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ABSTRACT The tremendous quantity of waste produced from construction and demolition is a major cause of environmental 
degradation. This quantity tends to increase due to the rapid growth of building development and renovation. Meanwhile, construction 
waste management is a complex and costly process due to the fact that it requires different kinds of resources such as money, land, and 
technology. It is often ignored by all project participants even though it is an essential element of construction project management. 
However, it has been discovered that modern construction waste management is structured based on the concept of circular economy 
which focuses on eliminating construction waste and maximizing the value of materials. Therefore, this research proposes an innovative 
framework to implement the circular economy using building information modeling (BIM) in order to improve the construction waste 
management process. This involved a thorough review of past literature to identify the implementation of the concept of circular economy, 
waste management, and the application of BIM, also the research gaps observed were used to develop the functionality of the proposed 
framework. The five functionalities include (1) visualization and data integration, (2) direct construction waste quantity take-off, (3) BIM-
based sorting system and selection of appropriate disposal parties, (4) estimating cost and schedule of waste disposal, and (5) simulation 
and monitoring report. This BIM system was designed to analyze material waste, quantity, disposal time, and waste treatment based on 
project conditions, material quantities, and schedule. It can also be used to plan and monitor the construction waste process, thereby 
making it possible to avoid the disruption of productivity and project time usually caused by unplanned waste management activities. 
Moreover, the proposed on-site sorting system also has the ability to facilitate the adoption of the circular economy concept during the 
construction phase. 

KEYWORDS BIM-Based System; Waste Management Planning; Construction Project Management; Circular Economy; Quantity Take-
off; Construction Materials Recycle. 
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1 INTRODUCTION

The construction industry is growing rapidly 
worldwide and also serves as a pillar of the global 
economy. However, it was discovered to be 
contributing a significant amount of waste, 
thereby causing environmental degradation. 
These construction wastes are associated with 
the solid waste generated from construction and 
demolition projects such as concrete, wood 
products, drywall and plasters, steel, brick and 
clay tile, asphalt shingles, and asphalt concrete 
(EPA, 2020). In 2018, a total of 600 million tons 
of these wastes was generated in the US (EPA, 
2020) while 67.8 million tons in the UK (DEFRA, 
2021). These numbers reflect the urgency to 
manage waste accordingly due to the fact that 

the use of landfills has been discovered to be 
causing subsequent problems such as social 
impacts and environmental degradation. 

The circular economy is a modern concept 
designed to minimize the impact of operations 
on the environment. It was used to transform the 
traditional linear economy which involves 
"make, use, and dispose" to a new paradigm that 
minimizes input, waste, emission, and energy 
leakage by keeping a product in use for as long as 
possible and recreating new resources at the end 
of its service life (Geissdoerfer et al., 2017). The 
concept is mainly associated with the 3R 
principles of reduce, reuse, and recycle to 

https://jurnal.ugm.ac.id/jcef/issue/archive


Vol. 8 No. 1 (January 2022) Journal of the Civil Engineering Forum 

32  

achieve a more sustainable economy 
(Anastasiades et al., 2020). Several attempts have 
been made to develop reused materials such as 
brick materials (Fořt and Černý, 2020) and 
sewage sludge ash (Smol et al., 2015a). Moreover, 
circular economy in construction is associated 
with technical solutions, user behavior and 
ownership, bio-based construction, and 
circularity assessments (Anastasiades et al., 
2020). Meanwhile, the efficiency of the design, 
assembling the reused materials, and 
minimization of waste have been investigated to 
support the technical solution aspect. Another 
potential implementation of circular economy in 
construction is to improve waste management by 
changing the current strategies, which are 
focused on the management after generation, to 
the aspect related to the prevention (Ajayi et al., 
2015). This process requires estimating the 
amount of waste, scheduling its disposal, 
quantifying its cost, and collaborating with the 
parties with the ability to recycle the waste 
materials. However, there is a need to apply 
digital technology to ensure the waste 
management plan is efficiently implemented 
without expanding the scope of work during the 
pre-construction process. 

