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Abstract

The construction sector is a major contributor to global waste output, with construction and
demolition waste (CDW) producing substantial environmental, economic, and logistical
challenges. Traditional methods for handling waste in developing countries have failed to
implement sustainability concepts successfully, resulting in inefficient resource consump-
tion and increasing landfill reliance. This study develops an Analytic Hierarchy Process
(AHP) framework to integrate circular economy (CE) principles into construction waste
management (CWM). The framework evaluates four criteria under economic, environmen-
tal, social, and technological categorization and applies expert-based pairwise comparisons
to prioritize alternative strategies. To ensure reliability, the results were further validated
through sensitivity analysis and cross-validation using complementary MCDM methods,
including the TOPSIS, WSM, and WPM. The research attempted to determine the most
successful waste management approach by examining critical economic, social, technical,
and environmental issues in the setting of Sri Lanka as a case study. A hierarchical model
was built, and expert views were gathered using pairwise comparisons to assess the relative
importance of each criterion. The results showed that environmental considerations had the
greatest relative importance (41.6%), followed by economic (38.4%), technical (12.6%), and
social aspects (7.4%). On-site waste segregation appeared as the most suitable method ow-
ing to its immediate contribution to sustainability, while off-site treatment, prefabrication,
modular construction, and waste-to-energy conversion followed. The research underlines
the significance of organized decision-making in waste management and advises incorpo-
rating real-time data analytics and artificial intelligence to boost adaptable and sustainable
construction practices.

Keywords: analytic hierarchy process; circular economy; decision support system; multiple
criteria decision-making; sustainable construction

1. Introduction
The global construction industry is one of the key contributors to the economic de-

velopment and success of a nation, especially in countries currently in the developing
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stage. The demand for infrastructure development and construction has risen throughout
the past decade even though the world has grappled with the COVID-19 pandemic and
economic recessions [1,2]. Urbanization and population growth are the primary causes
of the rapid surge in demand, yet it has been identified that only the financial sector
has been the beneficiary [3–5]. This is because the rise of the construction industry has
alerted several sustainability concerns that primarily revolve around construction and
demolition waste (CDW) generation. This results in the industry’s ecological footprint
being expanded tandemly [6]. According to Akhtar and Sarmah [7], CDW has reached
more than 3.0 billion tons annually, and it keeps rising. Among that, the European Union
(EU) generates 850 million tons of CDW per year, with Austria, Germany, the Netherlands,
Belgium, and France being the highest producers [8]. Menegaki and Damigos [9] state that
around 35% of global CDW is directed to landfills without further treatment. Concerns with
sustainability in CWM include the increasing depletion of nonrenewable raw materials,
misuse of limited landfill sites, and GHG emissions from waste disposal operations. Ineffi-
cient waste management also leads to significant economic costs and missed opportunities
for recycling and reuse, exacerbating environmental and social problems. Consequently,
addressing sustainability concerns in construction waste management (CWM) has become
imperative to mitigate environmental degradation and foster a more sustainable future.

Among many other sustainability frameworks and assessment tools, the circular
economy (CE) has been identified as an effective and promising theory for revolutioniz-
ing the traditional linear economy (LE) model [10]. The CE identifies end-of-life (EoL)
products as resources and aims to recycle and reuse them, thereby minimizing waste [11].
This is called keeping the materials and products in a closed loop. In the context of
CWM, embracing CE principles entails shifting from the linear economy (LE) approach of
“take–make–dispose” to a closed-loop system where building materials are continuously
cycled back into the production process [12,13]. This not only minimizes waste but also
conserves rich natural resources. Figure 1 compares the LE model to the closed-loop system
in the CE.

 

Figure 1. Comparison of the LE model with the basic concept of the CE (developed by the authors).

However, it has recently been argued that the traditional methods of implementing
circularity are feasible as the industry has evolved constantly. It involves more than just
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determining what waste is recyclable and reusable, coming up with plans of action, and
developing meticulous frameworks [14,15]. For the proven strategies to be effective, careful
decision-making is required. For this reason, when it comes to the construction sector,
the decision-making process is crucial and needs to consider several factors. As a result,
the multi-criteria decision-making (MCDM) method provides a methodological way to
assess intricate decision problems with multiple conflicting criteria [16]. Within the CE
and CWM, MCDM approaches offer a methodological framework for evaluating different
factors impacting waste management strategies. The Analytic Hierarchy Process (AHP) is
one of the methods used by MCDM. Based on multi-attribute analysis, the AHP is used
to simulate subjective decision problems. By prioritizing factors including technological,
social, economic, and environmental feasibility, the AHP-based MCDM method assists
stakeholders and experienced industry practitioners in the building sector in making deci-
sions that lead to sustainable solutions. Waste management techniques may be optimized,
resource recovery possibilities can be identified, and sustainability performance in the built
environment can be improved by utilizing MCDM within the framework of CE principles.
However, a noticeable gap exists between CE principles and MCDM methodologies in the
context of CWM. Even while the potential of the CE in waste management is becoming more
widely acknowledged, there are still few complete frameworks that use MCDM method-
ologies to improve decision-making in the construction industry. The article analyzes this
research gap and offers an integrated method that uses an AHP-based MCDM approach
to incorporate proven CE principles in CWM, validated by similar MCDM methods, in-
cluding the TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution),
Weighted Sum Model (WSM), and Weighted Product Model (WPM). The research revolves
around the research question “How can the integration of an AHP-based MCDM approach
enhance the application of CE principles in CWM?” The primary aim of this research is to
develop and validate a comprehensive framework that facilitates the application of MCDM
techniques to prioritize and optimize waste management strategies in alignment with CE
principles, specifically focusing on developing countries. To achieve the aim, the primary
contributions of this research are threefold: (i) developing an AHP model that explicitly
incorporates CE principles into CWM; (ii) prioritizing waste management strategies for
developing country contexts, with Sri Lanka as a case study; and (iii) validating findings
through sensitivity analysis and cross-method comparison with other MCDM approaches
to ensure robustness and reliability. Sri Lanka was chosen as the setting for the study
because it has significant issues in CDW management, such as growing urbanization, a
lack of disposal sites, and low adoption of systematic waste management procedures. Fur-
thermore, current regulatory frameworks are fragmented, and financial and technological
restrictions impede the effective application of CE principles. This study focuses on Sri
Lanka and shows how MCDM-based methods may provide a structured decision support
tool for selecting waste reduction solutions. Although the research is focused on Sri Lanka,
the methodology is applicable to other developing nations with similar socioeconomic and
environmental characteristics.

The rest of the article is organized as follows. Section 2 offers a literature review on the
influencing elements of CWM and prior applications of MCDM methods. Section 3 outlines
the research method, which includes a case study, collecting data, and the development
of an AHP model. Section 4 shows the analytical results, followed by Section 5, which
examines the findings in relation to the CE and the current literature. Finally, Section 6
summarizes the important contributions, limitations, and areas for further research.



