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This study aims to develop a comprehensive model for construction waste 

management based on design and execution decisions, employing a reduce, 

reuse, and recycle (3R) approach in the city of Sanandaj. To this end, the Fuzzy 

Analytic Network Process (FANP) method was applied to identify and prioritize 

the key factors influencing construction waste management. The model seeks to 

identify existing barriers and challenges in managing construction waste and to 

propose strategies for optimizing the processes of waste reduction, material 

reuse, and recycling. The findings of this research indicate that among the various 

criteria, the incompatibility of transportation equipment with the type and 

quantity of materials had the most significant impact on waste management 

across project components. In addition, other critical sub-criteria such as 

insufficient awareness of designers regarding the project's execution details, lack 

of adequate practical experience among designers, and misalignment between 

material procurement and stakeholder expectations were also identified as 

influential factors in optimal waste management. These results demonstrate that 

design and execution decisions play a crucial role in minimizing construction 

waste, and that precise planning can contribute to cost reduction and 

environmental impact mitigation. The proposed model can serve as a framework 

for policymakers and construction project implementers, enabling them to adopt 

efficient policies and make informed decisions at various stages of the project. 

Ultimately, the model aims to support better construction waste management 

practices and promote sustainable building initiatives. 
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1. Introduction 

he construction industry, while a vital engine of urban 

development and economic growth, has emerged as 

one of the primary contributors to global solid waste 

production. Construction and demolition (C&D) activities 

produce significant volumes of debris, placing 

unprecedented pressure on landfills, natural resources, and 

ecosystems. In both developed and developing nations, 

inadequate waste management frameworks and poor policy 

enforcement mechanisms exacerbate the severity of the 

problem, often leading to uncontrolled dumping, illegal 

disposal, and missed opportunities for material recovery and 

reuse (Illankoon & Tam, 2021; Seror & Portnov, 2020). 

These inefficiencies are not only environmentally 

destructive but also economically wasteful, underscoring the 

urgency for systematic intervention. 

Globally, the construction sector generates between 30% 

to 40% of total solid waste, a figure that is projected to rise 

further with rapid urbanization, infrastructure expansion, 

and population growth (Ingrao et al., 2019; Mak et al., 2019). 

Despite increasing awareness of environmental 

sustainability, many countries still lack a unified strategy to 

address the challenges posed by C&D waste. In Iran, as in 

many other developing nations, the predominant waste 

management method remains landfilling—an approach that 

is unsustainable both in terms of spatial and ecological 

burden. The city of Sanandaj, the context of this study, faces 

particularly acute issues due to fragmented urban planning, 

the use of outdated construction methods, and insufficient 

regulatory oversight. 

In this landscape, sustainable construction waste 

management (SCWM) has emerged as a policy priority for 

governments, municipalities, and construction firms. The 

adoption of the 3R principles—reduce, reuse, and recycle—

has become an internationally endorsed strategy to enhance 

resource efficiency, minimize environmental impact, and 

promote circular economy principles within the built 

environment (Asadi et al., 2020; Musarat et al., 2022). 

However, implementing these principles effectively requires 

identifying and addressing context-specific barriers, such as 

lack of technical expertise, behavioral resistance, and 

institutional inefficiencies. 

A growing body of research has recognized the pivotal 

role of design and execution decisions in determining the 

volume and composition of construction waste. 

Approximately 30% of C&D waste can be traced back to 

errors and inefficiencies originating in the design phase 

(Ishak, 2024; Jain et al., 2020). These include over-

specification of materials, incompatible procurement 

strategies, poor site layout, and the absence of alternative 

construction methodologies. Similarly, on-site execution 

challenges—ranging from inefficient scheduling and 

equipment mismatch to workforce inexperience—further 

compound material waste during the project lifecycle (He & 

Yuan, 2020; Meng et al., 2019). 

To address these intertwined challenges, there is a 

growing consensus that an integrated, model-driven 

approach is necessary to support data-informed decision-

making and stakeholder alignment across the construction 

value chain (Amrani et al., 2021; Razkenari et al., 2020). 