Building Information Modeling (BIM) is a virtual 
representation of building conditions which 
allows the integration of information to support 
different aspects of project management 
throughout the project life cycle. Several BIM-
based systems have been proposed to implement 
a circular economy towards managing 
construction waste. For example, the 
disassembly and deconstruction analytics 
system (D-DAS) introduced to support building 
design by determining energy costs and waste 
output indexes (Akanbi et al., 2019). Another is 
the BIM-based waste management designed to 
develop waste management plans (Won and 
Cheng, 2016). However, these systems were 
discovered to lack coordination and 
collaboration to support the recycling process.  

This research was conducted to thoroughly 
analyze the current waste management 
processes and synthesize the findings to develop 

a BIM-based waste management system with the 
ability to address the problem more 
comprehensively. The process involved 
exploring the potential of BIM to implement the 
circular economy in construction waste 
management, analyze the concept based on its 
implementation in construction projects, as well 
as evaluate several strategies designed to 
accelerate its implementation to identify the 
gaps and potentials. Moreover, the current waste 
management practices in construction projects 
were investigated using BIM and the findings 
were integrated with past literature to establish 
the framework for a BIM-based circular economy 
to plan waste management in construction 
projects by minimizing wastes and maximizing 
the value of materials.  

2 METHOD OF THE RESEARCH 

A semi-systematic literature review was 
conducted by gathering relevant literature using 
designated keywords such as circular economy, 
waste management, and BIM. The state-of-the-
art issues from these researches were examined 
and categorized into three main groups which 
are circular economy in construction, current 
construction waste practices, and BIM 
implementation in waste management with each 
sub-categorized based on the object of the 
research or project life cycle. Moreover, potential 
future research works were also investigated. It 
is important to note that the circular economy 
group was the point of departure to ensure the 
implementation of BIM in construction waste 
management, while the waste management and 
current BIM implementation groups were the 
references to develop the functionality of the 
proposed framework which was further 
elaborated to fill the research gap. 

3 CIRCULAR ECONOMY IN CONSTRUCTION 

Circular economy challenges the end-of-life 
concept by ensuring the prolonged use of 
materials through reuse, reduce, recover, and 
recycle principles (Kirchherr et al., 2017). It 
embraces a regenerative and restorative concept 
to maximize both value and utility of the 
products, elements, and materials during their 
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service life (Geissdoerfer et al., 2017). The 
concept has been discovered to be enabling 
economic growth as indicated by its 
implementation in several countries. 
Nevertheless, the implementation process 
requires certain changes and innovations 
associated with systems, policies, and 
organizations. 

The actualization of the circular economy is 
being resisted by some individuals and more 
severely at the industrial level (Adams et al., 
2017). This is observed to be related to the 
limited knowledge regarding its adoption and 
the lack of incentive to accelerate the process. 
Moreover, there is limited discussion on the 
universal measurement model for the circular 
economy transition which makes it impossible to 
track the progress of the implementation process 
(Jones and Comfort, 2018). These issues persist 
despite the possibility of using the concept in 
five important phases including the design, 
production of materials, construction, 
maintenance, and the end-of-life (Núñez-Cacho 
et al., 2018).  

There is a need for a paradigm shift from the 
traditional “linear” design to a “circular" 
economy through the selection of a suitable 
project delivery system involving several 
concepts such as green-field construction, 
adaptive reuse, and closed-loop cycle 
construction (Sanchez and Haas, 2018). 
Therefore, an innovative procurement system 
was proposed which involves adopting a 
relational type of contract associated with 
winning the trust of different parties in order to 
stem emerging problems through sustainable 
development of circular economy (Bao et al., 
2019). It was also argued that the use of a design 
tool such as BIM can be a solution in terms of the 
design (Hossain et al., 2020; Núñez-Cacho et al., 
2018). 