Sustainability 2025, 17, 7770 4 of 24

2. Literature Review
2.1. Influencing Factors for CWM

The construction sector contributes significantly to global waste output, with con-
struction and demolition operations accounting for approximately 30% of landfill-bound
materials [17]. As environmental concerns increase, there is a growing need to shift toward
circularity in the construction industry, emphasizing waste reduction, reuse, and recycling.
Sustainable CWM is critical for reducing environmental impact, conserving resources,
and promoting sustainable development. However, enhancing CWM methods requires
a thorough understanding of all the factors that influence CWM, disposal, and recycling
processes throughout the construction life cycle.

2.1.1. Environmental Factors

Environmental concerns are crucial in optimizing CWM techniques to reduce the
ecological footprint of construction activities and enhance sustainability. The availability
of natural resources has a direct influence on CWM practices. When particular resources
become rare or expensive, there is an increased desire to recycle and reuse items to reduce
the generation of waste. Concerns about environmental deterioration caused by resource
exploitation exacerbate the need for sustainable CWM techniques that decrease depen-
dency on virgin materials while promoting CE ideas [18,19]. Furthermore, according to
Menegaki and Damigos [9], ecosystem fragility influences CWM techniques, particularly
in ecologically sensitive places. Construction operations can have a negative influence
on local ecosystems, such as habitat loss, soil erosion, and water contamination [20,21].
As a result, the fragility of ecosystems impacts waste management decisions, demanding
efforts to reduce environmental impact. CWM solutions incorporate ecosystem fragility to
reduce disturbance to natural habitats and maintain biodiversity while properly handling
construction waste [22,23].

Energy costs and sources have a direct impact on the environmental sustainability
of CWM procedures. The energy-intensive nature of waste treatment and elimination
activities emphasizes the need to include energy efficiency and renewable energy sources
in CWM programs [24]. Rising energy costs encourage the use of energy-saving technology,
such as improved equipment for recycling and waste-to-energy systems [25]. Furthermore,
the shift to renewable energy sources, such as solar and wind power, not only decreases
greenhouse gas emissions (GHG) related to waste management but also improves the
overall sustainability of construction operations [26,27]. Land availability for landfilling
affects CWM activities by determining waste disposal alternatives and priorities. With
limited land available for new disposal sites, there is an increased need to minimize
waste creation while increasing landfill capacity. Concerns regarding land deterioration,
groundwater pollution, and land use disputes highlight the need for sustainable waste
management strategies that reduce dependency on landfills [28].

In a nutshell, addressing the environmental factors of CWM entails techniques that
decrease financial risks and expenses while increasing resource efficiency and project prof-
itability. Maximizing resource reuse and recycling, investing in technology and infrastruc-
ture, and performing rigorous economic evaluations are all critical aspects. By considering
natural resource availability, ecosystem fragility, energy prices, and landfill availability,
building projects can achieve long-term profitability and sustainable economic results.

2.1.2. Social Factors

Initiatives aimed at increasing community engagement and knowledge are critical
for addressing the social challenges surrounding CWM. Educational projects that teach
local populations the importance of waste reduction, reuse, and recycling can help foster a
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culture of responsible waste management. Construction projects may enhance social cohe-
siveness and empower communities to play an active part in waste reduction initiatives by
including them in waste management operations and providing them with the necessary
knowledge and tools [29]. Another factor to consider while optimizing CWM is employ-
ment and labor regulations. Offering managers and construction workers training and
education programs on best practices of waste management improves their abilities while
also ensuring safer working conditions [30]. Furthermore, including waste management
practices in construction projects may result in job opportunities in the recycling and waste
management industries, encouraging social welfare and local economic growth [31,32].

Improving CWM necessitates tackling concerns of equality and social justice. Promot-
ing social inclusion and reducing disparities in waste management requires equal access to
waste management resources and facilities, particularly among disadvantaged or marginal-
ized communities [33]. Furthermore, the health and safety of workers involved in waste
management activities must be considered to preserve their well-being and enhance social
responsibility in the built environment [34]. Addressing social concerns in CWM necessi-
tates collaboration among stakeholders such as local communities, government agencies,
and non-profit organizations. Partnerships with community-based groups or waste man-
agement authorities can help to create inclusive and participatory waste management plans
that address the diverse requirements and aspirations of stakeholders [35,36]. Construction
projects may foster trust, transparency, and accountability by including stakeholders in
decision-making processes and incorporating their comments into waste management
plans [37]. Cultural attitudes have a huge effect on how waste is seen and managed in
society. In areas where recycling and reducing waste are culturally embedded, sustainable
waste management methods are more likely to be followed. Understanding and resolving
cultural attitudes can assist in developing more successful CWM tactics that are consistent
with local beliefs and customs, hence increasing compliance and involvement rates [38–40].
This can have a positive impact on society and promote long-term growth.

In brief, effective CWM requires addressing major social elements such as safety and
health, training and education, employment and labor rules, community engagement,
and cultural attitudes toward waste management. Prioritizing these factors improves
workers’ skills and well-being while also encouraging community participation and cultural
balance with sustainable practices. By combining these variables, CWM can improve social
acceptance, efficiency, and sustainability.

2.1.3. Economic Factors

The economic factors of CWM optimization focus on reducing the financial risks
and expenditures associated with waste creation and disposal, while also increasing cost-
effectiveness, efficiency of resources, and overall project profitability [41]. One key focus is
on cost savings and resource efficiency, which is accomplished through tactics such as waste
minimization through standardized designs and efficient construction procedures. Con-
struction projects may reduce manufacturing costs and increase profitability by maximizing
resource efficiency, such as through the reuse and recycling of building materials [42,43].
Furthermore, revenue generation from recycling becomes an important advantage, as con-
struction companies may sell valuable waste materials and incorporate recycling incentives
into waste management strategies to promote economic sustainability and circularity [44].
Another key factor is to invest in infrastructure and technology to enhance waste man-
agement practices, such as improving waste monitoring and disposal procedures using
building information modeling (BIM) and mobile applications [45]. Furthermore, project
stakeholders must assess the economic feasibility of waste management solutions and
manage the related financial risks. Cost–benefit analysis and economic evaluations aid in
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determining the most cost-effective alternatives while eliminating financial uncertainty.
Implementing waste reduction incentive programs and developing collaboration with
financial institutions or insurance providers help to assure long-term economic sustain-
ability for construction endeavors facing waste management difficulties [46]. Therefore,
economic concerns have a significant effect on CWM processes, emphasizing sustainability
and minimizing ecological footprints. Market structure and demand for materials, financial
benefits, norms and regulations, and strategic cost-effective strategies all have a significant
impact on CWM tasks. These measures guarantee that building operations have a low
economic impact and promote sustainable growth.

