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Abstract for Masters 

A Decision-Making Framework for the Built Facilities’ End-of-Life from Sustainability and 

Circular Viewpoints 

Julia Maria Ferreira Gomes 

The construction industry generates over a third of global waste, most of which is produced at the 

End-of-Life (EoL) stage of built facilities and disposed of in landfills. Existing decision-making 

models often focus on a limited range of EoL decisions and lack stakeholder diversity, leading to 

biased outcomes. This study develops an inclusive decision-making model for the EoL stage. It 

defines a framework of four EoL sub-phases, related decision problems, and alternatives based on 

a systematic literature review. A set of 25 criteria was compiled, validated through interviews with 

25 stakeholders, and weighted using an Analytical Hierarchical Process (AHP) survey with 52 

participants. The model was tested on a two-story, 59,360 SF resort facility in Ontario using data 

from reports, government sources, quantitative tools, and industry partners. Four scenarios were 

analyzed: Full Deconstruction, Partial Deconstruction, Full Demolition with landfill disposal, and 

Full Demolition with recycling. Full Deconstruction emerged as the optimal solution, 

outperforming Full Demolition with landfill disposal by ~40%. Regulations were identified as the 

most critical factor, followed by Environmental aspects, ranking higher than Economics—contrary 

to prior studies. These findings highlight the vital role of government regulations in driving 

sustainable practices. The resulting model provides robust guidance for decision-makers, 

addressing EoL complexities and promoting sustainability and circularity in the construction 

industry. 
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Chapter 1. Introduction 

1.1 Motivation and Background 

The construction industry has a substantial and far-reaching impact on the environment. 

Construction and building maintenance emissions together are responsible for about 39% of total 

global greenhouse gas (GHG) emissions (UN environment programme 2020) and nearly 35% of 

all waste in landfills around the globe (UN environment programme 2020). This impact is 

particularly acute in the EoL phase when building materials (and components) are mainly 

discarded and end up as waste (Purchase et al. 2022). Building entirely new buildings is oftentimes 

preferred to retrofit and material reuse, leading to significant resource extraction and energy 

consumption (Hu 2021). Moreover, the construction industry is the largest consumer of virgin 

materials (Orenga Panizza and Nik-Bakht 2024). The extraction of these non-renewable raw 

materials is resource-intensive. It consumes a substantial amount of water and energy, is associated 

with the polluting of air, soil, and water, and is further exacerbating climate change (Orenga 

Panizza and Nik-Bakht 2024). The impact of construction on the environment is massive and will 

continue increasing as more buildings and infrastructure are built for populations growing and/or 

forced to relocate as a result of climate disasters (Gomes et al. 2023). 

In Canada, the construction industry is responsible for nearly 40% of material extraction (Allam 

and Nik-Bakht 2024). Unfortunately, these materials often become waste sooner than expected 

during the construction, renovation, and EoL stages. For instance, in 2010, the Canadian 

Construction and Demolition Waste (CDW) sector generated over 4 million tons of waste, with 

only 16% being diverted from landfills (CCME, 2019.). Most of those impacts can be attributed 

to the EoL stage, which contributes to more than half of the construction industry's waste streams 

(Akanbi et al. 2018). The impacts of the construction industry are not restricted to the environment 

but also affect the people and communities around EoL construction activities. Foremost among 

these impacts are health and safety concerns, as EoL construction activities may cause hazardous 

material exposure and noise pollution, which can lead to adverse health effects for both workers 

and residents (Cook et al. 2022; Purchase et al. 2022).  

Addressing problems with the EoL stage of construction projects requires careful consideration of 

the two primary practices: demolition and deconstruction. Demolition involves the destruction of 
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buildings with little consideration of material recovery, resulting in most waste being landfilled 

(Akinade et al. 2015). Unlike demolition, deconstruction involves the careful disassembly of 

buildings to recover materials for reuse, recycling, or repurposing (Akinade et al. 2015). 

Deconstruction not only reduces the volume of waste sent to landfills but also supports the 

principles of a Circular Economy (CE) by extending the lifecycle of building materials (Akinade 

et al. 2015).  

 In a linear construction model, buildings and infrastructure are constructed, used, and often 

demolished and disposed of (take-make-dispose) (Anastasiades et al. 2020). In contrast, CE in 

construction emphasizes preserving the value and extending the useful life of materials and 

structures (Nadazdi et al. 2022; Guerra and Leite 2021). To transform linear systems into circular 

ones, strategies such as deconstruction or partial deconstruction are needed to increase the 

reusability of materials and components (Allam and Nik-Bakht 2023a).  

While CE may appear to be a solution to many waste management problems, its precise definition 

can be ambiguous (Velenturf and Purnell 2021). According to Velenturf & Purnell, 2021, CE 

should encompass more than just efforts to minimize resource exploitation and waste production 

(Velenturf and Purnell 2021). Environmentally, circular construction has the potential to minimize 

resource extraction, reduce waste generation, and lower GHG emissions by extending the life of 

assets and materials (Liu et al. 2021). Socially, it can lead to safer and healthier work environments, 

create job opportunities in refurbishment and material recovery, and engage local communities in 

more sustainable and collaborative construction practices (Purchase et al. 2022). In essence, 

circular construction represents a transformative paradigm that not only aligns with sustainability 

goals but also offers solutions to pressing environmental and social challenges within the 

construction industry. Therefore, effective decision-making is crucial to moving toward CE 

practices and enacting these changes in a sustainable way (Gomes et al. 2023). 

A structured decision-making framework can help to standardize the process of evaluating and 

selecting the most appropriate EoL option for a given structure. The frameworks typically include 

a systematic evaluation of various factors such as economic, environmental, and social impacts, as 

well as the technical feasibility of different options. Using a structured framework can ensure that 

all relevant factors are considered and that decisions are made transparently and consistently. In 
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addition, a structured framework can encourage the use of more environmentally friendly methods 

of demolition and disposal, enhancing CE (Gomes et al. 2023).  

1.2 Problem Statement 

The adoption of CE practices faces several barriers. Among those barriers, a prominent obstacle is 

the challenge of achieving a comprehensive understanding of the associated benefits and costs 

when comparing circular and linear systems (Ghisellini, Ripa, and Ulgiati 2018). In the pursuit of 

a more sustainable building industry, various decision-making frameworks and scoring systems 

have been proposed in research and practice. However, these approaches have mainly focused on 

the building design phase (Bueno et al. 2018; Hu 2019). They do not consider the full life cycle 

impacts, in particular, the EoL stage of materials, assets, or entire facilities. While green building 

design solutions are fundamental for sustainability improvement, the failure to account for long-

term aspects like retrofitting, renovation, and potential demolition results in the oversight of 

significant EoL impacts. To incorporate the full EoL stage into this structured framework, it is 

crucial to understand the main struggles in the EoL stage, potential alternatives, and criteria that 

can incorporate sustainability to this decision process. 

Additionally, these frameworks often inadequately address the challenge by omitting potential 

impacts, particularly social factors, and neglecting the inclusion of relevant stakeholders and 

affected individuals in decision-making processes (Gomes et al. 2023; Velenturf and Purnell 

2021). This limitation can result in biased assessments and unreasonable recommendations, 

hindering the industry from making informed decisions that align with CE principles (Quéheille 

et al. 2022; Esther Aigwi et al. 2019). The inclusion of a wide range of stakeholders such as 

designers, contractors, owners, recycling and landfill facilities, demolition companies, and 

government representatives is needed (Gerding et al.  2021; Gomes et al. 2023). The introduction 

of those participants is crucial to successfully implementing sustainable CE since they are part of 

and responsible for the current linear status quo (Gomes et al. 2023). 

Despite its substantial potential to address sustainability challenges, the decision-making process 

is still required. It is crucial to realize that a complete deconstruction and material reuse may not 

always be the optimal or practical solution for a built facility (Allam and Nik-Bakht 2024). 

Accordingly, the assumption that every building should be deconstructed instead of demolished is 
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not universally accurate (Ghisellini et al. 2018). This decision should be made case by case, 

considering the best outcome regarding sustainability.  

The current practice lacks a standardized and widely accepted framework that addresses the 

multiple stages of the EoL process in construction. Thus, there is a need for a framework that 

covers different decision problems and includes a diverse set of criteria. To achieve this, a 

structured decision-making framework is essential to help stakeholders make informative 

decisions throughout the EoL stage. Such frameworks should systematically evaluate economic, 

environmental, social impacts, and technical feasibility evaluated by multiple participants involved 

at the EoL stage.  

1.3 Objectives 

The primary goal of this study is to develop a Multi-Criteria Decision-Making (MCDM) model 

for the EoL stage of built facilities and incorporate input from a diverse range of stakeholders. This 

research aims to identify and articulate relevant attributes or criteria and evaluate available 

alternatives throughout the entire EoL stage. A key focus of the study is to incorporate 

comprehensive input from a diverse range of stakeholders and users across the construction 

industry. By doing so, the research seeks to provide owners and decision-makers with robust tools 

to make more informed, sustainable, and circular decisions during the EoL stage.  

The model is designed to highlight and prioritize the most impactful decisions, reflecting the 

realities of the industry through the direct input of its participants. By integrating economic, 

environmental, social, and technical factors, and assigning community-driven weights to each, this 

study aims to offer a nuanced framework for decision-making that facilitates clearer evaluation of 

alternatives and supports a balanced approach to sustainability. 

To achieve this overarching goal, the Research Objectives (RO) of this study are defined as: 

• Research Objective #1 (RO 1): Identify key challenges and decision problems that need to 

be addressed during the EoL stage of built facilities through an extensive literature review.  

• Research Objective #2 (RO 2): Develop a hierarchical tree of criteria that govern decision-

making desirability by synthesizing insights from prior studies and incorporating input 
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from stakeholders. Stakeholder semi-structured interviews will validate this hierarchical 

structure to ensure its relevance and accuracy. 

• Research Objective #3 (RO 3): Design and implement an online survey to collect and 

aggregate weights for each criterion, incorporating feedback from a diverse range of 

stakeholders and the broader community. The survey will be used to prioritize criteria 

based on the collective input of various participants. 

• Research Objective #4 (RO 4): Evaluate the model’s feasibility and effectiveness by 

applying it to a real-world Canadian construction project. This case study will test the 

model's practical application and assess its performance in a specific context. 

1.4 Organization of the Thesis 

Following the overview of the research's motivation, existing problems, and objectives provided 

in this chapter, the document is organized as follows: Chapter 2 presents the literature review; 

Chapter 3 introduces and explains the research methods of the model development; Chapter 4 

details the results of the model development including the semi-structured interview and online 

survey; Chapter 5 covers the methods of model evaluation and case study; Chapter 6 presents the 

discussion and findings of the model evaluation process; and Chapter 7 concludes with final 

remarks.  



6 

 

Chapter 2. Literature Review 

2.1 Main challenges at the EoL Stage 

As this study aims to promote more sustainable and circular outcomes for built facilities, this 

section investigates the major challenges and considerations associated with the EoL stage. It 

reviews key decision problems and factors that impact the transition towards sustainable and 

circular practices in the management of built assets. 

2.1.1 EoL Challenges 

To initiate this research, a literature review was conducted to understand the main decision 

problems associated with the EoL stage of built facilities. While significant attention has been 

given to EoL considerations during the design phase, an area that is indeed crucial and worthy of 

focus, there remains a substantial gap concerning existing facilities. These structures, which did 

not benefit from early EoL planning, face unique challenges that require targeted solutions. 

Recent studies have acknowledged the need for decision-making frameworks in addressing EoL 

challenges (Allam and Nik-Bakht 2023; Allam and Nik-Bakht 2023b; Allam et al. 2023; Panizza 

and Nik-Bakht 2024). However, many decision problems, such as whether to demolish or 

deconstruct a building, are often treated as separate issues. Some studies focus solely on 

deconstruction, demolition, or renovation decisions (Iodice et al. 2021; Abruzzini and Abrishami 

2021; Baker et al. 2017) , while others concentrate on material disposal options like reuse, 

recycling, or landfilling (Nadazdi et al. 2022; Ding et al. 2018; Khoshand et al. 2020). It is crucial 

to approach all EoL decisions holistically rather than isolating specific aspects. Additional 

decisions, including facility selection, sorting systems, and material-level disposal options, also 

play an important role in circularity assessments (Hossain et al. 2017).  

2.1.2 Literature Review Structure  

A systematic literature analysis was conducted to establish a holistic set of related decision-making 

criteria, independent of the approach. Two databases, namely Google Scholar and Engineering 

Village, were used to screen pertinent studies. The search process involved predefined keywords 

such as “Circular economy”, “end-of-life”, “decision problems”, “construction”, “Life Cycle 

Assessment (LCA)”, “MCDM”, “Circularity Index (CI)”, “demolition”, “deconstruction”, 
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“environmental”, “social”, and “regulations”. This screening resulted in over 100 papers. Figure 1 

illustrates the described process using a systematic approach. 

 

Figure 1 Literature Analysis Structure. Filtering, screening, and Selection 

2.1.3 Construction Phase 

To identify the main issues that can influence decision-making for a built facility, the author first 

identifies the process through the construction phases and, in more detail, the sub-phases of the 

EoL. The construction process is divided into 17 stages which are separated into 5 main groups 

(Serrano and Álvarez 2016; Abouhamad and Abu-Hamd 2021). A1-A3 covers the product stage, 

which includes raw material extraction, transportation, and manufacturing. A4-A5 pertains to the 

construction phase, encompassing the transport of materials and their installation on site. B1-B7 

represents the use phase, involving the operational activities of the facility. C1-C4 corresponds to 

the EoL stage, addressing the facility’s decommissioning, demolition, and post-use management. 

