Smart and Sustainable Built Environment

gtm%[l%'lg Smart and Sustainable Built Enviro

System-wide construction waste and their connectivity to
construction phases, impacting 5M factors, and effects: A
Systematic Review

Journal: | Smart and Sustainable Built Environment

Manuscript ID | SASBE-12-2022-0269.R4

Manuscript Type: | Review Paper

Construction waste, Waste, Construction, System-wide- waste, Lean

Keywords: waste, 5M

SCHOLA

RONE™
Manuscripts



Page 1 of 49

oNOYTULT D WN =

Smart and Sustainable Built Environment

System-wide construction waste and their connectivity to
construction phases, impacting 5M factors, and effects: A

Systematic Review

Abstract

Purpose: This review paper using a systematic literature review (SLR) approach, aims to unravel the
various system-wide waste in the Construction Industry and highlight their connectivity to construction
phases, 5M (men, materials, machines, methods, and measurement), and impacting factors.
Design/methodology/approach: This study used an SLR approach and examined articles published since
the 2000s to explore the connectivity of system-wide waste to construction phases, 5M, and impacting

factors. The results are given in table forms and a causal loop diagram.

Findings: Results show that the construction and demolition (C&D) waste research carried out from
various perspectives is standalone. The review identified ten types of system-wide waste with strong
interlinks in the construction industry. The finding highlights connectivity between wastes other than
material, labour and time and their impacting factors. Further, the review results highlighted the solid
connectivity for construction phases, 5M, and impacting factors such as productivity (P), Delay (D),

Accidents (A), Resource Utilisation (R), and Cost(C).

Research limitations/implications: SLR methodology limitations include not keeping in phase with the
most updated field knowledge. This limitation is offset by choosing the range for literature review within
the last two decades. This literature review may not have captured all published articles because the
restriction of database access and search was based only on English. Also, fruitful articles hiding in less
popular journals may not be included in the well-known database that was searched. Researcher Bias of
the authors and other researchers who authored the articles referred to is a limitation. These limitations

are acknowledged.

Practical implications: This article unravels the construction system-wide waste and its interlinks, which
would aid industry understanding and focus on eliminating them. The article highlights the connectivity

of system-wide wastes to 5M, which would help better understand the causes of the waste. Further, the
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paper discusses the connectivity of system-wide waste, 5M and P, D, A, R, and C, that would aid the
organisation's overall performance. The practical and theoretical implications include a better
understanding of waste types to help capture better data for waste reduction and productivity
improvement. The operating managers could use the tracking of wastes to compare estimated and actual
resources at every process stage. This article on system-wide waste, 5M and P, D, A, R, and C, relationships
and their effects can theorize that the Construction industry is more likely to identify clear root causes of
waste now than previously. The theoretical implications include enhanced understanding for academics
on connectivity between waste, 5M, and P, D, A, R, and C that they can use and expand to provide new

insights to existing knowledge.

Originality/value: For the first time, this article categorised and highlighted the ten types of waste in

construction industries and their connectivity to construction phases, 5M, and impacting factors.

Keywords: Construction waste; Waste; System-wide- waste; Lean waste.

1. Introduction
New Zealand’s construction sector generates waste that significantly impacts profitability, the
environment, and resource utilisation (Purchase et al., 2022). The waste created by C&D contributes
considerably to landfill waste, which is projected to be up to 60% of landfill sites globally (Domingo &
Batty, 2021). Construction is a $30 billion industry in New Zealand, and the literature estimates 23% of
the construction industry’s waste. The building industry accounts for up to 50% of landfill waste in New
Zealand (Domingo & Batty, 2021). However, generally, the estimate excludes certain factors such as waste
due to design factors, environmental factors, and goal conflicts between architects, structural designers,
and contractors (Ayres et al., 2016; Brandon-Jones et al., 2016; Dranove & Jin, 2010; Kumaar et al., 2016).
According to (Liu et al., 2020), Construction waste reduction practices should aim to minimise the waste
generated during projects to reduce environmental impact and promote sustainable growth. The types of
waste and related best strategies for reduction in construction must be identified and put into practice if
sustainable objectives are to be met (Bajjou &amp; Chafi, 2020). It is essential to understand the various
system-wide wastes in the construction industry and their connectivity to different construction Phases

to identify and systematically eliminate them.

Further, understanding the connectivity of resulting waste effects to the causes and influencing factors
such as 5M would result in systematic data capturing and waste elimination. Managing and balancing 5M

benefits industries and would create a win-win situation for all stakeholders (Taifa & Vhora, 2019). This
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review paper aims to unravel the various types of waste in the Construction Industry and highlight their

connectivity to construction phases, 5M, and impacting factors.

Furthermore, understanding the link of system-wide waste and influencing factors to its impact on P, D,
A, R, and C would provide clarity for industry professionals and academics. This link would help collect
focused result data and aid future improvements and research. This review paper aims to identify the
System-wide construction waste and its connectivity to construction phases, 5M, and impacting P, D, A,

R, and C factors through the systematic review of literature from 2000 to 2022. The review was based

on the question:

What types of waste are generated system-wide in the construction industry, and how are they linked to

impacting 5M factors and P, D, A, R, and C effects?

1 2 Reviewsicnifi | rational

The review attains significance as tFhe construction industry wastes a considerable quantum of its

materials and labour in a project. A BRANZ report suggests that in New Zealand, 23% of the material,
labour, and time are wasted during a residential build (Burgess et al., 2013), which has not dropped since
2013. However, the report only includes wastes other than material, tabeurlabour, and time. Identifying
those other wastes would aid in reducing waste and optimal use of resources. For example, at every stage
of construction, human cognitive factors influence the process of generating waste. However, waste from
hard labour is focused upon while ignoring the management force and their cognitive deficiencies.
Effective tackling of the factors would aid in the project’s timely completion. The waste reduction would
improve profitability, paving the way for optimal resource consumption and reducing environmental
damage. If the study on waste could bring 5% savings, that would add $1.5 billion to the industry’s bottom
line. Practical implications are multi-fold. The operating managers could use the tracking of wastes to
compare estimated and actual resources at every process stage. It aids in reducing waste stress on people
and environmental impacts while improving productivity and profit. Once a reasonable data set is
available, it can be used for budgeting and cost to gain a competitive advantage.

1.4 ConstructionPhases
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The construction industry works in six phases (Styhre et al., 2004):

» Planning and Development: In this stage, the identification of the project, its location, and
concept design are worked out.

» Construction Planning: The next stage is working on the feasibility study and design of the
building.

»  Pre-construction: This stage includes preparing the material list, obtaining quotes, preparing
contracts, obtaining building approval, and completing insurance formalities.

» Procurement: At this stage, the contracts, material supply orders, and labour sourcing are
completed.

» Construction: This stage is from site preparation until the physical build is completed.

» Post-Construction: The last stage is preparing the building for occupancy, checking the
construction specification, auditing for defects, completing handing over formalities, and
physical handing over is done.

ce@e,

g and® ) Design/Build .+ S  Procurement | Construction

Figure 1 Construction Phases
Source: Authors’ own creation

15 Waste

Each of the construction phases could potentially generate waste. Waste is the excessive

consumption of resources and materials: the resources mean human effort, energy, air, water, land, and

biodiversity (Cobra et al., 2015; Steinhauser et al., 2022). This study draws on research conducted in an

organizational resource waste management context. The construction industry focuses on waste

reduction and managing the flow of the construction process (Teo & Loosemore, 2001; Zhang et al., 2022).

Material or substance waste managers focus on reducing, reusing, recycling, rethinking and recovering,

while resource waste managers focus on reduction and elimination (Purushothaman et al., 2022; Womack

& Jones, 2010). Corvellec (2016) and Shooshtarian et al. (2022) argue that waste happens in all design

stages, extraction, construction, distribution, consumption, and waste management. Likewise, LeMahieu

et al. (2017) suggested underutilised skill, knowledge, experience, talent or innovation as waste. In
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addition, individual, project team, and organisational factors influence the work and productivity of a
construction project (Gonzalez, 2022; Thevendran & Mawdesley, 2004). Substantiating, Mokhtar et al.
(2011) stated that construction methods, storage methods, human error and technical problems could
affect the amount of waste generated at the construction sites. Likewise, Durdyev and Mbachu (2011)
study on on-site labour productivity in the New Zealand construction Industry affirmed wastes due to
statutory compliance, unforeseen events, reworks, construction methods, supervision, and coordination-
F. Further, Sajedeh et al. (2016) and Gonzalez (2022) related decision-making deficiencies to waste. Waste
includes the excessive use or underutilisation of anything to the optimum requirement of resources like
men; machine; method; measurement, and materials for adding value to the product (Prasad et al., 2016;

Taifa & Vhora, 2019)-.

Organisations engage people to perform activities that enhance, create, or add value. Do

organisations define and measure the errors or waste due to activity?

Literature captures the waste generated by the construction process and its resultant discharge
that harms the environment. However, the waste generated by information technology function, the
individual’s activities, department boundaries limitations, and the construction industry’s hierarchical
system are not well-defined. It is noteworthy to relate all these segments to the appropriate categories

and ascertain the waste in an organisation for elimination.

2. Research Methodology

This systematic literature review (SLR) tries to identify, evaluate and answer a given research question
by blending all the empirical evidence that meets pre-specified eligibility criteria as specified by Creswell
and Creswell (2017). An SLR methodology has positives and limitations. A key positivity is that the
literature review is not location-dependent, primarily using online resources. Secondly, researchers can
repeatedly refine the search and analysis in the online literature review. The process used was similar to
Pedrini and Laura (2019). The authors used English and included article-type documents, books and
reports for the investigation; other language articles were excluded. Reading and analysing articles,
reviewing, structuring, and writing consumed significant time. This necessitated a periodic update on
published articles. The SLR requires adequate coverage of themes withing the specified research area. To
ensure essential themes and concepts are adequately covered, the research team frequently discussed

the contents of the review paper with their colleagues from Architecture, Engineering, Construction and
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Projects and incorporated their suggestions. Tracking the latest publications in construction waste was
done using Organisation-linked Google Scholar, A Web Of Science, Emerald, Science Direct, and Scopus,
which gave access to many articles globally. The occurrence of keywords showed that many connections
could be derived from reading the articles and understanding the cause and effect. Most articles listed
multiple factors influencing waste and had more than one cause and effect. A thorough study using

tabulation and sketches yielded connectivity on the chosen elements.

