Construction Management and Economics 22(5): pp.461-470.

30



Poon CS, Yu AT and Jaillon L (2004) Reducing building waste at construction sites in Hong Kong.

Construction Management and Economics 22(5): pp.461-470.

Poon CS, Yu AT, Wong A and Yip R (2013) Quantifying the impact of construction waste charging
scheme on construction waste management in Hong Kong. Journal of construction engineering and

Management 139(5): pp.466-479.

Poon CS, Yu AT, Wong A and Yip R (2013) Quantifying the impact of construction waste charging
scheme on construction waste management in Hong Kong. Journal of Construction Engineering and

Management 139(5): pp.466—479.

Poon CS, Yu ATW, Wong SW and Cheung E (2004) Management of construction waste in public housing

projects in Hong Kong. Construction Management and Economics 22(7): pp.675—689.

Price T (2010) Site waste management plans, the designer and the CDM principal contractor. In 26th
Annual Conference of the Association of Researchers in Construction Management, September, 8:

pp.1381-1390.
Saaty TL (1980) The analytic hierarchy process. McGraw-Hill, New York

Sabodin N and Adeleke AQ (2018) The Influence of Government Regulation on Waste Reduction
Among Kuantan Malaysian Construction Industry. Journal of Advanced Research in Applied Sciences

and Engineering Technology 10(1): pp.72-76.

Saez PV, del Rio Merino M, Gonzalez ASA and Porras-Amores C (2013) Best practice measures
assessment for construction and demolition waste management in building constructions. Resources,

Conservation and Recycling 75: pp.52—62.

Saidu, I. and Shakantu, W., 2017. A post-contract project analysis of material waste and cost overrun

on construction sites in Abuja, Nigeria. Acta Structilia 24(2): pp.77-105.

Saunders J and Wynn P (2004) Attitudes towards waste minimisation amongst labour only sub-

contractors. Structural Survey 22(3): pp. 148-155.

Sev A (2009) How can the construction industry contribute to sustainable development? A conceptual

framework. Sustainable Development 17(3): pp.161-173.

Shakantu W, Muya M, Tookey J and Bowen P (2008) Flow modelling of construction site materials and
waste logistics: A case study from Cape Town, South Africa, Engineering, Construction and

Architectural Management 15(5): pp. 423-439.

31



Shen LY, Tam VWY and Li CY (2009) Benefit analysis on replacing in situ concreting with precast slabs
for temporary construction works in pursuing sustainable construction practice. Resources,

Conservation and Recycling 53(3): pp.145-148.

Shiers D, Weston J, Wilson E, Glasson J and Deller L (2014) Implementing new EU environmental law:
the short life of the UK Site Waste Management Plan Regulations. Journal of Environmental Planning

and Management 57(7): pp.1003—-1022.

Sweis GJ, Hiari A, Thneibat M, Hiyassat M, Abu-Khader WS and Sweis RJ (2021) Understanding the
Causes of Material Wastage in the Construction Industry. Jordan Journal of Civil Engineering 15(2):

ppl180-192

Tam VW (2008) On the effectiveness in implementing a waste-management-plan method in

construction. Waste Management 28(6): pp.1072-1080.

Tam VW and Tam CM (2006a) A review on the viable technology for construction waste recycling.

Resources, Conservation and Recycling 47(3): pp.209-221.

Tam VW and Tam CM (2008) Waste reduction through incentives: a case study. Building Research and
Information 36(1): pp.37—-43.

Tam VW and Tam CM (2008b) Waste reduction through incentives: a case study. Building Research
and Information 36(1): pp.37-43.

Tam VW, Tam CM, Chan JK and Ng WC (2006) Cutting construction wastes by prefabrication.

International Journal of Construction Management 6(1): pp.15-25.

Tam VW, Tam CM, Zeng SX and Ng WC (2007) Towards adoption of prefabrication in construction.
Building and environment 42(10): pp.3642—-3654.

Tan Y, Shen L and Yao H (2011) Sustainable construction practice and contractors’ competitiveness: A

preliminary study. Habitat International 35(2): pp.225-230.

Teo MMM and Loosemore M (2001) A theory of waste behaviour in the construction industry.

Construction Management and Economics 19(7): pp.741-751.

The United States Environment Protection Agency (2020) Sustainable management of construction
and demolition materials. [Online]. Available at: https://www.epa.gov/smm/sustainable-

management-construction-and-demolition-materials [02/04/2022].