D includes external benefits and impacts beyond the system boundaries, such as reuse, recycling, 

and other sustainability considerations (Abouhamad and Abu-Hamd 2021).  
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The scope of this study falls within the C4 phase consisting of four EoL sub-phases as identified 

in the literature: (1) deconstruction/demolition, (2) transport, (3) waste processing, and (4) disposal 

(Vilches et al. 2017; Serrano and Álvarez 2016; Abouhamad and Abu-Hamd 2021). The 

Deconstruction/Demolition sub-phase involves the systematic dismantling or tearing down of the 

facility with deconstruction focused on carefully salvaging valuable materials and demolition on 

the more aggressive removal of the structure. In the Transport sub-phase, materials and waste are 

moved from the site to recycling centers, transfer stations, or other processing locations, ensuring 

efficient and safe handling. The Waste Processing sub-phase encompasses the sorting and 

preparation of materials for recycling, reuse, or energy recovery, aiming to maximize material 

recovery and reduce landfill waste. Finally, the Disposal sub-phase involves the responsible 

handling of non-recoverable waste, including the safe disposal of materials in landfills or through 

other approved methods to minimize environmental impact. 

2.1.4 Decision Problems 

To effectively address challenges specific to the EoL stage, a review was conducted to identify 

sub-phases of the EoL stage, problems specific to each sub-phase, and to understand how other 

studies analyze and address these problems. Traditional LCA methods often break EoL into four 

sub-phases: Destruction/Demolition, Transport, Waste Processing, and Disposal (Gomes et al. 

2023). These stages were used in this study as a framework for the major decision problems in 

EoL and offer a good scaffolding upon which CE principles can be added to status quo construction 

practices.  

For each one of these four sub-phases, related decision problems were identified. In the first sub-

phase, “Deconstruction/Demolition,” the decision problem is to select which of these two choices 

is the best option for buildings reaching EoL (Esther Aigwi et al. 2019; Hasik et al. 2019). In the 

second sub-phase, “Transport”, the CDW disposal/recycling facility is selected. This includes 

decisions not only related to the transportation type and route but also the best available facility 

for the CDW, based on the options in the surrounding area and the typology of waste (Wang et al. 

2021; Chen et al. 2018; Kang et al. 2022). In the third sub-phase, “Waste Processing”, sorting 

practices are selected, aiming to increase the rate of reuse and recycling of construction materials 

(Ding et al. 2021). In the last sub-phase “Disposal”, the final destination of construction materials 

and components is defined, whether that is a landfill (disposal), a recycling plant (recycle), or 
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another construction site or storage facility (reuse) (Antunes et al. 2021; Mishra et al. 2019; 

Khoshand et al. 2020). Figure 2 illustrates the four sub-stages of the EoL phase according to this 

approach, in addition to the defined decision problems and possible alternatives.  

 

Figure 2 Decision problems and alternatives.  

All the sub-phases and, consequently, the decision problems are highly interconnected. For 

example, the first three decision problems directly influence the last one, (i.e., “disposal”), which 

is the most detailed level of this decision-problem framework. The selection of demolition 

practices can perhaps increase or decrease the reusability and recyclability rate of construction 

materials’ disposal depending on chosen practices. Similarly, the same can be observed for in-site 

vs off-site sorting methods (Hossain et al. 2017)Facility selection is also highly related to the 

disposal sub-phase, where considering the available facilities in the region and selecting the best 

option can directly modify the disposal scenario.  

2.2 Decision-Making and Impact Assessment for EoL 

As this research focuses on identifying the most sustainable and circular alternatives for built 

facilities at the EoL stage, this section provides a comprehensive review of existing methods. The 

review aims to highlight the various approaches used to evaluate and compare environmental 

impacts, assess sustainability, and support decision-making in EoL scenarios. By examining these 

methods and tools, this section will lay the foundation for understanding how they can be applied 
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to develop effective strategies for enhancing circularity and sustainability in construction practices 

by addressing specific decision problems. 

The criteria used in solving these decision problems are inconsistent across the literature, 

particularly for social factors. Hence, an extensive review is necessary to create a comprehensive 

list of adaptable criteria applicable to various decision problems. In general, decision-making 

frameworks for EoL use two prevalent methods, LCA and MCDM. The decision-making criteria 

applied in each method tend to differ.  

LCA primarily provides a detailed set of standardized environmental parameters but often 

overlooks socioeconomic impacts (Quéheille et al. 2022). In contrast, MCDM accommodates a 

diverse set of criteria, whether quantitative or qualitative, allowing for the inclusion of social, 

economic, or technical aspects (Garcia-Bernabeu et al. 2020). The integration of these assessment 

methods with Building Information Modeling (BIM) has been a notable trend to facilitate and 

enhance the data collection and assessment process (Figueiredo et al. 2021; Cheng et al. 2022; 

Bueno et al. 2018). Another valuable combination is the use of LCA to assess environmental 

impacts and MCDM for the remaining criteria, this combination facilitates the assessment of 

environmental-related factors and allows the inclusion of multiple stakeholders to assist in the 

criteria weighting process (Figueiredo et al. 2021).  

2.2.1 Life Cycle Assessment  

Another widely used method for evaluating the environmental impacts of buildings is LCA from 

raw material extraction to EoL disposal (Vilches et al. 2017; Di Maria et al. 2018). This method 

measures the potential environmental impacts associated with a product or service throughout its 

entire life cycle, as outlined in the ISO 14040:2006 and ISO 14044:2006 standards (Vilches et al. 

2017). By examining each phase LCA provides valuable insights into resource use, emissions, and 

waste generation, guiding the development of more sustainable and environmentally friendly 

building practices. The LCA methodology uses information from databases to evaluate different 

alternatives. Some of the most used databases are: openLCA, Ecoinvent, Athena database, GaBi, 

and EPDs (Cheng et al. 2022). 

Similar to the analysis done with the MCDM method Vitale et al., 2017 employed LCA to evaluate 

the environmental impacts associated with different stages of the EoL stage for built facilities, with 

a particular emphasis on demolition waste management (Vitale et al. 2017). Their analysis covers 
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various stages including demolition, sorting, recycling, and disposal, and tracks the flow of 

materials to recycling, energy recovery, and final disposal. The study also compares environmental 

performances across different demolition scenarios (Vitale et al. 2017). The results highlight that 

selective demolition improves both the quality and quantity of materials available for resource 

recovery and safe disposal, while also shedding light on the environmental impacts associated with 

each stage of the waste management process.  

Some LCA articles integrated information in these databases with BIM as a means of facilitating 

the LCA analysis (Cheng et al. 2022; Bueno et al. 2018; Jalaei and Jrade 2014). BIM has shown 

efficacy as a digital representation of the physical and functional characteristics of buildings, 

which can generate and store useful information that helps to address data availability problems 

for LCA studies. There are many ways to make this integration. The most popular practice is 

exporting the bill of quantity from the BIM environment. Other forms of integration involve 

developing new tools in BIM or using plugin tools such as Tally (Akbarnezhad et al. 2014). 

2.2.2 Multi-Criteria Decision-Making Methods 

Decision-making in construction involves navigating complex scenarios where multiple often 

conflicting factors must be balanced to ensure project success. MCDM is a vital tool in this context, 

helping to systematically evaluate and select the best alternatives by integrating various criteria 

and stakeholder preferences. To incorporate multiple stakeholders as decision-makers, various 

MCDM methods have been explored in previous literature, including the Analytic Hierarchy 

Process (AHP), Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS), 

Preference Ranking Organization Method for Enrichment Evaluations (PROMETHEE), and 

Analytical Network Process (ANP). The advantages and limitations of each method must be 

considered in a case-specific manner when selecting an MCDM approach. AHP is a well-

established, simple, and flexible approach that uses a pair-wise comparison to assign weights (T. 

L. Saaty 2008). It can handle complex decision structures and prioritize criteria, as long as there 

are no dependencies among them. Hence, AHP can be sensitive to changes in the input data. ANP 

is advantageous for capturing relationships among criteria but can become intricate as the decision 

structure grows (Ishizaka and Nemery 2013). PROMETHEE offers flexibility in modeling 

preferences and is conceptually straightforward, but it may be sensitive to certain parameter 

choices (Ishizaka and Nemery 2013). Lastly, TOPSIS is easy to understand and computationally 
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efficient, yet it assumes linear relationships among criteria and may be sensitive to scaling issues 

(Ishizaka and Nemery 2013).  

These methods are widely used in different phases of the construction industry and are enablers 

for aggregating CE composite indicators at a national scale. For example, Garcia-Bernabeu et al. 

(2020) aimed to create a CE composite indicator to evaluate the overall performance of EU 

countries in a unified manner, rather than addressing separate issues individually (Garcia-

Bernabeu et al. 2020). Recognizing the need to integrate various CE dimensions into a single 

summary measure, the authors employed the TOPSIS method as part of their methodology to 

address this gap. Similarly, Stankovic´ Jelena J. et al., (2021) employed the PROMETHEE method 

in their study, covering seven years to analyze the CE development in the EU countries using 11 

separate indicators (Stankovic´ Jelena J. et al. 2021). This approach aimed to create a CE composite 

index to evaluate those indicators collectively over the selected period. 

In another example, Khoshand et al. (2020) went beyond environmental impacts by utilizing a 

Fuzzy AHP approach to create a framework encompassing 16 different criteria (Khoshand et al. 

2020). Their criteria spanned environmental, social, technical, and economic dimensions 

(Khoshand et al. 2020). While this expansion of criteria addresses additional factors not often 

considered, some concerns regarding bias in MCDM models during rating processes have been 

raised. Their results showed that economic and social criteria received the highest and lowest 

importance levels, respectively; however, the study did not provide any information on the profiles 

of decision-makers participating in the process.  

The lack of representativeness of diverse stakeholder groups was also identified by Chinda & 

Ammarapala (2016) (Chinda and Ammarapala 2016). They used AHP to analyze the outcome for 

four different scenarios i.e., reuse, remanufacturing, recycling, and landfill. The chosen 

participants for this study were four project managers, and two owners, excluding multiple 

stakeholders, directly and indirectly involved in the EoL of built facilities (Chinda and 

Ammarapala 2016).  

Nadazdi et al. (2022) also identified some issues in the weight distribution due to the lack of 

diversity among the stakeholders (Nadazdi et al. 2022). In their study, they observed a shift in the 

importance of some criteria, based on different stakeholders’ interests (Nadazdi et al. 2022). 

Participants in the pairwise comparison for an AHP approach must represent the diverse vested 
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interests of decision-makers across all sub-phases of the EoL stage. Maintaining this representation 

is crucial to conducting a critical stakeholder analysis. The inclusion of participants with e.g. 

economic and environmental interests is as important as including roles, such as building owners, 

developers, legal representatives, design professionals, and local communities. 

2.2.3 Criteria Selection 

This review examines various assessments and measurements for making the most sustainable 

decisions at the EoL stage of built facilities. While different methodologies have been identified, 

it is also crucial to determine the parameters that guide these decisions. Key criteria need to be 

established to ensure that the main aspects of a sustainable CE are considered. The criteria are 

usually categorized into 'Main Criteria' and 'Sub-Criteria.' The main criteria represent broader 

categories, each branching into associated sub-criteria. For this study, all sub-criteria will be 

referred to as 'criteria,' while the term 'main criteria' will be retained to differentiate them from the 

subordinate levels.  

A large number of references were reviewed to inform criteria selection. For clarity, these works 

are explained below, and citations are presented in Table 1. The first set of LCA-related papers 

focuses mainly on GHG emissions (Table 1). After that, the most frequent criteria presented are 

‘Ozone Depletion,’ ‘Energy Consumption,’ ‘Photochemical Oxidant Formation,’ ‘Water 

Eutrophication,’ and ‘Water Consumption’ (Table 1). Therefore, those indicators can be 

considered the most significant criteria under the ‘Environment’ main criteria based on the LCA 

analysis within the selected literature. Even though an extended list of attributes is being 

considered in this group, it is reasonable to affirm that the LCA methodology alone is not sufficient 

to address the three (social, environmental, and economic) pillars of sustainability.  
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Table 1 Criteria used by LCA studies 

Source 
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GHG (kgCO2eq)             

ADP (f.f). (MJ)             

Ozone depletion (kg CFC-11 eq)                     

Smog potential (kg Nox eq)                       

Primary energy demand (MJ)                     

Fossil Fuel Consumption (kgce) or (MJ)              

Mineral Resource Consumption (kg)                       

Metal depletion (kg Fe eq)                        

Natural land transformation (M2)                        

Terrestrial ecotoxicity (kg 1,4-DB eq)                        

Urban land occupation (m2a)                        

Agriculture land occupation (m2a)                        

Acidification (moles of H+ eq)                       

Photochemical oxidant formation (kg NMVOC)                      

Marine ecotoxicity (kg 1,4-DB eq)                        

Marine eutrophication (kg N-eq)                        

Freshwater eutrophication (kg P eq)                      

Freshwater ecotoxicity (kg 1,4-DB eq)                        

Freshwater consumption (m3)                      

Timber consumption (m3)                        

Particulate matter formation (kg PM10 eq)                       

Human toxicity (kg 1,4-DB eq)                        

Ionizing radiation (kg U235 eq)                        

HH respiratory effects potential (kg PM2.5 eq)                        

Cost ($)                        

Lifetime (years)                        

 

The criteria explored by this group of papers bring economics, social impact, technical details, and 

business environment into consideration. Table 2 shows the most frequently used or the most 

significant (importance attributed to the criteria by the study) criteria used for each publication in 

the group using MCDM methods. In the articles using this methodology, the most frequently used 

criteria are related to ‘Production Cost,’ ‘Revenues,’ ‘Pollution,’ ‘GHG,’ ‘Energy Consumption,’ 

‘Worker’s Health,’ and ‘Job Creation.’ This frequency demonstrates a larger variety of criteria 
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selection, which now includes economic and social indicators different than the LCA 

methodology. The LCA studies initially presented 33 criteria, and the MCDM used a total of 74. 