Articles published from 2000 to 2022 were searched using five popular databases; each was last
searched on December 21, 2022. The period limitation was set to capture the recent developments and
developments in the current millennium and digital era. The search for popular databases yielded quality
articles closely associated with the review field. Though no protocol was prepared for the review,
keywords were used for the search. The keywords used are shown in Table 1. The keywords search
identified 34911 articles, of which 90 critical journal articles were systematically reviewed using both
bibliometric and qualitative methods for analysis. A journal was maintained systematically to detail critical
factors and store information from the articles and websites. Vensim PLE system dynamics software, MS
Word, Excel, and PowerPoint were used for analysis and results presentation. Articles were read twice,
and all the keywords and connectivity were noted in an Excel table format. The table included the
polarities (+ or -) mentioned by the authors. These polarities were analysed using the sort option, and the
majority option was used to create the causal loop diagram. The articles were sourced globally from
different journals. The top article referred to in this paper on wastes was cited 19833 times, and the least
was mentioned 12 times. The steps are shown below in Table 1, and the flow diagram is shown in Figure

2.
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3

4

5 Table 1: Steps of the systematic review.

6

7 No. of
8 Process Individual steps Analysis resulting articles
9 Search process and 1 Identification of keywords: Previous research and reviews

10 data collection (Construction waste; Waste factors; Lean

1 waste; waste cause and effect; project

12 productivity; resource waste; and 5M of

13 Waste)

14 2 Development of exclusion and inclusion Quality of the Article and 12

12 criteria, methodology Limitations

17 3 Specification of relevant search engines Title and abstracts (automated 34,911
18 and execution of the search (5 engines: based on keywords)

19 GOOGLE SCHOLAR, A WEB OF SCIENCE,

20 EMERALD, SCIENCE DIRECT, SCOPUS)

21 4 Development of A-, B-, and C-list:

22 C-list Keywords w.r.t construction 17,431
23 search

;g B-list Title and abstracts that referred to 1354
26 construction-related waste

27 A-list Full text (strong focus on 190
28 construction-related waste)

29 Narrative inclusions in this article Full text 77

30 Descriptive and 5 Descriptive categories (e.g., journals Waste categories in construction 90

31 thematic analysis covered, methodologies applied)

3§ 6 Deductive and inductive categories to Definition of Waste categories, its 90

24 identify central themes and interpret influence on construction phases,

35 results and correlation of waste to critical

36 factors

37 Source: Authors’ own creation

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52
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[ Identification of studies via databases ]

Articles and book chapters
identified from Databases (n =
34911)
Google Scholar (n = 14741)
A web of science (n = 8374)
Emerald (n= 3452)
Science Direct (n = 2910)
Scopus (n = 11254)

Identification

Y

Articles removed before the screening:

Duplicate articles removed (n
=1609)

Articles marked as ineligible for
not being peer-reviewed or being
published article (n = 798)

Articles removed for not related
to construction (n = 15073)

Articles screened
(n=17431)

Articles excluded for not focusing
construction-related waste (n = 16077)

\ 4

Articles sought for retrieval
(n=1354)

Articles not retrieved due to lack of solid
focus on construction-related waste (n =
1164)

Screening

\4

Articles assessed for
eligibility
(n=190)

\4

Studies included in review
(n=63)
Articles of included studies
(n=90)

Included

Articles excluded:

Not correlating waste to critical
factors,5M, or construction phases (n =
61)

Too generic waste definitions (n = 18)

Not defining specific waste links

(n=9)

Not in English (n = 3)

Generic review articles (n = 9)

Figure 2 Flow diagram for systematic reviews

Source: Authors’ own creation based on PRISMA guidelines
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3. Results & Discussion

This section details the SLR results, the discussion of waste, its influencing factors and causes.

3.1. Results

The construction industry encounters different kinds of waste. Various authors have identified the types

of waste prevalent in the construction industry. In similar lines to Purushothaman et al. (2020, 2022), the

waste categories are shown in Table 2 below.

Table 2: Waste categories

Waste type

Description

Lean waste (LW)

The waste generated by the process of construction, which affects the
organisation, is referred to as Lean waste: Overproduction; Waiting;
Transportation; Over Processing; Inventory; Movement; Defective
products, Health (Waste generated due to ill health) and Spaee-space
(more than optimal spaee-space occupied).

Environmental waste (EW)

Environmental waste is defined as the unnecessary or excessive use of
resources or their material constituent disposed of the air, water, or land
that could harm human health or the environment (Cobra et al., 2015)

Information waste

(ITW):

technology

Waste triggered by the information technology function, such as defects
due to delay, programming, hardware, connectivity, training,

documentation, and storage.

Decision-making individual waste
(DMIW)

Waste is generated by the individuals’ delay, lack of decision and
impaired decision-making.

Department or Function Waste
(DFW)

The waste generated by adopting boundaries, procedures, policies, and
hierarchies is Department or Function Waste.

Decision-making  cross-functional

team waste (CFTW)

The waste generated by the teams’ delay, lack of decision, or wrong
decision.

Human Resources waste (HRW)

Waste that results from imparting non-rewarding

underutilisation of talents, absenteeism, and overstaffing.

training,

Enterprise waste

(EEW)

engagement

Deficiencies created by external experts, consultants, and auditors are
enterprise engagement waste.

Stress Waste (SW)

The waste caused due to stress on the people.

Methods Waste (Design, Overhead
and Eagerness & error) Waste (MW)

The methods of design, overhead, and eagerness create waste.

Source: Authors’ own creation

The qualitative thematic analysis of the SLR further revealed the connectivity between the construction

phases and the waste categories, as shown in Table 3.
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Table 3: Phases and Waste categories in construction.

Construction Phases LW  DMIW DFW ITW EEW CFTW HRW EW SW MW

Planning and M

M

Development

M

Construction planning

&

Pre-Construction

NI N N N ©
NI N N M N N
&
N N N M M N
NI N N N ©
NI N N N ©
N N N M H N
N N N M N N

Procurement
Construction |Z[ |Z[
Post-construction |Z[ |Z[

Source: Authors’ own creation
Figure 3 below shows the results of the qualitative thematic analysis of the literature review SLR that link
the waste categories 5M, P, D, A, R, and C. The waste category Is shown on the y-axis, 5M on the x-axis

and impacting factors in corresponding rows and columns.
mectine | |poagc] | _nc | |eoanc) [eoarc) |[eoasc] (poanc] |eoanc] |roanc] _ea f|rosnc]
measurement| |_2€_J [ & | (Loc J | oc | Loc J |ec | | o | [Loc e J| oc |

w EW mw oMW DFW CFTW HRW EEW sw Mw
Productivity (P), Delay (D), Accidents {A), Resource Utilisation (R), and Cost{C)

Figure 3: Correlation of waste, influencing factors, and affected results

Source: Authors’ own creation
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In the absence of quantitative data from SLR, diagrammatic expressions help show the links and polarity.
The causal loop diagram, a visual representation of all connected elements, shows the impacts, balancing
(B) and reinforcing (R) loops. The causal loop diagram indicates the dynamics involved in the subject and
is helpful for further discussions. Figure 4 below, in the form of a causal loop diagram, shows the
connectivity between various wastes and impacting factors that resulted from the SLR qualitative
thematic analysis. The variables are represented as text and connectivity as arrows. The impact polarity

is defined as “+” and “—“ to show enhancement and negative impact, respectively.

Resourse
utilisation

Accidents

Figure 4 Connectivity between different wastes and impacting factors.

Source: Author's own creation using Vensim®Software
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3.2. Discussion

The construction industry and governments supporting the environmental concerns, sustainability and
cost factors are focused on managing and minimising waste and set targets to move New Zealand towards
zero waste (MFE, 2010). The construction industry considers waste an unavoidable by-product (Teo &
Loosemore, 2001). It focuses on strategies to reduce physical waste, human effort, energy, air, water,
land, and biodiversity (Cobra et al., 2015). Various researchers over 30 plus years categorise the wastes.
Waste attained significant focus when Taiichi Ohno classified the seven major wastes in manufacturing,
which other fields quickly adopted(Womack & Jones, 2010). These were grouped as Lean waste, which
included Overproduction; Waiting; Transportation; Over Processing; Inventory; Movement; and Defective
products. Later, researchers included Health (Waste generated due to ill health) and Spaee-space (more
than optimal spaee-space occupied) on this list. This may be because the construction industry accounts
for one-third of work fatalities, injuries, and ill health (Haslam et al., 2005), resulting in productivity loss
and cost increase. New Zealand waste strategy (MFE, 2010) and The European Union (Stavroula et al.,
2005) emphasise workplace health. The risk of exposure to toxic chemicals, heavy equipment,
electrocution (Curtis et al., 2016), on-site slips, trips, falls (Bentley et al., 2006), and prolonged workplace
sitting affects health (Crandall et al., 2016)and in turn the productivity (Org et al., 2016). Space is limited
for on-site operations, and excess space-space is hard to find. The storage space for unwanted material,
scrap, and excess inventory increases handling and storage costs and reduces performance levels (Shah
& Khanzode, 2017).

The construction Industry views EW as an unavoidable by-product. Hence, focusing on EW is inevitable.
The construction Industry views waste as an unavoidable by-product. However, reducing waste is
essential for the environment and organisation (Teo & Loosemore, 2001). Reducing, recycling, preventing
waste, recovery (Garlapati, 2016), keeping track, and solving spills and waste (Bianciardi et al., 2017)
lessen environmental concerns. Various governments are focusing on environmental matters. For
example, the New Zealand waste strategy focused on managing and minimising waste and set targets to
move New Zealand towards zero waste (MFE, 2010).

The next category of waste is ITW. As the digital era had its impact on industries, information technology
(IT) has become a critical and indispensable tool (Cherian & Kumaran, 2016) that connects the
construction process internally through ‘building information modelling’ systems (Sacks et al., 2010). Any

deficiencies, such as security threats, hardware defects, software bugs, and connectivity issues
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(McFarlane et al., 2016), cause waste. With information interchange happening at a speed never seen
before, DMIW attains significance. Decision-making is essential in every phase of the construction project
(Ning et al., 2011). Many factors affect decision-making. Imperfection and selfishness in decision-making
affect costs and create waste (Guy et al.,, 2015). Self-factors such as intuition, feeling, experience,
procrastination, bias, fear, carefulness, motivation and ignorance influence decision-making (Tonetti et
al., 2016). Situation factors are the gravity of the problem, doubt-ef-thefact—theuneertainty-of-the
situation, uncertainty, goal clarity, supervisor support, autonomy and team support (Lingens et al., 2016).
The solution factor includes focusing on the outcome, buck-passing, adamant, personal judgement,
emotion, and confusion about others’ perspectives (Bernal, 2017). The well-established departmental
hierarchy constrains the decision-making process and creates DFW. Boundaries are established to achieve
fast and positive results and logically implant the proper controls (Amadei, 2016) but frequently fail in
practice (Floyd, 2017). Hierarchy, bureaucracy and inflexible procedures (Westney, 1993) block
communication, delay and initiate defects in the construction industry (Wilensky, 2015). Departments
often work with the cross-functional team (CFT). CFTs deliver innovative solutions in the construction
industry (Laurent & Leicht, 2019). However, CFT shows negative results due to poor coordination
(Littlepage et al., 2016), trust deficit, leadership, lack of uniqueness, and accepting workable arguments
(Saaty, 2012), thus creating a loss of productivity and cost increase. These types of waste are categorised
as CFTW.

People with limited ability, authority and responsibility produce defects in the Construction industry
(Biazzo et al., 2016). There are instances where people’s skills, talents, and intellectual abilities are
underutilised (Womack & Jones, 2010), a form of HRW. The next category is EEW. Organisations engage
external agencies. Architects and contractors do not resolve their issues on time, impacting construction
projects (Kumaar et al., 2016). Similarly, enterprises face conflict due to the engagement of consultants
(Brandon-Jones et al., 2016), audit firms (Ayres et al., 2016), and external certifiers (Dranove & Jin, 2010).
Work stress is a global challenge and attains significance as working methods change (Jahanian et al.,
2012). The consequences of work-related stress are emotional exhaustion, dwindled enthusiasm,
demotivation and lower productivity (Hobfoll & Shirom, 2001). Hence, researchers classified SW to build
data and find ways to reduce them. The last category is MW. Tauriainen et al. (2016) and Shaar et al.

(2016) affirm that design methods generate waste. Likewise, Chipeta et al. (2016) indicate that an
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organisation’s overhead creates waste. Similarly, Nezam et al. (2016)point out that eagerness to
experiment triggers significant waste.

