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ABSTRACT

Waste is one of the key concepts in the Lean Ptamuphilosophy. The elimination

of waste has been largely used as driver for imgmeant in the manufacturing

industry. By contrast, it has not been strongly kagised in the construction
management books and mainstream journals. This papsents a review on papers
that have systematically investigated the occugeot waste in the construction
industry, including concepts adopted, metrics, gy of feedback provided. This

study is part of a wider research initiative thanhs® to conceptualize waste in
production management theory. In order to ensuaetlie most relevant studies have
been considered, a systematic literature reviewthan topic has been carried out.
This kind of review makes explicit the criteria dst select publications, which

enables an assessment of the search undertakemellaas makes it possible to

replicate or extend it. The main sources were @led conference papers, the Lean
Construction Journal and a set of mainstream aact&dn management journal. This
study intends to make a contribution towards thdewstanding of the nature of
waste, particularly in the construction industrynda how the construction

management community have approached this therfag.so

KEY WORDS
Lean Production; Waste; Systematic Literature Revie

INTRODUCTION

The elimination of waste has been largely used mgerdfor improvement in
companies that have adopted the Lean Productidosgiphy. This topic has also
been the focus of investigation in the construciimtustry around the world in recent
years both from inside and outside the IGLC commyuriteveral studies from
different countries have confirmed that waste re@né a relatively large percentage
of production costs (Formoso et al. 2002; HwangleR009; Koushki and Kartam
2004; Love and Li 2000; Love 2002). Distinct tymésvastes have been measured in
those studies, indicating that waste in constractias been understood in several
different ways. As a consequence, a wide rangeezfsares have been used, such as
excess consumption of materials (Bossink and Brosvd©96; Enshassi 1996;
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Formoso et al. 2002; Nahmens and lkuma 2011; Skoi8¥6), non-value adding
activities (Choi et al. 2002; S. Han et al. 201bsKenvesa et al. 2008; Nahmens and
Mullens 2011; Senaratne and Sexton 2009; H. Yu. &X089), rework (Hwang et al.
2009; Love and Edwards 2004; Love 2002; Zhao e2@l0), and quality deviation
(Burati et al. 1992; W B Ledbetter 1994). Those suees have been used to assess
the performance of projects or production systesimge they usually allow areas of
potential improvements to be pointed out, and tlnncauses of inefficiency to be
identified. Compared to traditional financial meas) waste measures tend to be
more effective to support process management, shee enable some operational
costs to be properly modelled, and generate infoomahat are usually meaningful
for the work-force, creating conditions to implerhdecentralized control.

Several studies have focused on material losses) b#en concerned with the
environmental impact caused by construction andotidgon material waste (Bossink
and Brouwers 1996; Gavilan and Bernold 1994; Pdoal.e2004). In those studies
the conceptualization of waste is rarely discussedst of them simply adopt the
definitions used by regional institutions, suchgasvernmental departments. Often
waste is understood as debris that need to be enfsem construction sites. For
instance, Al-Hajj and Hamani, (2011) adopted thignd®n of material waste as “the
by-products generated and removed from constructiemovation and demolition
workplaces or sites of building and civil enginegrstructures”.

A similar problem is found on previous studies be tmeasurement of rework
(Hwang et al. 2009). Although the importance ofsthype of waste is widely
recognised, it is not clear in the literature wieetrework is simply a consequence of
quality deviation or if it is also a consequencelinge orders or uncompleted tasks.
Moreover, most papers on this topic do not dis¢hescost components of this type
of waste.

By contrast, there are several publications thatwdis the conceptualization of
waste in the lean production philosophy, whicktiengly related to the existence of
non value-adding activities i.e., activities thaitd time, resources or space but do not
add value from the perspective of the final custo(®skela, 1992). Ohno (1988),
one of the seminal authors on the Toyota ProductBgstem, proposed seven
categories of waste: (i) unnecessary movement a@plpg(including waste of human
energy); (ii) waiting by employees for process equent to finish its work or an
upstream activity; (iii) defects in products; (myerproduction of goods not needed,
(v) inventories of goods awaiting further procegsam consumption; (vi) unnecessary
processing; and (vii) unnecessary transport of godtlose categories were based on
problems observed in the car industry. There ae ather categories of waste that
have been proposed in the literature, such as medigroducts that do not meet
users’ needs (Womack and Jones 2004), unnecesapitalcinvestment (Monden
1983), theft and vandalism (Bossink and Brouwerd6}9making-do, defined as a
reduction of performance due to the fact that k imstarted or continued even if not
all standard inputs are available (Koskela 2004} Iistening and not speaking
(Macomber and Howell 2004). However, there is naicim evidence that those
concepts have been used as a reference for mepstaste either by academics or in
improvement initiatives by the construction indystr

This paper presents an overview on previous stutlias have systematically
investigated the occurrence of waste in the coatm industry, including concepts
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adopted, metrics, and type of feedback providedystematic literature review on

that topic has been carried out, considering illjtipapers published in the last 20
years, with the aim of capturing the evolution eearch on the measurement of
waste in the construction management communityh Suestigation is the first step

of a broader research initiative which aims to &ptoalize waste in production

management theory.

