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Abstract. Construction and Demolition waste has started to become 
a target in the path for a more sustainable industry mainly due to 
massive resource consumption, land depletion and emissions. As a 
substantial amount of waste originates due to inadequate decision-
making during design, strategies to design-out waste are required. 
Accurate environmental impact of, not only the whole building, but 
construction materials and elements are crucial to the development of 
these strategies, but dependent on data availability, expert knowledge 
and proper sharing and storage of information.  Hence, this study aims 
to investigate the relation between data, stakeholders and 
environmental assessment to properly build a design-out waste 
framework. An in-depth data collection from literature review and 
stakeholders' interviews guided the development of a conceptual 
framework to assist designers with information related to waste 
production and its reduction. After that, the necessary technical 
specifications for its adoption through a BIM environment were 
analysed. Its contribution is firstly on a shift of thinking during the 
design phase, as the goal is to provide environmental information so 
designers can take into consideration the long-term consequences of 
waste from different strategies and solutions; and secondly in the 
development of a computational tool that facilitates the design-out 
process. 
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1. Introduction 

With the accentuated increase of the built environment over the last decades, C&D 
waste started to gain global attention. Without any consideration, this type of waste can 
have a significant impact on both the economy and environment. Current efforts in 
construction management mainly focus on addressing waste after it has occurred, such 
as reuse, recycle and landfill. However economically appealing or sustainable they 
might sound, these practices require transportation, energy, water, labour hours and site 
space, as well as a probable non-existing acceptance from clients and stakeholders. 
Beyond that, those strategies can even generate more waste by liberating consumers’ 
consciences and being conservative enough not to change capitalist conventions 
(Baker-Brown, 2017). 

The concept of minimization at source is preferable since it offers preventive 
measures, that is, decreases waste production instead of dealing with it once it is 
originated. It can contribute to reduction of environmental impacts related to waste 
management options such as landfill and incineration facilities, promote resource 
efficiency by reducing material and energy use, cut down on harmful processes such 
as extraction, manufacturing and distribution and improve conditions for public health 
by minimizing hazardous waste (European Commission Directorate - General 
Environment, 2012). 

To avoid or minimize C&D waste it is imperative to create strategies for the design 
phase, when materials and construction technologies are being chosen and decisions 
can generate waste as a consequence, directly or indirectly. However, clear and 
comprehensive information is needed during the decision-making process to assist the 
development of waste reduction mechanisms.  

From the premise that designers are unaware of how their decisions influence C&D 
waste generation in terms of quantity and criticality, this study aims to investigate the 
relation between stakeholders, construction information and holistic assessment to 
properly feed a computational tool that targets waste minimisation.  Accurate 
environmental impact value of, not only the whole building, but construction materials 
and elements are crucial to the development of waste minimisation strategies, but 
dependent on data availability, expert knowledge and proper sharing and storage of 
information.  

The objectives then are to, with data collected from theory and practice, develop a 
framework to produce, assess and present waste impact information during the design 
phase, reducing the environmental impact of cities by focusing on waste management. 
To enable the collection, share and use of this information throughout the supply chain, 
as well as its future demonstration and validation, the framework is focused for an 
implementation in a BIM environment. Hence, this study will also specify its technical 
specifications and discuss possible methods for its adoption. 

2. Background and Motivation 

The process of waste production during a building’s lifespan generates considerable 
amount of carbon emissions, mainly CO2, CH4 and N2O (Xu, Shi, Xie, & Zhao, 
2019), primarily related to transportation, centre handling processes, equipment 
operations (Wang et al., 2016) and, depending on the disposal treatment and material 
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composition, chemical reaction. In addition, while the majority are considered inert, 
building materials may have absorbed harmful elements that can leach toxic heavy 
metals to the soil (Zheng et al., 2017). Furthermore, due to inappropriate treatment and 
dumping, it causes excessive land use, natural resource consumption and human health 
depletion, apart from imposing extra cost for management, regardless of its disposal 
path (Jalaei, Zoghi, & Khoshand, 2019).  

In the build environment sphere, there is a consensus among professionals that a 
considerable amount of waste originates as a result of inadequate design planning and 
decision-making during this phase; thus, a design that fully considers the overall 
construction can prevent unnecessary waste (Enshassi, 1996; Llatas & Osmani, 2016; 
Osmani, Glass, & Price, 2008; Osmani, Price, & Glass, 2005; Wang, Li, & Tam, 2015). 
Although the causes of waste generation can vary – last minute changes, detailing 
errors, materials specification, high complexity, ineffective communication, lack of 
standard dimensions, poor documentation, clarification on materials quantity and 
quality (Olanrewaju & Ogunmakinde, 2020) – it is clear that a proper design-out waste 
approach demands the delivery of accurate and comprehensive data during a projects 
development to assist environment conscious decision-making.  