Mostafa and Dumrak (2015) studied 5M of waste cause and effect to understand the root of the issues.
Various factors such as men, materials, machines, methods, and measurement (5M) are represented in a
Fishbone diagram to identify and show possible causes of problems, especially when a team is involved.
Finding the root cause and its impact on waste generated leads to waste reduction (Zahrotun & Taufiq,
2018). Usman and Rendy (2017) state that Root Cause Analysis (RCA) involving 5M is an analysis used by
organisations to understand the causes of waste happening at a time that aids problem-solving. Tam et
al. (2007) proposed methods to mitigate waste generation involving men and strategies to improve
productivity and reduce delay. Shen et al. (2000) analysed proposed management methods to improve
resource utilisation and minimise material waste in construction and its impact on the project delay,
environment, cost and productivity. Septiawan and Bekti (2016) analysed project construction delay
concerning 5M and proposed organisation-specific solutions. Molan and Molan (2021) discuss accidents
due to waste. Generally, every stage of construction generates waste (Corvellec, 2016; Gulghane &
Khandve, 2015). Mahayuddin and Zaharuddin (2013) discussed the expected waste generated from each
stage of conventional construction. Bakshan et al. (2015); Katz and Baum (2011) proposed field-based
accumulation of debris vs time methodologies for estimating waste at multiple construction stages.
Specific stage-wise research has also been widely taken up; for example, Osmani et al. (2008) discuss the
discouragements to active sustainable execution of waste reduction strategies during the design process,

mainly due to attitudes, lack of interest, and training.

From the qualitative thematic analysis of the literature review, a correlation between the waste and the
construction phases is derived and tabulated in Table 3. The table shows that waste occurs in every stage
of the process. However, the waste in each stage is yet to be quantified. To attain a focus, types of
construction waste in organisations are categorised (refer to Table 2). Table 3 shows the connection
between the construction wastes and the stages it might occur. The impact of waste, influeneing
Sinfluencing 5M factors and its effect on P, D, A, R, and C are correlated in Figure 3. The SLR revealed that
various authors had connected DMIW, DFW, EEW, CFTW, HRW, SW and MW to each construction phase.
The probable reason could be that decisions taken by individuals, departments and cross-functional teams
may result in waste. Since Human resources are attached to every phase, HRW could occur at all stages-.
Similarly, SW and MW are linked to all stages as stress in construction, probably due to uniqueness and

ongoing issues at each stage. Various authors connected LW to the construction and post-construction
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phases, probably due to their physical nature. However, with the increased use of technologies such as
BIM, more wastes such as ITW may be connected to these phases-n-future. Many authors linked the ITW
to the construction-planning, pre-construction, and procurement phases, probably due to the extensive
use of information technology. Many authors linked EW to the construction and post-construction phases,
probably due to issues revealed at these stages. However, the root causes may be due to other phase
functions.
Various Authors linked LW, DFW, and DMIW effects on P, D, A, R, and C and are influenced by 4M except
for measurement (which affects D and C). However, measurement errors could also lead to productivity
loss and resource utilisation. The researchers linked EW mainly to R and C. This could probably be because
internal resources are used to cater to external agencies. The researchers linked ITW to 5M and primarily
to D and C. Few authors linked the effects to P, A, and R, probably due to the delays caused by information
technology at various phases—.
Interestingly, researchers related HRW to material and measurement. This may be due to delays in
materials needing additional resources and a lack of skills and HRW training for the materials and
measurement functions. Researchers link MW to 5M and its effect. SW is connected to 5M and affects P,
D, A, R, and C. However, more studies are needed to quantify the impact of stress. It would be beneficial
to understand the SW from the employees' health point of view. SLR revealed that researchers had also
connected DMIW, DFW, DCFT, and CFT (polarities are shown in Figure 4, probably because Humans and
their decision-making are the root cause of these wastes. Researchers linked HRW to DMIW and MW,
probably due lack of training and deficient recruitment. Few Researchers also linked LW to ITW, probably
due to reliance on information technology. Various authors also linked P, D, A, R, and C. The linkage
polarity based on most authors' conclusions is shown in Figure 4.
Construction wastes are fundamental to concerns of economic, environmental and social sustainability
(Wu et al., 2019). However, the construction industry and government’s focus do not reach behind
material, labour, time, and environment. Through its descriptive analyses and qualitative thematic
analysis, this paper identified ten waste types that researchers had recognised globally over two decades
that could be used to reduce cost, improve productivity, and address sustainability and environmental
concerns of the construction industry. Traditionally material, labour, and time wasted are considered
during a residential build (Burgess et al., 2013). Many researchers and industries have not included waste

other than material, labour, and time. However, systematic analysis shows that various other waste had
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been identified, which had not been correlated to construction phases and their root causes and impact
on P, D, A, R, and C holistically. This article, with novelty, discussed decision-making waste, departmental
waste, stress waste, methods waste, human resources waste and IT waste (refer to section 3) in
construction and plotted its interconnectivity (refer to figure 4). Identifying these wastes in real-life
situations and taking remedial actions would further minimise the waste in the construction industry
Mahayuddin and Zaharuddin (2013). Table 2 shows the link between these types of waste and the six
construction phases, which would aid in understanding the areas and timeline where waste might occur.
Understanding the causes of the waste and the effects it creates in a project environment is essential
(Usman & Rendy, 2017). Figure 3 shows the 5M root causes of waste generation and the impact on P, D,
A, R, and C. An effective tracking and systematic elimination of all types of waste would primarily benefit

the organisation and the country’s economy.

4. Conclusion
Waste in any form consumes time, resource, and effort and, in turn, influence cost, delivery, and value.
Continuous efforts are needed to reduce or eliminate waste to attain optimum efficiency; the process
induces considerable stress in the system, affecting the people associated with the organisation.
Results
This critical review identified, defined (refer to Section 3 and Figure 4), and highlighted the relationships
laid out by researchers that the construction industry had not focused on (refer to Table 2, Figure 3, and
Figure 4). The article discussed ten types of construction-related waste in the six construction phases and
its impact on productivity (P), Delay (D), Accidents (A), Resource Utilisation (R), and Cost(C).
Limitations
SLR methodology limitations include not keeping in phase with the most updated field knowledge. This
limitation is offset by choosing the range for literature review within the last two decades. This literature
review may not have captured all published articles because the restriction of database access and search
was based only on English. Also, authors did not consider the fruitful articles hiding in less popular journals
may not be included in the well-known database. These limitations are acknowledged.
Practical and theoretical implications
The purpose of the literature review is to point out that the various organisational wastes exist that are
yet to be quantified, and a study would be beneficial to the construction industry. If the investigation

could bring a 5% savings, it would yield $1.5 billion to the bottom line of New Zealand’s construction
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industry. The practical implications include an enhanced understanding of waste and its connectivity to
5M and P, D, A, R, and C, which will aid in waste reduction and improved productivity. The theoretical
implications include enhanced understanding for academics on connectivity between waste, 5M, and P,
D, A, R, and C that they can use and expand to provide new insights to existing knowledge. This article on
system-wide waste, 5M and P, D, A, R, and C, relationships and their effects can theorize that the

Construction industry is more likely to identify clear root causes of waste now than previously.

Future Research
Future research could focus on quantifying and identifying factors influencing each waste type. Future
research could also focus on quantifying each 5M element contribution to waste and developing decision-

making models to address them.

References

Amadei, L. (2016). Why policies and procedures matter. Risk Management, 63(9), 12. Retrieved December 12, 2020,

from https://www.proquest.com/scholarly-journals/why-policies-procedures-matter/docview/1845754095/se-

2?accountid=201395

Ayres, D. R., Neal, T. L., Reid, L. C., & Shipman, J. E. (2016). Auditing goodwill in the post-amortization era: Challenges
for auditors. Contemporary Accounting Research, Forthcoming.
https://doi.org/http://dx.doi.org/10.2139/ssrn.2474674

Bajjou, M. S., & Chafi, A. (2020). Identifying and managing critical waste factors for lean construction projects.

Engineering Management Journal, 32(1), 2-13. https://doi.org/10.1080/10429247.2019.1656479

Bakshan, A., Srour, I., Chehab, G., & El-Fadel, M. (2015). A field based methodology for estimating waste generation
rates at various stages of construction projects. Resources, Conservation and Recycling, 100, 70-80.
https://doi.org/https://doi.org/10.1016/j.resconrec.2015.04.002

Bentley, T. A, Hide, S., Tappin, D., Moore, D., Legg, S., Ashby, L., & Parker, R. (2006). Investigating risk factors for slips,
trips and falls in New Zealand residential construction using incident-centred and incident-independent methods.
Ergonomics, 49(1), 62-77. https://doi.org/http://dx.doi.org.ezproxy.aut.ac.nz/10.1080/00140130612331392236

Bernal, A. C. A. L. (2017). Conflict management message styles and decision making patterns in Mexican adolescent
high-school students. Indian Journal of Applied Research, 6(10), 289-291. https://doi.org/ 10.15373/2249555X

Bianciardi, A., Credi, C., Levi, M., Rosa, F., & Zecca, A. (2017). Biomimicry Thinking: Methodological Improvements and
Practical Implementation. Bioinspired, Biomimetic and Nanobiomaterials, 1-53. https://doi.org/https://doi-
org.ezproxy.aut.ac.nz/10.1680/jbibn.16.00007

Biazzo, S., Panizzolo, R., & de Crescenzo, A. M. (2016). Lean management and product innovation: a critical review. In
A. Chiarini, P. Found, & N. Rich (Eds.), Understanding the Lean Enterprise (pp. 237-260). Springer.
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1007/978-3-319-19995-5 11

Brandon-Jones, A., Lewis, M., Verma, R., & Walsman, M. C. (2016). Examining the characteristics and managerial
challenges of professional services: An empirical study of management consultancy in the travel, tourism, and
hospitality  sector. Journal of Operations Management, 42, 9-24. https://doi.org/https://doi-
org.ezproxy.aut.ac.nz/10.1371/journal.pone.0048596

Burgess, J., Buckett, N., & Page, I. (2013). Prefabrication impacts in the New Zealand construction industry. BRANZ
study report 279. BRANZ. Retrieved December 12, 2020, from
https://www.branz.co.nz/cms_show_download.php?id=2935644f1d998595f3a2d8f5e8167dd08a42a179



https://doi.org/http://dx.doi.org/10.2139/ssrn.2474674
https://apc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1080%2F10429247.2019.1656479&data=05%7C01%7Cmahesh.babu%40aut.ac.nz%7Cd3c2ed4839924d08266a08db504a12d5%7C5e022ca15c044f878db7d588726274e3%7C1%7C0%7C638192051290409620%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=hrxliT0cAuWEWqhmepp4eI8MyhSUkZAJSino2hNbYFU%3D&reserved=0
https://doi.org/https://doi.org/10.1016/j.resconrec.2015.04.002
https://doi.org/http://dx.doi.org.ezproxy.aut.ac.nz/10.1080/00140130612331392236
https://doi.org/
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1680/jbibn.16.00007
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1680/jbibn.16.00007
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1007/978-3-319-19995-5_11
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1371/journal.pone.0048596
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1371/journal.pone.0048596
https://www.branz.co.nz/cms_show_download.php?id=2935644f1d998595f3a2d8f5e8167dd08a42a179

oNOYTULT D WN =

Smart and Sustainable Built Environment

Cherian, T. M., & Kumaran, L. A. (2016). E-Business in Construction Industry: Opportunities and Challenges. Indian
Journal of Science and Technology, 9(32). https://doi.org/10.17485/ijst/2016/v9i32/98655

Chipeta, E., Bradley, S., Chimwaza-Manda, W., & McAuliffe, E. (2016). Working relationships between obstetric care
staff and their managers: a critical incident analysis. BMC health services research, 16(1), 441.
https://doi.org/https://doi.org/10.1186/s12913-016-1694-x

Cobra, R. L. R. B., Guardia, M., Queiroz, G. A., Oliveira, J. A., Ometto, A. R., & Esposto, K. F. (2015). 'Waste' as the
Common 'Gene' Connecting Cleaner Production and Lean Manufacturing: A Proposition of a Hybrid Definition
[Article]. Environmental Quality Management, 25(1), 25-40. https://doi.org/10.1002/tgem.21443

Corvellec, H. (2016). A performative definition of waste prevention [Article]. Waste Management, 52, 3-13.
https://doi.org/10.1016/j.wasman.2016.03.051

Crandall, K. J., Zagdsuren, B., Schafer, M. A., & Lyons, T. S. (2016). Static and Active Workstations for Improving
Workplace Physical Activity and Sitting Time. International Journal of Human Movement and Sports Sciences, 4(2),
20-25. https://doi.org/10.13189/saj.2016.040202

Creswell, J. W., & Creswell, J. D. (2017). Research design: Qualitative, quantitative, and mixed methods approaches.
Sage publications: Thousand Oaks, California. ISBN 978-1-4129-6557-6 (pbk.)