Those criteria, in many cases, are either the same or can be matched since having the same 

semantics.  

Table 2 Criteria used by MCDM studies 

Source 
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Economic Operational cost        

Labor cost              

Capital cost/ investment             

Landfill charges and tax              

Revenues           

Market demand        

Environment GHG            

Resources consumption            

Energy consumption           

Pollution(air/soil/water)           

Water consumption            

Land use        

Social Working hours and wages              

Worker’s health            

Worker’s safety            

New job creation           

Public acceptance            

Public discomfort due to landfill presence             

Technical Material sorting              

Availability of recovery facilities              

Material quality             

Technical feasibility              
CE Green image site              

Legislative pressure              

Lifetime of products            

Legislation Compliance with regulations              

Compliance with new legislation               

To reduce the large set of environmental sub-criteria and make the model more feasible, this study 

only considered criteria that were used in at least 4 different studies between LCA and MCDM. 
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However, the other main criteria (i.e., social, economic etc.), did not include a set of criteria as 

extensive as the criteria under “environmental.” For that reason, the inclusion threshold for these 

criteria was lowered to the presence in at least 3 articles.  

For most criteria, their frequency was related to their significance to the model. The criteria 

‘Compliance with Legislation,’ ‘Market Demand,’ and ‘Public Acceptance to Reused Material,’ 

on the other hand, were kept not for the frequency they appeared in the reviewed studies, but for 

their importance to the broader adoption of CE (Giorgi et al. 2022; Ghaffar et al.  2019; Nordbly 

2019) 

2.3 Gaps in the Literature 

This review highlights several important gaps that need to be addressed. First, while individual 

aspects of EoL decisions, such as deconstruction, demolition, and material disposal, have been 

extensively studied, there is a notable lack of integrated approaches, i.e., approaches that consider 

these decisions as interconnected components of a comprehensive EoL strategy. Most studies 

focus on isolated issues rather than adopting a holistic view of the entire EoL process.  

Additionally, there is a lack of consistency in the criteria used across different decision-making 

frameworks for EoL scenarios, particularly concerning social factors. Many frameworks do not 

incorporate a comprehensive set of criteria that address all relevant aspects of sustainability and 

circularity. A systematic approach to consolidating and evaluating criteria is needed to ensure that 

all pertinent factors are considered. 

Moreover, studies using MCDM methods often suffer from insufficient stakeholder representation, 

leading to potential biases and incomplete decision-making outcomes. Research should focus on 

incorporating a diverse range of stakeholders to better reflect varied perspectives and interests. 

Addressing these gaps will contribute to the development of more robust, practical, and holistic 

frameworks for managing the EoL of built facilities, ultimately supporting more sustainable and 

circular practices. 

  



17 

 

Chapter 3. Model Development Methodology 

This chapter focuses on the methods used for the development and testing of the decision-making 

model. A high-level illustration, presented in Figure 3, provides an overview before delving into 

the details of each step.  

 

Figure 3 High-level methodology of this study 

The study begins with a literature analysis, which forms the basis for developing the framework 

structure, representing RO1. This phase is divided into two stages: the first stage identifies the 

main issues to be addressed, referred to as decision problems, while the second stage evaluates the 

criteria necessary for making these decisions by summarizing parameters from similar studies. 

The next step is to construct a structured framework. RO2 involves developing a hierarchical tree 

and validating this structure with insights from multiple experts through semi-structured 

interviews. After validation, the criteria need to be assigned weights. In RO3, a survey is designed 

and distributed to a diverse group of participants to gather input on these weights. The results are 

then aggregated to create a ranked list of criteria. 
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Finally, RO4 tests the model’s feasibility through a case study. A sensitivity analysis is conducted 

to assess the model's robustness and ensure its reliability. 

3.1 Model Development Methods 

The model development follows a three-phase method to progress a comprehensive decision-

making model for the EoL of built facilities. The phases include (1) development of the EoL 

decision-making framework (including decision makers/stakeholders to be involved) based on the 

literature; (2) model validation with the help of stakeholders; and (3) weighting the criteria through 

AHP, as depicted in Figure 4. Firstly, the literature analysis is used to identify the main categories 

of decision problems inherent to each EoL sub-phase and related decision criteria. Subsequently, 

the model is validated through semi-structured interviews with a diverse range of stakeholders 

involved in the EoL process. Finally, the criteria are weighted according to stakeholders’ opinions, 

collected and processed through AHP, and conducted through surveys. Each phase is discussed in 

more detail in the following.  

 

Figure 4 Model development high-level methodology  
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3.2 Decision-Making Framework 

The hierarchical structure of the decision-making framework consists of decision problems, 

alternatives, main criteria, and criteria. The first step in establishing this hierarchy was identifying 

decision problems inherent in each EoL sub-phase. The literature revealed diverse groups of 

decision problems, initially evaluated independently (Stankovic´ Jelena J. et al. 2021). To adopt a 

holistic approach, the four subphases of the EoL (demolition/deconstruction, transport, waste 

processing, and disposal) were combined into one decision process: with four related decision 

problems: (1) choosing the deconstruction approach; (2) selecting the CDW disposal/recycling 

facility; (3) selecting the waste sorting practices; and (4) selecting the final destination for the 

construction materials. Subsequently, the alternatives were formulated by merging findings from 

various studies. The combination of alternatives across the literature ensured a systematic 

exploration of possibilities for each decision problem. 

To compile the main criteria and criteria, a systematic literature review revealed 6 main criteria: 

environment, social, economic, regulations, material conditions, and site conditions. Under these 

main criteria, within the LCA and MCDM studies, 33 and 74 criteria were extracted respectively. 

After combining similar criteria, a condensed list of 26 criteria under LCA and 27 under MCDM 

was obtained. Due to the large number and the difficulty of working with 53 different criteria, 

criteria that appeared in at least three previous studies, or that were highlighted by previous studies 

to be important in the adoption of CE were selected (Alamerew and Brissaud 2019; Giorgi et al. 

2022; Ghaffar et al. 2019)These important yet less frequent criteria include ‘Green Image,’ 

‘Market Demand,’ and ‘Space on Site.’  

The criteria were selected mainly from the MCDM set due to its capacity to address different 

topics. The LCA set, however, provided standard measurements for the environmental criteria, 

which were employed in the model. Among the selected sets, some criteria such as ‘GHG’ from 

LCA or ‘Operational cost’ from MCDM sets, have been considered by all studies in their group. 

Therefore, those highly-conserved criteria were the most important to conserve. The remaining 

criteria were passed through a different selection process. To reduce the large set of environmental 

criteria and make the model more feasible, this study only considered criteria that were used in at 

least four different studies between LCA and MCDM. However, the other main criteria (i.e., social, 

economic, etc.), did not include as extensive a set of criteria as the criteria under ‘Environmental.’ 
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For that reason, the inclusion threshold for these criteria was lowered to the presence of at least 

three articles. For most criteria, their frequency was related to their significance to the model. The 

criteria ‘Compliance with Regulations,’ ‘Market Demand,’ and ‘Public Acceptance of Reused 

Material,’ on the other hand, were kept not for the frequency they appeared in the reviewed studies, 

but for their importance to the broader adoption of CE (Giorgi et al. 2022; Ghaffar et al. 2019; 

Nordbly 2019). Table 3 shows the final list of selected criteria with their sources.  

Table 3 Summary of criteria applied in previous EoL studies. 

Main Criteria Criteria Source 

 

 Environment 

 

GHG emissions (Nadazdi et al. 2022; Iodice et al. 2021; Lee et 

al. 2021; Antunes et al. 2021; Cheng et al. 

2022; Xu et al. 2019; Joensuu et al. 2022) 

Energy consumption (Schlegl et al. 2019; Akbarnezhad, Ong, and 

Chandra 2014; Khoshand et al. 2020; 

Hasheminasab et al. 2022; Iodice et al. 2021) 

Water consumption (Khoshand et al. 2020; Hasheminasab et al. 

2022; Iodice et al. 2021; Cheng et al. 2022; 

Bueno et al. 2018; Schlegl et al. 2019) 

Resources consumption (Lee et al.  2021; Iodice et al. 2021; Cheng et 

al. 2022; Alamerew and Brissaud 2019) 

 

 

Social 

Public acceptance of reused material (Giorgi et al. 2022; Ghaffar et al. 2019; 

Nordbly 2019; Lee et al. 2021; Alamerew and 

Brissaud 2019) 

Worker’s health and safety (Lee et al. 2021; Khoshand et al. 2020; 

Alamerew and Brissaud 2019; Iodice et al. 

2021; Nadazdi et al.  2022) 

Green image (Chinda and Ammarapala 2016) 

Historical value (Esther Aigwi et al. 2019) 

Networking among facilities (Giorgi et al. 2022) 

Employment opportunities (Lee et al. 2021; Khoshand et al. 2020; Iodice 

et al. 2021; Nadazdi et al. 2022) 

 

 

Economic 

Market demand (Alamerew and Brissaud 2019) 

(Lee et al. 2021; Khoshand et al. 2020; 

Alamerew and Brissaud 2019; Hasheminasab 

et al. 2022; Iodice et al. 2021; Nadazdi et al.  

2022; Chinda and Ammarapala 2016; 

Akbarnezhad, Ong, and Chandra 2014) 

(Lee et al. 2021; Khoshand et al. 2020; Nadazdi 

et al. 2022) 

Fixed and variable costs 

 

Capital expenditure 

Revenues 
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(Lee et al. 2021; Alamerew and Brissaud 2019; 

Iodice et al. 2021; Nadazdi et al. 2022) 

Regulations Compliance with regulations  (Liu et al. 2021; Giorgi et al. 2022; Ghaffar et 

al. 2019; Alamerew and Brissaud 2019) 

 Incentives (Ghaffar et al. 2019; Høibye and Sand 2018; 

Liu et al. 2021) 

 

 Site conditions 

Space on site (Chinda and Ammarapala 2016) 

Amount of waste (Lee et al. 2021) 

Process time (Lee et al.  2021; Chinda and Ammarapala 

2016) 

 

 Material conditions 

Material quality (Khoshand et al. 2020; Alamerew and Brissaud 

2019) 

Second life (Lee et al. 2021; Iodice et al. 2021; Chinda and 

Ammarapala 2016; Robati et al. 2019) 

Hazardous (Alamerew and Brissaud 2019; Bueno et al.  

2018; Iodice et al. 2021; Purchase et al. 2022) 

Quality certification (Alamerew and Brissaud 2019; Chinda and 

Ammarapala 2016) 

Notably, the predominant criteria were ‘GHG emissions,’ ‘Energy Consumption,’ and ‘Costs,’ 

emphasizing their significance. Moreover, the less frequent main criteria were site and material 

conditions, followed by criteria under the umbrella of ‘Social’ (e.g., Historical value). These less-

highlighted main criteria are critical factors that warrant attention given their potential to 

significantly influence the feasibility of projects and impact the lives of neighboring communities, 

and workers (Iodice et al. 2021; Purchase et al. 2022).  

3.3 Framework Validation 

To validate the framework semi-structured interviews were conducted with a diverse array of 

stakeholders to mitigate potential biases in the decision-making system (Ghisellini et al. 2018; Z. 

Chen et al. 2013). Key actors were identified across the EoL stage (Alamerew and Brissaud 2019; 

Gomes et al. 2023)including owners; developers; project managers; construction contractors; 

material suppliers; demolition and deconstruction companies; recycling, refurbishment, and 

sorting facilities; insurance professionals; building occupants; environmental specialists; 

policymakers; and researchers. To facilitate the analysis and selection of interviewees, these were 

divided into six groups: (1) Design; (2) Construction and Operation (3) EoL Services; (4) 
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Sustainability Specialists; (5) Insurance; and (6) the Public Community (referred to, as 

‘Community,’ for short). The authors reached out to potential interviewees so that at least two 

people in each category would participate in the validation. A total of 25 video call interviews 

were conducted in this validation stage, yielding a cumulative recording of over 15 hours. The 

characteristics of the interviewees are summarized in Table 4. 

Table 4 Framework Validation – Stakeholders Participants’ Description 

Stakeholder 

groups 
Company Type Role 

Years of 

Experience 
Sector Location 

Design Design Company 
Designer 4 Private Québec  

Env. designer 10 Private Québec  

Construction & 

Operation 

Building Development 

Company 

Investor 7 Private  Québec  

Construction manager 2.5 Private Québec  

Project Coordinator 2.5 Public Québec  

Manufacture Company 
Head, Sustainability & 

Public Affairs 
30 Private Ontario 

 Educational facility Facility Manager  12 Private Québec  

EoL Services 

Sorting facility Facility manager 3 CO-OP 
British 

Columbia 

Refurbishment facility Facility Manager 2 Private 
British 

Columbia 

Demolition General manager 15 Private  Alberta 

Demolition Manager 10 Private Ontario 

Government 
Policy maker 10 Public Québec 

Policy maker 2 Public Québec 

Sustainability 

Specialists 

Consultant Env. Specialist 5 Private 
British 

Columbia 

Technological CEO/ Researcher 5 Private Ontario 

Academia 

Env. Specialist 4 Non-profit 
British 

Columbia 

Env. Specialist 8 Private 
British 

Columbia 

Researcher 6 Academia Ontario 

Insurance Insurance companies 

Claims representative 52 Private Alberta 

AVP Enterprise 

innovation 
37 Private Ontario 

Home product specialist 13 Private Ontario 

Community Local community (3) Occupants - - Québec  
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The interviews followed a carefully designed structure (Orenga Panizza and Nik-Bakht 2024; Ding 

et al. 2018; Hu 2019). Before interviewing the participants, various tests with colleagues were 

conducted to determine the average duration of the interview. Each interview began with 

participants being asked to describe their roles as stakeholders, their involvement and expertise in 

demolition/deconstruction, and reuse/recycling domains. Stakeholders were informed of the 

study's aim to include a diverse group, ensuring representation of their roles while maintaining 

confidentiality. Participants then received a concise presentation on the research, emphasizing the 

construction stages and focusing on the EoL. Each EoL phase and its related decision problem was 

explained. 

