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ABSTRACT: The construction sector is a major contributor to global waste generation, particularly through 
construction and demolition (C&D) activities. With growing pressure to reduce environmental impact and 
transition toward a circular economy, material reuse has emerged as a critical strategy for sustainable 
development. This paper addresses the need for a structured approach to evaluating the reusability of C&D 
waste by developing a robust assessment framework. The primary objectives of this study are twofold: (1) 
to consolidate and classify key construction materials based on their reuse potential, and (2) to develop a 
comprehensive set of Key Performance Indicators (KPIs) to assess the reusability of these materials across 
seven categories—health and safety, quality, market demand, quantity, value, environmental impact, and 
costs. Methodologically, the paper draws on a detailed literature review to identify relevant KPIs and 
integrates them into a four-step decision-making framework. This framework includes data collection, KPI 
scoring using a qualitative scale, rule-based aggregation, and interpretation of results. The framework is 
designed to support scenario-based decision-making and aligns with industry practices in sustainable 
demolition and material recovery. This research is a practical decision support system that can guide 
stakeholders—including contractors, municipalities, and developers—in making informed decisions about 
material reuse. The framework supports alignment with UN Sustainable Development Goals (SDGs) 11 
and 12 and offers a pathway for reducing C&D waste, conserving resources, and lowering greenhouse gas 
emissions through enhanced material circularity. 
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1. INTRODUCTION 
 
As the shift toward reducing carbon emissions and adopting a circular economy accelerates, reuse and 
reclamation become crucial. Reuse involves repurposing products that would otherwise be discarded, 
conserving resources, cutting costs, and preventing waste and pollution. This practice supports a circular 
economy, where materials are continuously reused to maximize their value while minimizing waste, 
reducing greenhouse gas (GHG) emissions and raw material consumption (Yrjölä & Wanjala, 2022). 
However, conventional demolition practices often neglect the potential for material reuse, as buildings are 
typically crushed with limited regard for reclaiming usable materials. In contrast, deconstruction focuses on 
dismantling buildings thoughtfully to preserve and reuse materials, promoting environmental benefits and 
reducing costs. Scholars increasingly advocate for the transition from demolition to deconstruction, 
demonstrating that this approach conserves resources, cuts waste, and minimizes environmental harm 
(Fraunhofer IRB, 2023). To effectively implement reuse, it is essential to establish key performance 
indicators (KPIs) that assess the reusability of building materials based on factors like health and safety, 
material integrity, market demand, economic value, and environmental impact. This manuscript explores 
the potential of material reuse in construction, establishing a structured framework for evaluating reuse 
strategies, identifying knowledge gaps, and promoting the integration of circular economic practices within 
the construction industry. Its goal is to shift industry paradigms, contributing to climate change mitigation 
and sustainable development by emphasizing the significant role of material reuse.  
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Reuse and reclamation are now more crucial than ever as efforts to cut carbon emissions and move toward 
a circular economy intensify. North Carolina State University defines reuse as repurposing items that would 
otherwise be discarded—often in their current state or with minimal repairs. This approach reduces costs, 
conserves resources, minimizes waste, and lowers pollution, thereby extending the lifecycle of valuable 
materials. These benefits underpin the circular economy model, where materials are continually repurposed 
rather than disposed of after one use, decreasing greenhouse gas emissions and raw material consumption 
(NC State, n.d.; Yrjölä and Wanjala, 2022). 

Traditional demolition methods typically involve crushing entire buildings, which prevents material recovery. 
In contrast, deconstruction dismantles buildings piece by piece to maximize the reuse potential of materials. 
Although deconstruction requires more time, it often results in lower overall costs by preserving materials 
on-site and reducing the environmental impact of manufacturing new ones (Fraunhofer IRB, 2023). 
Academic research increasingly supports shifting from conventional demolition to sustainable 
deconstruction practices. Scholars advocate for developing comprehensive key performance indicators 
(KPIs) to evaluate the reusability of construction waste, addressing aspects such as health and safety, 
material durability, market demand, economic value, and environmental impact. Yet, no frameworks have 
been proposed in the published literature that aid reusability assessment (Saad et al 2024).  

This manuscript consolidates current insights on construction material reuse and proposes a structured KPI 
framework to guide stakeholders toward more sustainable and resilient construction practices. The 
outcomes of this research support the implementation of a circular economy in the construction sector. 

2. LITERATURE REVIEW 
 
When considering reuse of construction and demolition material, it is vital to look at incentives for reuse. 
Incentives for reuse are broadly categorized into six groups: economic/financial, environmental, social, 
technological, legal, and market. Each category encompasses multiple factors that can either drive or 
hinder reuse, depending on the local context.  