Curtis, H. M., Meischke, H., Simcox, N., Laslett, S., & Seixas, N. (2016). P343 Addressing health and safety risks for
tradeswomen in the construction industry. Occupational and Environmental Medicine, 73(Suppl 1), A236-A237.
https://doi.org/http://dx.doi.org.ezproxy.aut.ac.nz/10.1136/oemed-2016-103951.658

Domingo, N., & Batty, T. (2021). Construction waste modelling for residential construction projects in New Zealand

to enhance design outcomes. Waste management, 120, 484-493.
https://doi.org/10.1016/j.wasman.2020.10.010

Dranove, D., & lJin, G. Z. (2010). Quality disclosure and certification: Theory and practice. Journal of Economic
Literature, 48(4), 935-963. https://doi.org/10.1257/jel.48.4.935

Durdyev, S., & Mbachu, J. (2011). On-site labour productivity of New Zealand construction industry: Key constraints
and improvement measures. Construction Economics and Building, 11(3), 18-33.
https://doi.org/http://dx.doi.org/10.5130/AJCEB.v11i3.2120

Floyd, R. E. (2017). The Development and Maintenance of Process Procedures. IEEE Potentials, 36(1), 6-9.
https://doi.org/10.1109/MPOT.2013.2265656

Garlapati, V. K. (2016). E-waste in India and developed countries: Management, recycling, business and
biotechnological initiatives. Renewable and Sustainable Energy Reviews, 54, 874-881. https://doi.org/https://doi-
org.ezproxy.aut.ac.nz/10.1016/j.rser.2015.10.106

Gonzalez, R. V. D. (2022). Innovative performance of project teams: the role of organizational structure and
knowledge-based dynamic capability. Journal of Knowledge Management, 26(5), 1164-1186.
https://doi.org/https://doi.org/10.1108/JKM-03-2021-0259

Gulghane, A., & Khandve, P. (2015). Management for construction materials and control of construction waste in
construction industry: a review. International Journal of Engineering Research and Applications, 5(4), 59-64.
Retrieved on December 12, 2020 from https://d1lwgtxtsixzle7.cloudfront.net/88862715/K504015964-
libre.pdf?1658502578=&response-content-
disposition=inline%3B+filename%3DManagement for Construction_Materials_an.pdf&Expires=1678702852&Si
gnature

Guy, T. V., Karny, M., & Wolpert, D. (Eds.). (2015). Decision Making: Uncertainty, Imperfection, Deliberation and
Scalability (Vol. 538): Springer. Cham, Switzerland, ISBN 9783319151441

Haslam, R. A., Hide, S. A., Gibb, A. G., Gyi, D. E., Pavitt, T., Atkinson, S., & Duff, A. (2005). Contributing factors in
construction accidents. Applied ergonomics, 36(4), 401-415. https://doi.org/https://doi-
org.ezproxy.aut.ac.nz/10.1016/j.apergo.2004.12.002

Hobfoll, S. E., & Shirom, A. (2001). Conservation of resources theory: Applications to stress and management in the
workplace. In R. T. Golembiewski (Ed.), Handbook of organizational behavior (pp. 57-80). Marcel Dekker.

Jahanian, R., Tabatabaei, S. M., & Behdad, B. (2012). Stress Management in the Workplace. International Journal of
Academic Research in Economics and Management Sciences, 1(6), 1.
http://www.hrmars.com/admin/pics/1269.pdf

Page 18 of 49


https://doi.org/10.17485/ijst/2016/v9i32/98655
https://doi.org/https://doi.org/10.1186/s12913-016-1694-x
https://doi.org/10.1002/tqem.21443
https://doi.org/10.1016/j.wasman.2016.03.051
https://doi.org/10.13189/saj.2016.040202
https://doi.org/http://dx.doi.org.ezproxy.aut.ac.nz/10.1136/oemed-2016-103951.658
https://apc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.wasman.2020.10.010&data=05%7C01%7Cmahesh.babu%40aut.ac.nz%7Cd3c2ed4839924d08266a08db504a12d5%7C5e022ca15c044f878db7d588726274e3%7C1%7C0%7C638192051290252971%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=B1pWRkLdSuBwRYRoeO8bWSPXQfb5JDlId4z%2Bk8hOyR4%3D&reserved=0
https://doi.org/10.1257/jel.48.4.935
https://doi.org/http://dx.doi.org/10.5130/AJCEB.v11i3.2120
https://doi.org/10.1109/MPOT.2013.2265656
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1016/j.rser.2015.10.106
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1016/j.rser.2015.10.106
https://doi.org/https://doi.org/10.1108/JKM-03-2021-0259
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1016/j.apergo.2004.12.002
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1016/j.apergo.2004.12.002
http://www.hrmars.com/admin/pics/1269.pdf

Page 19 of 49

oNOYTULT D WN =

Smart and Sustainable Built Environment

System-wide construction waste and their connectivity to construction phases, impacting 5M factors, and1?

effects: A Systematic Review

Katz, A., & Baum, H. (2011). A novel methodology to estimate the evolution of construction waste in construction
sites. Waste Management, 31(2), 353-358. https://doi.org/https://doi.org/10.1016/j.wasman.2010.01.008

Kumaar, A. N., Deventhiran, K., Kumar, M. S., Kumar, M. M., & Suresh, R. (2016). A Study on Targeted Relationships
between Contractors and Consultants in Construction Industry. Indian Journal of Science and Technology, 9(16).
https://doi.org/10.17485/ijst/2016/v9i16/92191

Laurent, J., & Leicht, R. M. (2019). Practices for designing cross-functional teams for integrated project delivery.
Journal of Construction Engineering and Management, 145(3), 05019001.
https://doi.org/https://doi.org/10.1061/(ASCE)C0.1943-7862.0001605

LeMabhieu, P. G., Nordstrum, L. E., & Greco, P. (2017). Lean for education. Quality Assurance in Education, 25(1).
https://doi.org/http://dx.doi.org/10.1108/QAE-12-2016-0081

Lingens, B., Winterhalter, S., Krieg, L., & Gassmann, O. (2016). Archetypes and Basic Strategies of Technology
Decisions: Understanding the likely impact of a new technology and the uncertainty associated with it can help
managers determine the most efficient, effective approach to decision making. Research-Technology
Management, 59(2), 36-46. https://doi.org/10.1080/08956308.2015.1137192

Littlepage, G. E., Hein, M. B., Moffett, R. G., Craig, P. A., & Georgiou, A. M. (2016). Team Training for Dynamic Cross-
Functional Teams in Aviation Behavioral, Cognitive, and Performance Outcomes. Human Factors: The Journal of
the Human Factors and Ergonomics Society, 58(8), 1275—-1288. https://doi.org/10.1177/0018720816665200

Liu, J., Yi, Y., & Wang, X. (2020). Exploring factors influencing construction waste reduction: a structural equation
modeling approach. Journal of cleaner production, 276, 123185. https://doi.org/10.1016/j.jclepro.2020.123185

Mahayuddin, S. A., & Zaharuddin, W. (2013). Quantification of waste in conventional construction. International
journal of environmental science and development, 4(3), 296-299. https://doi.org/10.7763/1JESD.2013.V4.357

McFarlane, J. W., Troutman, A. T., Noble, M. R., & Allen, N. A. (2016). Defect analysis based upon hardware state
changes (USA Patent No. U. S. Patent. Retrieved on December 12, 2020 from

https://patentimages.storage.googleapis.com/07/6¢/dc/30cd201abdd966/US9329922.pdf

MFE, N. Z. (2010). The New Zealand Waste Strategy, Reducing harm, improving efficiency. Retrieved on December 12,
2020 from http://www.mfe.govt.nz/sites/default/files/wastestrategy.pdf

Mokhtar, S. N., Mahmood, N. Z., Che Hassan, C. R., Masudi, A. F., & Sulaiman, N. M. (2011). Factors that contribute
to the generation of construction waste at sites. Advanced Materials Research, 163-167, 4501-4507.
https://doi.org/10.4028/www.scientific.net/AMR.163-167.4501

Molan, G., & Molan, M. (2021). Theoretical model for accident prevention based on root cause analysis with graph
theory. Safety and health at work, 12(1), 42-50. https://doi.org/https://doi.org/10.1016/j.shaw.2020.09.004

Mostafa, S., & Dumrak, J. (2015). Waste Elimination for Manufacturing Sustainability. Procedia Manufacturing, 2, 11-
16. https://doi.org/https://doi.org/10.1016/j.promfg.2015.07.003

Nezam, M. H. K., Ataffar, A., Isfahani, A. N., & Shahin, A. (2016). Human capital and new product development
performance efficiency-the mediating role of organisational learning capability. International Journal of
Innovation and Learning, 20(1), 26-46. https://doi.org/https://doi-
org.ezproxy.aut.ac.nz/10.1504/1JIL.2016.076670

Ning, X., Lam, K.-C., & Lam, M. C.-K. (2011). A decision-making system for construction site layout planning.
Automation in Construction, 20(4), 459-473. https://doi.org/https://doi-
org.ezproxy.aut.ac.nz/10.1016/j.autcon.2010.11.014

Org, A., Grossmeier, J., Fabius, R., Flynn, J. P., Noeldner, S. P., Fabius, D., Goetzel, R. Z., & Anderson, D. R. (2016).
Linking Workplace Health Promotion Best Practices and Organizational Financial Performance Scores on the HERO
Scorecard. Journal of Occupational and Environmental Medicine 58(1), 16-23.
https://doi.org/10.1097/J0M.0000000000000631

Osmani, M., Glass, J., & Price, A. D. (2008). Architects’ perspectives on construction waste reduction by design. Waste
Management, 28(7), 1147-1158. https://doi.org/https://doi.org/10.1016/j.wasman.2007.05.011