Defining the supply chain method to be used 
during the construction phase is essential in 
designing a circular material supply chain which 
involves transportation of reused materials and 
production of lower carbon emission (Nasi et al., 

2017). Another research proposed a strategy to 
design a waste minimization method during the 
pre-construction phase by prioritizing recovery 
strategies over landfilling (Ruiz et al., 2020). 
Ginga et al. (2020) also showed similar findings 
which promote eliminating construction wastes 
observed to be threatening the environment. 
Meanwhile, ineffective waste deconstruction, 
sorting, and transportation are the main parts of 
the waste management practices considered to 
present the most crucial barrier to the adoption 
of a circular economy (Mahpour, 2018). These 
problems were addressed in this current research 
by proposing a functionality framework which 
focuses on waste management. The scope of the 
proposed framework encompasses waste 
treatment and collaboration among the relevant 
parties to expand the strategies required to 
implement the 3R principle. 

Several researches on the circular economy 
focused on inventing new materials from the 
wastes to preserve the end-of-life of resources 
(Smol et al., 2015; Osobajo et al., 2020). Some 
other initiatives were also developed to reuse 
materials such as brick wastes as substitutes for 
Portland cement (Fořt and Černý, 2020) and 
sewage sludge ash in concretes (Smol et al., 
2015). Several materials have also been 
discovered to have the potential to be reused and 
recycled such as clay bricks, structural timber, 
structural steel, and concrete blocks (Iacovidou 
and Purnell, 2016). However, the process of 
recycling materials is also faced with some 
challenges associated with logistics (41%), cost 
(29%), time (12%), regulations (12%), and others 
(6%) (Ghaffar et al., 2020).  

It should be noted that the circular economy can 
be adopted throughout the project life cycle but 
this current research focuses primarily on project 
design in the pre-construction phase as well as 
the use of BIM technology in planning wastes 
before the construction process and selecting 
appropriate stakeholders to be included in the 
waste management system. Moreover, 
improving the current practices on circular 
economy such as the establishment of relevant 
waste plans is very important and this means 
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there is a need to examine the key areas of 
construction influencing its acceleration 
(Hossain et al., 2020). The outline of the 
aforementioned circular economy concept is 
presented in the following Figure 1. 

 
Figure 1. Outline of the circular economy concept in 
construction 

4 CURRENT CONSTRUCTION WASTE 
MANAGEMENT PRACTICES 

Demolition is the construction process with the 
highest quantity of wastes followed by the civil 
and foundation works (Lu et al., 2015). These 
processes generate the top three construction 
material wastes namely concrete, asphalt 
concrete, and wood products (EPA, 2020). The 
diversity in the properties of these materials and 
their waste management practices show there is 
a need to focus on each of them separately in 
preparing a waste management plan. 

The impact of construction waste is not limited 
to the environmental pollutions and ecological 
damage, but also the cost overruns, project 
delays, economic losses, and social impact 
(Nagapan et al., 2012). The current management 
practices are observed to be weakened by lack of 
regulation, low percentage of on-site waste 
sorting, poor waste reduction, and the lack of 
systematic planning such as recycling facilities 
(Yuan, 2013). Moreover, the previous research 
correlated waste management with social 
performances such as public satisfaction, public 
appeal to regulate dumping waste, new job 
opportunities, and physical working conditions 

in addition to its effect on the environmental and 
project goals (Yuan, 2012).  

Most architects do not consider waste 
minimization strategies during the design phase 
because the process is placed on a low priority 
(Osmani, et al. 2008) possibly due to the lack of 
appropriate policies for its enforcement and the 
absence of adequate incentives. The contractors 
also believe an appropriate waste management 
practice can reduce their profit due to the lack of 
incentives, practical tools, and guidelines 
(Papargyropoulou, 2011). This finding contrasts 
with another research where waste management 
practices were perceived to be beneficial in terms 
of cost savings and profit maximization, but the 
relationship between project characteristics and 
the benefits was not clarified (Hwang and Yeo, 
2011). This simply shows that the perception of 
waste management systems varies in each case.  