 Economic and financial incentives are most influential in business decision-making (Past et al., 2023). 
Reuse can significantly alter cost structures by creating jobs—from dismantling and reclamation audits 
to transporting materials—and by reducing material expenses while increasing resale revenue. 
Additionally, cost reductions in material purchases, and profits from reselling reclaimed materials (Past 
et al., 2023) can incentivise the construction stakeholders. But challenges like labor costs can influence 
the feasibility of extensive deconstruction, with higher labor costs deterring some from adopting 
reclamation practices (Stockmans, 2016). 

 Environmental incentives also play a major role. Reuse conserves scarce non-renewable resources, 
cuts energy consumption by avoiding new material production, and lowers CO₂ emissions. Moreover, 
it helps reduce construction and demolition waste, thereby mitigating water, soil, and air pollution and 
preserving local ecosystems (Rakhshan et al., 2020; Yeheyis et al., 2013). Reclamation contributes to 
waste prevention, lowering pollution, and protecting ecosystems (Deweerdt et al., 2020; Yeheyis et al., 
2013). 

 Social incentives include heightened awareness of reuse benefits, the formation of long-term 
partnerships, and improved public health through reduced pollution (Deweerdt et al., 2020; Rakhshan 
et al., 2020).  

 Technological incentives spur innovation in deconstruction methods and facilitate the emergence of a 
new market for reclaimed materials (Knoth et al., 2022; Unuode, 2021). Technological incentives 
encompass advancements in deconstruction methods, which can include innovations in material 
information systems and markets (Knoth et al., 2022). However, such methods can also represent 
barriers to adoption. 

 Legal incentives involve policy mandates and financial benefits, such as waste audits and reduction 
plans enforced through regulations, though barriers like hazardous waste and asbestos guidelines may 
restrict reuse (Deweerdt et al., 2020; e-Laws | Ontario.ca., 2020, 2024). Building certifications like 
LEED, BOMA BEST, Energy Star, and CASBEE not only enhance a building’s marketability and value 
by awarding points for material reuse but also support sustainable practices (Greenly, 2023; ENERGY 
STAR, 2022). 
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 Market incentives emphasize the value of promoting a green image and designing buildings with reuse 
in mind, which attracts eco-conscious buyers and encourages innovative practices. Certifications such 
as Cradle to Cradle, ECOLOGO, and Passive House further underscore a commitment to 
environmental responsibility (Build Reversible and Circular, 2023; Cradle to Cradle Products Innovation 
Institute, 2025; UL Solutions, 2025; Passive House Canada Conference, n.d.). Furthermore, salvaging 
historic or culturally significant elements can enhance a building’s uniqueness and market value 
(Deweerdt et al., 2020; Rakhshan et al., 2020). 

 
Table 1 lists indicators for reusability assessment of construction and demolition waste. According to 
published literature, there are seven categories namely, health and safety, quality market demand, quantity 
value, environmental impact, and costs. KPIs have been identified for each category. References for KPIs 
are included in Table 1.  
 

Table 1: General parameters for reusability along with the key performance indicators. 
 

Parameter Requirements/preferences KPIs Source 

H
e
a
lt

h
 a

n
d

 S
a
fe

ty
  

No asbestos, heavy metals, or toxic/ 
hazardous substances 
Must be able to be safely extracted 
from building 
Must have an easy deconstruction 
and be easily accessible 

Percentage of hazardous 
materials in the building 
Number of accidents that 
occurred on site 
Good construction and 
Demolition practices 
Different waste types 
present on site  
Properly educated 
workers 

(Economie 
Circulaire, no date) 
(Deweerdt et al., 
2020) 
(Crimmins, 2023) 
(Dodd et al., 2020) 
(Kim et al., 2020) 
 

Q
u

a
li
ty

 

Meets current safety standards and 
regulations 
Cannot be significantly damaged  
Is standard sizing for the material 
Is not reaching nor has reached its 
end of life 

Quality issues 
Number of defects  
Number of impurities in 
material 
 

(Deweerdt et al., 
2020) 
(Crimmins, 2023) 
(Jiménez-Rivero 
and García-
Navarro, 2016) 

M
a
rk

e
t 

D
e
m

a
n

d
 Cannot be obsolete or out of fashion 

No outdated technology  
Must have a market available 
Cannot be outperformed by current 
products  

Availability of materials  
 

(Deweerdt et al., 
2020) 