Pedrini, M., & Laura, F. M. (2019). Stakeholder management: a systematic literature review. Corporate Governance:
The international journal of business in society, 19(1), 44-59. https://doi.org/10.1108/CG-08-2017-0172



https://doi.org/https://doi.org/10.1016/j.wasman.2010.01.008
https://doi.org/10.17485/ijst/2016/v9i16/92191
https://doi.org/https://doi.org/10.1061/(ASCE)CO.1943-7862.0001605
https://doi.org/http://dx.doi.org/10.1108/QAE-12-2016-0081
https://doi.org/10.1080/08956308.2015.1137192
https://doi.org/10.1177/0018720816665200
https://apc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.jclepro.2020.123185&data=05%7C01%7Cmahesh.babu%40aut.ac.nz%7Cd3c2ed4839924d08266a08db504a12d5%7C5e022ca15c044f878db7d588726274e3%7C1%7C0%7C638192051290409620%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=iQ5%2FvJjgmQOnVR8fxydgKJXBHrh2LmYVIGcDh8UpFaE%3D&reserved=0
https://doi.org/10.7763/IJESD.2013.V4.357
https://patentimages.storage.googleapis.com/07/6c/dc/30cd201abdd966/US9329922.pdf
http://www.mfe.govt.nz/sites/default/files/wastestrategy.pdf
https://doi.org/10.4028/www.scientific.net/AMR.163-167.4501
https://doi.org/https://doi.org/10.1016/j.shaw.2020.09.004
https://doi.org/https://doi.org/10.1016/j.promfg.2015.07.003
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1504/IJIL.2016.076670
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1504/IJIL.2016.076670
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1016/j.autcon.2010.11.014
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1016/j.autcon.2010.11.014
https://doi.org/10.1097/JOM.0000000000000631
https://doi.org/https://doi.org/10.1016/j.wasman.2007.05.011
https://doi.org/10.1108/CG-08-2017-0172

oNOYTULT D WN =

Smart and Sustainable Built Environment

Prasad, S., Khanduja, D., & Sharma, S. K. (2016). A study on implementation of lean manufacturing in Indian foundry
industry by analysing lean waste issues. Proceedings of the Institution of Mechanical Engineers, Part B: Journal of
Engineering Manufacture, 232(2), 371-378. https://doi.org/10.1177/0954405416640169

Purchase, C. K., Al Zulayq, D. M., O’Brien, B. T., Kowalewski, M. J., Berenjian, A., Tarighaleslami, A. H., & Seifan, M.

(2022). Circular economy of construction and demolition waste: A literature review on lessons, challenges, and

benefits. Materials, 15(1), 76. https://doi.org/10.3390/ma15010076

Purushothaman, M. B., Seadon, J., & Moore, D. (2020). Waste reduction using lean tools in a multicultural
environment. Journal of Cleaner Production, 265, Article no:121681.
https://doi.org/https://doi.org/10.1016/j.jclepro.2020.121681

Purushothaman, M. B., Seadon, J., & Moore, D. (2022). A relationship between bias, lean tools, and waste.
International Journal of Lean Six Sigma, 13(4), 897-936. https://doi.org/10.1108/1JLSS-03-2021-0045

Saaty, T. L. (2012). Fundamentals of decision making and priority theory with the analytic hierarchy process (Vol. 6).
Rws Publications.Pittsburg,PA,USA, ISBN 1888603151, 9781888603156

Sacks, R., Koskela, L., Dave, B. A., & Owen, R. (2010). Interaction of lean and building information modeling in
construction.  Journal  of  Construction  Engineering and  Management,  136(9), 968-980.
https://doi.org/https://doi.org/10.1061/(ASCE)C0O.1943-7862.0000203

Sajedeh, M., Fleming, A., Talebi, S., & Underwood, J. (2016, 18th - 24th July ). Development of an Experimental Waste
Framework Based on Bim/Lean Concept in Construction Design 24th Annual Conference of the International
Group for Lean Construction, Boston, USA. Retrieved on December 12, 2020 from

http://iglc.net/Papers/Details/1280

Septiawan, D. B., & Bekti, R. (2016). Analysis of Project Construction Delay Using Fishbone Diagram at PT Rekayasa
Industri. Journal of business and management, 5(5), 634-650. Retrieved on December 12, 2020 from
http://download.garuda.kemdikbud.go.id/article.php?article=1529295&val=2218&title= ANALYSIS OF PROJECT
CONSTRUCTION DELAY USING FISHBONE DIAGRAM AT PT. REKAYASA INDUSTRI

Shaar, K., Assaf, S., Bambang, T., Babsail, M., & Fattah, A. A. E. (2016). Design—construction interface problems in large
building construction projects. International Journal of Construction Management, 17(3), 283-250.
https://doi.org/https://doi.org/10.1080/15623599.2016.1187248

Shah, B., & Khanzode, V. (2017). Storage allocation framework for designing lean buffers in forward-reserve model: a
test case. International Journal of Retail & Distribution Management, 45(1), 90-118.
https://doi.org/http://dx.doi.org/10.1108/IJRDM-07-2016-0112

Shen, L., Tam, V., Tam, C., & Ho, S. (2000). Material wastage in construction activities—a Hong Kong survey.
Proceedings of the first CIB-W107 international conference—creating a sustainable construction industry in
developing countries, (pp. 125-31) Retrieved on December 10, 2022 from
https://www.researchgate.net/profile/C-
Tam/publication/37812483 Material_wastage in_construction_activities -

a_Hong_ Kong_survey/links/5604b1b808aea25fce31e79b/Material-wastage-in-construction-activities-a-Hong-

Kong-survey.pdf

Shooshtarian, S., Magsood, T., Caldera, S., & Ryley, T. (2022). Transformation towards a circular economy in the
Australian construction and demolition waste management system. Sustainable Production and Consumption, 30,
89-106. https://doi.org/https://doi.org/10.1016/j.spc.2021.11.032

Stavroula, L., Amanda, G., & Tom, C. (2005). Protecting workers’ health series no 3, systematic problem approaches
for employers, managers and trade union representatives. Institute of work, health & organizations & University
of Nottingham. Retrieved on December 12, 2020 from

https://perpus.univpancasila.ac.id/repository/EBUPT180052.pdf#page=189

Steinhduser, K. G., Von Gleich, A., GroBe Ophoff, M., & Kdérner, W. (2022). The Necessity of a Global Binding
Framework for Sustainable Management of Chemicals and Materials—Interactions with Climate and Biodiversity.
Sustainable Chemistry, 3(2), 205-237. https://doi.org/https://doi.org/10.3390/suschem3020014

Styhre, A., Josephson, P. E., & Knauseder, I. (2004). Learning capabilities in organizational networks: case studies of
Six construction projects. Construction Management and Economics, 22(9), 957-966.
https://doi.org/https://doi.org/10.1080/0144619042000241417

Page 20 of 49


https://doi.org/10.1177/0954405416640169
https://apc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.3390%2Fma15010076&data=05%7C01%7Cmahesh.babu%40aut.ac.nz%7Cd3c2ed4839924d08266a08db504a12d5%7C5e022ca15c044f878db7d588726274e3%7C1%7C0%7C638192051290409620%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=aGfeueeV%2FvoqRN0NCZ5nxqG6ZgdslxQ0Dp83dpVPd08%3D&reserved=0
https://doi.org/https://doi.org/10.1016/j.jclepro.2020.121681
https://doi.org/10.1108/IJLSS-03-2021-0045
https://doi.org/https://doi.org/10.1061/(ASCE)CO.1943-7862.0000203
http://iglc.net/Papers/Details/1280
https://doi.org/https://doi.org/10.1080/15623599.2016.1187248
https://doi.org/http://dx.doi.org/10.1108/IJRDM-07-2016-0112
https://doi.org/https://doi.org/10.1016/j.spc.2021.11.032
https://perpus.univpancasila.ac.id/repository/EBUPT180052.pdf#page=189
https://doi.org/https://doi.org/10.3390/suschem3020014
https://doi.org/https://doi.org/10.1080/0144619042000241417

Page 21 of 49

oNOYTULT D WN =

Smart and Sustainable Built Environment

System-wide construction waste and their connectivity to construction phases, impacting 5M factors, and?!

effects: A Systematic Review

Taifa, I., & Vhora, T. (2019). Cycle time reduction for productivity improvement in the manufacturing industry. Journal
of Industrial  Engineering and  Management  Studies, 6(2), 147-164.  https://doi.org/DOl:
10.22116/JIEMS.2019.93495

Tam, V. W.,, Shen, L., & Tam, C. M. (2007). Assessing the levels of material wastage affected by sub-contracting
relationships and projects types with their correlations. Building and Environment, 42(3), 1471-1477.
https://doi.org/https://doi.org/10.1016/j.buildenv.2005.12.023

Tauriainen, M., Marttinen, P., Dave, B., & Koskela, L. (2016). The effects of BIM and lean construction on design
management practices. Procedia Engineering, 164, 567-574. https://doi.org/10.1016/j.proeng.2016.11.659

Teo, M., & Loosemore, M. (2001). A theory of waste behaviour in the construction industry. Construction
Management & Economics, 19(7), 741-751.
https://doi.org/http://dx.doi.org.ezproxy.aut.ac.nz/10.1080/01446190110067037

Thevendran, V., & Mawdesley, M. (2004). Perception of human risk factors in construction projects: an exploratory
study. International Journal of Project Management, 22(2), 131-137. https://doi.org/https://doi-
org.ezproxy.aut.ac.nz/10.1016/50263-7863(03)00063-2

Tonetti, L., Fabbri, M., Boreggiani, M., Guastella, P., Martoni, M., Ruiz Herrera, N., & Natale, V. (2016). Circadian
preference and decision-making styles. Biological Rhythm Research, 47(4), 573-581.
https://doi.org/https://doi.org/10.1080/09291016.2016.1167312

Usman, I., & Rendy, O. (2017). Toward Lean Construction through Critical Chain Project Management and Root Cause
Analysis in a Construction Project 2017 International Conference on Organizational Innovation (ICOI 2017),
Atlantis Press: 162- 167. https://doi.org/10.2991/icoi-17.2017.28,

Westney, D. E. (1993). Institutionalization theory and the multinational corporation. In S. Ghoshal & E. Westney (Eds.),
Organization theory and the multinational corporation (pp. 53-76). St. Martin Press / Springer. https://doi.or
10.1007/978-1-349-22557-6

Wilensky, H. L. (2015). Organizational intelligence: Knowledge and policy in government and industry (reprint ed., Vol.
19). Quid Pro Books: New Orleans, Louisiana, ISBN 9781610272872.

Womack, J. P., & Jones, D. T. (2010). Lean thinking: banish waste and create wealth in your corporation (2nd ed.).
Simon and Schuster: London,UK, ISBN 9780743231640.

Wu, H., Zuo, J., Yuan, H., Zillante, G., & Wang, J. (2019). A review of performance assessment methods for construction
and demolition waste management. Resources, Conservation and Recycling, 150, 104407.
https://doi.org/https://doi.org/10.1016/j.resconrec.2019.104407

Zahrotun, N., & Taufig, |. (2018). Lean manufacturing: waste reduction using value stream mapping. E3S Web of
Conferences, The 3rd International Conference on Energy, Environmental and Information System (ICENIS 2018),
E3S Web of Conferences, Vol. 73, p. 07010. EDP Sciences. https://doi.org/10.1051/e3sconf/20187307010.

