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Abstract: Construction waste has significantly affected the environment and any 
project’s value for money, which made researchers to concern for a Construction 
Waste Minimisation (CWM) process. Scholarly works have ascertained that the 
major proportion of construction waste generates during the decisions taken in 
the early design stage as of 33% of direct construction waste. On the other hand, 
Building Information Modelling (BIM) is being widely used in Architecture 
Engineering and Construction (AEC) industry to enhance the building design, 
cost estimation, and scheduling, where researchers are already speculating on the 
potential of BIM to enhance the CWM process. Even though many studies have 
emphasized and accomplished CWM, BIM-based strategies are not significantly 
practised in Sri Lanka, since it is a new approach towards the Sri Lankan context. 
Thereby, this research aims to present a BIM-based CWM theoretical framework 
for the Sri Lankan construction industry. Accordingly, an extensive literature 
survey was conducted to develop a theoretical framework for the identified 
causes of waste generation activities with the incorporation of BIM features. 
Further, this theoretical framework would provide solutions by laying down the 
procedural layout to achieve foreseeable solutions for the most significant causes 
of construction waste during the design stage of a construction project. 
 
Keywords:  Building Information Modelling (BIM); Construction waste; 
Construction Waste Minimisation (CWM); Causes of construction waste 
 
1. Introduction 
 
The construction industry significantly contributes to the development process of 
developing countries on a large scale (Wibowo, 2009). According to the Central 
Bank of Sri Lanka (2018), the construction industry contributed 7.1% to the total 
Gross Domestic Product (GDP) of Sri Lanka in 2017. Nevertheless, construction 
industry impacts the natural environment heavily by resource depletion, 
greenhouse gas emissions, noise, dust, and construction waste (Lu, et al., 2017). 
 
Even though construction industry’s economical contribution is in such a high 
position, it is widely acknowledged that the construction industry has a major 
impact on the environment, both in terms of resource consumption and waste 
production (Liu, et al., 2011). To minimize the amount of construction waste, it is 
important to identify and understand the main causes and origin of construction 
waste generation (Sawant and Alone, 2005). 
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The total amount of construction waste is still out of control because of huge 
urbanization scheme and lacks in the availability of effective tools for construction 
waste management (Lia, et al., 2005). Lovell (2012) emphasized that design with a 
high level of buildability is one of the key strategies for CWM (as cited in Ajayi, 
and Oyedele, 2018). Adopting a trending construction method such as 
prefabrication and dimensionally coordinated elements, high level of buildability 
design able to reduce the waste generation (Ajayi and Oyedele, 2018). 
 
Presently, there are comparatively very a smaller number of design decision 
making tools are available for effective construction waste evaluation for all 
design stages and modern literature recommended that Building Information 
Modelling (BIM) has a great potential to minimise construction waste at the 
design stage (Liu, et al., 2015). Recent researches identified challenges and their 
mitigation while enhancing the use of BIM for CWM, even though complete 
adoption of BIM is not reported in Sri Lanka (Gunasekara and Jayasena, 2018). 
Therefore, it is a worthy context to be investigated on how the application of BIM 
can improve the productivity of the CWM process in a construction project. 
 
2. BIM and its Revolutionary Role in Construction Industry 
 
Even though there are many professional views on BIM, there is no widely 
accepted standard definition in globally. Eastman et al. (2008) defined BIM as 
“modelling technology and associated set of processes to produce, communicate 
and analyse building models”. BIM facilitates many functions by itself which are 
essential to model the lifecycle of a structure while providing a digital platform 
for new construction and design capabilities, and changes in functions and 
relationship between the project stakeholders (Eastman, at al., 2008). It allows to 
exchange the information and communicate with all stakeholders in the project 
(Krygiel and Nies, 2008). BIM has an impact in all the aspects in each of the 
construction project phases, across the lifecycle and has a significant influence on 
the design and construction process (Liu, et al., 2015).  
BIM and its applications in the construction industry bring significant benefits to 
construction professionals, such as improvement in communication between 
construction professionals and facilitate the quicker design decision making (Cho, 
et al., 2011). BIM technology has potential to minimize the obstacles faced by the 
construction industry and BIM has become a well-known successful technology 
and well popular and accepted in the construction world due to its potential to 
reduce the obstacle (Lau, et al., 2018). BIM is encouraging the collaboration 
between construction professionals to facilitate the design process decision 
making. (Furneaux and Kivits, 2008). Moreover, one of the main features of BIM 
identified as easy to use related to its tool and usages of BIM brings timesaving in 
design as well as decreases duration and cost of the project (Ashhar, 2017).  
 