RESEARCH METHOD

Systematic literature review is a technique fordtiapsis testing, for summarising the
results of existing studies, or for assessing cb&iscy among previous studies
(Petticrew 2001). It provides an overview of prignagsearch through an explicit and
reproducible method. Petticrew (2001) emphasizaditidoes not intent to be just a
large literature review effort, but aims to answaespecific question, to reduce bias in
the selection and inclusion of studies, to apprtisequality of the included studies,
and to summarise them objectively. The researchstoue that guided this
investigation was: what are the main gaps in kndgéethat could be identified from
the studies, regarding concepts, kind of wastestymal of feedback provided to the
construction waste research field?

A systematic literature review is usually carrieat asing large databases that
contain a large set of publications as well asctiffe search mechanisms, which
allow complex logical expressions to be used. Tis fun of the search was made in
Google Scholar, with the aim of choosing suitabétatases. After a preliminary
analysis of the results, a set of specific jourmath a high impact in the construction
management research community was idenfifi¢tbwever, none of the available
databases included all journals, and the decisi@s wade to work with the
individual database of each journal. Moreover, ¢higlividual databases had very
limited resources for using expressions in thecdedfor that reason, the search of
papers in each journal was very time consuming:esonly one expression at a time
could be used. After the first selection of papardatabase was created in a citation
manager, in order to check duplicates and applyesguality criteria in the selection
of papers. Some additional references cited irséhected papers were also included
in the database.

As there are several papers concerned with wasésurement and reduction, but
do not refer to this word explicitly, some otherpessions commonly used for
describing different types of waste were used engbarch: rework, consumption of
material, material wastage, non-value adding auwii work-in-progress, waiting,
inventory, movement, overproduction, transport, edefand making-do. As all
journals included in the search were from the coiibn management field, the
word construction was not included.

The initial search resulted in 681 papers. The nuaiteria used for selecting
suitable papers for this study were:

* The selected journals: Architectural Engineerimgl ©esign Management; Building Research &
Information; Construction Management and Economi&ngineering, Construction and
Architectural Management; Journal of Architectufahgineering; Journal of Construction
Engineering and Management; Journal of ManagemenErigineering; and also the IGLC
conference papers.
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* Based mainly on the title and abstract, all pageas provided a discussion on the
causes, measures, concepts, or preventive actionsowstruction waste were
selected,

* Papers that did not make any analysis on the cawdeswv to avoid wastes were
not included in the review. Therefore, the onesu$ed on the environmental
impact of construction and demolition debris or tmes concerned with how to
reuse and recycle debris were excluded from thebdse.

» Papers focused on the waste of a specific materidnstruction sites were also
excluded.

After several refinements in the search, 56 papere selected. This set of papers
were then analysed in detail, considering the valhg content: (i) the concept of

waste adopted, whether it was explicit or not; ¢ kind of waste that has been
analysed; and (iii) the main contribution of theppato the topic of construction

waste. table 1 presents the categories of conmiitthat were considered in the
papers.

Table 1: Definitions of the main contributions bétpapers

Main Contribution Definition

Causes Identifies the causes and propose somésslfdr avoiding waste
Metrics Measures waste in a sample of projectgyming metrics

Preventive Action Describes the implementationatioas to reduce or eliminate waste
Method Proposes a method to identify or measur¢éewas

Concepts Suggest a different way to understandewast

WASTE CONCEPT

Not all papers analysed presented a clear defmitb waste, either explicit or
implicit. Only 41% properly presented a conceptation of waste in a broad sense,
and 16% defined a specific kind of waste that wddressed, such as rework,
making-do, or defect€rror! Reference source not found. shows the most cited
references used by the papers that had definedeveagdlicitly. There are some
papers that provide their own definition of waste.

Own definition
Womack and Jones (2004)
Koskela (1992)
Ohno (1988)
CIDA (1995) [
Formosoet al. (1999)
Other

Lean Production
Material losses

B Specific

Figure 1: Most-cited references used for definiragie

Three different groups of concepts were identifiedhe set of papers: (i) waste as
non value-adding activities (29 papers): severaudiss adopted this
conceptualization, mostly from members of the L&uomstruction community; (ii)
waste as material loss (10 papers): some studies feweused on material waste and
adopted an operational definition for this typenafste, usually based on thmount
of debris generated,; (iii) specific types of wakté papers): those studies hawsed
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specific definitions of waste, according to thedypf waste investigated, such as
rework.