However, the overall process of C&D waste production through design is complex, 
as buildings embody a range of materials, diverse stakeholders, unique clients/users, 
all contributing, directly or indirectly, to waste (Keys & Baldwin, 2000); hence, one of 
the main barriers to achieving this goal is on the practical implementation of designing 
out waste, that is, what are the necessary parameters required during the design phase 
to help waste reduction, how to collect and analyse them and how to inform the 
designer. 

Although some existing waste management tools target the design stage, they are 
not entirely appropriate as they are detached from the design process and required the 
bill of quantities to function (Akinade et al., 2018). To bridge the gap between 
minimizing waste and design strategies, more comprehensive environmental 
information is required, which means sets of data based on accurate and holistic 
assessment throughout the building’s life cycle. 

3. Methodology 

This paper is divided in (1) comprehensive systematic literature review to identify gaps 
and analyse existing approaches, to understand the requirements for proper waste 
minimisation strategies during the design stage; (2) an in-depth case study with 
different professionals involved in the same construction project to analyse materials 
and waste streams throughout the supply-chain and understand how to accurately 
propagate necessary data and calculate environmental impact; (3) development of a 
conceptual framework to demonstrate the process flow and specify parametric design 
capabilities to indicate to designers how to acquire information related to waste 
production and manage their decisions focused on its reduction; and (4) description of 
technical specifications required by the framework for a BIM-enabled prototype.   

3.1. SYSTEMATIC LITERATURE REVIEW 

An extensive systematic literature review was employed as a first qualitative approach 
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to unveil and analyse previous studies focused on C&D waste management during the 
design phase. The review was performed in the databases Web of Science and Scopus, 
with the following keywords: TITLE-ABS-KEY (("C&D" OR "construction and 
demolition waste" OR "construction waste" OR "demolition waste") AND ("design* 
phase" OR "design* stage" OR "designing out")). The search targeted journal papers 
and no particular period of time was fixated. The main aim was to understand existing 
design-out approaches, identify current challenges surrounding waste prevention 
techniques in the building industry, and identify que factors that influence design 
strategies/solutions targeting waste reduction. After analysis following a title and 
abstract screening, as well as inclusion per snowballing method, 35 articles were 
assessed. 

3.2. INTERVIEWS 

To understand the practice scenario with data regarding current building project’s 
supply chain and its stakeholder’s perspective, this study used interviews with experts 
to obtain in-depth information. To assess both individual perspectives and 
communication streams, a building project was chosen, and the stakeholders involved 
in a full material stream, from design to end-of-life, were interviewed - architect, 
builder, supplier and waste/recovery manager. The choice of project, although bounded 
by data availability, was guided by average characteristics and building typology. For 
this research, semi-structured interviews were preferable because it facilitates open-
ended discussions, exploring building waste and each stakeholder’s responsibility of 
its impact (Babbie, 2016).  

The questions were firstly piloted with two experts and, after revised, a short 
description and overview of the research was provided to each participant prior to the 
meeting. The interviews were individual, typically lasted between 40min to 1 hour and 
began with a series of semi-structured questions, followed by an informal discussion 
regarding waste streams and their position in the building’s life cycle. Each interview 
was recorded, transcribed, and analysed to inform the development of the C&D waste 
design-out conceptual framework.  

4. Conceptual Framework for Designing-out C&D waste 
With data collected from theory and practice, a framework was developed to produce 
and present waste environmental information during the design phase. Firstly, a 
theorical framework was built based on existing approaches and the current gaps of 
information. After that, to comprehensively assess the current scenario it was necessary 
to “take a picture” of an existing supply chain of a building project in order to 
understand technical aspects, such as BIM adoption levels, data availability and 
communication paths, and contextual aspects, like their opinions regarding waste 
minimization and perspectives on building management. Hence, the interviews have 
been conducted to improve knowledge found in the literature and guide the 
development of the proposed framework from the theorical one. 

4.1. LITERATURE FINDINGS 
Despite the general knowledge of minimizing C&D waste through appropriate 
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decisions during the design stage, there is still a lack of approaches focused on 
improving the information and the required process to aid designers during the project 
development. Beyond technical integration issues, environmental impact data needs to 
be accurate to properly influence decision-making. 

Figure 1 displays different topics, based on the literature, that should be considered. 
The knowledge necessary to analyse waste is spread out through different stakeholders 
in a project’s life cycle and all this information needs to be collected, assessed, and 
provided back to the designer. The assessment should consider all material streams, 
from product stage to its end-of-life stage, so that every waste sources and causes are 
accounted for. Finally, a technology to help storage, manage and share the information 
is required, to help quantify environmental impacts and evaluate design options, while 
being attached to the design process. 