After explaining the context, questions were asked to validate the framework in 3 steps, i.e., 

validation of (1) decision problems, (2) alternative solutions to each decision problem, and (3) 

criteria. In the first validation step, participants were presented with individual decision problems 

and were asked to discuss their pertinence to the EoL. Secondly, a list of alternatives for each 

decision problem was presented, and participants were asked to identify any missing options not 

accounted for by the study. In the third validation step, participants were shown all main criteria 

and criteria and asked to reflect on their importance to the decision problems. The full interview 

structure can be found in Appendix 1. 

To ensure the interviews would be time efficient, instead of discussing the 23 criteria for every 

decision problem, they were discussed for at least two problems, chosen randomly for each 

participant. This ensured participants had ample opportunity to contemplate their relevance before 

excluding any criteria. Often, answers were not as clear as “keep it” or “remove it”. Thus, follow-

up questions were regularly asked regarding their level of importance (on a 9-level Likert scale). 

Further discussion was also sought for the criteria that were less common in the literature. 

Additionally, participants were asked to suggest any criteria that might be missing in the 

framework.  

3.3.1 Online Survey 

The criteria weighting was conducted through an online survey built on the Qualtrics 

platform(“Qualtrics” 2005). Aiming to create a model of less bias, the survey was completely 

anonymous, allowing participants to share feedback more freely. To gather responses from a broad 

spectrum of stakeholders, the survey was actively promoted on professional online platforms, such 
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as LinkedIn. The survey garnered a total of 52 valid responses, with 41 originating from Canada 

and 11 from various other countries, including Australia, Bahrain, Brazil, Norway, Singapore, and 

the USA. The participation of individuals from different backgrounds ensured representation from 

each of the previously selected stakeholder roles, as illustrated in Figure 5, which displays the 

distribution of survey participants. Furthermore, the survey sought to achieve a balanced 

representation across different sectors, recognizing that perspectives can vary based on one's 

industry involvement. Figure 5 (a) provides an overview of the participants' distribution by 

different identified roles related to the EoL stage; (b) participants' distribution across various 

sectors.    

 

(a) Distribution of Participants by Role (b) Distribution of Participants by Sector 

Figure 5 Survey Participants Distribution by Role and Sector 

The survey initiation commenced with a concise introduction to the EoL stage, emphasizing its 

relevance to the specific decision problems under investigation. Each participant was subsequently 

allocated, at random, to one of the decision problems. To enhance participants' comprehension, a 

hypothetical scenario was presented, illustrating one of the problems. Participants were then 

invited to provide their insights regarding the relative importance of the “main criteria” associated 

with the assigned decision problem. Next, they were randomly assigned to a major criterion, to 

rate the importance of its criteria. Subsequently, participants were asked to rate their proficiency 

in the fields of demolition/deconstruction and reuse/recycling. Finally, there were questions about 

demographics, such as the participant's location, job title, and sector. The final weights for the 

main criteria and criteria were calculated based on the combination of all the participants through 
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geometric mean. This aggregation was thoroughly inspected, ensuring that the combined result 

had a consistency rate under 10%, which is the recommended threshold (Saaty 2008). 

3.3.2 Criteria Weighting  

Judgment Scales 

For the criteria weighting, the AHP was employed to determine the weights of the main criteria 

and criteria within the decision-making framework, which had been validated in the previous step. 

These weights were derived through a pairwise comparison matrix using a nine-point scale. This 

method allows for evaluating the relative importance of each criterion by assessing how much 

more or less significant one criterion is compared to another, as illustrated in Table 5. 

Table 5 Level of importance, on a 1 – 9 scale, as recommended by Saaty (2008) for inputting values into the 

reciprocal matrix for criteria comparison  

Intensity of relative 

importance 
Definitions 

1 Equal importance 

3 Moderate importance 

5 Essential or strong importance 

7 Demonstrated importance 

9 Extreme importance 

2,4,6,8 
Intermediate values between the two adjacent 

judgments  

The Linear Scale, frequently used in AHP, is one of the most straightforward and widely adopted 

scales for comparing criteria or alternatives (Figueiredo et al. 2021; Semgalawe 2024; Chen et al. 

2013). This scale operates on a direct 1 to 9 range, where each step signifies a consistent and equal 

increase in importance from one level to the next. The principle behind this scale is to assign a 

numerical value that reflects the relative importance of one criterion or alternative over another 

(Saaty 2008; Saaty 1987; Jiří and Kresta 2014). 

Pairwise comparison matrix 

This step allows decision-makers to evaluate how much more one criterion is preferred over 

another by conducting pairwise comparisons. Each element is compared against every other 

element, using a linear scale to express the intensity of preference. 

The pairwise comparison matrix is structured in a square format, where both rows and columns 

represent the criteria or alternatives being compared. For each pair of elements, a value from the 

scale is assigned to indicate the relative importance of one element over the other. If element A is 
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more important than element B, the corresponding cell in the matrix will contain a value from the 

scale that reflects this preference. Conversely, the reciprocal value will be placed in the cell where 

B is compared to A. Figure 6 illustrates a matrix constructed from survey participants’ responses, 

as prepared in Excel. Numbers 1 through 6 represent different main criteria.  

 

Figure 6 Example of Pair-Wise Matrix from Participant Number 1 

After building the pairwise comparison matrix, the next step is to normalize it. For each entry in 

the matrix, divide the value by the corresponding column sum. This transforms each entry into a 

normalized value that represents the proportion of the total importance assigned to that particular 

criterion. This step ensures that each column sums up to 1, representing the relative weight of each 

criterion within that column. 

After normalization, it is critical to test the consistency ratio (CR) of the matrix. A low CR value 

indicates that the judgments are consistent. A low CR (less than 10%) suggests that the judgments 

are reliable and consistent. The CR is calculated using the formula, CR = CI/RI, where consistency 

index (CI), is, measured with the formula (1. 1). The Random Index (RI), is the average value that 

varies based on the order of the matrix, λmax represents the maximum eigenvalue of matrix A ( 

Saaty 2008; Saaty 1987).  

𝐶𝐼 =
𝜆 max − 𝑛

𝑛 − 1
 

(1. 1) 

To combine the opinions of multiple stakeholders, the geometric mean was applied (Krejcí and 

Stoklasa 2018). It is a valuable method for aggregating individual preferences into a collective 

decision. When multiple stakeholders provide their pairwise comparisons for the criteria, these 
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individual judgments may vary. The geometric mean is used to synthesize these diverse inputs into 

a single set of priorities. 

3.3.3 AHP Tools  

Several decision-making AHP software tools are available, including Questfox, ChoiceResults, 

123AHP, and Super Decisions (Ishizaka and Nemery 2013). In addition to these, AHP can also be 

implemented using Excel (Ishizaka and Nemery 2013). Goepel (2013) developed a free Excel tool 

that incorporates eight different judgment scales and allows the combination of inputs from 

multiple participants (Goepel 2013). This Excel tool served as the basis for the analysis in this 

study. 

AHP was chosen for this study because it can combine diverse opinions without requiring 

stakeholders to agree on a single option. This flexibility is crucial in decision-making processes 

involving multiple participants with varying perspectives. 

The decision to use Excel over other specialized AHP software tools was driven by several factors. 

First, Excel is widely accessible and user-friendly, making the use easy without the need for 

additional installations or subscriptions. Unlike other software tools, Excel’s familiarity and 

simplicity allowed for more straightforward data handling and customization according to the 

study’s specific needs. Additionally, the Excel-based tool provided the necessary flexibility to 

modify the input combination process, which was essential given the large number of responses 

received. However, modifications were necessary since the original tool could only combine up to 

20 inputs, which was less than the number of responses received from the survey. By following 

the same mathematical logic, the table was adapted and used in stages: first to evaluate the main 

criteria, and then to assess each branch of the main criteria with the corresponding criteria. 
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Chapter 4. Model Development’s Results and Discussion 

This chapter investigates the contribution of each of the above-mentioned objectives. It begins by 

describing the validated decision-making model and outlining all the main criteria included in the 

framework. Following this, the criteria weighting process and details of the survey distribution are 

discussed.  

4.1 Model Validation 

To create a holistic framework for EoL decision-making a hierarchy was created relating the 

decision problems to alternatives, main criteria, and criteria, as discussed earlier. Based on a review 

of the literature, four EoL sub-phases were identified, each with a related decision problem. To 

assess the best alternative for each decision problem, previous studies generally employed criteria 

from the six main criteria, as shown in Table 3. The framework presented in Figure 6 is the output 

of the semi-structured interview with the 25 stakeholders. In addition to the 23 criteria collected 

from the literature, the interviewees recommended the inclusion of two additional criteria: Land 

value and Location. Land value was suggested to be an important economic criterion for deciding 

whether a building will be demolished and the land redeveloped. Location, as a site condition 

criterion, was also indicated to influence decisions because of potential site accessibility and traffic 

challenges. 

Although environmental criteria were not considered the main priority in some EoL studies 

(Hasheminasab et al. 2022; Khoshand et al. 2020), the interviewed stakeholders unanimously 

recognized the significance of those criteria. Nevertheless, the lack of documentation and digital 

information for older buildings was suggested to be a barrier for current EoL practitioners to 

feasibly estimate these environmental impacts. Economic criteria were also found to be important 

for all stakeholder groups. Notably, the sustainability specialists stressed the need to raise landfill 

fees and establish regulations and incentives that make deconstruction and reuse financially 

advantageous for property owners and investors. Experts associated with EoL facilities expressed 

a strong interest in potential revenue generation and emphasized the importance of diversion to 

avoid landfill fees.  
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Figure 7. EoL Decision Framework: Decision Problems; Alternatives; Main criteria and criteria 

Specific criteria, not commonly applied in previous studies, were also validated with the 

stakeholders, as shown in Figure 8. None of these criteria were unanimously selected to be 

removed from the framework, and only one criterion, i.e., ‘Hazardous Materials,’ was 

unanimously selected to be included in the framework. Furthermore, most participants agreed that 

historical value should be considered in EoL decisions, indicating the social motivation to maintain 

and not demolish certain facilities. Similarly, all stakeholder groups agreed land value, market 

demand, and amount of waste are important criteria, even if less common in the literature. Other 

criteria had mixed results, depending on the type of stakeholder group. For instance, ‘Green image’ 

was found to be important for construction, design, insurance, and sustainability professionals, but 

not for EoL service professionals or the community.  
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Figure 8. Criteria validation, percentage of criterion inclusion by the group of participants 

4.2 Criteria Weighting 

Like the validation interviewees, the 52 stakeholders engaged in criteria weighting found 

Regulations to be the most important main criteria, as shown Table 6. Compliance with regulations 

was also ranked as the most important criterion, as summarized in Table 7. Table 7 presents the 

criteria's local weight, i.e., weight within the relevant main criteria, and the global weight, i.e., 

overall weight among all main criteria. These findings shed light on the pivotal role of government 

participation and the formulation and expansion of regulations in advancing circularity in EoL.  

Table 6.Main criteria weight distribution 

Criteria Weight Priority 

Regulations 0.222 1 

Environmental 0.189 2 

Economic 0.171 3 

Social 0.145 4 

Material conditions 0.144 5 

Site conditions 0.129 6 

In contrast to many other studies, ‘Economic’ criteria received a lower ranking than 

‘Environmental’; likely due to the inclusion of diverse stakeholder groups in this study. Even 

though ‘Social’ criteria were rated fourth, its criteria ‘Worker's health and safety’ ranked third 

overall, as in Table 7. This highlights a significant concern for the well-being of workers involved 

in the EoL process. Similarly, ‘Material conditions’ was rated fifth, but its criteria ‘Hazardous 
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materials’ was rated second overall, also pointing to the importance of safety. Interestingly, ‘Green 

image’ emerged as the least important criterion, indicating that stakeholders prioritize 

environmental impacts over a perceived image, despite the importance of the image mentioned in 

the validation phase.  

Table 7.Criteria, local and global weight distribution 

Main 

Criteria 

Criteria Local 

Weight 

Global 

weight 

 

Priority 

 

Environment 

 

GHG emissions 12.54 2.4 16 

Energy consumption 32.61 6.2 4 

Water consumption 25.26 4.8 8 

Resources consumption 29.59 5.6 5 

 

 

Social 

Public acceptance of reused 

material 
10.27 1.5 

23 

Worker’s health and safety 46.96 6.8 3 

Green image 6.79 1 25 

Historical value 14.95 2.2 18 

Networking among facilities 8.76 1.3 24 

Employment opportunities 12.28 1.8 11 

 

 

Economic 

Market demand 

Land value 

25.18 

14.07 

4.3 

2.4 

10 

15 

Fixed and variable costs 

Capital expenditure 

13.74 

19.56 

2.3 

3.3 

17 

12 

Revenues 27.45 4.7 9 

Regulations Compliance with regulations  76.80 1.7 1 

Incentives 23.20 5.1 6 

 

Site  

conditions 

  Space on site 16.08  2.1 19 

Location 15.39 2 20 

Amount of waste 29.93 3.9 11 

Process time 38.60 5 7 

 

Material  

conditions 

Material quality 20.40 2.9 13 

Second life 12.10 1.7 22 

Hazardous 50.40 7.2 2 

Quality certification 17.10 2.5 14 

Including multiple stakeholders at this scale in the decision process was a novelty of this study. 