According toError! Reference source not found., most of the citations can be
connected to the Lean Production Paradigm (Womamk Jones 2004; Koskela
1992; Ohno 1988; Formoso et al. 1999). The definifrom CIDA (1995) concerns
particularly to rework, which was defined as “dosmmething at least one extra time
due to non-conformance to requirements” (Love ang000; Love and Smith 2003;
Love et al. 1999 2000). Regarding material loss,iraportant reference is the
investigation carried by Skoyles (1976) in the Udgring the Sixties and Seventies.
Most of the papers that have used the authors’ definition are concerned to a
specific kind of waste, as shown in Table 2.

Table 2: Own definitions of waste identified in titerature

Definitions Sour ce Group
Direct waste is defined as the loss of those nasewhich are damaged and cannot be repaired(Skoyles Material
and subsequently used, or which are lost durindptiilding process. Indirect waste is 1976) Losses

distinguished from direct waste because it norma&lpresents only a monetary loss because
usually the materials are not lost physically.

Quiality is defined as "conformance to establistezfiirements."Deviation includes changes to (Burati et Specific —

the requirements that result in rework, as wepprglucts or results that do not conform to all  al. 1992) Quality
specification requirements, but do not require mwo deviation
Deviation correction costs plus unnecessary préweiaind appraisal costs are often termed (WB Specific —
"quality losses" and their reduction (and ultimelienination) will result in increased quality Ledbetter Quality
performance. 1994) deviation
Any losses produced by activities that generatectior indirect costs but do not add any value t-ormoso Lean

the product from the point of view of the client. etal. 1999) Production
Making-do as a waste refers to a situation wheeslais started without all its standard inputs, diKoskela Specific —
the execution of a task is continued although thelability of at least one standard input has  2004) Making-do

ceased. The term input refers not only to materalsto all other inputs such as machinery,
tools, personnel, external conditions, instructietts

Rework means having to redo work due to non-cordoree with requirements. (Hwang et Specific —
al. 2009) rework

TYPES OF WASTE ANALYSED

Error! Reference source not found. presents a classification of the papers according
to the kind of waste that was analysed. There wesmall set of papers selected that
have not focused on a specific kind. For instartdewell (2011) provided some
insights of a new operating system that could redhe amount of waste generated
by current systemsError! Reference source not found.a reveals that different
conceptualizations have been used to address sathe type of waste. For instance,
there are papers focused on material loss that doome the Lean Construction
Community (e.g., Formoso et al. 2002), which argeldeon the definition of waste as
non value-adding activities, while other simply ptla very operational definition of
waste as debris.

An attempt to analyse the kinds of waste investidaiver time is presented in
Error! Reference source not found.b. There is a clear trend of increasing the
number of papers in recent years. Interestinglg, glrliest studies on construction
waste were concerned with material losses, whicstiilsa popular topic in recent
years. It is worth noting that waste as non-valddireg activities has been a major

®CIDA (1995)Measuring Up or Muddling Through: Best Practicein the Australian Non-Residential
Construction Industry, Construction Industry Development Agency and MasRarilders Australia,
Sydney, Australia, pp. 59-63.
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focus of investigation, but only started to be eksed in 2002, in the study by Choi

et al. (2002). Leong and Tilley (2008) was the godyper that was focused on value
loss, a category of waste that was strongly empeddiy Womack and Jones (2004).
In that study, Leong and Tilley make an evaluatadnthe downstream customer

needs in the construction process in order toviiadte sources.

Non-value adding activity Lack of value .

Material waste

Transportation o o
Rework Making-do | .
None

7 wastes
Defect
Transportation
Making-do H
Value ‘

Non-value |
adding activity
7 wastes * .

None o e o ces oo

Defect L)

Rework oo oo oo oo

0 5 10 1
Lean Production Material losses @ Specific

Material waste . L) eoe L)

1972 1982 1992 2002 2012
Error! Reference source not found.a: | Error! Reference source not found.b: Kinds
Kinds of waste analysed in the selectenf waste analysed over the years

papers

Figure 2: Kind of waste analysed

MAIN CONTRIBUTION

Error! Reference source not found. summarizes the main contribution provided by
the set of 56 papers. The categories with the samgember of papers are the ones
that contain papers that have investigated theesaokwaste and the production of
metrics. It indicates that most papers that havestigated the main causes of waste
are focused on a specific kind of waste, such asnmaaloss, or rework. However, a
large percentage (47.3%) of those studies is méabed on surveys. That includes a
set of papers that discussed the causes of rewrpkaining the interactions among
them (Love et al. 1999), modelling these causeSyistem Dynamics (Love et al.
2000) and finally quantifying values (Love and I00D).