Q
u

a
n

ti
ty

 

Larger quantities are better  Tonnes of waste 
generated per $$ amount 
of construction value  
Building was designed for 
disassembly  

(Deweerdt et al., 
2020) 
(The Construction 
Commitments: 
Halving Waste to 
Landfill, no date) 
(Jiménez-Rivero 
and García-
Navarro, 2016) 

V
a
lu

e
  

A historic or famous piece increases 
value 
Can be unlike new products or have 
an interesting aesthetic or an overall 
uniqueness  

Social impact  
Historical value 
Economic viability 

(Deweerdt et al., 
2020) 
(Crimmins, 2023) 
(Kim et al., 2020) 
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E
n

v
ir

o
n

m
e
n

ta
l 
Im

p
a
c
t 

 
The impact of deconstruction and 
transport must be less than the 
creation of a new product  
Result in a carbon savings  

Waste generation 
Carbon footprint 
Energy consumption 
Pollution indicators  
GHG emissions 
Ecological systems impact  
Waste recovery rate 
Percent of reused material 
Site waste management 
plan  
Amount of construction 
and demolition waste 
created  
Water usage  
Global warming potential 
Percent of CO2 
reductions  
Emissions from 
transportation of waste 
comparison  

(Deweerdt et al., 
2020) 
(Crimmins, 2023) 
(The Construction 
Commitments: 
Halving Waste to 
Landfill, no date) 
(Dodd et al., 2020) 
(Lozano, 2019) 
(Jiménez-Rivero 
and García-
Navarro, 2016) 

C
o

s
ts

  

Low labour and transportation costs 
No or low storage fees for materials 
Overall cost must be lower than cost 
of new products  

Time taken 
Travel distances 
Cost for demolition 
Cost for labour 
Pre-demolition audit  
Amount of landfill costs 
avoided  
Level of deconstruction  
Overall budget  

(Deweerdt et al., 
2020) 
(Balodis, 2017) 
(Crimmins, 2023) 
(Dodd et al., 2020) 
(Kim et al., 2020) 
 

 
3. PROPOSED FRMEWORK 
 
Figure 1 presents the framework for decision making. Information from Table 1 was used in developing this 
framework. The proposed decision-making framework includes 4 following steps. Details of each step is 
explained in detail below.  
 
Step 1: Data collection: Collecting comprehensive data from demolition projects is essential for ensuring 
effective decision-making and sustainable material reuse. A robust data collection methodology combines 
on-site inspections, advanced sensor technology, and rigorous documentation reviews to capture key 
performance indicators (KPIs) across health and safety, quality, market demand, value, environmental 
impact, and costs. By integrating various data sources into a centralized system, project managers can 
monitor progress, evaluate risks, and identify opportunities for improvement. 
 
As an example for health and safety metrics, data collection begins with on-site surveys and hazardous 
material assessments. Inspectors evaluate the percentage of hazardous materials present in the building 
through laboratory testing and review of material safety data sheets. In parallel, incident reporting systems 
are used to record the number of accidents occurring on site, while audit checklists ensure that construction 
and demolition practices adhere to industry standards. Additionally, systematic observations document the 
different waste types generated during demolition, and human resources records verify that workers are 
properly educated and trained. 
 
Quality is monitored through regular inspections and defect tracking systems that record the number of 
defects and impurities found in recovered materials. These assessments are complemented by quality 
assurance reports that help identify and mitigate potential issues. Market demand is evaluated by 
conducting surveys with local suppliers and recycling experts to determine material availability, while 
financial records are used to calculate the quantity of waste generated by construction value. Furthermore, 
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the design documents are reviewed to ascertain if the building was constructed with disassembly in mind, 
providing insights into reuse potential. Social impact, historical value, and economic viability are assessed 
through community surveys, heritage evaluations, and detailed cost-benefit analyses that consider both 
project expenditures and potential revenues. 

Environmental impact data is gathered using a combination of IoT sensors and third-party environmental 
assessments. These methods track waste generation, carbon footprint, energy consumption, pollution 
indicators, and greenhouse gas emissions. Ecological surveys and waste recovery logs further quantify the 
percentage of reused materials and the effectiveness of the site’s waste management plan. Monitoring 
water usage, global warming potential, and transportation emissions ensures that environmental 
performance is thoroughly documented. Finally, cost data is collected by tracking project timelines, travel 
distances, demolition and labor costs, and overall budget expenditures. Pre-demolition audits and 
comparative analyses of landfill cost avoidance further support cost optimization strategies. 