2.1.4. Technological Factors

The technology component of improving CWM focuses on integrating novel tools,
frameworks, and electronic solutions to improve efficiency and transparency across the
waste management life cycle. One important factor is waste tracking and monitoring
systems that use sensor technology and data analytics to track waste flow, uncover in-
efficiencies, and enhance collection and disposal routes, allowing stakeholders to make
data-driven decisions for ongoing improvement [47]. Automation and robots provide
intriguing opportunities for automating labor-intensive jobs and speeding up waste man-
agement operations. AI-enabled sorting systems correctly identify and separate building
waste, increasing recycling effectiveness, whilst robotic deconstruction and demolition
solutions enhance the proper sorting of waste for effective recycling [48]. The advancement
of modular construction has a significant influence on CWM by improving productivity
and sustainability [49,50]. Modular construction saves material waste through exact mea-
surements and optimum resource utilization, decreasing surplus and facilitating reuse
and recycling. This strategy also reduces on-site waste creation by reducing debris and
packaging waste, and it includes modern design techniques such as BIM to prevent waste
generation [51,52]. Furthermore, shorter construction schedules minimize the total en-
vironmental impact, making modular construction an important technological factor in
promoting sustainable CWM techniques. Waste segregation technology is critical for ef-
fective CWM since it uses automated systems to properly separate materials at the source,
decreasing contamination, landfill waste, and disposal costs while improving recycling
quality and sustainability [53]. Waste recycling technology, on the other hand, uses in-
novative processing equipment to turn building debris into reused materials, enhancing
resource recovery, minimizing landfill dependence, and supporting a CE, all of which
promote environmental sustainability [54]. Product design is also an essential technological
issue to consider. Sustainable product design in buildings focuses on developing materials
that are long-lasting, recyclable, and easy to disassemble. This decreases waste formation,
makes recycling easier, and increases the sustainability of construction projects by encour-
aging effective material usage. Therefore, the technical improvements in CWM aim to
improve efficiency and sustainability through a variety of new ways. Waste tracking and
monitoring systems, modular construction, waste segregation and recycling technologies,
environmentally friendly product design, and better CWM infrastructure are all important
considerations. These technologies improve waste management, encourage recycling, and
support the CE, resulting in more effective and sustainable building methods.

2.2. Recent Studies of MCDM Application for CWM

MCDM methods have been prominent in CWM research owing to the intricate, multi-
faceted character of waste-related decisions. Construction waste originates from several
sources, such as material offcuts, demolition debris, and packaging, with each waste stream
presenting distinct economic, environmental, social, and legal concerns [55–57]. MCDM
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methodologies provide systematic evaluations of many criteria, assisting stakeholders
in identifying optimal or near-optimal methods that reduce waste creation and disposal
while enhancing resource recovery and efficiency. The AHP is a frequently used MCDM
method in CWM research. The AHP assists decision-makers in deconstructing the waste
management issue into hierarchical levels. The AHP produces weights for each criterion
via pairwise comparisons, indicating their relative significance. This strategy has been
successfully employed to prioritize on-site waste reduction approaches above traditional
disposal options in various case studies [58]. The TOPSIS, developed by Hwang and
Yoon [59], is an often-used MCDM method. The TOPSIS examines each waste manage-
ment choice against a hypothetical “ideal” solution, determining how closely each option
approximates the ideal criteria. Certain studies have incorporated the TOPSIS with fuzzy
logic to address uncertainties related to data on material recycling rates or the price of
new technologies [60–62]. This fuzzy extension addresses the imperfect nature of expert
assessments and inadequate datasets commonly seen in building projects. Similarly, the
Decision-Making Trial and Evaluation Laboratory (DEMATEL) technique has been imple-
mented to study interrelationships across components such as policy enforcement, waste
sorting technology, and economic incentives. By mapping cause-and-effect interactions, re-
searchers may discover which criteria or sub-criteria operate as essential drivers or obstacles
to successful CWM [63]. For instance, a location without suitable recycling facilities would
consider technology availability as a primary driving element determining all downstream
results. Other integrated techniques combine the AHP or ANP (Analytic Network Process)
with the DEMATEL to capture both hierarchical significance and interdependencies [64].
These hybrid frameworks illustrate how some criteria may magnify or moderate other
criteria in defining building site behaviors. Table 1 shows the overview of the research
performed on applying MCDM in the CWM domain, emphasizing the study focus and
identified limitations.

Table 1. Summary of MCDM studies focused on CWM and their limitations.

Author(s) Focus Applied MCDM Method Key Limitations

[65]

Identify the best CWM
alternatives, including
landfilling, reusing, recycling,
and reducing

Fuzzy AHP

Subjectivity in pairwise
comparisons can bias findings
and lack real-time data to
address changing site
circumstances.

[66]

Prioritizing waste
management techniques by
choosing the most sustainable
disposable method

Fuzzy TOPSIS

Limited by possible
inaccuracies in demolition
waste estimation, and
sensitive to how membership
functions are constructed in
fuzzy sets.

[67]

Ranks the feasible strategy
solutions by the sustainable
development criteria to
enhance the performance of
CWM

IDOCRIW + WASPAS

Data-intensive approach and
missing or incomplete life
cycle cost data can reduce
accuracy, and subjective
evaluations may skew
rankings.
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Table 1. Cont.

Author(s) Focus Applied MCDM Method Key Limitations

[68]
Optimal site selection of
construction waste treatment
options

AHP

Cost data are dynamic and
may quickly become obsolete,
and combining qualitative
judgments with numerical
analysis is difficult.

[69] Identify the most critical
CWM factors DEMATEL

Requires extensive expert
input to accurately map
cause-and-effect relationships,
and may become complex for
large sets of criteria.

[70]

Develop a heterogeneous
multi-criteria evaluation
framework to assist
decision-making in CDW
utilization by selecting the
most optimal waste
management scheme from
multiple alternatives

ANP + MABAC

Subjectivity and uncertainty in
expert judgments when using
fuzzy numbers and rough
number conversions may
affect the accuracy and
consistency of the evaluation
results.

[71]

CDW management by
integrating Life Cycle
Assessment (LCA) and Life
Cycle Costing (LCC) into an
MCDM framework

AHP + TOPSIS

The economic aspect is often
underrepresented in LCA, and
while LCC is incorporated in
this study, the accuracy of cost
estimates and future financial
assessments remains a
challenge.

Furthermore, apart from the MCDM applications, recent study demonstrates the
expanding use of real-time data analytics and AI-powered systems to advance CE-oriented
waste management. For example, Islam et al. [72] discuss the problems and opportunities
for sustainable CWM, whereas Schamne et al. [73] suggest BIM-based frameworks for
automated waste tracking. More recent developments stressed the integration of AI-
powered decision systems that allow for the dynamic monitoring and adaptive control of
construction waste. These comments highlight the need to combine MCDM methodologies
with developing digital technologies to meet today’s sustainability concerns [74].

Overall, MCDM methodologies provide a robust, transparent, and repeatable method-
ology for building practitioners, policymakers, and academics. They assist in balancing
costs, environmental effects, stakeholder preferences, and regulatory demands, therefore
helping in the development of more sustainable and circular waste management procedures.