Own definition |

Womack and Jones (2004) )
Koskela (1992) |

Ohno (1988) |

CIDA(1995) B

Formoso et al. (1999)
Other |

7 Lean Production
Material losses

& Specific

Figure 3: Main contributions of the set of papers

A wide range of indicators has been used for ma&aguwaste, even when
considering only one category of waste. For in#anoaterial waste has been
measured by the physical quantities, such as theneof debris taken from the site
(Gavilan and Bernold 1994; Poon et al. 2004), &edweight of materials directly or
indirectly last (Formoso et al. 2002). By contragher specific types of waste, such
as defective products (Burati et al. 1992; W B Ledthr 1994) and rework (Hwang et
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al. 2009) have been measured by their costs. Tiasealso been often used as an
important waste measure, especially when the aito islentify the share of non-
value adding activities (Forsberg and SaukkoriipdZ Horman and Kenley 2005;
Kalsaas 2010; H. Yu et al. 2009), as well as theler of steps that are non-value
adding (S. Han et al. 2011; Lapinski et al. 200@&0oMind Zhang 2008; Nahmens and
Mullens 2011). In this regard, some papers haveized the simple analysis of non-
value adding activities, proposing a differentiatlmetween those activities that could
be eliminated from the ones that could not (Choalet2002; Lapinski et al. 2006;
Mao and Zhang 2008).

The approaches used for proposing actions for reduar eliminating waste are
also very diverse. Some papers describe attempmtlange practices in industry by
implementing lean techniques. Nahmens and lkumdl(0and Nahmens and
Mullens (2011), for instance, implemented somehofsé techniques in one specific
project, and assessed the performance of the dyefese and after the introduction
of those changes. Some other papers use simulatmgels that could support
decision making, by testing changes in the prodacsiystem that could reduce the
share of non value-adding activities. For instaisaegks et al. (2007) and Tommelein
et al. (1999) have devised games that could be tmeteaching lean concepts.
Porwal and Hewage (2011) developed a BIM modelitwukite architectural and
structural design requirements in order to mininmiebar waste. Park et al. (2011)
devised a floor-level construction material layplanning model that could reduce
unnecessary transportation time in a building mj&hao et al. (2010) used a
structure matrix method to analyze the causesari@hs in construction projects.

Regarding the development of methods for identgfyamd measuring waste, the
number of papers is relatively small and most efhare focused on two types of
methods: the measurement of material losses, imgudirect and indirect waste
(e.g., Skoyles 1976; Formoso et al. 2002), andevaiieam mapping (VSM) for
assessing the share of non value-adding activdtnesdesigning a future state (e.qg.,
Choi et al. 2002; Yu et al. 2009). Choi et al. (2P@pplied VSM in a traditional way,
with the aim to reduce cycle times, by eliminatimgn-value adding activities. By
contrast, Yu et al. (2009) pointed out some linotas of this technique and proposed
an adaptation of value stream mapping to the conbtéxconstruction projects.
Another method that has been used is system dyesafan et al. (2011) used it for
understanding the relationship of non-value addacgvities at a macro-level to
design errors and changes.

CONCLUSIONS

This paper reports the initial results of a reseapcoject that has attempted to
identify the main gaps in knowledge concerning tmmasion waste. The systematic
literature review identified that the number of pepfocused on how to avoid waste
in construction is relatively small, compared toaivhas been produced in the field of
construction management. Some studies from the l@amstruction community

pointed out the need to use a broader concepttializaf waste, based on the idea
that is necessary to remove activities that dcaddtvalue from the perspective of the
client. In fact, some papers have claimed the rHeedeparating unavoidable and
avoidable non-value adding activities, based on #ssumption that it is

uncomfortable to consider all of them as wastegesiih is not possible to eliminate
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them completely (Choi et al. 2002; Lapinski et 2006; Mao and Zhang 2008).
Regarding the conceptualization of waste, most issuddo not discuss the
conceptualization of waste at an abstract levemé&mf them simply adopt an
operational definition of waste, founding ordegtade data collection.

The number of studies that have produced metriasonétruction waste is also
relatively small. In fact, Forsberg and Saukko(@007) claimed that reports of lean
implementations have not emphasized enough wastésurements. In fact, studies
that have produced an analysis of the root caufadifferent kinds of waste in
construction are based on surveys. By contrastlieguon the development of
explanation models are often the result of an ipthl@nalysis of a specific kind of
waste.

The main contribution of this article is to poinitaaps in the literature on waste
in construction. It reveals that the effort of g@nstruction management community
for understanding waste is relatively small, comregato other topics, and many
studies about waste have focused on the consequandenot on the root causes that
should be avoided. Further studies are necessancttease the existing knowledge
in order to help the construction industry to bettenceptualize waste and to analyse
deeply its main causes.
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