A waste management policy can be a supportive 
tool to achieve success. For example, Hong 
Kong's waste management policy designed using 
the 3R and "polluter pays" principles was 
perceived to be effective in reducing 
construction waste at landfills (Lu and Tam, 
2013). Another research showed that the waste 
disposal charging scheme was perceived to be 
efficient by only 40% of the respondents due to 
the existence of some inevitable wastes and the 
fact that the cost was not high enough to raise 
awareness (Poon et al., 2013). It is also possible 
to support waste minimization through the 
occasional imposition of penalties for poor waste 
management parties (Arif et al., 2012).  

The waste generation rate is a key performance 
index of waste management (Lu et al., 2015) and 
this means that it is necessary to select an 
appropriate method to estimate the construction 
waste. This can be achieved based on the 
quantity of the work which is categorized by the 
type such as demolition, wreckage, and waste 
packaging (Solís-Guzmán et al., 2009). The rate 
can also be influenced by policies, for example, 
the waste calculation method in Hong Kong was 
shifted from the gross floor area or total contract 
sum to the payment of contract sum for each 
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work (Poon et al., 2013). This policy provides 
future opportunities to create an incentive for 
contractors that submit waste estimation during 
the tender process (Arif et al., 2012). Therefore, 
it is necessary to adjust the waste calculation 
method, document the amount of waste, and 
monitor the actual waste generated. These 
features are addressed in this research to develop 
the framework for the proposed waste 
management system. 

The process of disposing construction wastes 
varies from one country to another. This is 
observed from the findings of Hossain, et al. 
(2017) that the construction waste in Hong Kong 
is usually generated in the form of mixed wastes 
to be sorted at both on-site and off-site sorting 
areas. The non-inert wastes are normally 
processed to landfills while inert wastes are 
usually managed using the public fill. 
Meanwhile, an on-site sorting system was 
suggested to be adopted due to its effectiveness 
and ability to reduce environmental impacts. It 
also has the ability to promptly determine the 
next step for the recycled materials such as a 
direct reuse on-site, transportation to the 
recycled plants for processing, or transportation 
to landfills and public fill facilities. However, 
there is a lack of adequate information on the 
related parties despite the ability of this sorting 
system to separate the recycled materials 
effectively. It was also discovered that the wastes 
are usually moved directly to the landfill 
(Nagapan et al., 2012) or burnt illegally 
(Papargyropoulou, 2011) in a situation where 
there is no waste management or sorting system, 
thereby endangering the environment. 
Therefore, these research findings and gaps 
indicate the need to include waste disposal plan 
destinations, specify waste carriers, and 
document recovery actions systematically in the 
waste management process. This proposition 
conforms with the findings of Saez et al. (2013) 
that it is possible to reduce construction waste by 
recruiting suppliers specialized in managing 
waste products and planning the sizes of the 
containers to match the construction activities. 
It is important to note that these aspects were 

also considered in the development of the 
proposed framework. 

Several innovative tools and technologies have 
been adopted to support the waste management 
process and these include the Waste 
Management Plan template and Designing Out 
Waste Tool Building which incorporate plans, 
outputs, and costs (WRAP, 2010). A similar tool, 
SMARTWaste, (BRE, 2021) was also developed to 
estimate the construction wastes to be generated 
but these technologies are limited by the lack of 
collaboration between related parties and the 
flexibility of waste calculation methods. The 
adoption of BIM is believed to have the ability to 
create a framework to address the current 
problems observed in waste management 
(Osmani and Villoria-Sáez, 2019). Therefore, a 
BIM-based framework was developed in this 
current research to address these problems 
systematically and efficiently. 

5 BIM IMPLEMENTATION ON WASTE 
MANAGEMENT AND CIRCULAR ECONOMY 

BIM has been verified to have the ability to 
support waste management through design 
review, 3D coordination, quantity take-off, 
phase planning, site utilization planning, 
construction system design, digital fabrication, 
and 3D control and planning (Won and Cheng, 
2017). It also accommodates the requirements of 
the stakeholders in its implementation and 
strengthens several features such as 
collaboration, waste-driven design, waste 
analysis during the whole project lifecycle, 
innovative analysis, and systematic 
documentation in the waste management 
process (Akinade et al., 2018). 