Zhang, C., Hu, M., Di Maio, F., Sprecher, B., Yang, X., & Tukker, A. (2022). An overview of the waste hierarchy
framework for analyzing the circularity in construction and demolition waste management in Europe. Science of
the Total Environment, 803, 149892. https://doi.org/https://doi.org/10.1016/j.scitotenv.2021.149892



https://doi.org/DOI
https://doi.org/https://doi.org/10.1016/j.buildenv.2005.12.023
https://doi.org/10.1016/j.proeng.2016.11.659
https://doi.org/http://dx.doi.org.ezproxy.aut.ac.nz/10.1080/01446190110067037
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1016/S0263-7863(03)00063-2
https://doi.org/https://doi-org.ezproxy.aut.ac.nz/10.1016/S0263-7863(03)00063-2
https://doi.org/https://doi.org/10.1080/09291016.2016.1167312
https://doi.org/10.2991/icoi-17.2017.28
https://doi.org/DOI
https://doi.org/https://doi.org/10.1016/j.resconrec.2019.104407
https://doi.org/https://doi.org/10.1016/j.scitotenv.2021.149892

oNOYTULT D WN =

Smart and Sustainable Built Environment

System-wide construction waste and their connectivity to

construction phases, 5M, and impacting factors: A Systematic

Review

Table 1: Steps of the systematic review.
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Process

Individual steps

No. of

Analysis resulting articles

Search process and

data collection

Identification of keywords:

(Construction waste; Waste factors; Lean
waste; waste cause and effect; project
productivity; resource waste; and 5M of

Waste)

Previous research and reviews

Development of exclusion and inclusion

criteria, methodology

Quality of the Article and 12

limitations

Specification of relevant search engines
and execution of the search (5 engines:
GOOGLE SCHOLAR, A WEB OF SCIENCE,
EMERALD, SCIENCE DIRECT, SCOPUS)

Title and abstracts (automated 34,911

based on keywords)

Development of A-, B-, and C-list:

C-list

B-list

A-list

Narrative inclusions in this article

Keywords w.r.t construction 17,431
search

Title and abstracts that referred to 1354
construction-related waste

Full text (strong focus on 190
construction-related waste)

Full text 63

Descriptive and

thematic analysis

Descriptive categories (e.g., journals

covered, methodologies applied)

Waste categories in construction 90
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No. of

Process Individual steps Analysis resulting articles

Deductive and inductive categories to Definition of Waste categories, its 90

identify central themes and interpret influence on construction phases,

oNOYTULT D WN =
(e)]

results and correlation of waste to critical

9 factors

11 Source: Authors’ own creation
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Table 2: Waste categories

Waste type

Description

Lean waste (LW)

The waste generated by the process of construction, which affects the
organisation, is referred to as Lean waste: Overproduction; Waiting;
Transportation; Over Processing; Inventory; Movement; Defective
products, Health (Waste generated due to ill health) and Space (more

than optimal space occupied).

Environmental waste (EW)

Environmental waste is defined as the unnecessary or excessive use of
resources or their material constituent disposed of the air, water, or land

that could harm human health or the environment (Cobra et al., 2015)

Information  technology  waste

(ITW):

Waste triggered by the information technology function, such as defects
due to delay, programming, hardware, connectivity, training,

documentation, and storage.

Decision-making individual waste

(DMIW)

Waste is generated by the individuals’ delay, lack of decision and

impaired decision-making.

Department or Function Waste

(DFW)

The waste generated by adopting boundaries, procedures, policies, and

hierarchies is Department or Function Waste.

Decision-making  cross-functional

team waste (CFTW)

The waste generated by the teams’ delay, lack of decision, or wrong

decision.

Human Resources waste (HRW)

Waste that results from imparting non-rewarding training,

underutilisation of talents, absenteeism, and overstaffing.

Enterprise  engagement waste

(EEW)

Deficiencies created by external experts, consultants, and auditors are

enterprise engagement waste.

Stress Waste (SW)

The waste caused due to stress on the people.

Methods Waste (Design, Overhead

and Eagerness & error) Waste (MW)

The methods of design, overhead, and eagerness create waste.

Source: Authors’ own creation
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Table 3: Phases and Waste categories in construction.

Construction Phases LW

DMIW

DFW

ITW

EEW

CFTW

HRW

EW

Planning and

oNOYTULT D WN =

Development

|

|

|

10 Construction planning

M

13 Pre-Construction

&

15 Procurement

&

Construction

18 v
v

20 Post-construction

N N N N ©

N N N M H N

N N N M H N

N N N N ©

NI N N N ©

N N

NI N N M H N
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Source: Authors’ own creation
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[ Identification of studies via databases ]

Articles and book chapters Articles removed before the screening:

identified from Databases (n = Duplicate articles removed (n

34911) =1609) o
Google Scholar (n = 14741) Artlcles markeq as ineligible 'for
A web of science (n = 8374) not being peer-reviewed or being

Emerald (n= 3452) published article (n = 798)
Science Direct (n = 2910) Articles removed for not related
12 Cnmmim [ — A40EM to construction (n = 15073)
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14 . v

15 Articles screened Articles excluded for not focusing
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19 v

20 Articles not retrieved due to lack of solid
Articles sought for retrieval focus on construction-related waste (n =
(n = 1354) 1164)

N
N
Screening

\4

26 Articles assessed  for Articles excluded:

27 eligibility —_—> Not correlating waste to critical
28 (n=190) factors,5M, or construction phases (n =
61)

Too generic waste definitions (n = 18)
30 Not defining specific waste links
31 (n=9)

32 Not in English (n = 3)

33 v Generic review articles (n = 9)

Studies included in review
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40 Figure 2 Flow diagram for systematic reviews

42 Source: Authors’ own creation based on PRISMA guidelines
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System-wide construction waste and their connectivity to
construction phases, impacting 5M factors, and effects: A

Systematic Review

Abstract

Purpose: This review paper using a systematic literature review (SLR) approach, aims to unravel the
various system-wide waste in the Construction Industry and highlight their connectivity to construction
phases, 5M (men, materials, machines, methods, and measurement), and impacting factors.
Design/methodology/approach: This study used an SLR approach and examined articles published since
the 2000s to explore the connectivity of system-wide waste to construction phases, 5M, and impacting

factors. The results are given in table forms and a causal loop diagram.

Findings: Results show that the construction and demolition (C&D) waste research carried out from
various perspectives is standalone. The review identified ten types of system-wide waste with strong
interlinks in the construction industry. The finding highlights connectivity between wastes other than
material, labour and time and their impacting factors. Further, the review results highlighted the solid
connectivity for construction phases, 5M, and impacting factors such as productivity (P), Delay (D),

Accidents (A), Resource Utilisation (R), and Cost(C).

Research limitations/implications: SLR methodology limitations include not keeping in phase with the
most updated field knowledge. This limitation is offset by choosing the range for literature review within
the last two decades. This literature review may not have captured all published articles because the
restriction of database access and search was based only on English. Also, fruitful articles hiding in less
popular journals may not be included in the well-known database that was searched. Researcher Bias of
the authors and other researchers who authored the articles referred to is a limitation. These limitations

are acknowledged.

Practical implications: This article unravels the construction system-wide waste and its interlinks, which
would aid industry understanding and focus on eliminating them. The article highlights the connectivity

of system-wide wastes to 5M, which would help better understand the causes of the waste. Further, the
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paper discusses the connectivity of system-wide waste, 5M and P, D, A, R, and C, that would aid the
organisation's overall performance. The practical and theoretical implications include a better
understanding of waste types to help capture better data for waste reduction and productivity
improvement. The operating managers could use the tracking of wastes to compare estimated and actual
resources at every process stage. This article on system-wide waste, 5M and P, D, A, R, and C, relationships
and their effects can theorize that the Construction industry is more likely to identify clear root causes of
waste now than previously. The theoretical implications include enhanced understanding for academics
on connectivity between waste, 5M, and P, D, A, R, and C that they can use and expand to provide new

insights to existing knowledge.

Originality/value: For the first time, this article categorised and highlighted the ten types of waste in

construction industries and their connectivity to construction phases, 5M, and impacting factors.

Keywords: Construction waste; Waste; System-wide- waste; Lean waste.

1. Introduction
New Zealand’s construction sector generates waste that significantly impacts profitability, the
environment, and resource utilisation (Purchase et al., 2022). The waste created by C&D contributes
considerably to landfill waste, which is projected to be up to 60% of landfill sites globally (Domingo &
Batty, 2021). Construction is a $30 billion industry in New Zealand, and the literature estimates 23% of
the construction industry’s waste. The building industry accounts for up to 50% of landfill waste in New
Zealand (Domingo & Batty, 2021). However, generally, the estimate excludes certain factors such as waste
due to design factors, environmental factors, and goal conflicts between architects, structural designers,
and contractors (Ayres et al., 2016; Brandon-Jones et al., 2016; Dranove & Jin, 2010; Kumaar et al., 2016).
According to (Liu et al., 2020), Construction waste reduction practices should aim to minimise the waste
generated during projects to reduce environmental impact and promote sustainable growth. The types of
waste and related best strategies for reduction in construction must be identified and put into practice if
sustainable objectives are to be met (Bajjou & Chafi, 2020). It is essential to understand the various
system-wide wastes in the construction industry and their connectivity to different construction Phases

to identify and systematically eliminate them.

Further, understanding the connectivity of resulting waste effects to the causes and influencing factors
such as 5M would result in systematic data capturing and waste elimination. Managing and balancing 5M

benefits industries and would create a win-win situation for all stakeholders (Taifa & Vhora, 2019). This
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review paper aims to unravel the various types of waste in the Construction Industry and highlight their

connectivity to construction phases, 5M, and impacting factors.

Furthermore, understanding the link of system-wide waste and influencing factors to its impact on P, D,
A, R, and C would provide clarity for industry professionals and academics. This link would help collect
focused result data and aid future improvements and research. This review paper aims to identify the
System-wide construction waste and its connectivity to construction phases, 5M, and impacting P, D, A,

R, and C factors through the systematic review of literature from 2000 to 2022. The review was based

on the question:

What types of waste are generated system-wide in the construction industry, and how are they linked to

impacting 5M factors and P, D, A, R, and C effects?

The review attains significance as the construction industry wastes a considerable quantum of its
materials and labour in a project. A BRANZ report suggests that in New Zealand, 23% of the material,
labour, and time are wasted during a residential build (Burgess et al., 2013), which has not dropped since
2013. However, the report only includes wastes other than material, labour, and time. Identifying those
other wastes would aid in reducing waste and optimal use of resources. For example, at every stage of
construction, human cognitive factors influence the process of generating waste. However, waste from
hard labour is focused upon while ignoring the management force and their cognitive deficiencies.
Effective tackling of the factors would aid in the project’s timely completion. The waste reduction would
improve profitability, paving the way for optimal resource consumption and reducing environmental
damage. If the study on waste could bring 5% savings, that would add $1.5 billion to the industry’s bottom
line. Practical implications are multi-fold. The operating managers could use the tracking of wastes to
compare estimated and actual resources at every process stage. It aids in reducing waste stress on people
and environmental impacts while improving productivity and profit. Once a reasonable data set is
available, it can be used for budgeting and cost to gain a competitive advantage.
The construction industry works in six phases (Styhre et al., 2004):

» Planning and Development: In this stage, the identification of the project, its location, and

concept design are worked out.
» Construction Planning: The next stage is working on the feasibility study and design of the

building.
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» Pre-construction: This stage includes preparing the material list, obtaining quotes, preparing
contracts, obtaining building approval, and completing insurance formalities.

» Procurement: At this stage, the contracts, material supply orders, and labour sourcing are
completed.