 
Figure 1: KPIs for reusability assessment 

Step 2: Scoring of KPIs: Rule-based decision support systems enable more realistic decision-making, 
extending beyond the capabilities of traditional numerical multi-attribute decision-making methods. The 
proposed method builds upon the approach introduced by Canfora and Troiano (2003). The proposed 
decision framework adopts qualitative scale for scoring KPIs. The KPIs can be scored on a qualitative scale 
by first normalizing each metric to a common scale and then mapping these values to predefined qualitative 
categories such as "High," "Medium," or "Low." For instance, numerical data from health and safety 
inspections, quality checks, market assessments, environmental monitoring, and cost analyses are 
standardized using min-max scaling. For each KPI with a raw value xi  where, i=1,2,n, the normalized score  
is computed as: 
 

𝑦𝑖 =
𝑥𝑖 − min(𝑥𝑖)

max(𝑥𝑖) − min(𝑥𝑖)
 

This transformation scales xi to a value between 0 and 1. 
Predefined thresholds delineate the qualitative bands: scores above a certain threshold might indicate 
"High" performance, mid-range scores "Medium," and scores below a minimum threshold "Low." These 
thresholds can be flexible and should be updated using industry relevant data. These thresholds should be 
defined for all KPIs.  
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Step 3: Aggregation: In a rule-based aggregation method for this decision framework, each normalized 
KPI is first converted into a qualitative rating (e.g., High, Medium, Low) based on predetermined thresholds. 
Let 𝑥𝑖 represent the normalized value for each KPI (e.g., Health and Safety, Quality, Market Demand, 
Quantity, Value, Environmental Impact, and Cost), scaled between 0 and 1. For each xi, define a rating 

function 𝑅(𝑥𝑖) that maps these values to qualitative ratings such as "High," "Medium," or "Low" based on 

predetermined thresholds 𝜃𝑖
𝐿 and 𝜃𝑖

𝐻: 

𝑅(𝑥𝑖) = {

"𝐿𝑜𝑤"         𝑖𝑓 𝑥𝑖 ≤ 𝜃𝑖
𝐿 ,

"Medium"    𝑖𝑓 𝜃𝑖
𝐿 < 𝑥𝑖 <

"𝐻𝑖𝑔ℎ"      𝑖𝑓 𝑥𝑖 ≥ 𝜃𝑖
𝐻

𝜃𝑖
𝐻 , 

A set of if-then rules, {𝑟𝑗}𝑗=1
𝑀 , is then defined, where each rule 𝑟𝑗 is modeled using an indicator function 𝛿𝑗 

that equals 1 if the rule's conditions are met and 0 otherwise. For example, one rule might state: if 𝑅(𝑥𝐸𝐼) =
"𝐻𝑖𝑔ℎ" for Environmental Impact and 𝑅(𝑥𝐻𝑆) = "𝐿𝑜𝑤" for Health and Safety, then flag the project as high 

risk, i.e., 𝛿𝑗(𝑅(𝑥𝐸𝐼), 𝑅(𝑥𝐻𝑆)) = 1.  

 
The overall decision score, S, aggregates the individual KPI scores and the outputs of these rule 
evaluations. This is mathematically represented as:  

S = ∑ 𝑤𝑖𝑥𝑖 +

𝑁

𝑖=1

∑ 𝛾𝑗𝛿𝑗(𝑅(𝑥1), 𝑅(𝑥2), … , 𝑅(𝑥𝑁)),

𝑀

𝑗=1

 

where 𝑤𝑖 and 𝛾𝑗 are weights that reflect the relative importance of each KPI and rule, respectively. In this 

framework, a higher S may indicate a favorable outcome for material reuse, whereas a lower S might trigger 
further review or corrective actions. This structured approach converts complex, multi-dimensional KPI data 
into a single, aggregated metric that incorporates both quantitative performance and qualitative expert 
judgment. It provides clear, actionable insights for decision-makers regarding demolition material reuse 
strategies. 
 
Step 4: Interpretation 
 
The aggregated results provide a comprehensive snapshot of the demolition project's performance by 
converting quantitative data into clear, qualitative ratings across various KPIs. A high overall score indicates 
robust performance in critical areas such as health and safety, quality, environmental impact, and cost 
management, suggesting that the project is well-positioned for effective material reuse. Conversely, lower 
scores highlight areas where risks or inefficiencies prevail—such as inadequate safety measures or 
significant environmental concerns—prompting immediate attention and corrective measures. Intermediate 
scores reveal mixed performance, where some aspects may be strong while others require improvement. 
By mapping numerical data to qualitative categories like "High," "Medium," and "Low," stakeholders can 
quickly grasp the project's strengths and weaknesses, prioritize resource allocation, and make informed 
decisions about proceeding with, modifying, or halting material reuse initiatives. This interpretative 
framework ultimately enhances transparency and supports strategic planning for sustainable demolition 
practices. 
 