32



Tunji-Olayeni PF, Afolabi AO, Ojelabi RA and Ayim BA (2017a) Impact of logistics factors on material
procurement for construction projects. International Journal of Civil Engineering and Technology

8(12): pp.1142-1148.

Tunji-Olayeni PF, Emetere M and Afolabi AO (2017b) Multilayer perceptron network model for
construction material procurement in fast developing cities. International Journal of Civil Engineering

and Technology (IJCIET) 8(5): pp.1468-1475.

Udawatta N, Zuo J, Chiveralls K and Zillante G (2015a). Attitudinal and behavioural approaches to
improving waste management on construction projects in Australia: benefits and limitations.

International Journal of Construction Management 15(2): pp.137-147.

Udawatta N, Zuo J, Chiveralls K and Zillante G (2015b) Improving waste management in construction

projects: An Australian study. Resources, Conservation and Recycling 101: pp.73-83.

Umar UA, Shafig N, Malakahmad A, Nuruddin MF and Khamidi MF (2017) A review on adoption of
novel techniques in construction waste management and policy. Journal of Material Cycles and Waste

Management 19(4): pp.1361-1373.

Wahab AB and Lawal AF (2011) An evaluation of waste control measures in construction industry in

Nigeria. African Journal of Environmental Science and Technology 5(3): pp.246— 254.

Wan Abdullah WZ and Mohd Ridzuan AR (2008) Construction waste management: Level of practice of
contractors. Prosiding Kolokium UiTM Pahang 2007-2008: pp.113-122.

Wang J, Li Z and Tam VW (2014) Critical factors in effective construction waste minimisation at the

design stage: a Shenzhen case study, China. Resources, Conservation and Recycling 82:pp.1-7.

Wang JY, Kang XP and Tam VWY (2008) An investigation of construction wastes: an empirical study in

Shenzhen. Journal of Engineering, Design and Technology 6(3): pp. 227-236.

Williams ID and Turner D (2011) Waste management practices in the small-scale construction industry.
In Proceedings of the Thirteenth International Waste Management and Landfill Symposium. S.

Margherita di Pula, Cagliari, Sardinia, Italy. CISA Publisher

World Bank, (2005) Waste Management in China: Issues and Recommendations, 2005. [Online].
Available at:
https://documentsl.worldbank.org/curated/en/237151468025135801/pdf/332100CHAOWast
elManagementO1PUBLC1.pdf [05/03/2022].

33



World Bank, (2018) What a Waste. A Global Snapshot of Solid Waste Management to 2050. [online].
Available from:
https://openknowledge.worldbank.org/bitstream/handle/10986/30317/2113290v.pdf?sequen
ce=11&isAllowed=y [25/09/2022].

Wrap (2009) Procurement requirements for reducing waste and using resources efficiently. [online].
Available at: https://greenbuildingencyclopaedia.uk/wp-content/uploads/2016/09/WRAP-
Construction-Guide-_FINAL.pdf [02/07/2021].

Wu Z, Ann TW and Shen L (2017) Investigating the determinants of contractor’s construction and

demolition waste management behavior in Mainland China. Waste management 60: pp.290-300.

Yahya K and Boussabaine AH (2006) Eco-costing of construction waste. Management of Environmental

Quiality: An International Journal 17(1): pp. 6-19.

Yu AT, Wong |, Wu Z and Poon CS (2021a) Strategies for Effective Waste Reduction and Management
of Building Construction Projects in Highly Urbanised Cities—A Case Study of Hong Kong. Buildings
11(5): p.214.

Yuan H (2013) Critical management measures contributing to construction waste management:

Evidence from construction projects in China. Project Management Journal 44(4): pp.101-112.

Yuan H and Shen L (2011) Trend of the research on construction and demolition waste management.

Waste Management 31(4): pp.670-679.

Yuan H, Shen L and Wang J (2011) Major obstacles to improving the performance of waste

management in China’s construction industry, Facilities: 29 (5/6): pp. 224—-242

Yuan H, Wu H and Zuo J (2018) Understanding factors influencing project managers’ behavioral
intentions to reduce waste in construction projects. Journal of Management in Engineering 34(6):

pp.1-12.

Zhang X, Wu Y and Shen L (2012) Application of low waste technologies for design and construction:

a case study in Hong Kong. Renewable and Sustainable Energy Reviews 16(5): pp.2973—-2979.

34