3. Materials and Methods
The study’s approach makes use of the AHP methodological framework to make it

easier to identify factors influencing the CWM and propose a new framework. The widely
used AHP is an MCDM approach that allows for systematic comparisons and alternative
ranking using a hierarchical framework [75]. Using the AHP, decision-making modeling
begins with the establishment of a decision tree, wherein the decision’s components are
organized hierarchically [76]. The AHP analysis was carried out by Super Decision V3.2.
software. The overall methodological flow of the research is highlighted in Figure 2.
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Figure 2. Methodical flowchart for selecting the best CWM strategy for developing countries (devel-
oped by authors).

3.1. Case Study

This research focuses on developing countries, with Sri Lanka selected as the case
study. The selection of Sri Lanka is supported by numerous significant criteria. Firstly,
underdeveloped nations confront substantial hurdles in CWM, including insufficient recy-
cling infrastructure, weak policy enforcement, and a lack of CE integration. Sri Lanka, in
particular, is seeing significant urbanization and building sector expansion, contributing
to an expanding number of CDWs. However, despite these limitations, Sri Lanka has
exhibited an increased commitment to sustainability via legislative interventions, experi-
mental recycling efforts, and cooperation with foreign organizations. Another argument
for adopting Sri Lanka is the availability of multiple waste management systems across
distinct urban and rural contexts. This option provides a full spectrum of CWM situa-
tions, making it a good example for evaluating the proposed MCDM paradigm. Moreover,
Sri Lanka’s economic environment, regulatory landscape, and cultural attitudes toward
waste management give a unique opportunity to explore the actual use of sophisticated
decision-making processes.

3.2. Data Collection

The data-collecting procedure in this research was meant to elicit expert views for the
assessment of CWM techniques utilizing Saaty’s 9-point scale within an MCDM framework.
Since MCDM approaches require expert-based judgments to derive relative weights for
criteria and alternatives, a structured survey was conducted among six industry practi-
tioners. These six experts were purposefully chosen from academia, government, and
business, each having at least ten years of significant professional expertise in CWM. Their
credentials and experience were validated using CVs and professional profiles. Prior to
evaluation, the experts were taught the AHP approach and the 1–9 Saaty scale through
practical examples. Data were gathered utilizing standardized web forms. To ensure relia-
bility, consistency ratios (CRs) were calculated for each matrix and confirmed to be below
0.10. The sample size of six was chosen to ensure methodological rigor while minimizing
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respondent burden, in line with previous AHP research in construction management. In
MCDM research, particularly those employing Saaty’s pairwise comparison, a smaller,
highly experienced panel of experts is recommended to ensure accurate and consistent
decision-making [77–79]. Many prior studies utilizing the AHP, TOPSIS, and ANP have
effectively employed restricted expert panels since increasing the number of experts does
not always increase the reliability of pairwise comparisons and may occasionally lead to
discrepancies in conclusions [80]. The specifics of the collaborating experts are shown
in Table 2, offering information on employment, years of experience, and the highest
educational degrees.

Table 2. Description of experts who participated in the pairwise comparison survey.

Expert ID Occupation Years of Experience Education

E1 Senior Construction Manager 16 years BSc in Civil Engineering
E2 Project Manager 22 years MSc in Construction Management
E3 Environmental Engineer 13 years BSc in Civil and Environmental Engineering
E4 Policy Advisor 21 years MSc in Urban and Rural Development
E5 Professor 19 years PhD in Civil and Environmental Engineering
E6 Associate Professor 11 years PhD in Civil Engineering

3.3. Establishing Goal, Criteria, and Alternatives

The AHP hierarchical framework (Figure 2) includes a goal of the research, main fac-
tors affecting CWM, and influencing sub-factors within each dimension. Table 3 describes
the extended details of each dimension and influencing factors.

Table 3. Influencing factors of CWM.

Main Factors Sub-Factors Influencing Factor

Economic factors (EC)

EC1 Market demand for recycled materials

EC2 Financial incentives

EC3 Cost-effective practices

EC4 Policies and regulations

Social factors (S)

S1 Safety and health

S2 Training and Education

S3 Employment and labor regulations

S4 Community involvement

S5 Cultural attitudes toward waste management

Technological factors (T)

T1 Waste tracking and monitoring

T2 Development of modular construction

T3 Waste segregation technologies

T4 Waste recycling technologies

T5 Product design

T6 CWM infrastructure

Environmental factors (EN)

EN1 Natural resource availability

EN2 Ecosystem fragility

EN3 Energy costs and sources

EN4 Land availability for landfills
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The four primary factors (economic, social, technical, and environmental) were chosen
after conducting a thorough literature research and validation by experts. These categories
reflect the most common aspects of sustainability in waste management systems and are
consistent with CE principles. Sub-criteria for each category were derived from earlier
research that were contextualized to the country and evaluated by expert panel consensus,
assuring contextual relevance.

The review includes four potential waste management alternatives, which are on-
site waste segregation and recycling (A1), off-site waste treatment and processing (A2),
waste-to-energy (WTE) conversion (A3), and prefabrication and modular construction
(A4). Each option is evaluated in relation to the influencing factors, and the Eigenvector
Method (Principal Eigenvalue Approach) is used to determine the priority ranking of
these alternatives. This technique guarantees an objective and mathematically rigorous
approach to identifying the optimal CWM strategy. Alternatives were chosen based on
knowledge and expertise. On-site segregation and recycling (A1) are the most direct
CE-aligned actions at the project level. Off-site treatment and processing (A2) indicate
centralized waste recovery procedures, which are becoming more common in metropolitan
areas. Waste-to-energy conversion (A3) aims to handle residual waste streams that cannot
be easily repurposed. Prefabrication and modular construction (A4) exemplify preventative
CE techniques by minimizing waste creation throughout the design and manufacturing
stages. These possibilities were chosen to include both preventative and treatment-oriented
approaches to CWM, resulting in a balanced range of options for evaluation.

3.4. AHP Method

The AHP was chosen as the principal approach because of its capacity to break down
complicated issues into hierarchical structures, incorporate qualitative and quantitative
criteria, and offer a consistency check for expert judgments. While interactions between
criteria may exist, the hierarchical model implies independence to ensure interpretability
and transparency. More advanced models, such as the ANP, TOPSIS, DEMATEL, or
even fuzzy theory, might capture interdependencies, but they were not used here due to a
limited expert sample and the requirement for methodological clarity in developing country
settings. Pairwise comparisons were used to systematically collect expert assessments,
assuring reliability and validity using CR tests. The development of the above-described
hierarchical structure is the first of several crucial processes in the AHP. At each level of
the hierarchy, pairwise comparisons are then carried out to evaluate the relative relevance
or preference of components that are part of the same level. Based on their knowledge or
discretion, participants, typically stakeholders or subject matter experts, assign numerical
weights that indicate the level of preference (Table 4). Based on the decision tree (Figure 3),
a pairwise comparison matrix (PCM), otherwise termed AT, was derived. As previously
mentioned, every element ATij in the matrix contributes to the average value of the ratio
WTi/WTj, or the weight of ITi relative to ITj, as assessed by each survey respondent. The
pairwise comparison approach employs a matrix to rank components at each hierarchical
level, with each matrix’s rank determined by its relationship to lower levels. Preferences are
stated using a standardized nine-point scale, first introduced by Saaty [81], which denotes
a degree of relative importance.
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Table 4. The adjusted importance scale used for the pairwise comparison [81].