The inclusion guarantees that participants with vested interests at the EoL stage (e.g. EoL Services, 

Insurance, Community, etc.) are not overlooked. Figure 9 shows the different weights provided by 

each group for each criterion. Most stakeholders prioritize regulation above all criteria aligning 

with the discussion from the semi-structured interviews. The results also show that construction, 

design, and insurance professionals still prioritize economics over environmental aspects. 

However, stakeholders who are most involved in or affected by the EoL stage (EoL services and 

community) value environmental aspects equally or more than economics. This disparity shows 
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the difference in perspective between stakeholders involved in different EoL phases and the 

importance of including them in the decision process. 

 

Figure 9 Level of importance of main criteria distributed by stakeholders’ group. 

Beyond recognizing the significance of each criterion for different stakeholder groups, it is crucial 

to consider the importance they attribute to each criterion throughout the EoL stages and their 

related decision problems. For the first and third decision problems, related to 

Demolition/Deconstruction and Waste Processing, respectively ‘Regulation’ stands out as the 

most important main criterion, as shown in Figure 10. For demolition/deconstruction decisions, 

this is likely due to the need to comply with local demolition regulations and obtain required 

permits. For waste processing, this is related to the need to meet existing regulations that often 

require some level of on-site sorting depending on the project size. In this third sub-phase, the least 

important main criteria were found to be ‘Material Conditions’ and ‘Site Conditions.’ Participants 

might have perceived that the condition of materials has less impact on sorting, as materials like 

scrap are often sorted on-site regardless of quality since they are sold by weight. While site 

conditions can facilitate on-site sorting, they are not viewed as critical barriers. Stakeholders 

during the semi-structured interviews acknowledged that difficult site conditions might complicate 

sorting but should not prevent it from happening. 

In the second and fourth decision problems, related to Transportation and Disposal, respectively, 

‘Environment’ was identified as the most important main criterion. This is likely due to the GHG 

emissions associated with transportation, and the direct environmental impacts of landfilling. It is 

also noteworthy that Economics was assigned a lower score in the disposal phase than in earlier 

phases, despite the potentially higher costs of landfill disposal. This discrepancy highlights a 
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common focus on short-term costs in the construction industry, compared to long-term disposal 

costs and environmental impacts. This pattern underscores the challenge of integrating long-term 

sustainability into economic decision-making, emphasizing the need to consider both immediate 

and future costs in a more balanced manner. 

 

Figure 10. Level of importance of main criteria distributed by decision problems 

‘Site Conditions’ consistently received the lowest score in all phases, except in Transportation 

where it was the second lowest. This main criterion not only includes criteria that were less 

common in literature, i.e., ‘Space on Site’ and ‘Amount of Waste,’ but also includes the criterion 

‘Location,’ which was suggested by experts during the semi-structured interviews. The lack of 

widespread discussion and familiarity with these criteria may explain the consistently low weight 

of Site Conditions across decision problems. This gap highlights the need for better 

communication and education about site-specific issues in EoL decision-making processes. 

Despite ‘Social’ criteria frequently being neglected in practice, it was never ranked the lowest 

importance among the EoL phases considered in the study. Herein, the inclusion of a diverse group 

of participants beyond those with profit-driven interests led to a relatively higher emphasis on 

social factors compared to other decision models. This suggests that social considerations may 

gain more prominence when the perspectives of a broader range of stakeholders are included. The 

lower weight assigned to ‘Social’ criteria in previous decision-making models underscores the 

need for greater advocacy and education to elevate their importance in industry practices. 

Overall, these observations advance the understanding of the factors influencing EoL decisions for 

built facilities. They highlight the complexity of balancing ‘regulatory, economic, environmental, 
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material, and social considerations and the need for a more integrated approach to decision-making 

in the construction industry.  While this study contributes a diverse perspective to the existing body 

of knowledge, it is generally constrained to Canadian practices, as the majority of respondents 

were from Canada. Another limitation is the inclusion of 25 criteria, which might pose a challenge 

for some stakeholders due to assessment difficulty. Nevertheless, the decision to include all criteria 

was based on expert input and literature findings, ensuring that stakeholders, even if they choose 

not to use all criteria, are aware of what has been deemed important by others. 
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Chapter 5. Model Implementation Methodology 

This chapter focuses on the methods used to apply the model in a real case study. It begins with 

an overview of the case study, highlighting the project's key characteristics and relevance to the 

research objectives. Following this, the chapter explores the various scenarios considered in the 

analysis, detailing the specific conditions and assumptions that guide the evaluation process.  

5.1 Case Study Evaluation  

To test the practicality of the proposed model, we implemented it on a real case study. This process 

consists of five key steps:  

1) Material Selection: For feasibility purposes, specific materials were selected for analysis 

rather than assessing every building component. This selection was made with the 

assistance of a professional demolition and deconstruction company. 

2) Definition of EoL alternatives: Referred to as ‘scenarios,’ these alternatives represent 

possible outcomes for each decision problem defined in the model. Each alternative 

provides an option for the four main decision problems.  

3) Data collection: This step outlines the sources and methods used to gather relevant data for 

the model.  

4) Model evaluation: This phase includes data normalization, summation, and aggregation of 

data points according to each criterion’s characteristics. 

5) Sensitivity Analysis: This final step assesses each alternative's performance, evaluating 

how changes in criterion weight affect the final alternative rank to ensure robust decision-

making. 

5.1.1 Case Study Description 

The selected building is situated near the Greater Toronto Area (GTA) in Ontario, Canada, 

primarily served as a resort. It features a two-story structure and a gross floor area of 59,360 SF.  

Timber, concrete, and concrete blocks are the primary construction materials, each used in specific 

subsystems. The structural framework is made of timber, and the floor system consists of wood 

slabs and joists. The foundation system is a slab-on-grade design using poured concrete, with over 

20,000 square feet of concrete flooring. The wooden floor system covers more than 30,000 square 

feet. The building’s framework includes wooden beams, pillars, and studs, with part of the wall 
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system incorporating approximately 16,800 square feet of concrete block walls. This case study 

focuses specifically on these subsystems where timber, concrete, and concrete blocks play 

essential roles in the building’s construction. 

The resort was first opened as a hotel in the 1990s. Since then, it has undergone multiple 

renovations, amplified its capacity, and improved the property. These renovations resulted in an 

advantage over many other long-standing facilities due to the documentation of the modifications 

made. The building has drawings that allowed the owner to create a Revit model of the structures 

post-renovation. Figure 11 shows a schematic view of the building. This building was chosen for 

the case study due to its alignment with key evaluation criteria. In particular, its proximity to one 

of Canada’s largest cities enhances access to recycling facilities and deconstruction alternatives. 

Additionally, the owner’s interest in exploring options beyond demolition aligns with this study’s 

objectives. The availability of detailed drawings and a Revit model also facilitates accurate 

material quantification, making it a suitable candidate for this analysis. 

 

Figure 11 View of the case study’s Revit Model 

Using the model in Revit streamlined the material take-off process, making it easier and more 

accurate to quantify materials. The model, along with photos and reports provided by the owner, 

was crucial for gathering information on deconstruction, demolition, and partial demolition costs 

and revenues. Industry experts conducted a real-case evaluation of the cost and time for each 



37 

 

proposed scenario. Additionally, photos of the building were sent to resellers to assess the potential 

salvage value of the building materials, particularly the timber.  

5.1.2 Model Boundaries Definition 

The goal of this step is to define feasible alternatives that address the various decision-making 

problems associated with the building’s EoL phase. The model presents four distinct decision 

problems, and the objective is to identify alternatives that can be considered together. For example, 

this might include aligning reusable options with disassembly or ensuring waste is sent to specific 

facilities after sorting. To achieve this, two main inputs were required: first, understanding the 

owner's needs, and second, receiving guidance from industry experts (demolition/deconstruction 

manager) on effectively combining the possible alternatives.  

The initial model included several EoL alternatives, such as Renovation/Retrofit, 

Adapt/Repurpose, Do Nothing, Demolish, and Disassemble. However, after discussions with the 

owner, it became clear that, due to the resort’s multiple renovations, their primary intention was 

to remove the building. The owner’s focus is on making an informed and sustainable decision, 

considering either demolition or disassembly. As a result, the other alternatives were excluded, 

narrowing the scope to these two options. 

Demolition experts were consulted to ensure the chosen alternatives were feasible and realistic. A 

demolition management company based in the GTA with over 10 years of experience in 

demolition, deconstruction, and partial deconstruction projects provided valuable insights. An 

interview with one of their experts included discussions on project drawings and various 

deconstruction, demolition, and partial demolition alternatives. The company’s feedback was 

instrumental in refining the model, offering a comprehensive view of feasible methods, 

salvageable materials, and the market demand for each service and material.  

The company provided: (1) a list of removal options, including Full Deconstruction, Partial 

Deconstruction, and Full Demolition; (2) a combination of potential alternatives; (3) a list of 

materials with recycling potential; and (4) details on costs, time estimates, and crew sizes 

associated with each alternative. Additionally, while the company specializes in demolition, it also 

handles disassembly and partial disassembly, which is critical to the scope of this study. The 

information gathered offered a clearer understanding of the logistics involved in each method, 

including the time frames and crew requirements for demolishing, deconstructing, and sorting 
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waste. Based on the expert consultation, the case study focuses on three main materials, concrete, 

concrete blocks, and timber, as these materials were integral to the building’s construction and are 

commonly used in the Canadian construction sector. Concrete and timber are prevalent in both 

residential and commercial buildings, making them highly relevant for studies on EoL strategies. 

While their recycling rates may not be the highest, both materials present significant potential for 

reuse, repurposing, or downcycling, which aligns with the study’s objectives of assessing 

sustainable EoL options. 

Concrete, for instance, can often be crushed and reused as aggregate in new construction or road 

projects, reducing the need for virgin materials. Similarly, timber, particularly from structural 

elements, can be reclaimed for reuse in new construction or for creating value-added products such 

as furniture or flooring. Concrete blocks, while more challenging to recycle, can still be repurposed 

for non-structural applications or used in landscaping and site development. These materials were 

selected not only because they are integral to the building but also because they offer viable options 

for diversion from landfills through reuse, downcycling, or repurposing. 

Moreover, the demolition and deconstruction industry in Canada has established methods for 

handling these materials, making them practical candidates for evaluating alternative EoL 

scenarios. Their selection also ensures that the case study is grounded in real-world conditions, 

where these materials are commonly found and their management is crucial for minimizing 

environmental impact. Four scenarios, which considered a group of alternatives for each decision 

problem developed in the model were considered. They are (1) Full Deconstruction, (2) Partial 

Deconstruction, (3) Full Demolition – Recycling, and (4) Full Demolition – Landfill.  

In the Full Deconstruction scenario, the process involves careful disassembly of the wood structure 

and concrete blocks, along with machinery removal of the concrete slab. This approach requires a 

longer duration and larger crews. For the second decision problem, CDW plant selection, two 

options are considered: a warehouse for storing disassembled materials and a specific material 

plant for processing concrete into aggregates. The third decision problem, CDW sorting, is 

considered to be all in-situ, which takes longer but may reduce gate fees and additional charges 

for external sorting. For disposal, timber and concrete blocks are considered for reuse, while 

concrete is recycled. 
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In the Partial Deconstruction scenario, this alternative also considers two options for the first 

decision problem. Unlike the Full Deconstruction scenario, only the timber is disassembled. The 

concrete blocks are not considered for disassembly because they are more difficult to reuse in the 

market and require additional time for cleaning and separating from mortar. As a result, the 

concrete blocks and slabs are demolished. For the second decision problem, CDW plant selection, 

the timber is directed to a warehouse for storage, while the concrete blocks and slab are sent to a 

specific facility. The materials are sorted in situ, in the same manner as in the Full Deconstruction 

scenario. For disposal, the timber is reused, and the concrete and concrete blocks are recycled.  

Two Full Demolition scenarios are considered: Scenario 3 – Demolition – Recycling and Scenario 

4 – Demolition – Landfill. Both scenarios involve complete demolition of all selected materials, 

which requires a smaller crew and is faster compared to disassembly options. For the CDW plant 

selection, Scenario 3 sends all materials to a mixed waste plant for recycling, while Scenario 4 

sends the materials to a landfill. There is no in-situ sorting considered for those scenarios, which 

saves time for the demolition crew. However, this time savings is offset by additional gate fees at 

the EoL facilities. For disposal, Scenario 3 recycles all materials, while Scenario 4 disposes of all 

materials in a landfill. Figure 12 shows the material distribution flow from each of those scenarios. 

Each scenario is represented by a color. 

 
Figure 12 Material flow through the EoL phase 
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The developed model includes four decision problems, with each scenario offering one or more 

options under each decision problem, resulting in a group of alternatives to be evaluated 

collectively. With the assistance of the industry collaborator, four different scenarios were outlined 

as introduced in Figure 12, which illustrates the flow of materials through the EoL decision 

problems under each scenario. Additionally, different scenarios entail the placement of certain 

materials into certain waste streams. Table 8 describes in more detail which materials are 

considered in each of these scenarios for each method.  

Table 8. Material Distribution Between Scenarios 

Scenario Disassembly & Reuse Recycling Landfilling 

Scenario (1) Full Deconstruction T, B C N.A. 

Scenario (2) Partial deconstruction T B, C N.A. 

Scenario (3) Full demolition- 

recycling 

N.A. T, B, C N.A. 