»  Construction: This stage is from site preparation until the physical build is completed.

» Post-Construction: The last stage is preparing the building for occupancy, checking the
construction specification, auditing for defects, completing handing over formalities, and

physical handing over is done.

co@m®
o9 9, o
Planning and ® " . re- "
# Development Design/Build Construction Procurement Construction

Figure 1 Construction Phases
Source: Authors’ own creation

Each of the construction phases could potentially generate waste. Waste is the excessive
consumption of resources and materials: the resources mean human effort, energy, air, water, land, and
biodiversity (Cobra et al., 2015; Steinhauser et al., 2022). This study draws on research conducted in an
organizational resource waste management context. The construction industry focuses on waste
reduction and managing the flow of the construction process (Teo & Loosemore, 2001; Zhang et al., 2022).
Material or substance waste managers focus on reducing, reusing, recycling, rethinking and recovering,
while resource waste managers focus on reduction and elimination (Purushothaman et al., 2022; Womack
& Jones, 2010). Corvellec (2016) and Shooshtarian et al. (2022) argue that waste happens in all design
stages, extraction, construction, distribution, consumption, and waste management. Likewise, LeMahieu
et al. (2017) suggested underutilised skill, knowledge, experience, talent or innovation as waste. In
addition, individual, project team, and organisational factors influence the work and productivity of a
construction project (Gonzalez, 2022; Thevendran & Mawdesley, 2004). Substantiating, Mokhtar et al.
(2011) stated that construction methods, storage methods, human error and technical problems could
affect the amount of waste generated at the construction sites. Likewise, Durdyev and Mbachu (2011)
study on on-site labour productivity in the New Zealand construction Industry affirmed wastes due to

statutory compliance, unforeseen events, reworks, construction methods, supervision, and coordination.
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Further, Sajedeh et al. (2016) and Gonzalez (2022) related decision-making deficiencies to waste. Waste

includes the excessive use or underutilisation of anything to the optimum requirement of resources like

men; machine; method; measurement, and materials for adding value to the product (Prasad et al., 2016;

Taifa & Vhora, 2019).

Organisations engage people to perform activities that enhance, create, or add value. Do

organisations define and measure the errors or waste due to activity?

Literature captures the waste generated by the construction process and its resultant discharge
that harms the environment. However, the waste generated by information technology function, the
individual’s activities, department boundaries limitations, and the construction industry’s hierarchical
system are not well-defined. It is noteworthy to relate all these segments to the appropriate categories

and ascertain the waste in an organisation for elimination.

2. Research Methodology

This systematic literature review (SLR) tries to identify, evaluate and answer a given research question
by blending all the empirical evidence that meets pre-specified eligibility criteria as specified by Creswell
and Creswell (2017). An SLR methodology has positives and limitations. A key positivity is that the
literature review is not location-dependent, primarily using online resources. Secondly, researchers can
repeatedly refine the search and analysis in the online literature review. The process used was similar to
Pedrini and Laura (2019). The authors used English and included article-type documents, books and
reports for the investigation; other language articles were excluded. Reading and analysing articles,
reviewing, structuring, and writing consumed significant time. This necessitated a periodic update on
published articles. The SLR requires adequate coverage of themes withing the specified research area. To
ensure essential themes and concepts are adequately covered, the research team frequently discussed
the contents of the review paper with their colleagues from Architecture, Engineering, Construction and
Projects and incorporated their suggestions. Tracking the latest publications in construction waste was
done using Organisation-linked Google Scholar, A Web Of Science, Emerald, Science Direct, and Scopus,
which gave access to many articles globally. The occurrence of keywords showed that many connections
could be derived from reading the articles and understanding the cause and effect. Most articles listed
multiple factors influencing waste and had more than one cause and effect. A thorough study using

tabulation and sketches yielded connectivity on the chosen elements.
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Articles published from 2000 to 2022 were searched using five popular databases; each was last
searched on December 21, 2022. The period limitation was set to capture the recent developments and
developments in the current millennium and digital era. The search for popular databases yielded quality
articles closely associated with the review field. Though no protocol was prepared for the review,
keywords were used for the search. The keywords used are shown in Table 1. The keywords search
identified 34911 articles, of which 90 critical journal articles were systematically reviewed using both
bibliometric and qualitative methods for analysis. A journal was maintained systematically to detail critical
factors and store information from the articles and websites. Vensim PLE system dynamics software, MS
Word, Excel, and PowerPoint were used for analysis and results presentation. Articles were read twice,
and all the keywords and connectivity were noted in an Excel table format. The table included the
polarities (+ or -) mentioned by the authors. These polarities were analysed using the sort option, and the
majority option was used to create the causal loop diagram. The articles were sourced globally from
different journals. The top article referred to in this paper on wastes was cited 19833 times, and the least
was mentioned 12 times. The steps are shown below in Table 1, and the flow diagram is shown in Figure

2.
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3

4

5 Table 1: Steps of the systematic review.

6

7 No. of
8 Process Individual steps Analysis resulting articles
9 Search process and 1 Identification of keywords: Previous research and reviews

10 data collection (Construction waste; Waste factors; Lean

1 waste; waste cause and effect; project

12 productivity; resource waste; and 5M of

13 Waste)

14 2 Development of exclusion and inclusion Quality of the Article and 12

12 criteria, methodology Limitations

17 3 Specification of relevant search engines Title and abstracts (automated 34,911
18 and execution of the search (5 engines: based on keywords)

19 GOOGLE SCHOLAR, A WEB OF SCIENCE,

20 EMERALD, SCIENCE DIRECT, SCOPUS)

21 4 Development of A-, B-, and C-list:

22 C-list Keywords w.r.t construction 17,431
23 search

;g B-list Title and abstracts that referred to 1354
26 construction-related waste

27 A-list Full text (strong focus on 190
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29 Narrative inclusions in this article Full text 77

30 Descriptive and 5 Descriptive categories (e.g., journals Waste categories in construction 90

31 thematic analysis covered, methodologies applied)

3§ 6 Deductive and inductive categories to Definition of Waste categories, its 90
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Y

Articles removed before the screening:

Duplicate articles removed (n
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not being peer-reviewed or being
published article (n = 798)

Articles removed for not related
to construction (n = 15073)

Articles screened
(n=17431)
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construction-related waste (n = 16077)

\ 4

Articles sought for retrieval
(n=1354)

Articles not retrieved due to lack of solid
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1164)

Screening

\4

Articles assessed for
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(n=190)

\4

Studies included in review
(n=63)
Articles of included studies
(n=90)
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factors,5M, or construction phases (n =
61)

Too generic waste definitions (n = 18)

Not defining specific waste links

(n=9)

Not in English (n = 3)

Generic review articles (n = 9)

Figure 2 Flow diagram for systematic reviews

Source: Authors’ own creation based on PRISMA guidelines
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3. Results & Discussion

This section details the SLR results, the discussion of waste, its influencing factors and causes.

3.1. Results

The construction industry encounters different kinds of waste. Various authors have identified the types

of waste prevalent in the construction industry. In similar lines to Purushothaman et al. (2020, 2022), the

waste categories are shown in Table 2 below.

Table 2: Waste categories

Waste type

Description

Lean waste (LW)

The waste generated by the process of construction, which affects the
organisation, is referred to as Lean waste: Overproduction; Waiting;
Transportation; Over Processing; Inventory; Movement; Defective
products, Health (Waste generated due to ill health) and space (more

than optimal space occupied).

Environmental waste (EW)

Environmental waste is defined as the unnecessary or excessive use of
resources or their material constituent disposed of the air, water, or land
that could harm human health or the environment (Cobra et al., 2015)

Information waste

(ITW):

technology

Waste triggered by the information technology function, such as defects
due to delay, programming, hardware, connectivity, training,

documentation, and storage.

Decision-making individual waste
(DMIW)

Waste is generated by the individuals’ delay, lack of decision and
impaired decision-making.

Department or Function Waste

(DFW)

The waste generated by adopting boundaries, procedures, policies, and
hierarchies is Department or Function Waste.

Decision-making  cross-functional

team waste (CFTW)

The waste generated by the teams’ delay, lack of decision, or wrong
decision.

Human Resources waste (HRW)

Waste that results from imparting non-rewarding

underutilisation of talents, absenteeism, and overstaffing.

training,

Enterprise waste

(EEW)

engagement

Deficiencies created by external experts, consultants, and auditors are
enterprise engagement waste.

Stress Waste (SW)

The waste caused due to stress on the people.

Methods Waste (Design, Overhead
and Eagerness & error) Waste (MW)

The methods of design, overhead, and eagerness create waste.

Source: Authors’ own creation

The qualitative thematic analysis of the SLR further revealed the connectivity between the construction

phases and the waste categories, as shown in Table 3.
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Table 3: Phases and Waste categories in construction.

Construction Phases LW  DMIW DFW ITW EEW CFTW HRW EW SW MW

Planning and M

M

Development

M

Construction planning

&

Pre-Construction

NI N N N ©
NI N N M N N
&
N N N M M N
NI N N N ©
NI N N N ©
N N N M H N
N N N M N N

Procurement
Construction |Z[ |Z[
Post-construction |Z[ |Z[

Source: Authors’ own creation
Figure 3 below shows the results of the qualitative thematic analysis of the literature review SLR that link
the waste categories 5M, P, D, A, R, and C. The waste category Is shown on the y-axis, 5M on the x-axis

and impacting factors in corresponding rows and columns.
mectine | |poagc] | _nc | |eoanc) [eoarc) |[eoasc] (poanc] |eoanc] |roanc] _ea f|rosnc]
measurement| |_2€_J [ & | (Loc J | oc | Loc J |ec | | o | [Loc e J| oc |

w EW mw oMW DFW CFTW HRW EEW sw Mw
Productivity (P), Delay (D), Accidents {A), Resource Utilisation (R), and Cost{C)

Figure 3: Correlation of waste, influencing factors, and affected results

Source: Authors’ own creation
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In the absence of quantitative data from SLR, diagrammatic expressions help show the links and polarity.
The causal loop diagram, a visual representation of all connected elements, shows the impacts, balancing
(B) and reinforcing (R) loops. The causal loop diagram indicates the dynamics involved in the subject and
is helpful for further discussions. Figure 4 below, in the form of a causal loop diagram, shows the
connectivity between various wastes and impacting factors that resulted from the SLR qualitative
thematic analysis. The variables are represented as text and connectivity as arrows. The impact polarity

is defined as “+” and “—“ to show enhancement and negative impact, respectively.

Resourse
utilisation

Accidents

Figure 4 Connectivity between different wastes and impacting factors.