Intensity of Importance Definition Explanation

1 Equal importance Each of the two actions contributes equally to the objective
3 Moderate importance One component is slightly preferred over another
5 Strong importance Strong preference is given to one aspect over another
7 Demonstrated importance The practical demonstration of an element’s dominance

9 Extreme importance An element’s complete domination is confirmed at the
highest level

2, 4, 6, 8 Intermediate values Used to balance opposing opinions when analyzing data

Figure 3. AHP decision tree for selecting the ideal CWM strategy for the construction industry in a
developing country (developed by authors).

The Eigenvector Method, also known as the Principal Eigenvalue Approach, is utilized
in this research to estimate the priority weights of criteria and rank alternatives in the AHP.
This approach focuses on calculating the primary eigenvector of the pairwise comparison
matrix to generate relative relevance ratings for each criterion or option. The approach
starts by building a pairwise comparison matrix A, where each member aij denotes the
relative relevance of criterion i over criterion j, based on expert evaluation. The matrix is
reciprocal, meaning that if aij = x, then aji = 1

x . The pairwise comparison matrix has the
form shown in Equation (1).

A =



1 a12 a13 · · · a1n
1

a12
1 a23 · · · a2n

1
a13

1
a23

1 · · · a3n

...
...

...
. . .

...
1

a1n

1
a2n

1
a3n

· · · 1


(1)

Once the comparison matrix is generated, the major eigenvector w is obtained by
solving the eigenvalue equation given by Equation (2).

A= λmaxω (2)
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where λmax is the biggest eigenvalue of matrix A, and ω is the associated eigenvector that
indicates the priority weights of the criterion. The eigenvector is normalized by Equation (3)
such that the sum of its constituents equals 1.

ωij =
ωi

∑n
j=1 ωj

(3)

The ability to verify the consistency of the responses is one of the features of the
method used by the AHP. Equations (4) and (5) are used to compute the CR.

IC =
(λmax − n)

n − 1
(4)

CR =
IC
RI

(5)

where λmax is the eigenvalue of each decision matrix, and n is the matrix order. Each
matrix’s random index (RI) is determined by the number of criteria it contains. The RI
values are displayed in Table 5 based on the matrix order (n).

Table 5. Random indexes for consistency check [81].

n 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49

A CR value less than 0.10 indicates acceptable consistency, while a higher value
suggests the need for revising the pairwise comparisons. After computing the priority
weights for each criterion, the process is repeated at the alternative level, comparing
how well each alternative satisfies the given criteria. The final rankings are obtained by
aggregating the weighted scores using Equation (6).

Sj = ∑n
i=1 wiaij (6)

where Sj is the final score of option j, wi is the weight of criterion i, and aij indicates the
relative performance of alternative j under criterion i. By employing the Eigenvector
Method, this research offers an objective and mathematically rigorous way to evaluate
CWM options, giving a trustworthy decision-making framework for picking the most
suitable alternative.

3.5. Model Validation

The AHP decision-making framework’s reliability and robustness were ensured by
using sensitivity analysis as the major validation method. In the context of the AHP, where
judgments are based on subjective expert pairwise comparisons, minor errors or differences
in expert opinions might have an impact on the priority weights. Sensitivity analysis
is used to determine how changes in the weights of criteria affect the final ranking of
alternatives. This is especially crucial in the AHP because decision outcomes are highly
influenced by the weights allocated, and even small deviations can have an impact on the
consistency and stability of findings. The analysis validates the robustness of the derived
priorities by systematically altering their weights (economic, social, technological, and
environmental) by ±10%. The application of sensitivity analysis in this study enhances
the reliability of the AHP results and supports their applicability to decision-making in
complicated construction waste management scenarios. In addition to sensitivity analysis,
cross-validation was performed utilizing additional MCDM approaches such as the TOPSIS,
WSM, and WPM. These approaches were chosen because they reflect several aggregation
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logics (distance-based, additive, and multiplicative) that are often used in construction
decision-making. The use of cross-method validation guarantees that the results are not
primarily dependent on the AHP framework, increasing the robustness and reliability of
the findings.

4. Results
This research uses the AHP to methodically assess several CWM tactics by decon-

structing the decision-making process into a hierarchical framework. The study begins
with the articulation of the primary objective of choosing the optimal CWM method, then
identifying four critical variables that affect decision-making: economic, social, technical,
and environmental elements. Each factor is further separated into influencing sub-factors
such as financial incentives, safety and health laws, waste monitoring systems, and land
availability for landfills. These criteria are next evaluated by a pairwise comparison ap-
proach, which allocates priority weights according to their relative significance in the
decision-making process. In summary, the assessment of CWM alternatives, based on
expert analysis, indicates the best-suited strategy for distinct project goals. On-site waste
separation and recycling are suitable for projects focused on sustainability and effective
resource usage [80]. Off-site waste treatment and processing are suggested for large-scale
projects needing centralized waste management and recycling [82]. WTE conversion is
best suited for initiatives trying to create alternative energy while managing non-recyclable
waste material [83]. Prefabrication and modular construction are the optimum solutions
for projects emphasizing material savings and quicker construction timeframes [84,85].

The AHP was used to establish the weights of both the major criteria and sub-criteria
based on expert opinions. The experts assessed the principal criterion and sub-criteria
using the pairwise comparison and Saaty’s scale from Table 5. Tables 6–10 give the pairwise
comparison and decision matrix for the main dimensions and influencing criteria, along
with their priority weights.

Table 6. Pairwise comparison and weights of main criteria (developed by the authors).

EC S T EN Priority Weight CR

EC 1 3 5 7 0.5578

0.08 < 0.10
S 0.3333 1 3 5 0.2633
T 0.2 0.3333 1 3 0.1218

EN 0.1428 0.2 0.3333 1 0.0568

Table 7. Pairwise comparison and weights of economic criteria (developed by the authors).

EC1 EC2 EC3 EC4 Priority Weight CR

EC1 1 2 3 5 0.4708

0.06 < 0.10
EC2 0.5 1 2 4 0.2840
EC3 0.3333 0.5 1 3 0.1714
EC4 0.2 0.25 0.3333 1 0.0736

Table 8. Pairwise comparison and weights of social criteria (developed by the authors).

S1 S2 S3 S4 S5 Priority Weight CR

S1 1 3 5 2 4 0.4175

0.07 < 0.10
S2 0.3333 1 3 0.5 2 0.1621
S3 0.2 0.3333 1 0.25 1 0.0719
S4 0.5 2 4 1 3 0.2630
S5 0.25 0.5 1 0.3333 1 0.0853
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Table 9. Pairwise comparison and weights of technological criteria (developed by the authors).