Scenario (4) Full demolition- landfill N.A. N.A. T, B, C 

C: Concrete, B: Concrete Blocks, T: Timber structure 

5.2 Model Evaluation Methods 

This section provides an overview of the criteria selected for this case study, including a summary 

of all removed criteria and the rationale behind their exclusion. Additionally, it describes how each 

criterion was evaluated and assigned based on its role and impact within the study. This section 

also covers the aggregation methods applied, outlining the steps taken to consolidate results from 

each decision problem into a single, cohesive value that captures the overall impact. The 

normalization methods are also discussed, and finally, a sensitivity analysis is presented to 

examine the robustness of the findings and to determine the extent to which each criterion 

influences the overall outcome. 

Certain criteria were excluded from this case study as they were not applicable based on the 

selected alternatives. The following criteria were removed: Historical Value, as the building does 

not hold any historical significance or heritage value; Land Value, since all alternatives would 

result in an empty plot of land; and Quality Certification, because none of the materials in the 

building are certified in any way. Additionally, Hazardous Materials were considered non-existent 

due to the lack of a detailed inspection. Material Quality was not assessed, as it would require 

further inspection post-removal; for this study, all deconstructed materials were assumed to be in 
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good condition for reuse. Similarly, Second Life of Materials was not included, as it would require 

a specialist’s inspection, which was not available for this case.  

All of the remaining criteria were considered submitted to three categories. The first one divided 

the criteria into two groups: benefit and cost (Fiore et al. 2020). This separation allows for a clearer 

and more systematic evaluation of each criterion based on its impact on the overall decision-

making goal. Dividing criteria into benefit and cost categories is essential to ensure that a higher 

overall score consistently indicates the best option. High values in Benefit criteria are desirable 

and contribute positively (e.g., ‘Green Image,’ ‘Employment Opportunity,’ ‘Revenues’). In 

contrast, certain criteria, such as ‘Energy Consumption,’ ‘Process Time,’ or ‘Costs,’ are classified 

as Cost criteria due to their adverse impacts when values are high. Cost criteria are inversely 

proportional, meaning higher raw values result in lower scores after normalization, ensuring a 

balanced comparison across all criteria within the model. The second classification divides criteria 

into Quantitative, Qualitative, and Binary. This classification is straightforward: Quantitative 

criteria use numerical values, Qualitative criteria rely on subjective judgment, and Binary criteria 

give yes/no assessments. The last category includes Dynamic criteria. As defined in this study, 

represent criteria that are highly local and time-sensitive, with the ability to change frequently 

(Giorgi et al. 2022), which makes them imprecise and difficult to evaluate. These criteria— ‘Public 

Acceptance of Reused Materials,’ ‘Market Demand,’ and ‘Networking Between Facilities’ were 

selected based on input from experts participating in the validation of the decision model.  

Given their variability, they were evaluated under hypothetical ‘Status Quo - Linear’ and ‘Future 

– Circular’ cases. The Future – Circular case represents a situation where circularity is well-

established, with high acceptance of reused materials, strong connections between facilities, and 

high market demand. In contrast, the Status Quo – Linear case represents a situation where the 

acceptance of reused materials is low, there is no collaboration between facilities, and the market 

demand is minimal. 

The next step is to determine a single representative value for each criterion, reflecting the 

combination of all decision problems within a given scenario. Each criterion was analyzed under 

each decision problem (i.e., deconstruction, sorting, transportation, and disposal). For example, 

‘GHG Emissions’ were collected for each phase, and a summation of all these inputs provided one 
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main result per criterion. While most criteria were aggregated through summation, some, like 

‘Location’—measured by the distance to EoL facilities—were averaged due to their nature.  

Additionally, certain criteria were not considered in every decision problem because they were 

irrelevant, already considered as a whole, or not applicable. It is essential to note that all four 

scenarios were assessed consistently; if a criterion was omitted in one, it was omitted in all 

scenarios. Table 9 provides a list of criteria, indicating their assigned groups and the aggregation 

method applied to each in addition to the source of the data collection. 

Table 9. Assessment and Measurement Methods Used per Criteria 

Criteria Benefit or Cost 
Evaluation 

Approach 
Unit 

Aggregation 

method 

Data 

Source 

CO2 e COS QT Ton Sum OneClick  

Energy Consumption COS QT kWh Sum 

OneClick 

Reports 

Water Consumption COS QT 
m3 

Sum 

DC 

Reports 

Resources Consumption COS QT Ton  Sum Revit 

Public Acceptance of  

Reused Material BEN DY N.A. N.A. 

Dynamic 

Worker's Health and Safety BEN QT 

Number of 

accidents Sum 

Reports 

Employment Opportunity BEN QT 

Number of 

jobs Sum 

Reports 

Green Image BEN QL 

Low, 

medium, or 

high Average 

DC  

Historical Value N.A. N.A. N.A. N.A. N.A. 

Networking Between 

Facilities BEN DY N.A. N.A. 

Dynamic 

Market Demand BEN DY N.A. N.A. Dynamic 

Fixed and Variable Cost COS QT $ Sum DC 

Revenues BEN QT $ Sum IP 

Capital Expenditures COS QT $ Sum IP 

Land Value N.A. N.A. N.A. N.A. N.A. 

Incentives BEN BI BI BI GD 

Compliance with 

Regulation BEN BI BI BI 

GD 
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Location (distance from 

EoL facilities) COS QT Km Average 

Google 

Maps 

Process Time COS QT Days Sum DC 

Space on Site N.A. N.A. N.A. N.A. N.A. 

Amount of Waste COS QT Ton Sum Revit 

Hazardous N.A. N.A. N.A. N.A. N.A. 

Second Life of Materials N.A. N.A. N.A. N.A. N.A. 

Quality Certification N.A. N.A. N.A. N.A. N.A. 

Material Quality N.A. N.A. N.A. N.A. N.A. 

COS: Cost, BEN: Benefit, QT: Quantitative, QL: Qualitative, BI: Binary, DC: Demolition Company, GD: 

Government Data, IP: Industry Partner 

In AHP, data normalization is a critical step to ensure that the criteria and criteria values are 

comparable and within a standard range (Chen et al. 2013). This study used Linear Max as a 

Normalization method. The process required dividing the criteria into 'Benefits' and 'Cost' 

categories (Chen et al. 2013).  For Benefit criteria, where higher values are preferred, the data is 

normalized by dividing each criterion value by the maximum value in the dataset. This method 

ensures that the highest value receives the highest score of 1, and all other values are scaled 

linearly. 

For Cost criteria, where lower values are preferred, normalization is done in much the same way 

but the scaled value is subtracted from 1. This ensures that the worst alternative (the highest value 

for cost) is scaled to 0, and the best alternative (the lowest value) is scaled to 1. This normalization 

technique ensures that all criteria are on a comparable scale (0 to 1), allowing for an accurate 

aggregation of the results across decision problems. 

5.3 Data Collection 

The data needed for this assessment can be divided into three categories. The first one is the 

physical characteristics of the building to collect the amount and type of materials as well as the 

assembly information. This information is crucial for the building material take-off; this will guide 

the costs related to each service in addition to the environmental impacts. The second category is 

accounting for environmental assessment by quantifying the impact of each scenario. Software 

tools such as Revit and OneClick LCA were used to facilitate this process. The last category is 

collecting data from the external environment, including cost, revenues, regulations in place, and 

so on.  



44 

 

BIM, photos from a site inspection, and printed projects were used to collect the building’s 

physical information. The combination of those data allowed a more complete understanding of 

the building. Since it was an old project, the BIM model was built later during one of the 

renovations. The BIM model was then used for material quantification; the material type was 

collected mostly from photos, assessment reports, and some printed projects.  

To quantify the environmental impacts, a combination of the OneClick tool, Government reports, 

and partner input was needed. Based on the amount and type of materials identified from the 

previous step, the ‘GHG Emissions’ could be calculated. OneClick is a widely used tool that helps 

consultants, companies, and researchers calculate some environmental impacts (Lorna et al. 

2024)The tool calculates the amount of ‘GHG Emissions’ for demolition, disassembly, and partial 

disassembly based on the building area and type.  

Other impacts were calculated based on government reports and previous research; for example, 

the water use was calculated based on the number of workers estimated by the demolition company 

during the demolition process (including showering, cleaning, and cooking)(Korol and Dudina 

2023). ‘Energy Consumption’ was converted from ‘GHG Emissions’(Independent Statistics and 

Analysis 2023). Job opportunities were also based on reported job creations using different 

practices (reuse, landfill, etc.) (Tellus Institute with Sound Resource Management 2007). To assess 

‘Worker’s Health and Safety’ data was collected from a post-demolition/deconstruction phase 

since there are more reported cases at this stage (Oldendorf 2022).  

The external environment data is extensive and complex to collect; however, it is essential since 

this data brings realistic options. This data collection includes costs from the demolition company 

who assisted us in this case, fees from recycling facilities and landfills, and potential material value 

(revenues) based on material type coming from second-hand facilities. Additional costs were 

calculated for the transport of the waste from the project site to the EoL facilities. Figure 13 

describes the steps previously explained under methodology, highlighting the criteria removal and 

categorization in addition to the data collection and the tools and resources used. Among the 

criteria related to regulations, the most crucial criterion in this study is ‘Incentives.’ Due to the 

complexity of accounting for benefits such as carbon credits and the absence of a legal advisor on 

this project, ‘Incentives’ was treated as a binary criterion. Scenarios involving diversion options—

Full Deconstruction, Partial Deconstruction, and Demolition – Recycling—were assigned a score 
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of one, while Demolition – Landfill scored zero. This approach allows a simplified yet practical 

representation of ‘Incentives,’ emphasizing practices that support waste diversion. 

 
 

Figure 13 Methods of Criteria Definition, Removal, and Assessment  
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5.4 Evaluating Model Performance 

After ensuring the values are comparable, each scenario's "Performance" score can be calculated. 

The normalized value of each criterion is multiplied by the weight assigned to that criterion, which 

was determined through the online survey. These weighted values are then summed, resulting in 

the overall performance score for each scenario. To verify the robustness of the model, considering 

the change in scenarios’ ranks, a sensitivity analysis was conducted. Sensitivity analysis is a crucial 

component of the AHP as it provides insights into how changes in criteria weights influence the 

overall rankings of the alternatives. This analysis evaluates the robustness and stability of the AHP 

outcomes when/if the criteria weights are altered. 

For this study was decided to use the one-at-a-time (OAT) technique (Chen et al. 2013). OAT is a 

common screening experiment that evaluates the impact of changing each chosen factor's values 

individually. The method consists of varying the criterion weight individually, while the others are 

kept constant, and observing the results in the alternative ranking. This method is methodologically 

simple, computationally inexpensive, and easy to develop (Chen et al. 2013). OAT's main 

limitation is that it does not account for potential interactions between the criteria, as each criterion 

is altered independently. 

The initial set of weights derived from the pairwise comparisons in the AHP model was established 

as the baseline. Each criterion weight was then systematically varied by ±10%, OAT (Więckowski 

and Sałabun 2024) while keeping the other criteria weights constant. The chosen criteria will 

increase or decrease by 10%, and the remaining criteria will be adjusted proportionally based on 

their original weight. This range was chosen to provide a comprehensive assessment of the model's 

stability without introducing unrealistic weight variations(Więckowski and Sałabun 2024; Chen et 

al. 2013). This approach allowed for a clear understanding of the individual impact of each 

criterion on the overall ranking of the alternatives (Chen et al. 2013). For each variation, changes 

in the ranking of the alternatives were recorded to identify which criteria significantly impacted 

the rankings. 
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Chapter 6. Model Implementation’s Results and Discussion 

In this chapter, the implementation of the proposed model and the results of the case study are 

presented and analyzed. The discussion explores the performance of all evaluated scenarios across 

different decision problems, highlighting key insights into the relative strengths and weaknesses 

of each approach. By examining the implications of these results, this chapter aims to provide a 

deeper understanding of the factors influencing EoL decisions for built facilities, emphasizing the 

potential for circular strategies to address current industry challenges. 

6.1 Model Results 

As described in the methods section, two primary categorizations were applied to the criteria. The 

first categorization classified each criterion as either a Benefit or a Cost. After normalization, all 

results were scaled to ensure that higher values consistently indicate a more favorable impact on 

overall performance. The second categorization grouped the criteria into Quantitative, Qualitative, 

Binary, and Dynamic types. Given that the Dynamic criteria yield two different outcomes (the 

Status Quo – Linear and Future – Circular case).  

The three Dynamic criteria were evaluated on a scale from 1 to 4, with 1 representing the lowest 

performance level and 4 representing the highest. In the Future – Circular case, Full 

Deconstruction was given the highest performance score (for the Dynamic criteria), followed by 

Partial Demolition, Demolition – Recycling, and Demolition – Landfill, in descending order. 

Conversely, in the Status Quo – Linear case, these ratings were inverted to reflect the least 

favorable circularity outcomes. Table 10 presents the aggregated values of each criterion across 

scenarios before normalization, along with the corresponding metrics used for each criterion.  