A BIM-Deconstructability Assessment Score 
(BIM-DAS) was proposed to assist the designer in 
selecting the best design among possible 
alternatives via an assessment score which 
considers the reusability, recyclability and 
secondary finishes, as well as the toxicity of the 
materials (Akinade et al., 2015). This system can 
also simulate design alternatives and their 
assessment scores. Moreover, another waste 
management tool was proposed to accommodate 
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both design options and construction schemes 
through the automatic estimation of the wastes 
in each scenario considering the fact that the 
waste generated waste cannot be incorporated 
into the design (Lu et al., 2017). Therefore, the 
waste generation was calculated by mapping the 
component on the database of the average waste 
generation level. Another research also showed 
the ability of BIM to support the design process 
with a specific focus on the processes involved in 
assembling and dissembling a building which 
consists of collaboration, visualization of 
deconstruction, quantification of recoverable 
materials, deconstruction plan, simulating end-
of-life alternatives, and improving building 
lifecycle (Akinade et al., 2017). It can be 
discovered that several BIM-based systems have 
been used to select, simulate, and optimize 
design alternatives, but they are not designed 
specifically to support waste management.  

Several BIM-based systems are integrated into 
database systems such as the material & 
component bank which stores materials and 
components for basic waste management in 
order to ensure the efficiency of the systems 
(Jayasinghe and Waldmann, 2020). This concept 
was also adopted in this research to manage non-
geometric information due to the fact that the 3D 
models primarily focus on geometrical 
information.  

BIM is an efficient tool to perform quantity take-
off of construction materials and can also be 
extended to the estimation of waste quantity. A 
BIM-based system was reported to have been 
used to estimate the wastes during the design 
review through clash detection and 
constructability review (Won et al., 2016). This 
was conducted using a work breakdown structure 
provided in the BIM-based software and material 
classification standards (Kim et al., 2017). 
Moreover, the accuracy of the process was 
enhanced through the integration of a linear 
BIM-based quantity take-off into the material 
purchasing database (Guerra et al., 2019). It was 
observed that there was a lack of collaboration 
between the disposal parties and this is expected 
to be addressed through the proposed system 

which was designed to estimate the amount of 
waste generated and the waste disposal charging 
fee based on the waste facilities available (Cheng 
and Ma, 2013). These findings were adopted in 
this current research to develop an extensive 
monitoring system for waste disposal practices. 

This means the BIM has the capability to ensure 
the prolonged use of materials at the end of their 
service life. Previous research also showed that 
As-built BIM models can be used to develop a 
demolition plan in line with the preferred 
method and waste identification system (Ge et 
al., 2017). They also serve as the tool to perform 
a cost-benefit analysis for demolition waste 
management (Hamidi et al., 2014) even when the 
details of the framework have not been 
developed. However, the current framework of 
BIM implemented is based on local policies 
(Akbarieh et al., 2020) without global coverage. 
Therefore, the proposed framework was 
designed to be flexible to ensure it can be easily 
implemented in any organization or country.  

6 FUNCTIONALITY OF THE PROPOSED 
FRAMEWORK 

The proposed framework is primarily designed to 
manage waste during construction with a focus 
on the quantity of waste, time of disposal, cost, 
as well as disposal parties and places. This is 
based on the fact that the integration of the BIM 
has the ability to plan waste management during 
the pre-construction phase and also to monitor 
the waste management process during the 
construction phase. The visualization of the 
BIM-based system allows the thorough 
understanding of the site conditions while the 
data integration system has the ability to create 
a systematic workflow, provide a high level of 
calculation accuracy, and support mutual 
collaboration works. Moreover, the use of 
quantity take-off by BIM leads to accurate waste 
estimates. The development of the framework 
functionality is presented in Figure 2. 

Some of the uses of BIM in waste management 
include 4D simulation, quantity take-off, design 
review, 3D coordination, and site utilization 
planning (Won and Cheng, 2017). The proposed 
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framework only adopted the 4D simulation and 
quantity take-off to achieve the research 
objectives, but it is possible to extend these 
functionalities to a BIM-based platform in order 

to ensure its actual implementation. Therefore, 
the features of the proposed BIM-based 
framework are presented in the following Figure 
3. 