Multi-criteria decision-making (MCDM) techniques, 

especially those incorporating fuzzy logic such as the Fuzzy 

Analytic Network Process (FANP), have proven valuable in 

managing complex, uncertain, and interrelated decision 

parameters. FANP enables the modeling of feedback loops 

and causal dependencies between criteria and sub-criteria, 

offering a more nuanced understanding than linear analytic 

hierarchies (Illankoon & Tam, 2021; Khoshnevis et al., 

2023). 

This methodological advancement is particularly relevant 

for waste management contexts where decision variables 

span technical, economic, environmental, and institutional 

dimensions. For instance, decisions about material 

procurement (economic), scheduling and transportation 

(technical), awareness and policy enforcement 

(institutional), and environmental sensitivity (ecological) are 

often deeply interlinked. By deploying FANP, researchers 

and policymakers can identify leverage points for 

intervention and prioritize actions based on systemic impact 

rather than isolated performance metrics (Asadi et al., 2020; 

Mak et al., 2019). 

Research in similar contexts has highlighted the potential 

of such integrative models. For example, Ishak (2024) 

identified causative factors and strategic interventions for 

SCWM in Malaysia using a mixed-methods approach that 

emphasized stakeholder alignment and policy enforcement. 

Similarly, Amrani et al. (2021) evaluated geotechnical 

parameters in phosphate mine waste management for 

infrastructure stability, demonstrating how waste materials 

can be repurposed in structural applications—aligning 

closely with the "reuse" component of the 3R framework. 

These examples underscore the feasibility and scalability of 

evidence-based waste management models that incorporate 

both technical and behavioral dimensions. 

T 

https://journals.kmanpub.com/index.php/jppr/index
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Furthermore, studies using behavioral and psychological 

frameworks—such as the theory of planned behavior 

(TPB)—have shown that stakeholder attitudes, perceived 

behavioral control, and social norms significantly influence 

recycling decisions on construction sites (Jain et al., 2020; 

Mak et al., 2019). This points to the necessity of embedding 

soft variables like training, awareness, and institutional 

culture into model development. In this regard, the inclusion 

of fuzzy qualitative assessments complements quantitative 

indicators and accounts for subjective judgments from 

experts and practitioners. 

In post-crisis urban environments such as Beirut 

following the port explosion, Al Tawil et al. (2023) 

examined disaster waste management and emphasized the 

importance of anticipatory planning and strategic readiness. 

Their findings highlighted that ad hoc decision-making, in 

the absence of robust models and institutional mechanisms, 

leads to inefficiencies and public health risks. This 

reinforces the argument that both normal and emergency 

contexts require robust, flexible, and integrated frameworks 

for C&D waste management (Al Tawil et al., 2023). 

From a policy perspective, Seror and Portnov (2020) 

analyzed the effectiveness of environmental law 

enforcement in Israel and found that even minor 

improvements in monitoring and fines significantly reduced 

illegal dumping. This suggests that beyond technological 

and process-oriented reforms, regulatory tools and 

governance mechanisms are vital components of successful 

SCWM models (Seror & Portnov, 2020). Their conclusions 

are echoed by Riyahipur et al. (2020), who advocated for the 

integration of passive defense strategies in urban water 

infrastructure planning to improve resilience and resource 

efficiency (Riyahipur et al., 2020). 

Considering these multidimensional insights, the present 

study focuses on developing a localized, design-execution 

integrated model for construction waste management in 

Sanandaj. The model incorporates the reduce, reuse, and 

recycle (3R) principles, structured within a FANP-based 

analytical framework. It considers the interplay between 

technical competencies, economic viability, institutional 

support, and environmental stewardship. Expert opinion is 

leveraged through structured pairwise comparisons, and 

weights are assigned via fuzzy logic to ensure robustness 

under uncertainty. 