Table 10 Raw values of criteria across scenarios and their corresponding metrics 

Criteria Unit 
Full 

deconstruction 

Partial 

deconstruction 

Demolition 

Recycling 

Demolition 

Landfill 

CO2 Ton 202.46 266.16 320.20 284.70 

Energy Consumption kWh 891553.91 1204417.49 1425247.05 1397441.60 

Water Consumption Liters 61800.00 1204417.49 1425247.05 1397441.60 

Resources Consumption Ton 466.56 714.58 1377.63 1377.63 

Public Acceptance of 

reused material 
Dynamic 4 or 1 3 or 2 2 or 3 1 or 4 
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Worker's health and 

Safety 

Accidents/ 100 

full- time 

employees 

3.20 3.20 3.20 2.20 

Employment 

Opportunity 
Jobs/1000 Ton 15.48 10.99 6.76 5.38 

Green Image Qualitative 4 3 2 1 

Networking between 

facilities 
Dynamic 4 or 1 3 or 2 2 or 3 1 or 4 

Market Demand Dynamic 4 or 1 3 or 2 2 or 3 1 or 4 

Fixed and variable cost $ 397,306.04 377,405.12 469,271.16 623,530.90 

Revenues $ 95,676.57 95,676.57 0 0 

Capital expenditures $ 8,500.00 8,500.00 0 0 

Incentives Binary 1 1 1 0 

Compliance with 

regulation 
Binary 1 1 1 0 

Location Distance (km) 154.00 179.00 230.00 86.80 

Process time Weeks 13 10 8 2 

Amount of waste Ton 466.56 714.58 1377.63 1377.63 

A notable variation in criterion values can be observed across the scenarios; however, drawing 

solid conclusions is difficult without considering the weights assigned to each criterion. To address 

this,  Figure 14 will be presented (a) Status Quo – Linear case and (b) Future – Circular case, now 

integrating criterion weights to calculate an overall performance score for each scenario. By 

applying these weights, this approach allows a more holistic view of each scenario's effectiveness, 

ultimately enabling a clear scenario ranking. 

Figure 14Error! Reference source not found. (a) shows the overall scores and breaks down 

scores by main criteria for each scenario under the Status Quo – Linear case, highlighting the 

ranking of preferred scenarios within this specific framework. In this case, two scenarios achieve 

almost the same score. They are Full deconstruction and Partial deconstruction. As seen in the 

breakdown scores, Full – Deconstruction has the highest score in ‘Environmental,’ and ‘Site 

Conditions.’ The same scores in ‘Regulations,’ similar scores in ‘Social,’ and the lowest score in 

‘Economics.’ The lower scores are due to the Dynamic criteria that, in this case, prioritize the 

Demolition options.  

When evaluating the Future – Circular Case the situation will be more favorable to the 

Deconstruction scenarios. Similarly, Figure 14 (b) presents an overall score and breaks down 

scores by the main criteria of all scenarios. For this situation, the best scenarios were in order: Full 

Deconstruction, Partial Deconstruction, Demolition – Recycling, and Demolition – Landfill. 
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Differently than the Status Quo – Linear, Full Deconstruction scores the highest in all the main 

criteria followed by Partial Deconstruction. 

 

(a) Status Quo – Linear Case (b) Future - Circular Case 

Figure 14 Scenarios Performance  

The two Status Quo – Linear and Future-Circular cases show differences in overall scenario 

performance. In the Future – Circular case, Full Deconstruction ranks the highest with a slightly 

bigger difference from the second-best option (Partial Deconstruction), while in the Status Quo – 

Linear case, Full Deconstruction and Partial Deconstruction are basically tied at the top spot. In 

both cases, Demolition – Recycling follows closely behind, with a slightly smaller gap in the Status 

Quo – Linear case. Demolition – Landfill consistently ranks last, with a more significant gap 

compared to the other scenarios. This difference is primarily due to the regulatory criteria, which 

favor all scenarios except Demolition – Landfill.  

Based on these results, a sensitivity analysis was conducted to test the robustness of the model. 

Two analyses were conducted, one for the Status Quo – Linear case and one for the Future – 

Circular case. The ‘Baseline’ represents the performance without any weight alteration. Then 10% 

is added or removed from each main criterion, while the other criteria have their weights changed 

proportionally from the original weight. The final performance can be compared to the ‘Baseline.’ 

This practice is repeated for all the main criteria. Figure 15 shows the comparison between the 

‘Baseline’ of each alternative scenario and its variation for Status Quo - Linear.   
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Figure 15 Status Quo – Linear – Sensitivity analysis comparative graph 

Under the Status Quo – Linear case, Full Deconstruction and Partial Deconstruction have very 

close scores, 47.9 and 46.9, respectively. Despite this proximity, the model maintains the ranking 

priority of the four scenarios. The same analysis was done for the Future – Circular case. As shown 

in Figure 16. When there is a greater distinction between alternatives, the stability of each 

scenario’s priority is clearer.  

 

Figure 16 Future - Circular – Sensitivity analysis comparative graph 

This analysis shows that, especially under the Canadian Status Quo, deciding on the EoL practices 

is still ambiguous. Two scenarios (Full Deconstruction and Partial Deconstruction) were virtually 

indistinguishable by the model under the Status Quo – Linear case. However, the other alternatives 
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(Demolition – Recycling and Demolition – Landfill) were consistently shown to be less desirable. 

Furthermore, stability was also observed under the future–circular case, where the rank priority of 

all scenarios remained consistent. 

6.2 Model Evaluation Discussion  

By looking at each criterion separately from the full scenario performance it can be observed in 

Table 10, that in the first criterion, ‘GHG emission,’ Demolition-landfill performed slightly better 

than Demolition – Recycling alternative. This might be due to the higher CO2e emissions of the 

recycling process that was considered by OneClick compared to landfill disposal, which may not 

consider long-term environmental impacts. Additionally, the ‘Water Consumption’ was higher for 

the Full Deconstruction scenario because the water considered in the process included the workers' 

use during the deconstruction/demolition process (for showers, cleaning, and other basic uses), 

which was deemed insignificant in other processes (NRC and CNRC 2022).  

For ‘Worker’s Health and Safety,’ the unit selected was the number of accidents. There is 

insufficient documentation and study of the best practices to avoid accidents on job sites for 

workers in deconstruction projects. These practices are still in development and have less historical 

precedent to draw upon. Based on this limitation, the only safety data used was regarding recycling 

practices vs landfill disposal, which are more widely reported (Alipour-Bashary et al. 2021). 

Another significant point of interest for most stakeholders is the ‘Cost’ of each scenario. In this 

study, quotes from a demolition/deconstruction industry partner in Toronto were used to ensure 

the prices under consideration are realistic to the current market rates. While deconstruction costs 

are the highest, the summation of ‘Costs’ for the entire Partial Deconstruction and Full 

Deconstruction scenarios had the best performance.   

When considering the overall cost, Partial Deconstruction comes as the cheapest (~$310,000), 

followed by Full Deconstruction (~$290,000), Demolition – Recycling (~$460,000), and last 

Demolition – Landfill (~$620,000). The high costs of Demolition – Landfills are primarily 

associated with the gate fees of landfills near GTA for CDW. The reduction in the price of both 

Deconstruction Scenarios comes from considerable revenue estimated by the sale of the timber 

used in the building. This estimation is also very sensitive to location and mainly market demand. 

A building should not expect to have this return as standard practice.  
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An additional cost was considered for the Deconstruction scenarios as ‘Capital Expenditure.’ Since 

extra research and assessment were done to analyze possible deconstruction and resale alternatives, 

a consultancy fee was added to those alternatives. Yet, even if the Deconstruction scenarios did 

not have any ‘Revenue’ from the material sale, the extra cost from ‘Capital Expenditure’ would 

not be significant enough to change the overall cost ranking.  

The economic overall score, however, is not only based on those costs. It also includes the ‘Market 

Demand,’ which aim to reflect the complexity and instability of the market. Changing based on 

the practices established in a given location. In this study favoring Demolition scenarios on Status 

Quo – Linear and Deconstruction ones on Future – Circular.  

The project's feasibility in meeting deadlines and sending CDW to their respective facilities is a 

crucial consideration for the technical team. As expected, more landfills are available than 

recycling facilities for CDW. The nearest landfill was approximately 80 km away while recycling 

facilities that accepted all CDW materials were situated over 200 km away. Surprisingly, a nearby 

facility, located about 150km away, was willing to sell reused material; however, this is not a 

universal reality for all projects due to the limited availability of such facilities (Shooshtarian et 

al. 2020). 

The time required for the various processes in deconstruction/demolition and CDW sorting is a 

high priority when scheduling such a project. As expected, the Demolition – Landfill scenario is 

the quickest, with the estimation of less than one month to demolish and remove the waste, while 

Full Deconstruction takes over three months of work due to the careful handling required for the 

materials, as seen in Table 10. These insights support the idea that while deconstruction is 

achievable, it requires more extensive planning and preparation. 

Within the regulatory criteria, ‘Incentives’ and ‘Compliance with Regulation’ carried substantial 

weight in the decision model. The criterion, ‘Compliance with Regulation,’ is modeled in this 

study as a binary variable due to the complexity of its assessment. In Ontario, as per the Ontario 

Environment Protect Act (Reg 103/9), at least 75% of the waste inevitably generated from 

construction activities shall be diverted from landfills (Ontario Regulation 103/94 2011). The 

Demolition – Landfill is the only scenario that will be non-compliant with these regulations. 

While examining each criterion independently provides insights into each parameter's strengths 

and weaknesses, it is essential to consider the scenarios holistically to understand their overall 
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impact and viability. The Status Quo—Linear case can be argued to reflect the current Canadian 

status quo practice more accurately. Under these conditions, the best options for the project, ranked 

by the decision model, would be inconclusive. Full Deconstruction and Partial Deconstruction are 

basically tied up, followed by Demolition—recycling and Demolition—landfill.  

It is assumed in the Future – Circular case that circularity is well established in Canada. This 

assumption contrasts with the current Canadian status quo, which still requires significant 

development in this area (Lynch 2022; Allam and Nik-Bakht 2023). Under these conditions, the 

best options for the project based on the performance of the scenarios under the decision-making 

model would be Full Deconstruction, Partial Deconstruction, Demolition – Recycling, and 

Demolition – Landfill, respectively.  

The Full Deconstruction and Partial Deconstruction alternatives represent a hybrid approach, 

combining disassembly for wood components with demolition for the concrete slab. These options 

also integrate a mix of reuse and recycling strategies, which are more achievable since in reality 

not all materials are suitable for reuse.  

It is valid to remember that the selected scenarios were developed with the assistance of an industry 

partner, using the building assessment as a baseline for the decision-making model. However, 

additional scenarios can be tailored to the specific needs of each project. 

The model's sensitivity analysis confirmed its robustness, showing stability even when criterion 

weights were adjusted for the sensitivity test. The sensitivity analysis confirmed that small changes 

in weights did not alter the ranking of alternatives, reinforcing the model’s reliability. This 

indicates that the model can accommodate additional scenarios without requiring recalibration. 

For instance, if a new scenario is introduced, the sum of scores across decision problems and 

multiplication of criterion weights ensures adaptability while preserving the model’s integrity.  

The sensitivity analysis also highlights how the significance of criteria evolves across different 

decision problems, reflecting the distinct priorities of each phase. For example, in 

Demolition/Deconstruction, criteria such as ‘Regulation’ and ‘Economics’ tend to take precedence 

due to the emphasis on ‘Compliance with Regulations’ and cost efficiency. Conversely, in phases 

like Waste Processing or Disposal, ‘Environmental’ Impact and ‘Social’ Conditions become more 

critical, aligning with goals of sustainability and addressing community concerns.  
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Additionally, this decision-making model balances ‘Economic’, ‘Environmental’, ‘Social’, 

Regulations, ‘Site Conditions’ and ‘Material Conditions’, offering practical guidance for 

stakeholders. Some aspects, such as economic and environmental factors, are closer to 

implementation due to more available data and established benchmarks. In contrast, social criteria 

remain ambiguous, with high sensitivity to local contexts and limited data availability. 

These findings show that landfill is the least favorable option when considering a holistic 

assessment, even under a reality not fully tailored for circularity. Those results demonstrate how 

regular decision practices do not consider the actual landfill cost (with all environmental and social 

impacts). These findings underscore the critical role of regulatory incentives and a well-connected 

infrastructure in promoting sustainable deconstruction practices.  

If there were no incentives or regulations that prioritize the other alternatives, Demolition - landfill 

could have achieved the highest score.  Ultimately, those results reveal an opportunity for policy 

and industry advancements to help shift Canada’s construction practices towards more circular, 

environmentally resilient approaches. 

The main challenges must be addressed for a future circular case to be realized and for decision-

makers and building owners to incentivize them better to adopt more deconstruction practices. The 

first is the broader use and certification of reused materials; the second is an improved regulatory 

and legal framework to incentivize this adoption properly; and the third is the proliferation and 

networking of waste processing centers that can accommodate these new waste streams.  

This case study showed that dumping waste in a landfill was the most expensive option for this 

proposed project. Despite this cost, if it were legal and complied with regulations, it could be 

preferable under the Status Quo – Linear case to dump all construction waste in a landfill according 

to this decision model. The laws and regulations in the Toronto area appear to have been crafted 

to disincentivize the exclusive use of landfills by demolition companies. This will not be the case 

in every jurisdiction. 

More access to information may be needed to increase the adoption of practices more closely align 

with a Future – Circular case. This study collected valuable data that is often not readily available 

to decision-makers. A further step to improve those decision processes would be creating an online 

platform where people could compare deconstruction and demolition costs and facilities where 

each type of CDW is acceptable, and gate fees associated with it.  Educating people and making 
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information available to show the financial advantages of deconstruction practices to decision-

makers who might assume that costly, environmentally destructive practices are best for their 

needs. 
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Chapter 7. Concluding Remarks 

Deconstruction and circularity in construction have recently garnered the attention of researchers 

and practitioners. A key barrier to greater adoption of circular practices in construction has been 

the complexity of making decisions that account for multiple types of benefits and costs. The 

present study contributes to the existing body of knowledge by developing a comprehensive and 

inclusive decision-making model. Unlike previous studies, the model considers all sub-phases of 

the facility EoL and includes the perspectives of diverse stakeholder groups involved in the EoL. 