 
Figure 2. Research gaps and the proposed framework 

 
Figure 3. The functionality of the proposed framework 
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6.1 Visualization and data integration 

The proposed system involves a 3D BIM model 
which was used as the central database 
consisting of the geometric information of the 
building elements such as the identity, size, 
shape, length, and material of each element. It is 
important to note that the BIM model has the 
same level of detail (LOD) as required in the 
construction phase to obtain an accurate 
estimate for the wastes. Moreover, the model 
includes every permanent part of the building 
elements in order to clearly present the actual 
building conditions.  

The BIM model also contains important non-
geometric information necessary for further 
analyses such as cost, schedule, and the database 
of disposal parties which are integrated by 
analyzing the work breakdown structure (WBS) 
of the model. The correlations between the non-
geometric information and the building 
elements were later identified and represented 
by codes. It is important to note that the scope of 
the data integration encompasses the waste 
generation indexes to estimate the waste, 
schedule information, the sorting system for 
each material, and the disposal parties. Several 
methods have been proposed to integrate the 
geometric and non-geometric information and 
some of these include using the element ID and 
Dynamo program (Handayani et al., 2019) and 
the WBS (Kang et al., 2010). However, the ability 
of the model to simulate design alternatives 
using parametric modeling in order to determine 
the design with the minimum waste (Hang et al., 
2021; Likhitruangsilp et al., 2019) was not 
included in this research. 

6.2 Direct construction waste quantity take-off 

Previous discussions showed the need for the 
system to be adjustable to different waste 
estimation methods due to the fact that the 
process of estimating waste is based on the 
amount of construction works conducted. This 
was achieved in the proposed system by 
extracting the quantity of the material from the 
3D model along with the associated information. 
The data and information extracted are expected 
to be user-friendly in order to facilitate the 

appropriate exchange of information and waste 
estimation. Moreover, the 3D model was 
observed to have yielded accurate estimation 
results and this can be applied to place orders for 
materials during the construction phase. This 
simply shows that the BIM model is adjustable to 
the change in the site condition during the 
construction process. 

It is recommended that further research needs to 
be conducted to incorporate the waste 
estimation method as well as an integrated 
database for storing the parameters such as 
waste estimation indexes into the system. It is 
also advisable to organize the database based on 
materials, modular and non-modular types, and 
types of waste generated in order to automate 
the process and ensure it requires fewer inputs 
from the users. In addition, the system can also 
be extended through the addition of features 
relating to waste minimization for modular 
materials by optimizing construction methods 
and simulating alternative installment 
scenarios. 

6.3 BIM-based sorting system and selecting 
appropriate disposal parties 

The structure of the BIM-based sorting system 
module was based on the work breakdown 
structure (WBS) which consists of different 
activities involved in the construction, materials, 
and waste generated. The system was further 
sub-categorized into inert and non-inert waste, 
potential on-site recycling materials, potential 
recycling by third parties, public disposal 
facilities, free or non-free disposal facilities, and 
landfills. This hierarchical structure represents 
the 3R principle which is in line with the concept 
of circular economy formulated to minimize 
environmental degradation. 

Most of the current waste management systems 
focus on estimating wastes and the disposal 
system was observed to be directly related to the 
design of construction waste management as 
previously discussed. However, these disposal 
methods need to be evaluated to determine 
whether the construction waste materials are 
causing environmental degradation or ensuring 
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the end-of-life of materials is prolonged in order 
to support the circular economy concept. This 
can be achieved by using the data integration 
system which allows the connection of each 
waste generated to disposal parties and also 
makes it possible for the sorting system to select 
the appropriate disposal facilities or recycling 
parties based on several parameters such as the 
waste characteristics, space availability, 
disposal/recycling fees, and distance. These 
outcomes aided the linkage of the disposed 
wastes to appropriate parties in order to 
minimize emissions usually caused by 
transportation. 