2.1 BIM in the pre-construction stage  

 
Latiffi et al. (2013) elaborate that during the pre-construction phase of a 
construction project, the implementation of BIM can be utilised for (1) Existing 
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conditions modelling (2) planning and scheduling (3) design (4) estimating (5) site 
analysis. 
 
2.1.1 Existing condition modelling: If there is no existing information about 
building, “points-to-BIM” process is performed to gather data of the existing 
building and model the actual building condition. To develop an as-built BIM 
from topological information, scratch and geometrical of building components are 
gathered by above technique and it has to be modelled and complemented by 
semantic property or attribute information manually (Volk, et al., 2014). 
 
2.1.2 Planning and scheduling: Latiffi et al. (2013) further stated that BIM has the 
potential to identify schedule sequencing or phasing issues in the planning stage 
and enables contractor and project manager to see construction materials, work 
sequence, track progress, and equipment against logistics and timelines are 
established in scheduling stage. Further, the authors said BIM has the potential to 
illustrate the process of construction through 4-Dimensional (4D) clash detection 
and simulation. BIM is used to develop a multidiscipline model to simulate and 
optimize construction schedules, identify and coordinate the clashes as well as 
establish better collaboration between design team and contractors and (Latiffi, et 
al., 2013). 
 
2.1.3 Design: BIM is to ensure that the collaboration working platform and 
effective communication between team members in the building process become 
more efficient and this is achieved through store appropriate design information 
at every design stage and it makes the design process more efficient (Bilal, et al., 
2016). 
 
2.1.4 Estimate: The BIM model can have quantity schedules and cost information 
and it will provide cost estimation for a given design to be produced faster and 
this allows the option appraisals at the concept stage to being more accurately 
estimated, thus the iterative design process is accelerated, making it more likely 
that the designs are aligned with the client’s budget (RIBA, 2012). 
 
2.1.5 Site analysis: Good site layout planning reduce movement costs and 
travelling time of resources and enhances operation productivity (Tam, et al., 
2002). Topographic data and existing condition of the site can be extracted and 
manipulated by using Geographical Information System (GIS) (Karan and 
Irizarry, 2015). BIM contains geometry, spatial relationships, and quantities of 
building components and GIS uses those data and do spatial analysis to be used 
in an early phase of the procurement process, while BIM able to visualize GIS 
analysis result in a 3D virtual world (Irizarry and Karan, 2012). 
 
3. Research Method 
 
This paper intends to bring in literal analysis and arguments to answer the 
following questions: 
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1. What are the causes for waste generation during the design stage of a 
construction project? 

2. How far the BIM can be incorporated into the existing construction waste 
minimisation mechanism? 

3. What are the different BIM mechanisms to improve CWM during the 
design stage of a construction project? 

Finally, a theoretical framework for understanding BIM-enabled construction 
waste minimisation would be presented.  
  
This paper is structured in three sections, initially the ways of waste generation is 
explained and then, the waste minimisation practice in Sri Lanka is briefly 
described. Next, the potential of BIM to improve the CWM practices is justified 
with literature and case studies. Finally, the mechanisms to adopt BIM into 
existing CWM practices is explained with an end product of theoretical 
framework which is a combination of frameworks discussed under three different 
design stages of a BIM-enabled construction project. 
 
4. Waste Generation in the Construction Industry 
 
Construction waste is generated where is new construction, renovation and 
demolition of building and structure (Kofoworola and Gheewala, 2009).  Roche 
and Hegarty (2006) define construction waste as “surplus and damaged products 
and materials arising in the course of construction work or which are used 
temporarily during the course of on-site activities”. This definition elaborates only 
the material wastage as construction waste but construction waste is not limited 
to material waste but also related to time waste and skill waste which also have an 
impact in certain extent (Quinn and Smallwood, 2017). In construction, 33.4% of 
skilled labour’s time is purely wasted in every working day (Josephson and 
Saukkoriipi, 2007).  
 
 
4.1 Causes of Waste Generation 
 
Construction waste is generated throughout the life cycle from appraisal to 
demolition of any project (Osmani, et al., 2008). According to Gavilan and 
Bernold, (1994), waste generation activities in a construction project can be 
clustered into very detailed six categories as displayed in Table 01 
. 
Table 1: Causes of waste generation 

Clusters Definition Causes of waste 
generation 

Design There is a general agreement that the 
major contribution to waste generation is 
at the design stage (Osmani, et al., 2008). 
Construction professionals have a view 
that waste produces during site operation 
but one-third of the construction waste is 
generated by design decisions (Osmani, et 
al., 2008). 

