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a b s t r a c t

The need to use Building Information Modelling (BIM) for Construction and Demolition Waste (CDW)
minimisation is well documented but most of the existing CDW management tools still lack BIM func-
tionality. This study therefore assesses the expectations of stakeholders on how BIM could be employed
for CDW management. After a review of extant literature to assess the limitations of existing CDW
management tools, qualitative Focus Group Interviews (FGIs) were conducted with professionals who are
familiar with the use of BIM to understand their expectations on the use of BIM for CDW management.
The 22 factors identified from the qualitative data analyses were then developed into a questionnaire
survey. The exploratory factor analysis of the responses reveals five major groups of BIM expectations for
CDW management, which are: (i) BIM-based collaboration for waste management, (ii) waste-driven design
process and solutions, (iii) waste analysis throughout building lifecycle, (iv) innovative technologies for waste
intelligence and analytics, and (v) improved documentation for waste management. Considering these
groups of factors is key to meeting the needs of the stakeholders regarding the use of BIM for CDW
management. These groups of factors are important considerations for the implementation and accep-
tance of BIM-based tools and practices for CDW management within the construction industry.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Over the decades, building construction activities have gener-
ated the largest volume of waste across the globe (Osmani, 2013).
This waste could be attributed to the constant uptake of con-
struction, demolition and renovation activities during which vil-
lages are built into towns, towns into cities and cities into mega
cities (Jaillon and Poon, 2014). In fact, this uptake of building ac-
tivities results in about 30% of the total annual waste generation
worldwide (Jun et al., 2011; DEFRA, 2015; EC, 2015). This thus puts
immense pressure on the depleting landfill sites and affects the
environment adversely. To ensure the conservation of natural re-
sources and to reduce the cost and impacts of waste disposal,

effective waste management practices must be put in place. This
will ensure the flow of construction material in a closed loop to
minimise waste generation, preserve natural resources and reduce
demand for landfills. To achieve this, effective management stra-
tegies such as waste reduction, component reuse and material
recycling are needed to divert Construction and Demolition Waste
(CDW) from landfills (Oyedele et al., 2014).

Literature reveals that the largest percentage of CDW is caused
by activities at pre-construction stages and that design decisions
have high impact on CDW generation (Ajayi et al., 2016a,b; Faniran
and Caban, 1998). Accordingly, effective decision-making mecha-
nisms are needed during the design stages to minimise the impact
of design changes. As a result, principles for designing out waste
such as design for material optimisation, design for recovery and
reuse, design for waste efficient procurement, design for off-site
construction, as well as design for deconstruction and flexibility
were developed (WRAP, 2009). Despite these opportunities to
minimise CDW at the design stages, existing waste management
tools (such as NETWaste, DoWT-B, SMARTWaste) are not, in reality,
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helpful to designers (Osmani et al., 2008). This is because they are
completely detached from the design process and can only be used
after the bill of quantities has been prepared. This makes it too late
for architects and design engineers to make major design changes
to minimise waste. Although several studies (Ajayi et al., 2015a; Liu
et al., 2011; Porwal and Hewage, 2011) have identified that building
information modelling (BIM) has potentials for designing out
waste, none of the studies has provided clear instructions on how
BIM could be used for this purpose. Besides, the lack of knowledge
on stakeholders' expectations on the use BIM for CDW manage-
ment raises serious concerns on how BIM could be implemented
for CDW management.

In view of the foregoing and the knowledge gap identified, this
study seeks to determine how the potentials of BIM could be har-
nessed to support CDW management and to understand the ex-
pectations of industry practitioners on BIM for CDW management.
Accordingly, the specific objectives of the study include:

1) To identify the limitations of existing CDW management tools;
and

2) To understand the expectation of stakeholders on how the use
of BIM could enhance existing CDW management tools.

In order to identify inefficacies and limitations of CDW man-
agement tools, first, this study starts with an in-depth performance
assessment of existing CDW tools. Afterwards, a qualitative study
was conducted using multiple focus group interviews to under-
stand how BIM could address the limitations of existing tools. This
is to have an in-depth understanding of the phenomenon as
experienced by stakeholders. Results from the analyses offer
insight into the capabilities of BIM, especially those to be consid-
ered in improving the effectiveness of existing CDW management
tools. The analyses reveal 22 factors that relate to the stakeholders'
expectations on the use of BIM for CDW management tools, which
were organised into a questionnaire to seek the opinion of a larger
population concerning the use of BIM for CDW management.