6.4 Estimating cost and schedule of waste 
disposal 

The main results of integrating geometric and 
non-geometric data are 4D and 5D BIM models 
which allow the estimation of the waste quantity 
based on the values derived from the BIM model 
and waste calculation database. The estimates 
were used to determine the associated costs such 
as disposal charging fees and transportation 
costs which are usually obtained based on the 
sorting system and the selected disposal parties.  

The 4D BIM model in the proposed system is 
required to be regularly updated in order to 
reflect the construction progress and actual 
schedule. This information and the estimated 
quantity of waste usually provide the contractor 
with an early warning concerning the disposal 
schedule. The proposed system also optimizes 
the time of waste disposal by considering the on-
site storage and this allows the contractor to plan 
the resources to be used in managing wastes. 
Meanwhile, the possibility of preparing this 
estimation before the construction process is 
initiated makes it constructive for the contractor 
to submit the bidding documents with a detailed 
waste management plan. 

6.5 Simulation and monitoring report 

The waste management plan prepared before the 
construction process can be used as a guideline 
during the construction. This is possible because 
the BIM-based system can be updated to reflect 
the change in the schedule information and 

construction conditions. Moreover, it is 
necessary to record the quantity of wastes and 
the result of the sorting system, method of 
disposal, as well as the correlation of cost and 
time for each waste disposal activity. This is 
necessary to ensure that there is a systematic 
record of waste disposal activities for the project 
and which can be used later for further analyses.  

7 CONCLUSION 

This research was conducted to investigate the 
implementation of circular economy in the 
construction industry through the maximization 
of the construction materials value and recovery 
of these materials at the end of their service life. 
The major challenges observed with this concept 
include the lack of a universal measurement for 
the circular economy transition as well as limited 
knowledge and incentive. However, managing 
wastes and reusing construction materials were 
reported to have a major role in promoting 
circular economy in construction, but they were 
observed to be from perfect due to a lack of 
incentives, practical tools, and guidelines for 
waste quantification. Therefore, BIM is 
considered a potential innovation to improve the 
management process and this research examined 
the efficiency of its application in waste 
management.  

The formulation of waste management plans 
involves estimating the quantity of waste, 
documenting waste disposal activities, and 
selecting the appropriate waste disposal 
alternatives with the ability to prolong the end-
of-life of materials in order to achieve the goals 
of the circular economy concept. The gaps 
observed in the findings of these previous 
researches were synthesized with the BIM to 
develop a framework system for the circular 
economy. The functionality of this proposed 
BIM-based waste management system consists 
of five modules, namely: (1) visualization and 
data integration, (2) direct determination of 
construction waste quantity take-off, (3) BIM-
based sorting system and selection of 
appropriate disposal parties, (4) estimation of 
cost and schedule of waste disposal, and (5) 
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simulation and preparation of monitoring 
report. 

The visualization module used the BIM to 
represent the conditions of the facility 
effectively while the data integration concept 
was introduced to manage the geometric and 
non-geometric information of the facility. 
Moreover, the BIM was also used to estimate the 
waste and associated costs due to its ability to 
quantify materials accurately while the waste 
disposal schedule was established through the 
4D BIM. It is also important to note that the work 
breakdown structure (WBS) in the BIM allowed 
the classification of the wastes to be disposed 
into suitable parties. Furthermore, the system 
has the ability to record and document waste 
activities based on the associated costs, 
schedule, and associated parties during the 
construction phase. 

There are certain limitations observed with this 
proposed framework despite its numerous 
benefits in achieving the circular economy 
concept in construction. Therefore, additional 
functions such as information exchanges, 
platforms, and supporting tools are required to 
be developed further. It is also necessary to verify 
the reliability of the waste calculation by the 
system and to improve the flexibility of the 
proposed framework in adopting the 
organization code related to waste management. 
Moreover, the level of work breakdown structure 
needs to be evaluated to integrate the 4D and 5D 
BIM models and also to develop an appropriate 
BIM-based sorting system. The scope of the 
proposed waste management system can also be 
extended by considering the design and 
construction alternatives in order to minimize 
wastes. Furthermore, it is recommended that the 
proposed system be tested with a case research 
after it has been fully developed. 
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