Design changes, poor 
coordination & 
communication, 
Design and 
construction detail 
error, Design and 
detailing complexity, 
lack of attention in 
dimensional 
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coordination, 
unsuitable 
specification 

Procurement Procuring the right material at the right 
place at the right time with right quantity 
can help to reduce material waste which 
leads to the economic efficiency of the 
project (Tunji-Olayeni, et al., 2017). 
Significant advantages of using 
sustainable procurement method in the 
Canadian construction industry has led to 
the minimisation of harmful emissions to 
the environment and less waste generation 
(Ruparathna and Hewage, 2015). 
 

Over allowance, 
supplier error, 
ordering material 

Material 
handling 

Poor material handling or poor storage of 
construction material leads to material 
wastage (Gavilan and Bernold, 1994). Poor 
material handling can occur during the 
construction process, storing or before 
comes to the site (Osmani, et al., 2008). 
 

Improper storing 
methods, poor 
material handling 

Operation It has been suggested to get the 
involvement of qualified professionals to 
minimise the amount of operation waste 
(Ekanayake and Ofori, 2000). Moreover, 
the act of God also comes under this 
category which is out of control for 
example earthquake and hurricanes (Al-
Hajj and Hamani, 2011). 
 

Human error, 
Equipment 
malfunction 

Residual This form of waste generation occurs in 
onsite. Bell and Stukhart (1987) describe 
when the execution of work on-site, as per 
the designs the materials should be 
sharpened, unpacked or perfect fit. Not 
only material cutting during the 
application process also there may be 
changes for a waste generation (Gavilan 
and Bernold, 1994). 
 

Waste from the 
Application process, 
Waste from cutting 
uneconomical shape 

Others It describes material replacement, if the 
material placed with improper ordered 
material, replacement need to be done 
with replacement of proper material, then 
previous ordered material become 
wastage (Bossink and Brouwers, 1996). 

Theft, vandalism  

 
4.2 Waste Minimisation practice in Sri Lanka 
 
Construction and demolition waste are increasing in Sri Lanka since the booming 
in construction after 30 years of war (Ranjan, et al., 2014). Further, they indicated 
that there is a chance for construction waste to become a major challenge in Sri 
Lanka since relevant authorities are not focused on construction waste 
management.  
 
Ranjan, Karunasena and Rathnayake (2014) identified that lack of awareness on 
CWM since the concept of waste minimisation is new to Sri Lankan construction 
industry. Furthermore, they have noted that lack in alternative construction 
methods, designers less awareness in waste minimisation techniques and rapid 
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changes during construction are major causes of waste generation. Kulatunga et 
al. (2006) emphasized that changes in construction workforce’s attitudes and 
perception are important to gain the optimum benefits from waste management 
practice. Further, they went to in-depth and identified that there is no proper 
training to enforce the waste minimisation, inadequate communication of 
strategies between management and low-level staffs and labours, and an 
inadequate of data flow from construction sites to estimators have negative 
impact on waste management applications. 
 
Waste management studies on Sri Lankan context suggest that implementation of 
3R (reduce, reuse, recycle) is most suitable for Sri Lanka. Waste minimisation is 
one of the most important pillars in 3R which can be identified as reduce. The 
most efficient way to control the waste is before it generates physically and it is 
essential to take precautions to prevent waste. But there is no record that Sri 
Lanka has proper waste minimisation practice and BIM implementation.  
 
5. Integration of BIM with Waste Minimisation Process in Design Stage of a 
Project  
 
There is a common agreement in the literature that all construction stages are 
directly or indirectly involved in the onsite waste generation (Keys, et al., 2000). 
Early design stage considered where the high possibility for the waste generation 
(Ekanayake and Ofori, 2000), and around 33 % of waste occur due to the influence 
of design-related decisions (Liu, et al., 2015). It is widely accepted that waste 
minimization activities should be started during pre-construction stage, 
particularly design stage, where ‘virtual waste’ (simulated waste generation 
during design stages), as opposed to ‘actual waste’ (physical onsite waste), could 
be effectively identified, evaluated and reduced (Liu, et al., 2011). Hence, waste 
minimization attempts after the design stage become costly, ineffective, and 
impractical (Oyedele, et al., 2013). Wang et al. (2014) indicated that effort on CWM 
has become a failure due to effort taken during the execution of work because 
they are almost the remedial actions for already generated waste and they are 
designed to work in the later stages of the construction project. 
 