T1 T2 T3 T4 T5 T6 Priority Weight CR

T1 1 2 3 4 5 6 0.3793

0.09 < 0.10

T2 0.5 1 2 3 4 5 0.2488
T3 0.3333 0.5 1 2 3 4 0.1604
T4 0.25 0.3333 0.5 1 2 3 0.1024
T5 0.2 0.25 0.3333 0.5 1 2 0.0654
T6 0.1667 0.2 0.25 0.3333 0.5 1 0.0434

Table 10. Pairwise comparison and weight of environmental criteria (developed by the authors).

EN1 EN2 EN3 EN4 Priority Weight CR

EN1 1 2 3 4 0.4658

0.07 < 0.10
EN2 0.5 1 2 3 0.2771
EN3 0.33333 0.5 1 2 0.1610
EN4 0.25 0.3333 0.5 1 0.0959

The calculated CRs for all pairwise comparisons are well within the acceptable limit.
The assessment of CWM management alternatives involves a systematic procedure of
normalizing pairwise comparison matrices and determining priority weights (eigenvec-
tors) for each criterion—economic, social, technological, and environmental factors. The
normalization guaranteed that all comparisons were directly comparable. By averaging the
rows of the normalized matrices, the priority weights of each option under each criterion
were obtained, reflecting their relative significance. This systematic technique guaranteed
consistency in decision-making by transforming subjective judgments into a measurable
scale. Following the calculation of priority weights, the final scores of the alternatives
were obtained by integrating these weights with the total relevance of the criteria. Each
alternative’s relative weight under a single criterion was multiplied by the criterion’s
allocated weight, and the results were averaged across all criteria. This allowed for a
full rating of possibilities, giving an objective foundation for picking the most effective
waste management plan. Tables 11–14 summarize these findings, exhibiting the calculated
priority weights for each criterion and the final ranking of alternatives based on their
overall performance.

Table 11. Pairwise comparison and weight of alternatives under economic criteria (developed by
the authors).

A1 A2 A3 A4 Priority Weight CR

A1 0.597 0.662 0.536 0.438 0.558

0.08 < 0.10
A2 0.199 0.221 0.321 0.313 0.263
A3 0.119 0.074 0.107 0.188 0.122
A4 0.085 0.044 0.036 0.063 0.057

Table 12. Pairwise comparison and weight of alternatives under social criteria (developed by
the authors).

A1 A2 A3 A4 Priority Weight CR

A1 0.492 0.474 0.385 0.533 0.471

0.07 < 0.10
A2 0.164 0.158 0.231 0.133 0.171
A3 0.098 0.053 0.077 0.067 0.074
A4 0.246 0.316 0.308 0.267 0.284
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Table 13. Pairwise comparison and weight of alternatives under technological criteria (developed by
the authors).

A1 A2 A3 A4 Priority Weight CR

A1 0.480 0.522 0.462 0.400 0.466

0.06 < 0.10
A2 0.240 0.261 0.308 0.300 0.277
A3 0.160 0.130 0.154 0.200 0.161
A4 0.120 0.087 0.077 0.100 0.096

Table 14. Pairwise comparison and weight of alternatives under environmental criteria (developed
by the authors).

A1 A2 A3 A4 Priority Weight CR

A1 0.480 0.522 0.462 0.400 0.466

0.06 < 0.10
A2 0.240 0.261 0.308 0.300 0.277
A3 0.160 0.130 0.154 0.200 0.161
A4 0.120 0.087 0.077 0.100 0.096

The calculated CRs for all pairwise comparisons of alternatives are well within the
acceptable limit. The final ranking of CWM methods was obtained by combining the
weighted priority ratings across all assessment categories. Each alternative’s performance
under economic, social, technological, and environmental criteria was initially examined
via pairwise comparisons, and their relative relevance was measured using eigenvector-
based priority weights. These weights were then multiplied by the total priority weight
of each criterion, ensuring that the assessment reflected both the inherent worth of each
choice and the significance of the factors affecting the decision. The final scores (Figure 4)
indicate the cumulative influence of these weighted contributions, permitting a systematic
and objective assessment of the options.

0.5085

0.2445

0.1216 0.1254

0

0.1

0.2

0.3

0.4

0.5

0.6

A1 A2 A3 A4

Sc
or

e

Alternative

Figure 4. Alternative ranking based on their final score (developed by the authors).

This technique guarantees that the most sustainable and effective waste management
solution is determined based on a detailed, multi-criteria analysis.

A sensitivity analysis (Table 15) was performed by independently altering the weights
of each major criterion (economic, social, technological, and environmental) by ±10% in
order to confirm the robustness of the AHP-based decision-making model.
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Table 15. Sensitivity analysis results (developed by the authors).

Varied Criterion Delta A1 A2 A3 A4

Economic −0.1 0.5137 0.2385 0.1156 0.1322
Economic −0.05 0.5162 0.2399 0.1160 0.1280
Economic 0 0.5186 0.2413 0.1163 0.1238
Economic 0.05 0.5211 0.2426 0.1167 0.1196
Economic 0.1 0.5236 0.2440 0.1170 0.1154
Environmental −0.1 0.5190 0.2411 0.1161 0.1239
Environmental −0.05 0.5188 0.2412 0.1162 0.1238
Environmental 0 0.5187 0.2413 0.1163 0.1238
Environmental 0.05 0.5185 0.2414 0.1165 0.1237
Environmental 0.1 0.5183 0.2415 0.1166 0.1236
Social −0.1 0.5204 0.2438 0.1178 0.1180
Social −0.05 0.5195 0.2425 0.1171 0.1209
Social 0 0.5187 0.2413 0.1163 0.1237
Social 0.05 0.5178 0.2400 0.1156 0.1266
Social 0.1 0.5170 0.2388 0.1148 0.1295
Technological −0.1 0.5194 0.2408 0.1157 0.1241
Technological −0.05 0.5190 0.2410 0.1160 0.1239
Technological 0 0.5187 0.2413 0.1163 0.1238
Technological 0.05 0.5183 0.2415 0.1166 0.1236
Technological 0.1 0.5179 0.2418 0.1169 0.1234

The findings confirmed the stability of the decision outcome by showing that A1,
the top-ranked alternative, continuously maintained the highest score across all weight
variations. Other options, such as A4 and A2, showed a modest sensitivity to changes in
technology and economic priorities. The analysis offers compelling proof that the model’s
suggestions are trustworthy and resistant to changes in expert judgment.

While sensitivity analysis is beneficial for verifying the resilience of findings to changes
in criterion weights, it is insufficient on its own because it only considers local perturba-
tions inside a single approach. To guarantee that the priority was not influenced by the
AHP’s methodological decisions, other MCDM approaches were used for cross-validation.
Specifically, the TOPSIS, WSM, and WPM were used with identical criterion weights and
alternatives (Figure 5). The comparison of techniques shows significant consistency in
ranking, demonstrating the reliability of the results.
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Figure 5. Cross-validation of alternative ranking with other MCDM methods (developed by
the authors).
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As seen in Figure 5, A1 consistently ranked first among all approaches, showing that
it is feasible as the preferable alternative. However, variance is noticed in the relative
positions of the other alternatives. For example, A3 rated the least best strategy under the
AHP and WPM but increased to second position under the TOPSIS. A4 ranked second
or fourth, depending on the method used. These differences demonstrate that, while
contextual goals and methodological techniques might impact intermediate ranks, the
identification of A1 as the best strategy stays consistent. This convergence increases trust in
the suggested framework’s dependability.