Based on a systematic literature review, the proposed model divides the EoL phase into four sub-

phases: (1) deconstruction/demolition, (2) transport, (3) waste processing, and (4) disposal, each 

with a decision problem and related alternatives. To make these decisions, 23 criteria were 

compiled from the literature and organized into six main criteria: ‘Regulations,’ ‘Environmental,’ 

‘Economic,’ ‘Social,’ ‘Material Conditions,’ and ‘Site Conditions.’ Validation of this framework 

with stakeholders led to adding two more criteria: ' Land Value’ and ‘Location.’ Stakeholders 

participated in the study to validate the framework and define the criteria weights. These 

stakeholders covered six groups: (1) Design; (2) Construction and Operation (3) EoL Services; (4) 

Sustainability Specialists; (5) Insurance; and (6) the Public Community. 

Including these stakeholders provided insights into the different priorities of each group and the 

most essential criteria overall. In general, the stakeholders emphasized the importance of 

‘Regulations.’ Not only was it rated as the most crucial main criterion, but the ‘Compliance with 

Regulations’ criterion was also rated as the most important overall. This underscores the 

importance of promoting the creation and extension of regulations within the construction sector. 

The second most important main criterion was ‘Environment,’ above ‘Economic’ considerations, 

rated third, different from many previous studies. The focus on the environment reflects the 

increasing urgency to address environmental concerns and climate change. Interestingly, economic 

criteria were only considered the most important for the construction professionals. Despite the 

‘Material Conditions’ and ‘Social’ main criteria being rated less important, some of the criteria 

under those were considered highly important. The presence of ‘Hazardous Materials’ was the 

second most important criterion, and ‘Worker’s health and safety’ was third. Both point to the 

importance of safety in making EoL decisions.  
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The proposed decision-making model's limitation may be the breadth of criteria and stakeholders. 

The extensive set of criteria introduced could slow the decision-making process and complicate 

data collection. Nonetheless, this comprehensive approach provides a strong foundation for 

evaluating the trade-offs involved in EoL decisions. It highlights the critical role of regulatory and 

environmental priorities in advancing circular construction practices. 

The second part of this study applied the proposed decision-making model to an actual case study, 

offering a practical examination of how EoL decisions unfold in a specific construction project. 

This phase focused on a resort building project near the GTA, Canada, which provided a 

representative context to test the model’s applicability and explore potential EoL scenarios. The 

study examined the performance of various alternatives across the defined criteria, considering 

both ‘Benefit’ and ‘Cost’ aspects, and incorporated specialist input to generate realistic and 

actionable scenarios for decision-makers. 

These findings highlight the importance of evaluating EoL scenarios holistically to address the 

nuances of decision-making in sustainable construction practices. The distinction between the 

Status Quo – Linear and Future – Circular cases underscores the significant impact of regulatory 

frameworks, public acceptance, and infrastructure availability on the feasibility and attractiveness 

of circular alternatives. While Full Deconstruction consistently emerges as the top performer under 

circular conditions, the ambiguous results in the Status Quo – Linear case reflect the challenges 

posed by current limitations in policy and infrastructure, where landfill and demolition options can 

occasionally align closely with deconstruction scenarios. 

This case study also emphasizes the critical role of regulatory incentives and infrastructure 

development in driving more circular EoL practices. Expanding the certification and marketability 

of reused materials, improving legal frameworks to incentivize sustainable practices, and 

increasing the availability and connectivity of waste processing facilities are essential steps toward 

achieving circularity. Despite the economic and environmental benefits of deconstruction 

scenarios, significant barriers remain, including cost implications, extended project timelines, and 

logistical challenges associated with transporting materials to recycling or reuse facilities. 

Ultimately, these results underscore the need for policy and industry advancements to shift 

Canada’s construction sector toward more circular, environmentally resilient practices. By 

addressing the identified challenges and fostering greater access to information, decision-makers 
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and building owners can be better equipped to adopt sustainable deconstruction methods that align 

with the principles of a Future – Circular case. This transition would reduce reliance on landfills 

and maximize resource efficiency, contributing to the broader goals of environmental and 

economic sustainability. 

7.1 Contributions 

The fundamental contribution of this research was to provide a broad decision-making model for 

the EoL stage of built facilities. To achieve this goal, the contributions of this project can be 

summarized as follows: 

• Previous work tackled the different EoL stages as distinct issues, not addressing decision 

problems other than what is better to deconstruction or demolish. In response to this gap, 

the present thesis identified the most relevant decision problems throughout the EoL stage. 

Owners, designers, and architects can use these findings as a guide that can lead to a more 

sustainable decision.    

• The literature review identified a disparity of preferences, often stemming from a lack of 

representativeness in stakeholder selection. Previous studies mainly included owners and 

construction managers as decision-makers. In addition to those decision-makers, this study 

included environmental specialists, policymakers, tenants, and professionals involved at 

the EoL stage, such as demolition managers and recycling facilities managers. The 

validated framework is now more inclusive, considering the perspectives of all 

stakeholders who play a meaningful role in the EoL stage. 

• This thesis provides a significant contribution by analyzing a real-case scenario of a 

building in Ontario through comprehensive data collection and integration of tools such as 

OneClick, Revit, and governmental reports. The findings demonstrate that deconstruction 

options are more cost-effective than demolition, primarily due to the high gate fees for 

landfill disposal. Despite this, the persistence of demolition practices underscores the need 

for stronger regulatory frameworks. A key contribution of this work is the inclusion of 

regulation-related criteria in the decision-making process, addressing a critical gap in 

previous analyses and offering actionable insights for advancing sustainable practices in 

the construction industry. 
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7.2 Impacts 

This research provides a deeper understanding of the key decisions required during the EoL stage 

of buildings and how they can accommodate more CE practices. By integrating insights from the 

literature and professionals actively working in the field, the model is more closely aligned with 

current industry needs than previous models. The decision model developed can facilitate the 

analysis of multiple scenarios, promoting greater awareness and encouraging a more circular 

approach to building lifecycles. 

This research provides decision-makers with the tools to incorporate circular and sustainable 

parameters into their practices. It offers a structured model that can help owners and stakeholders 

make more informed decisions, fostering a more sustainable approach to the EoL stage of 

buildings. 

7.3 Limitations 

The limitations of this study are listed as follows: 

• As circularity is still an emerging concept in the construction industry, comprehensive 

reports and benchmarks for comparing different scenarios are lacking. Consequently, 

several assumptions had to be made during the data collection. Some data could not be 

collected solely at the city level (Toronto). In some instances, country-level data and even 

U.S. sources, such as the Solid Waste Association of North America, were required to fill 

gaps in the data. However, this limitation is expected to diminish as circular awareness 

grows and more data is collected at broader scales. 

• While this study aimed to validate the criteria for each of the four decision problems 

independently, there is also an assumption that all requirements are applicable across the 

different decision problems. This assumption may limit the precision of the model in 

addressing unique aspects of each sub-phase of EoL stages.  

• The inclusion of diverse stakeholder perspectives and insights from the literature resulted 

in an extensive set of criteria. While this broad scope enriched the model, it also contributed 

to a longer and more complex data collection process. 

• A significant portion of the anonymous survey responses came from individuals working 

in sustainability. While these participants may be more inclined to engage in studies like 
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this, their involvement could have influenced the weighting of criteria, potentially skewing 

the results towards a sustainability-focused perspective. 

• Some criteria may exhibit correlations, leading to the potential for double counting similar 

impacts. This overlap could affect the accuracy of the analysis and the interpretation of 

results, highlighting the need for careful consideration when evaluating criteria 

interactions. 

• Assessing the quality of materials requires specialized expertise and typically involves 

evaluating materials post-deconstruction or demolition. In this study, all wood and concrete 

blocks were assumed to be reusable, which does not reflect the reality of material 

conditions. This assumption may lead to overestimating the potential for material reuse and 

recycling. 

7.4 Future Work 

A list of recommendations for future work is proposed to advance this study and address the 

limitations mentioned above. However, these suggestions are not exhaustive and do not encompass 

all possible avenues for further research.  

• As demonstrated in this study, not all criteria apply to every decision, and all the criteria 

have the same weight across decision problems. A question remains unanswered: Would 

the model have a different ranking priority if each decision problem had its own criteria 

weight? The addition of new criteria and more detailed decision problems should also be 

explored.  

• Future studies should analyze the effect of including material assessment in the model. 

How critical is this main criterion compared to the other ones? This research could be 

integrated with studies on material evaluations to ensure that the potential for reuse and 

recycling is not overestimated. A comprehensive review of material quality would provide 

a more accurate understanding of what can be reused or recycled. 

• Another relevant question is if the model would result in a different alternative if another 

MCDM method were used. Various methods should be explored and developed to 

minimize the correlations between criteria.  

• Future work should also focus on developing a similar model that maintains or expands 

stakeholder diversity while requiring fewer inputs. This raises questions about whether 
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comparable results could be achieved with a smaller set of criteria and which criteria should 

prioritized in such a streamlined model.  

• While this study incorporated input from individuals primarily across Canada to maintain 

a broad focus, specific projects would greatly benefit from gathering more localized input. 

Future investigators should utilize more advanced surveying methods to increase the 

amount of participation and make models that are better applicable to a particular 

municipality or region. This approach would ensure that the model better reflects the 

unique needs and characteristics of each location project. 

• Additional case studies should be conducted to analyze how local regulations and the 

specific context of different cities influence the decision-making process. By examining 

similar buildings across various locations, this research would provide valuable insights 

into the impact of regional differences on EoL decisions. 

• In this model, the ‘Regulations’ were considered the most important main criterion. Since 

it is very complex to quantify which incentives can be attributed to each scenario, future 

work should focus on regulatory criteria. Additional research could be done to answer 

questions regarding the true impact of regulations in a given location.   
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Appendices 

Appendix 1 

Semi-structured interview questionnaire (explained in sections 3.2 and 3.3). 

Model Validation /Semi-structured interview 

An introduction is given to the participants: 

The building and civil infrastructure sectors are producing massive quantities of construction and 

demolition waste, especially at the end-of-life stage. To this end, the goal of this interview is to 

validate a decision-making model that aims to consider the three pillars of sustainability and 

improve the circular economy. 

Understanding the participants: 

1- What is your experience with deconstruction and demolition? 

2- What is your experience with the reuse and recycling process of construction materials? 

Study questionnaire divided by decision problems: 

Decision problem #1: Deconstruction/demolition 

When the building reaches the EoL stage some decisions need to be made.  

Q3- Considering that a building reached the end-of-life phase, what are the possible alternatives 

for the facility? 

Q4- How should this decision be made, and what should be the considerations (criteria)? 

Q5- Whom do you believe should be involved? 

Decision problem #2: Transportation 

Q6- Taking into consideration the selection of a facility (recycling plant, refurbish, or landfill) 

what should be the options for a building? 

Q7- How should this decision be made, and what should be the considerations (criteria)? 

Q8- Whom do you believe should be involved? 

Decision problem #3: Waste Processing  
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Q9- Since sort ability is one of the biggest drivers of circularity, what are the available options we 

currently have (in-site sorting, off-site, no sorting)? 

Q10- How should this decision be made, and what should be the considerations? 

Q11- Whom do you believe should be involved? 

Decision problem #4: Dispose 

Q9- Looking at the most detailed level, what are the possible outcomes for the building materials? 

Q10- How should this decision be made, and what should be the considerations? 

Q11- Whom do you believe should be involved? 

Under each decision-problem, the participants were also asked about two different criteria that 

were considered “unstable”. The criteria were repeated for two different decision problems since 

we wanted to evaluate it under different circumstances.     

Demographic questions  

Q12- Which of the following best describes you? (More than one alternative can be selected) 

Choose from a list of stakeholders. 

Q13- How many years of experience do you have in the selected industry? 
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Appendix 2 

Online Survey (explained in section 3.2.3) 

 

Figure 0.1: Image from the introduction of the survey on Qualtrics 
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Figure A.2: Video explaining the EoL subphases to the participants 
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Sub-phases/ Decision problems introduction 

 

Figure A.3: Introduction of decision-problem number 1 (demolition/deconstruction) 
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Figure A.4: Introduction of decision-problem number 2 (waste processing) 
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Figure A.5: Introduction of decision-problem number 3 (transportation) 
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Figure A.6: Introduction of decision-problem number 4 (disposal) 
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Pairwise comparison explained 

 

Figure A.7: Video explaining pairwise comparison and how to fill up the survey 
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Main criteria assessment 

 

Figure A.8: Main criteria assessment 
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Criteria Assessment 

 

Figure A.9: Economics Criteria Assessment 
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Figure A.10: Social Criteria Assessment 
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Figure A.11: Environmental and Regulation Criteria Assessment 
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Figure A.12: Material Conditions Criteria Assessment 
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Figure A.13: Site Conditions Criteria Assessment 
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Personal and demographic questions 

 

Figure A.14: Site Conditions Criteria Assessment 
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Figure A.15: Demographic questions part 1 
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Figure A.16: Demographic questions part 2 
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Figure A.17: Demographic questions part 3 
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Figure A.18: Demographic questions part 4 
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Appendix 3 

Sensitivity Analysis (explained in section 4.4) 

  

(a) Future - Circular 

 

(b) Status Quo - Linear 

Figure A.19: Sensitivity analysis of Environment main criteria (+/- 10%) 
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(a) Future - Circular 

 

(b) Status Quo - Linear 

Figure A.20: Sensitivity analysis of Social main criteria (+/- 10%) 
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(a) Future – Circular 

 

(b) Status Quo - Linear 

Figure A.21:  Sensitivity analysis of Economics main criteria (+/- 10%) 
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(a) Future – Circular 

 

(b) Status Quo - Linear 

Figure A.22: Sensitivity analysis of Regulations main criteria (+/- 10%) 
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(a) Future – Circular 

 

(b) Future – Circular 

Figure A.23:  Sensitivity analysis of Site Conditions main criteria (+/- 10%) 

 