Figure 1 - Theoretical framework on design-out waste information 

4.2. INTERVIEW FINDINGS 

 After an in-depth qualitative analysis, some themes started to appear from the 
interviews. The questions were related to their view on responsibility for the waste 
generation, consideration taken to reduce C&D waste and how feedback is shared with 
the designer.  Figure 2 summarises the key findings from the interviews, divided by 
topics.  

Figure 2 - Summary of findings from stakeholder's interviews 

Taking into consideration the required information necessary to assess C&D waste, 
three main points arise: the source of materials, the amount you can recover from each 
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material/system and the impact that this recovery to the supply chain will generate. 
Hence, although a holistic environmental impact is needed, other environmental layers 
should also be analysed: Design for Disassembly score, that focus on functional 
dependence, time for disassembly, lifespan, disposal path, and Circularity Indicator, 
that is based on the amount of virgin materials and unrecoverable waste.  

Although BIM is commonly used between stakeholders, it is interesting to note that 
its adoption is focus on 3D modelling and highly separated into disciplines, that is, 
professionals use its object-oriented characteristics to develop part of the project 
specific to its stage. There is a lack of collaborative use, proper enhancement of Level 
of Detail (LOD) as the project advances and exchange of information among stages.  

From the designer's perspective, on a realistic scenario, there is not enough time to 
research, collect and compare environmental information of different materials or 
construction choices. In addition to that, decisions are highly dependent on budget. 
Nonetheless, their responsibility to the C&D waste production is very clear and 
strategies to minimise it should be expected to come from themselves.  

Also related to the timeframe is the accessibility of environmental outcomes. 
Besides being accurate and comprehensive, waste impact measures should be clear to 
non-experts as well as supportive of a collaborative workflow among stakeholders. 
Visual representation of the environmental outcome and comparable options with 
benchmarks or other standard options can help designers make fast informative choices 
during the decision-making process.   

Since external drivers will dictate specific choices, whether is a tight budget or a 
client driven decision, it is important to allow the designer to balance its impact. 
Changes on one material or element might influence others and this can be used by the 
designer to absorb a "non-negotiable" waste impact. 

4.3. CONCEPTUAL FRAMEWORK 
Based on the findings from theory and practice, a framework was developed to 
generate and present waste environmental impact data during the design phase of a 
building, as displayed in Figure 3.  

From the Theoretical Framework is clear that comprehensive environmental data 
is imperative for the development of design strategies focused on waste minimisation, 
and for that the information needs to encompass three important topics: people, 
process, and technology. Since information is scared around the supply chain, different 
stakeholders need to be involved and actively share their knowledge; a life cycle 
assessment is imperative to properly grasp the impact waste has on the environment; 
and building information modelling is the technology proposed for the collection, 
sharing and analysis of the required data.  From the interview findings important 
practical aspects were identified and need to be included in the framework for it to 
become a feasible approach for the current construction project reality, such as a more 
comprehensive outcome that has different environmental layers to cover more C&D 
waste aspects, the use of visual data for more clear results and easy comparability, and 
an overall feature that allows the user to choose on their own, so they have the power 
to balance the impact throughout the project design.   

As a framework built with an object-oriented approach, the assessment is 
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conducted whenever the user chooses an object and requests its waste information. The 
inputs necessary are related to the chosen object and how it is inserted in the design in 
place, hence primary information from the project being developed needs to be added, 
such as location, gross floor area, net floor area and building typology. Beyond that, 
the type and amount of material, as well as the building layer being assessed need to 
be described. This information, together with secondary datasets from environmental 
databases, available EPD's and national benchmarks, will feed the Waste Analytics 
step. To generate a more comprehensive output, as per the findings, three 
environmental layers are calculated: Life Cycle Assessment (LCA) impacts (Global 
Warming Potential, Embodied Energy and Embodied Water), Design for Disassembly 
Score and Circularity Indicator. 

Figure 3 - Conceptual framework for design-out C&D waste  

 The framework does not generate a new design or chooses a new object, but rather 
inform the user about its choice and shows the results in a scale with other 
alternative/benchmarks. The user can then decide on a different approach, and insert 
new information as input, or keep this object, based on the project's requirement and 
personal preferences, and resume the modelling. The whole process keeps ongoing 
with each request for new object waste information, and the environmental impacts 
will change according to the choices that influence that building's life cycle. Once the 
design is finished, the whole-building waste environmental impact can be calculated, 
based on the three environmental layers being considered for each object. 