The remaining sections of the paper are organised as follows:
Section 2 contains a review of extant review of literature on the
limitations of existing CDW management tools. Then, methodo-
logical approach adopted in this study is justified and discussed;
this includes sampling technique, data collection, and data analysis
methods. Findings of the study are presented before an analytical
discussion of the roles of BIM in CDWmanagement. The final part of
the paper summarises implications in the event of practice and
areas that could lead to further research.

2. Limitations of existing construction waste management
tools

Knowing the limitations of existing CDW management tools is
key to understanding how the capabilities of BIM could be used to
improve them. To ensure broad perspective, studies were collected
from a wide range of peer-reviewed journals using the Scopus
search engine. Falagas et al. (2008) suggests that Scopus has higher
accuracy and journal coverage compared to other databases such as
Web of Science and Google Scholar. Besides, the Scopus database
has been employed in literature search in construction related
studies (Jiao et al., 2013; Osei-Kyei and Chan, 2015; Yuan and Shen,
2011). Afterwards, the papers were analysed to identify CDW
management tools and their limitations. The review reveals that
the tools can be categorised under five broad groups, which are: (i)
waste management plan templates and guides; (ii) waste data
collection and audit tools; (iii) waste estimation tools; (iv) envi-
ronmental assessment tools and (v) waste Geographic Information
System (GIS) tools. After an exhaustive review, fivemain limitations

that impede the effectiveness and usability of existing construction
waste management tools were identified. These limitations can be
summarised thus:

(i) existing tools are completely detached from the design
process,

(ii) existing CDW management tools lack interoperability
capabilities,

(iii) construction and demolition waste data are not sufficient,
(iv) waste management responsibilities are not clear, and
(v) lifecycle assessment of waste performance is not available.

A summary of existing tools with respect to the year of latest
version, locality, BIM compliance, and the five limitations is pre-
sented in Table 1. Further discussions on these five limitations are
presented in the following sub-sections.

2.1. Existing CDW management tools are completely detached from
the design process

The design process is usually an iterative process that contains
three stages to meet the client's needs. The design process happens
at RIBA (Royal Institute of British Architects) work stage 2 (concept
design), stage 3 (developed design), and stage 4 (technical design)
(RIBA, 2013). These design process stages help to determine design
workflow, tools and software requirements, and to produce build-
ing design documents (such as building drawings, materials spec-
ification, CAD models, schedule of work, bill of quantity, etc.).
Meanwhile, studies on sources of CDW (Faniran and Caban, 1998;
Osmani, 2012; Oyedele et al., 2013; C. S. Poon et al., 2004a,b)
show that the largest percentage of CDW occurs during the pre-
construction (planning and design) stages. This is primarily due
to making inappropriate design decisions, which leads to design
changes (Osmani et al., 2008; Poon, 2007). Apart from design
changes, other sources of CDW due to design include unfamiliarity
with material alternatives (Ekanayake and Ofori, 2000), lack of
knowledge about standard size of materials and dimensional co-
ordination (Treloar et al., 2003), errors in contract documents and
drawings (Bossink and Brouwers, 1996), industry cultural related
factors (Ajayi et al., 2016a,b), etc.

Despite the general knowledge that taking the right decisions
during design could minimise CDW, none of the existing tools has
been fully integrated into the design process. Although some CDW
management tools are engaged during the design process, they are
not integrated into the design tools used by architects and engi-
neers. Recent advancements in information and communication
technology (ICT) have culminated in the development of various
tools to assist construction industry stakeholders in CDW man-
agement; however, the tools are still external to the design process
and they can only be used after design is completed. For example,
NWT and DoWT-B, which is believed to produce a more accurate
waste estimation (WRAP, 2011b), could only be used after the bill of
quantity has been produced. Thus, this makes it difficult for ar-
chitects and design engineers to identify possible ways of waste
management during design. Besides, advice onwaste minimisation
at this point is too late and will require significant effort and time to
implement.

Despite the increasing adoption of BIM in building design, most
of the existing waste management tools are not BIM compliant
(Cheng andMa, 2013). This is because these tools are external to the
BIM software used by designers, thereby limiting their usability.
Out of the existing tools, only DRWE (Cheng and Ma, 2013) and
BIM-DAS (Akinade et al., 2015) are BIM compliant. This fact reveals
a huge gap in knowledge since evidence in literature suggest that
effective waste minimisation must start from the design stage
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