BIM provides a great platform for testing, revising, rejecting and accepting design 
ideas in real-time, such as the case for collaborative design methods (Ajayi and 
Oyedele, 2018). BIM features the potential to eliminate or prevent the waste 
generation and its potential impact on CWM should be addressed. Gunasekara 
and Jayasena (2018) grouped the BIM-based strategies which can be addressed the 
causes of waste generation. Further, Won and Cheng (2017) and Liu et al. (2015) 
summarised as in following Table 02 on how the following uses or features of 
BIM have a positive impact on CWM. 
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Table 2: BIM features and addressed causes of waste generation 
 

BIM features Addressed Causes of waste generation 
Design review • Design changes 

• Poor communication and coordination 
• Design detailing the error 

3D coordination (Clash 
detection through BIM) 

• Lack of coordination. 
• Fewer clashes in design 

Visualisation and 
simulation within BIM 

• Design changes 
• Poor communication and collaboration 
• Design detailing the complexity  
• Lack of attention on dimensional 
coordination 

Improved coordination 
and communication 
through BIM 

• Collaborative working environment 

 
5.1 BIM-enabled Building Waste Analysis (B2WA) 

 
Accordance with Bilal et al. (2016), BWA is a process or technique which is used to 
predict and estimate the construction waste. It obliges following four main steps. 
 
5.1.1 Building model analysis: Variety of data about design, construction and 
procurement is collected. It identifies the building elements or components, the 
details about components and materials are specified, and the construction 
approaches which is going to be adopted for building, these elements are defined. 
 
5.1.2 Waste prediction: In this stage amount of construction waste is estimated for 
the above-identified elements by using waste prediction tools. During this phase, 
the building components are evaluated in terms of the amounts of construction 
waste they tend to generate. Prediction of waste done through the software like 
SMART waste, net waste tool, designing out waste tool for building and web-
based construction estimate system. 
 
5.1.3 Waste visualisation: Above developed forecast element will be bought as 
visual components. A visual image of the construction waste allows effective 
communication and stimulates the designers’ engagement for working waste 
efficient strategies. Keim (2001) emphasized that visualisation is done for 
forecasting and designing out the construction waste by integrating the designers 
with visualizing technique. 
 
5.1.4. Waste minimisation:  this is a crucial stage where decision making is done 
in terms of minimising the waste based on the previous stage’s analysis. 
Stakeholders may take necessary action to minimise the waste which is visualised 
and analysed in previous stages. 
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5.2 Development of Waste Minimisation Framework for the Design Stage of a 
Project 
 
BIM-based waste minimisation framework for design stage was developed based 
on literature findings. According to the RIBA Plan of Work (2012), Design stage 
consists of five working stages of appraisal, design brief, concept design, design 
development and technical design. Each stage has different gradual activities 
which were considered during the development of the framework. Each stage 
may have different causes of the waste generation which have not been 
investigated in detail in studies.  
 
5.2.1 Framework for Concept Design 
 
Architectural building components will be developed for each concept model 
with the use of an available architectural model to ensure the material 
standardisation to identify the dimensional coordination. Material outline 
specifications can be applied to the components in each concept design model 
based on these architectural components via three specific steps as shown in table 
03, once component material thicknesses are defined, these steps, specify the 
material for components, define the material surface pattern in line with outline 
material specification. Through the 3D visualisation, waste generation area will be 
identified for each concept model and it will be reviewed and report. Through the 
report selection of the Concept design that generates the low ‘virtual’ waste will 
be carried out. 
 
 
5.2.2 Framework for Design Development 
  
The selected low waste generated concept stage’s architectural model is further 
developed. Based on that separate structural model and service model are developed 
using 3D parametric modelling.  
 
Table 03: Waste minimisation for concept models 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Waste minimization analysis for a concept model-X 

Material standardization 

Apply Material 
specification for each 
concept model 

Define the length and thickness 

Specify the material 

Define Material pattern 

Estimate waste 
generation from each 
concept model  

3D visualization 

Identify the waste generation area 

Waste evaluation 
report 

Review each concept model waste generation. 
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The literature review explored that design changes during the execution of work can be 
minimised through clash detection, design detailing and, simulation and 3D 
visualisation which assist design decision making process. Then these three separate 
models will be combined, referred as combined BIM model is phased to automatic clash 
detection to reduce any design coordination errors and inconsistency between 
architectural, structural and service models. Material outline specification is applied to 
combined BIM model components. This helps to find the suitable use of materials 
through the specified four steps namely; locate each component, specify the material for 
each component, create the material surface pattern and allocate the material for each 
component which is shown as in table 04. 
 