5. Technical Specifications for a BIM-enabled development 

To demonstrate the capability of the framework and how it can assist professionals on 
estimating and minimizing waste environmental impact, a computational prototype is 
proposed. As a first step towards the development of its system architecture and 
validation with a practical tool, the technical specifications required by the framework 
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for a BIM-enabled approach tool were listed. In that scenario, BIM was chosen as it is 
an object-oriented modelling method that allows users to create digital 3D models, 
while also helping to storage, manage and share information regarding construction 
materials that are imperative to quantify environmental impacts related to waste. 

The basic requirements for a successful platform focused on design use include 
having a user-friendly environment, support for collaboration and integrate different 
types of data into the design process to aid design decisions (Calixto et al., 2021). In 
addition, there are current requisites for improving waste effectives of the construction 
industry, such as benchmarking of waste generation rates, waste management from a 
life cycle perspective and integration of newly emerging technologies such as BIM, 
GIS and Big Data (Jin, Yuan, & Chen, 2019). 

The framework also requires a collaborative workflow amongst stakeholders, as 
the outcomes are based on parameters and knowledge divided throughout the project's 
life cycle and there is a need for work in real-time, with sharing of data, feedback, and 
inputs. As per the literature and interviews, it is expected that BIM-enabled tools have 
a high adoption rate, with broad use in different stages of the project and supply-chain 
of materials/products. Exporting projects in different formats to use in other parametric 
tools is a valid option, however, although there are several existing options that are 
technically capable of data-driven flow and have a high potential for collaborative 
work, the preferable choice, for a seamless exchange of information, is the use of one 
tool for all project stages. The following technical requirements are presented based on 
the framework steps: 

Input: The object being assessed needs to be identified, both physically and 
practically; hence, a few features must be entered by the user within the BIM 
environment. The first qualitative one is related to the materials that constitute the 
object and the second is the building layer that the object is a part of. The next feature 
is related to quantity, and it must be a numerical parameter related to the object. Beyond 
that, some project primary information is requested as well, to be included in the Waste 
Analytics as primary data.  

Secondary data: The use of different secondary databases and primary datasets to 
generate environmental layers from a range of parameters is imperative to 
comprehensively assess waste, which requires an exchange of information between 
separate data formats, such as EPI's, material environmental impact datasets, national 
waste reports, etc. 

Waste Analytics: Both primary and secondary data will be used to quantitatively 
calculate the proposed environmental layers. This will be happening outside the BIM-
environment and, once the outcome is defined, it will be sent as a set of additional 
information for that object's library inside BIM.  

Waste Impact Information: For a more accessible outcome, the result is required to 
be presented in a visual way. The results are generated separately, but displayed both 
together and individually, as well as correlated to benchmarks or BAU (business as 
usual) options. A proper visualization approach will assist in the comparability of 
materials/elements, which is imperative for a realistic designer timeframe, and the 
usability of the tool, since users are not necessarily experts in environmental strategies.  

Finally, within the BIM environment, the user will decide the next course of action 
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based on the information they were given.  

6. Conclusion and Future Work 

This paper discusses the relation between data, stakeholders and environmental 
assessment to properly build a design-out waste framework. Despite the attention C&D 
waste is obtaining nowadays, a comprehensive approach for its reduction from source 
is still missing. In the present work, a conceptual framework was proposed based on 
findings from both theory and practice, i.e. systematic literature review and interviews 
with stakeholders.  

From the findings, it was concluded that the development of design strategies 
focused on waste minimisation require comprehensive environmental information that 
encompass people, process, and technology, that is, knowledge and collaboration from 
different stakeholders, a life cycle assessment of impacts caused by waste, and a BIM 
methodological approach to support the assessment. Beyond that, after "taking a 
picture" of an existing stakeholder chain from a real-life project, important practical 
aspects were identified and included in the framework for it to become a feasible 
approach for the current construction industry: different layers of output and the best 
way of visualizing it, BIM software adoption consideration, the existing timeframe and 
automation necessary for it and flexibility of balancing the project's impact by receiving 
the information and deciding their preference.  

The limitation of the interview findings must be acknowledged as, although part of 
a qualitative method, the number of participants is not high enough due to data security 
and availability. However, because the intent was to understand the relation between 
stakeholders and how data is shared within the same project, the outcome is still valid 
and representative of a medium size construction project.  

The proposed approach is part of an on-going PhD research focused on designing-
out C&D waste by supporting designers during their decision-making process. The 
next steps will be focused on the technical features, with the development of a BIM-
enabled prototype and the demonstration will be conducted with a case study, the 
building project from the stakeholder's interview. Possible options for technical 
development are plug-ins on popular BIM software, such as Revit, or an Algorithm 
Design approach, with a programming on Grasshopper. Both options fit the technical 
specifications required by the framework, and the difference lies on the coding 
development process. Finally, a validation will be conducted by going back to the 
architect responsible for the case study, to analyse how well the prototype addresses 
this type of stakeholder's needs and expectations.  
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