Source: Author's own creation using Vensim®Software
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3.2. Discussion

The construction industry and governments supporting the environmental concerns, sustainability and
cost factors are focused on managing and minimising waste and set targets to move New Zealand towards
zero waste (MFE, 2010). The construction industry considers waste an unavoidable by-product (Teo &
Loosemore, 2001). It focuses on strategies to reduce physical waste, human effort, energy, air, water,
land, and biodiversity (Cobra et al., 2015). Various researchers over 30 plus years categorise the wastes.
Waste attained significant focus when Taiichi Ohno classified the seven major wastes in manufacturing,
which other fields quickly adopted(Womack & Jones, 2010). These were grouped as Lean waste, which
included Overproduction; Waiting; Transportation; Over Processing; Inventory; Movement; and Defective
products. Later, researchers included Health (Waste generated due to ill health) and space (more than
optimal space occupied) on this list. This may be because the construction industry accounts for one-third
of work fatalities, injuries, and ill health (Haslam et al., 2005), resulting in productivity loss and cost
increase. New Zealand waste strategy (MFE, 2010) and The European Union (Stavroula et al., 2005)
emphasise workplace health. The risk of exposure to toxic chemicals, heavy equipment, electrocution
(Curtis et al., 2016), on-site slips, trips, falls (Bentley et al., 2006), and prolonged workplace sitting affects
health (Crandall et al., 2016)and in turn the productivity (Org et al., 2016). Space is limited for on-site
operations, and excess space is hard to find. The storage space for unwanted material, scrap, and excess
inventory increases handling and storage costs and reduces performance levels (Shah & Khanzode, 2017).
The construction Industry views EW as an unavoidable by-product. Hence, focusing on EW is inevitable.
The construction Industry views waste as an unavoidable by-product. However, reducing waste is
essential for the environment and organisation (Teo & Loosemore, 2001). Reducing, recycling, preventing
waste, recovery (Garlapati, 2016), keeping track, and solving spills and waste (Bianciardi et al., 2017)
lessen environmental concerns. Various governments are focusing on environmental matters. For
example, the New Zealand waste strategy focused on managing and minimising waste and set targets to
move New Zealand towards zero waste (MFE, 2010).

The next category of waste is ITW. As the digital era had its impact on industries, information technology
(IT) has become a critical and indispensable tool (Cherian & Kumaran, 2016) that connects the
construction process internally through ‘building information modelling’ systems (Sacks et al., 2010). Any
deficiencies, such as security threats, hardware defects, software bugs, and connectivity issues

(McFarlane et al., 2016), cause waste. With information interchange happening at a speed never seen
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before, DMIW attains significance. Decision-making is essential in every phase of the construction project
(Ning et al., 2011). Many factors affect decision-making. Imperfection and selfishness in decision-making
affect costs and create waste (Guy et al.,, 2015). Self-factors such as intuition, feeling, experience,
procrastination, bias, fear, carefulness, motivation and ignorance influence decision-making (Tonetti et
al., 2016). Situation factors are the gravity of the problem, doubt, uncertainty, goal clarity, supervisor
support, autonomy and team support (Lingens et al., 2016). The solution factor includes focusing on the
outcome, buck-passing, adamant, personal judgement, emotion, and confusion about others’
perspectives (Bernal, 2017). The well-established departmental hierarchy constrains the decision-making
process and creates DFW. Boundaries are established to achieve fast and positive results and logically
implant the proper controls (Amadei, 2016) but frequently fail in practice (Floyd, 2017). Hierarchy,
bureaucracy and inflexible procedures (Westney, 1993) block communication, delay and initiate defects
in the construction industry (Wilensky, 2015). Departments often work with the cross-functional team
(CFT). CFTs deliver innovative solutions in the construction industry (Laurent & Leicht, 2019). However,
CFT shows negative results due to poor coordination (Littlepage et al., 2016), trust deficit, leadership, lack
of uniqueness, and accepting workable arguments (Saaty, 2012), thus creating a loss of productivity and
cost increase. These types of waste are categorised as CFTW.

People with limited ability, authority and responsibility produce defects in the Construction industry
(Biazzo et al., 2016). There are instances where people’s skills, talents, and intellectual abilities are
underutilised (Womack & Jones, 2010), a form of HRW. The next category is EEW. Organisations engage
external agencies. Architects and contractors do not resolve their issues on time, impacting construction
projects (Kumaar et al., 2016). Similarly, enterprises face conflict due to the engagement of consultants
(Brandon-Jones et al., 2016), audit firms (Ayres et al., 2016), and external certifiers (Dranove & Jin, 2010).
Work stress is a global challenge and attains significance as working methods change (Jahanian et al.,
2012). The consequences of work-related stress are emotional exhaustion, dwindled enthusiasm,
demotivation and lower productivity (Hobfoll & Shirom, 2001). Hence, researchers classified SW to build
data and find ways to reduce them. The last category is MW. Tauriainen et al. (2016) and Shaar et al.
(2016) affirm that design methods generate waste. Likewise, Chipeta et al. (2016) indicate that an
organisation’s overhead creates waste. Similarly, Nezam et al. (2016)point out that eagerness to

experiment triggers significant waste.
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Mostafa and Dumrak (2015) studied 5M of waste cause and effect to understand the root of the issues.
Various factors such as men, materials, machines, methods, and measurement (5M) are represented in a
Fishbone diagram to identify and show possible causes of problems, especially when a team is involved.
Finding the root cause and its impact on waste generated leads to waste reduction (Zahrotun & Taufig,
2018). Usman and Rendy (2017) state that Root Cause Analysis (RCA) involving 5M is an analysis used by
organisations to understand the causes of waste happening at a time that aids problem-solving. Tam et
al. (2007) proposed methods to mitigate waste generation involving men and strategies to improve
productivity and reduce delay. Shen et al. (2000) analysed proposed management methods to improve
resource utilisation and minimise material waste in construction and its impact on the project delay,
environment, cost and productivity. Septiawan and Bekti (2016) analysed project construction delay
concerning 5M and proposed organisation-specific solutions. Molan and Molan (2021) discuss accidents
due to waste. Generally, every stage of construction generates waste (Corvellec, 2016; Gulghane &
Khandve, 2015). Mahayuddin and Zaharuddin (2013) discussed the expected waste generated from each
stage of conventional construction. Bakshan et al. (2015); Katz and Baum (2011) proposed field-based
accumulation of debris vs time methodologies for estimating waste at multiple construction stages.
Specific stage-wise research has also been widely taken up; for example, Osmani et al. (2008) discuss the
discouragements to active sustainable execution of waste reduction strategies during the design process,

mainly due to attitudes, lack of interest, and training.

From the qualitative thematic analysis of the literature review, a correlation between the waste and the
construction phases is derived and tabulated in Table 3. The table shows that waste occurs in every stage
of the process. However, the waste in each stage is yet to be quantified. To attain a focus, types of
construction waste in organisations are categorised (refer to Table 2). Table 3 shows the connection
between the construction wastes and the stages it might occur. The impact of waste, influencing 5M
factors and its effect on P, D, A, R, and C are correlated in Figure 3. The SLR revealed that various authors
had connected DMIW, DFW, EEW, CFTW, HRW, SW and MW to each construction phase. The probable
reason could be that decisions taken by individuals, departments and cross-functional teams may result
in waste. Since Human resources are attached to every phase, HRW could occur at all stages.

Similarly, SW and MW are linked to all stages as stress in construction, probably due to uniqueness and
ongoing issues at each stage. Various authors connected LW to the construction and post-construction
phases, probably due to their physical nature. However, with the increased use of technologies such as

BIM, more wastes such as ITW may be connected to these phases. Many authors linked the ITW to the
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construction-planning, pre-construction, and procurement phases, probably due to the extensive use of
information technology. Many authors linked EW to the construction and post-construction phases,
probably due to issues revealed at these stages. However, the root causes may be due to other phase
functions. Various Authors linked LW, DFW, and DMIW effects on P, D, A, R, and C and are influenced by
4M except for measurement (which affects D and C). However, measurement errors could also lead to
productivity loss and resource utilisation. The researchers linked EW mainly to R and C. This could
probably be because internal resources are used to cater to external agencies. The researchers linked ITW
to 5M and primarily to D and C. Few authors linked the effects to P, A, and R, probably due to the delays
caused by information technology at various phases.
Interestingly, researchers related HRW to material and measurement. This may be due to delays in
materials needing additional resources and a lack of skills and HRW training for the materials and
measurement functions. Researchers link MW to 5M and its effect. SW is connected to 5M and affects P,
D, A, R, and C. However, more studies are needed to quantify the impact of stress. It would be beneficial
to understand the SW from the employees' health point of view. SLR revealed that researchers had also
connected DMIW, DFW, DCFT, and CFT (polarities are shown in Figure 4, probably because Humans and
their decision-making are the root cause of these wastes. Researchers linked HRW to DMIW and MW,
probably due lack of training and deficient recruitment. Few Researchers also linked LW to ITW, probably
due to reliance on information technology. Various authors also linked P, D, A, R, and C. The linkage
polarity based on most authors' conclusions is shown in Figure 4.
Construction wastes are fundamental to concerns of economic, environmental and social sustainability
(Wu et al.,, 2019). However, the construction industry and government’s focus do not reach behind
material, labour, time, and environment. Through its descriptive analyses and qualitative thematic
analysis, this paper identified ten waste types that researchers had recognised globally over two decades
that could be used to reduce cost, improve productivity, and address sustainability and environmental
concerns of the construction industry. Traditionally material, labour, and time wasted are considered
during a residential build (Burgess et al., 2013). Many researchers and industries have not included waste
other than material, labour, and time. However, systematic analysis shows that various other waste had
been identified, which had not been correlated to construction phases and their root causes and impact
on P, D, A, R, and C holistically. This article, with novelty, discussed decision-making waste, departmental

waste, stress waste, methods waste, human resources waste and IT waste (refer to section 3) in
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construction and plotted its interconnectivity (refer to figure 4). Identifying these wastes in real-life
situations and taking remedial actions would further minimise the waste in the construction industry
Mahayuddin and Zaharuddin (2013). Table 2 shows the link between these types of waste and the six
construction phases, which would aid in understanding the areas and timeline where waste might occur.
Understanding the causes of the waste and the effects it creates in a project environment is essential
(Usman & Rendy, 2017). Figure 3 shows the 5M root causes of waste generation and the impact on P, D,
A, R, and C. An effective tracking and systematic elimination of all types of waste would primarily benefit

the organisation and the country’s economy.

4. Conclusion
Waste in any form consumes time, resource, and effort and, in turn, influence cost, delivery, and value.
Continuous efforts are needed to reduce or eliminate waste to attain optimum efficiency; the process
induces considerable stress in the system, affecting the people associated with the organisation.
Results
This critical review identified, defined (refer to Section 3 and Figure 4), and highlighted the relationships
laid out by researchers that the construction industry had not focused on (refer to Table 2, Figure 3, and
Figure 4). The article discussed ten types of construction-related waste in the six construction phases and
its impact on productivity (P), Delay (D), Accidents (A), Resource Utilisation (R), and Cost(C).
Limitations
SLR methodology limitations include not keeping in phase with the most updated field knowledge. This
limitation is offset by choosing the range for literature review within the last two decades. This literature
review may not have captured all published articles because the restriction of database access and search
was based only on English. Also, authors did not consider the fruitful articles hiding in less popular journals
may not be included in the well-known database. These limitations are acknowledged.
Practical and theoretical implications
The purpose of the literature review is to point out that the various organisational wastes exist that are
yet to be quantified, and a study would be beneficial to the construction industry. If the investigation
could bring a 5% savings, it would yield $1.5 billion to the bottom line of New Zealand’s construction
industry. The practical implications include an enhanced understanding of waste and its connectivity to
5M and P, D, A, R, and C, which will aid in waste reduction and improved productivity. The theoretical

implications include enhanced understanding for academics on connectivity between waste, 5M, and P,
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D, A, R, and C that they can use and expand to provide new insights to existing knowledge. This article on
system-wide waste, 5M and P, D, A, R, and C, relationships and their effects can theorize that the

Construction industry is more likely to identify clear root causes of waste now than previously.

Future Research
Future research could focus on quantifying and identifying factors influencing each waste type. Future
research could also focus on quantifying each 5M element contribution to waste and developing decision-

making models to address them.
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