The ‘virtual’ waste analysis process is conducted through 3D visualisation by visual 
inspection of material and components wastage. This is based on the outline material 
specification of the combined BIM model. This visual inspection is carried out in real-
time. After that, the ‘virtual’ waste generation area is identified which are not fulfil with 
material surface pattern. The total virtual waste generation is estimated through 
inspecting architectural, structural, service BIM model components. 
 
Table 04: BIM-based building waste analysis-1 
 

B2WA1 
Building model analysis 
 
Develop components for structural, 
architectural, services and apply Material 
specification for each component 
 

• Conduct automatic clash deduction in between 
structural, architectural, services model. 

• Locate each component 

• Specify the material for each component. 

• Create the material surface pattern 

• Allocate the material for each component 

Waste prediction 
Estimate the virtual waste generation from 
the combined BIM model 

• Calculate the virtual waste from the BIM model by 
using waste prediction tools. (refer 2.5 waste prediction) 

Waste visualisation:  
Different elements of the 
The waste forecast is mapped onto the 
visual components. 

• 3D visualisation 

• Identify the waste generates area 

Waste minimisation 

• Produce waste estimation report 

• Conduct waste minimisation 
activity 

• Review each components waste generation 

• Review the advantages and disadvantages of each 
component, materials in terms of virtual waste minimisation. 

• Update BIM database 

 
5.2.3 Framework for Technical Design Development  
 
The developed BIM model in the design development stage is phased to the technical 
design stage for technical development. Each component of the architectural, structural, 
service BIM model is technically developed. After the development three models 
combined, then B2WA2 is performed as specified in table 05. 
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Table 05: BIM-based building waste analysis-2 
 

B2WA2 
Building model analysis 
Develop technical components for each 
architectural, structural, services 
components and apply material 
specification. 

• Conduct automatic clash deduction in between 
structural, architectural, services model. 

• Locate components 

• Identify the material surface pattern 

• Identify the off-site construction solution 

Waste prediction 
Estimate the virtual waste generation from 
the combined BIM model. 
 

• Calculate or estimate the virtual waste by using waste 
prediction tools. (refer 2.5 waste prediction) 

Waste visualisation:  
Different elements of the 
waste forecast, are mapped onto the visual 
components. 

• Realistic parametric 3D model visualisation 

• Structural: identify the virtual waste length 

• Architectural: identify the surface area virtual waste  

• Services: identify the virtual waste length  

Waste minimisation 

• Produce waste estimation report 
 

• Conduct waste minimisation 
activity 

• Review each components waste generation 

• Review the advantages and disadvantages of each 
component, materials in terms of virtual waste minimisation. 

• Update BIM database 

 
i.Limitation of the framework 

 
There is a development gap in this framework. There is no current BIM compatible 
software for virtual waste estimation. Due to this gap, the proposed framework 
currently can not be efficiently implementable. Therefore, there is a need for the 
development of BIM compatible software. The practical method to implement goes with 
a manual calculation for waste calculation. However, that will not be as efficient as a 
BIM system. Another identified practical issue was that there is no 3D material database 
available in the Sri Lankan market. This will interrupt the ‘apply material outline 
specification’ activity. But this can be overcome when a foreign material supplier 
connects with the design team through BIM. But there is a question on economic benefit 
from foreign material compared to local material supply. Due to the unavailability of a 
3D material database, the action applies material outline specification cannot be 
performed effectively. Due to that flow, the framework can be interrupted. Therefore, to 
a successful implementation of the proposed framework in this study, above-mentioned 
issues need to be identified and determined by the project participants. 
 
6.0 Conclusions 
 
Through an extensive literature survey, it was found out that the BIM has the potential 
for CWM during the design stage of a construction project. The theoretical framework 
proposed as in Figure 1 is an integrated BIM-based CWM process that addresses 
construction waste causes across various design stages through BIM-based design 
activities. Accordingly, this framework helps to evaluate the CWM performance across 
each design stage. This framework has been designed considering the RIBA plan of 
work design activities, upon the Bew-Richard’s level 2 BIM. This framework consists of 
each design stage and has separate CWM evaluation process for each design stage. Table 
3, 4 and 5 in this study described incorporated activities with BIM-enabled building 
waste analysis for a concept model, design development stage and technical design 
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stage. This study is comprised upto the literature review supporting to the framework 
and validation of the theoritical framework is suggested for future research direction. 
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