5. Discussion
The overall ranking of CWM alternatives, based on the AHP assessment using the

Eigenvector Method, identifies A1 as the most recommended method with a final score of
0.5085. This option ranks top owing to its substantial contribution to economic feasibility,
social acceptability, and technical efficacy, making it a viable and sustainable solution for
decreasing waste at the source. A2 follows with a score of 0.2445, showing its potential for
large-scale waste processing and recycling, while needing additional logistical assistance.
A3 takes third place with a score of 0.1254, benefitting from decreased material waste
but facing issues in cost and flexibility within Sri Lanka’s present building scene. A4
ranks lowest at 0.1216, highlighting concerns about high initial costs, energy inefficiencies,
and environmental limits despite its promise for handling non-recyclable waste. These
findings give a systematic decision-making strategy, guaranteeing that CWM strategies
correspond with sustainable construction objectives while considering economic, social,
technical, and environmental issues. A sensitivity analysis was undertaken to determine
the robustness of the prioritization results in the presence of different expert-assigned
weights for the primary decision criteria. After changing the weights of economic, social,
technological, and environmental aspects by ±10%, the research showed that A1 was
consistently the most beneficial strategy. This suggests that the final ranking is not unduly
sensitive to minor differences in expert evaluations, increasing confidence in the proposed
AHP model’s reliability. The sensitivity patterns also demonstrated that alternatives such
as A2 and prefabrication react more clearly to changes in specific criteria, emphasizing
the importance of contextual priorities in decision-making. The cross-method validation
reinforces the study’s conclusions by proving that alternative prioritizing is not limited to a
particular MCDM technique. Although the intermediate ranks of A2, A4, and A3 differed
across the AHP, TOPSIS, WSM, and WPM, A1′s stability as the top-ranked alternative
demonstrates its strength as the most successful CE-oriented waste management method.
This concordance between classical and distance-based methodologies strengthens the
proposed framework’s credibility and ensures that the suggestions are usable in a variety
of decision-making scenarios.

In contrast with earlier studies shown in Table 1, the current study makes a different
contribution by incorporating CE ideas directly into the AHP-based MCDM framework for
CWM. While studies such as Khoshand et al. [65] and Marzouk et al. [66] have employed
fuzzy AHP and fuzzy TOPSIS algorithms to rank waste management choices, our method
focuses on classical AHP with pairwise comparisons and the Eigenvector Method. This
technique not only maintains consistency via the estimated CR values but also simplifies
the model by minimizing the computational complexity associated with fuzzy extensions.
This makes the paradigm more accessible for stakeholders in underdeveloped nations, such
as Sri Lanka, where data availability and real-time inputs might be restricted. Moreover,
comparable publications by Eghbali-Zarch et al. [67] and Shah [68] have stressed the
integration of life cycle cost analysis and environmental factors in the decision-making
process. However, this study uniquely places CE ideas at the center of the assessment by
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specifically addressing waste reduction, resource recovery, and recycling in the building
environment. Unlike studies that concentrate only on economic and environmental trade-
offs, our model thoroughly combines social and technical aspects with economic and
environmental dimensions. This comprehensive perspective connects well with the current
worldwide focus on sustainability and gives a balanced evaluation that represents the
diverse nature of building waste management. Furthermore, the comparative analysis
highlights that while other studies (Bin et al. [69] and Zhang et al. [70]) employ integrated
MCDM frameworks to address specific technical or policy-driven challenges, this research
extends the discussion by tailoring the model to the specific context of emerging economies.
By doing so, it solves particular difficulties such as limited recycling infrastructure and
shifting regulatory environments. The final ranking, which emphasizes on-site waste
segregation, also reflects the intrinsic advantages of localized waste reduction and quick
resource utilization, a result that is especially significant for countries experiencing fast
urbanization. These comparisons underline that although a number of MCDM techniques
have been utilized in the CWM sector, this research distinguishes itself by its explicit
incorporation of CE ideas and its specific application to developing situations. This not only
increases the openness and robustness of the decision-making process but also delivers
practical insights that may aid policymakers and industry practitioners in developing
sustainable and successful waste management plans.

6. Conclusions
This study proposes a complete AHP-based MCDM framework that successfully com-

bines CE ideas into CWM. By deconstructing the choice issue into four primary dimensions
(environmental, economic, technical, and social), the research gives a straightforward and
systematic way to assess waste management solutions. The research reveals that envi-
ronmental issues are crucial, highlighting the urgent need to minimize landfill reliance,
enhance recycling efficiency, and promote a sustainable, closed-loop system in the build-
ing industry. Economic concerns also play a vital role, underlining the need to design
cost-effective and financially feasible techniques that assure optimal resource recovery and
operating efficiency.

The examination of options suggests that on-site waste segregation and recycling is
the most effective CWM technique. This strategy immediately lowers waste at the source,
optimizes resource usage, and gives immediate advantages in terms of sustainability and
efficiency. Off-site waste treatment, prefabrication, and waste-to-energy conversion are
rated thereafter, each giving different benefits while also presenting distinctive problems
such as logistical complications, greater starting costs, and the requirement for sophisticated
technical assistance. These results give a comprehensive knowledge of the trade-offs
inherent in different waste management techniques and promote better-informed decision-
making for stakeholders in developing economies like Sri Lanka. A fundamental addition of
this study resides in its obvious inclusion of CE concepts into the decision-making process,
setting it apart from earlier studies that generally concentrated on isolated factors such as
cost–benefit analysis or environmental effect alone. By incorporating social and technical
aspects with conventional economic and environmental criteria, the suggested framework
provides a comprehensive approach that bridges the gap between sustainability theory and
actual implementation. This comprehensive approach not only supports policymakers and
industry practitioners in finding the most successful waste management techniques but
also offers a scalable model that can be applied to diverse geographic settings confronting
comparable difficulties.

The practical implications of this study are substantial. For developing nations with
inadequate recycling infrastructure and emerging legislative frameworks, the adoption of
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this integrated approach might encourage a more strategic and efficient use of resources,
hence expediting the shift toward sustainable building practices. The model’s capacity
to quantify the relative significance of multiple criteria offers a rigorous foundation for
prioritizing expenditures in technology, training, and policy changes that are crucial for
enhancing CWM. Moreover, the framework’s flexibility implies that it might function
as a decision-making support tool in real time, supporting stakeholders in continually
refining waste management techniques as market circumstances and technology capabilities
improve. The framework offers direct application potential for policymakers, construction
companies, and waste management authorities when developing CE-oriented waste plans.
Strategic planning, resource allocation, and regulation formulation can all benefit from the
use of a structured prioritizing method.