Implementation of the Proposed Decision Support Framework  
 
Figure 2 presents the proposed decision support framework for demolition projects, which adopts a multi-
layered and technology-integrated approach to enable informed material reuse decisions. Implementation 
begins with the development of a centralized digital platform designed to collect and aggregate data from 
diverse sources, including manual inspections, sensor networks, and document reviews. 
 
Health and safety information is captured through hazardous material surveys, incident reports, and 
compliance audits, while quality-related data is obtained via defect tracking systems and material testing. 
Environmental metrics—such as waste generation, emissions, and energy usage—are monitored using IoT 
devices. Market demand insights are derived from supplier surveys and financial analysis, and project 
management tools contribute cost, schedule, and KPI data. 
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The framework supports decision-making by integrating expert systems, real-time dashboards, and 
stakeholder engagement, allowing project teams to continuously evaluate conditions, identify strengths and 
weaknesses, and implement improvements. Ultimately, this structured and data-driven process enhances 
the efficiency of material recovery, reduces environmental impact, and contributes to more sustainable 
demolition practices. 

 
Figure 2: Decision support framework for reusability assessment  

4. DISCUSSION AND CONCLUSIONS 
 
The viability of reusing construction materials can be evaluated using seven key performance indicator 
(KPI) categories. Health and Safety, for example, ensures that reclaimed materials meet established safety 
standards, thereby protecting both end-users and the environment. Quality assessments gauge the 
condition and durability of these materials, directly influencing their suitability for reuse. Market Demand 
and Quantity together assess not only the potential for reclaimed materials to be effectively integrated into 
current projects but also the practical availability of these materials on-site. Value examines the economic 
benefits and cost savings associated with reuse, providing an important incentive for stakeholders, while 
environmental Impact measures reductions in greenhouse gas emissions and waste, underscoring the 
ecological advantages of material reclamation. Finally, the Costs category evaluates the financial 
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implications, weighing the expenses of reclaiming materials against those of disposal, ensuring a 
sustainable balance between economic feasibility and environmental responsibility. 
 
The literature review conducted reveals that economic factors—such as job creation, reduced material 
costs, and the fostering of a circular economy—are the primary drivers behind the reuse of construction 
materials. Nonetheless, reuse processes face challenges, including labor intensiveness, higher initial 
investments, and the complexity of reclaiming materials from buildings not originally designed for 
disassembly. The integration of the seven KPIs into a decision support framework effectively captures these 
practical, economic, and environmental dimensions, providing a robust basis for assessing the feasibility of 
material reuse. By incorporating metrics related to Health and Safety, Quality, and Environmental Impact, 
the framework not only ensures compliance with rigorous safety and sustainability standards but also 
highlights the economic rationale for reuse through the evaluation of Value and Costs. 
 
A notable advancement in the proposed system is the use of rule-based aggregation methods. In practice, 
normalized KPI values are processed through a hierarchy of if-then rules that mirror expert judgment, 
resulting in qualitative ratings such as “High,” “Medium,” or “Low.” This structured approach facilitates 
prompt decision-making by clearly delineating strengths and weaknesses across the project’s performance 
areas. However, further research is needed to refine these rules. In particular, developing precise threshold 
values for each KPI could enhance the accuracy of the system’s assessments. Additionally, incorporating 
fuzzy logic stands for a promising research direction, as it would allow the framework to handle data 
uncertainty more effectively. With fuzzy logic, the system could provide smoother transitions between 
qualitative categories, thus avoiding abrupt shifts in classification due to minor variations in numerical 
scores. Although this method addresses data uncertainty, model uncertainties related to key performance 
indicators (KPIs) should be further examined for verification. 
 
As future research, the proposed decision support tool should be validated using a real-life case study. Its 
findings should be compared with those of traditional practices to identify and analyze any differences. By 
systematically integrating key performance indicators with advanced rule-based methods—and with future 
research focused on threshold development and fuzzy logic—the framework holds significant promise for 
driving more sustainable and economically practical demolition practices that align with global sustainability 
goals. Moreover, integrating the decision support framework with Building Information Modeling further 
enhances its utility by embedding KPI data directly into digital models, enabling scenario analysis and 
promoting sustainable, circular construction practices. 
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