Nevertheless, the study admits many limitations. Firstly, the number of specialists
was limited to six, which may have reduced the range of opinions. Secondly, the study
used the standard AHP method, which did not account for potential interdependence
among criteria. Thirdly, the findings are context-specific to Sri Lanka and may require
modification before being applied to other locations. The reliance on expert opinions,
although advantageous for obtaining in-depth industry insights, naturally brings a degree
of subjectivity into pairwise comparisons and weight computations. Additionally, the
static character of the AHP model does not completely account for dynamic changes in
the construction sector, such as altering market circumstances, technical developments,
and developing regulatory requirements. These issues imply that future research should
study the merging of real-time data analytics and artificial intelligence to boost the model’s
responsiveness and predictive capabilities. Such innovations might lead to a more flexible
decision-making system that better represents the complexity and quick changes in current
CWM techniques.

Future research might broaden this framework by including fuzzy or hybrid AHP
models to better capture ambiguity in expert assessments, expanding the number and
variety of expert participants, and extending the methodology to other developing nation
contexts for comparison. Integration of real-time data analytics and digital technologies
like BIM and IoT might improve CWM decision-making.

In summary, the proposed AHP model provides a substantial leap in sustainable
construction practices by establishing a formal, quantitative technique for assessing and
ranking waste management choices. Its integration of CE principles provides a balanced
approach that is both environmentally responsible and economically sound, while its
comprehensive inclusion of social and technological dimensions ensures that the model
is relevant for the multifaceted challenges faced by emerging economies. The framework
not only acts as a practical tool for present industrial applications but also provides a
platform for future advancements in waste management decision support systems. By
fostering a more informed and strategic approach to CWM, this research contributes to the
broader goal of achieving sustainable development in the construction sector, encouraging
continued exploration and refinement of decision-making models that can adapt to the
evolving landscape of global construction practices.
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74. Weerakoon, T.G.; Turskis, Z.; Šliogerienė, J. Bibliometric Mapping of MCDM Methods in AEC Industry: Identifying Trends for
Sustainable Development. J. Environ. Eng. Landsc. Manag. 2025, 33, 148–165. [CrossRef]

75. Ishizaka, A. Analytic Hierarchy Process and Its Extensions. In New Perspectives in Multiple Criteria Decision Making; Multiple
Criteria Decision Making; Springer: Cham, Switzerland, 2019; pp. 81–93. [CrossRef]

76. Abadi, M.; Moore, D. Selection of Circular Proposals in Building Projects: An MCDM Model for Lifecycle Circularity Assessments
Using AHP. Buildings 2022, 12, 1110. [CrossRef]

77. Abdel-Basset, M.; Mohamed, M.; Sangaiah, A.K. Neutrosophic AHP-Delphi Group Decision Making Model Based on Trapezoidal
Neutrosophic Numbers. J. Ambient Intell. Humaniz. Comput. 2017, 9, 1427–1443. [CrossRef]

https://doi.org/10.5958/2277-937X.2017.00005.3
https://doi.org/10.54783/ijsoc.v5i4.767
https://doi.org/10.1016/j.jclepro.2017.04.137
https://doi.org/10.1177/0734242X20910309
https://doi.org/10.1016/j.cogsc.2025.101032
https://doi.org/10.3390/su15075857
https://doi.org/10.1007/978-3-642-48318-9_3
https://doi.org/10.3390/su151612565
https://doi.org/10.1016/j.asoc.2019.106004
https://doi.org/10.1109/TEM.2020.2977141
https://doi.org/10.1007/s11356-020-07765-w
https://www.ncbi.nlm.nih.gov/pubmed/32020449
https://doi.org/10.1108/SASBE-06-2021-0097
https://doi.org/10.1177/0734242X20910468
https://www.ncbi.nlm.nih.gov/pubmed/32189588
https://doi.org/10.4018/IJNCR.2017070103
https://doi.org/10.1108/ECAM-08-2020-0617
https://doi.org/10.1007/978-981-33-6695-4_13
https://doi.org/10.1007/978-981-99-3626-7_13
https://doi.org/10.1016/j.jclepro.2021.127907
https://doi.org/10.1016/j.scitotenv.2024.175408
https://doi.org/10.3390/su16083289
https://doi.org/10.1016/j.autcon.2024.105283
https://doi.org/10.3846/jeelm.2025.23569
https://doi.org/10.1007/978-3-030-11482-4_2
https://doi.org/10.3390/buildings12081110
https://doi.org/10.1007/s12652-017-0548-7


Sustainability 2025, 17, 7770 24 of 24

78. Zhang, C.; Luo, L.; Liao, H.; Mardani, A.; Streimikiene, D.; Al-Barakati, A. A Priority-Based Intuitionistic Multiplicative UTASTAR
Method and Its Application in Low-Carbon Tourism Destination Selection. Appl. Soft Comput. 2019, 88, 106026. [CrossRef]

79. Kuo, T. An Ordinal Consistency Indicator for Pairwise Comparison Matrix. Symmetry 2021, 13, 2183. [CrossRef]
80. Aguarón, J.; Escobar, M.T.; Moreno-Jiménez, J.M. Reducing Inconsistency Measured by the Geometric Consistency Index in the

Analytic Hierarchy Process. Eur. J. Oper. Res. 2021, 288, 576–583. [CrossRef]
81. Saaty, T.L. The Analytic Hierarchy Process: Planning, Priority Setting, Resource Allocation; McGraw-Hill: New York, NY, USA, 1980.
82. Alsheyab, M.A.T. Recycling of Construction and Demolition Waste and Its Impact on Climate Change and Sustainable Develop-

ment. Int. J. Environ. Sci. Technol. 2021, 19, 2129–2138. [CrossRef]
83. Bao, Z.; Lu, W. A Decision-Support Framework for Planning Construction Waste Recycling: A Case Study of Shenzhen, China.

J. Clean. Prod. 2021, 309, 127449. [CrossRef]
84. Kumar, A.; Samadder, S. A Review on Technological Options of Waste to Energy for Effective Management of Municipal Solid

Waste. Waste Manag. 2017, 69, 407–422. [CrossRef]
85. Ferdous, W.; Bai, Y.; Ngo, T.D.; Manalo, A.; Mendis, P. New Advancements, Challenges and Opportunities of Multi-Storey

Modular Buildings—A State-of-the-Art Review. Eng. Struct. 2019, 183, 883–893. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.asoc.2019.106026
https://doi.org/10.3390/sym13112183
https://doi.org/10.1016/j.ejor.2020.06.014
https://doi.org/10.1007/s13762-021-03217-1
https://doi.org/10.1016/j.jclepro.2021.127449
https://doi.org/10.1016/j.wasman.2017.08.046
https://doi.org/10.1016/j.engstruct.2019.01.061

	Introduction 
	Literature Review 
	Influencing Factors for CWM 
	Environmental Factors 
	Social Factors 
	Economic Factors 
	Technological Factors 

	Recent Studies of MCDM Application for CWM 

	Materials and Methods 
	Case Study 
	Data Collection 
	Establishing Goal, Criteria, and Alternatives 
	AHP Method 
	Model Validation 

	Results 
	Discussion 
	Conclusions 
	References