What distinguishes this study is its dual emphasis on 

strategic foresight and operational feasibility. Unlike prior 

research that often treats waste management as a post-

construction concern, this model foregrounds early-stage 

decision-making in design and execution. By engaging 

stakeholders across roles—designers, project managers, 

contractors, and policymakers—the model is tailored to 

practical realities on construction sites in Iran. Moreover, the 

use of FANP enables sensitivity analysis and feedback 

recognition, allowing for iterative model refinement as new 

data or practices emerge (Veropalumbo et al., 2021). 

Ultimately, the effectiveness of any SCWM model 

depends on its adaptability, stakeholder buy-in, and 

integration into institutional workflows. As such, this study 

does not merely aim to rank waste-generating factors but to 

provide a strategic tool for planning and policy development. 

The model’s outputs are intended to guide waste reduction 

interventions, procurement reforms, training programs, and 

transport planning—all aligned with the 3R principles and 

the broader goal of sustainable urban development. 

The aim of this study is to develop and validate a 

comprehensive decision-making model for managing 

construction waste in Sanandaj, focusing on the design and 

execution phases, and grounded in the reduce, reuse, and 

recycle (3R) approach using FANP. 

2. Methods and Materials 

The meta-synthesis method is recognized as an 

appropriate approach for integrating studies derived from a 

systematic review conducted on the subject of this research. 

By selecting the meta-synthesis method—and given that its 

goal is to analyze the findings of each study, uncover key 

insights, and integrate the results into a more comprehensive 

alternative—initially, in order to analyze the findings of each 

study and identify key insights, the open coding method 

proposed by Glaser (1992) was employed. First, all critical 

points and key factors extracted from the documents were 

treated as codes. Then, based on the conceptual meaning of 

each code, they were compared and grouped into similar 

categories according to their commonalities as interpreted by 

the researcher. 

In the next phase, after multiple rounds of reviewing the 

studies and accurately identifying the concepts and their 

interrelations, axial coding was applied to integrate the 

results. This involved establishing links between categories 

and strategies, thereby connecting the data in a novel 

structure. 

Ultimately, after reviewing the studies from various 

perspectives and determining the relationships between the 

categories and strategies, the axial coding phase was 

completed, paving the way for the final stage of analysis, 

https://journals.kmanpub.com/index.php/jppr/index
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namely selective coding and the development of the 

proposed final model. Once the researcher gathered, 

extracted, and categorized the data and prepared the 

frequency distribution table and ratio distributions, the next 

phase of the research process—data analysis—commenced. 

In the analysis phase, it is crucial that the researcher directs 

the information and data toward the research objectives, 

answers the research question(s), and evaluates the 

hypotheses accordingly. 

In this study, to identify relationships and prioritize the 

criteria of the current research, multi-criteria decision-

making models such as AHP, ANP, and FANP with a fuzzy 

logic approach were employed. For analyzing the collected 

data, Excel analytical tools and MATLAB coding were used. 

3. Findings and Results 

Through expert panel consensus and systematic 

document review, the study identified four primary decision 

criteria for construction waste management: economic, 

technical, institutional–managerial, and environmental 

factors. Each of these was further broken down into multiple 

sub-criteria using open coding and axial coding based on the 

grounded theory method. These sub-criteria include cost 

differences in materials, lack of execution experience, 

contract ambiguity, transport mismatch, and others. This 

step provided the structural foundation for subsequent 

prioritization using AHP, ANP, and FANP methods. 

Table 1 

Final Decision-Making Criteria and Sub-Criteria 

Code Main 

Criterion 

Sub-Criterion Code Code Main Criterion Sub-Criterion Code 

C1 Economic 
Factors 

Variations in material costs S11 C3 Institutional–
Managerial Factors 

Designer’s unfamiliarity with 
alternative implementation methods 

S31 

  Selection of implementation systems S12   Complexity in some parts of the 
design and lack of designer 

proficiency 

S32 

  Quality and cost efficiency in project 

execution 

S13   Lack of contract clarity and unclear 

project scope 

S33 

  Lack of suitable alternatives for 

switching suppliers 

S14   Inappropriate location of site 

facilities 

S34 

  Excessive focus on total cost without 

attention to lifecycle effectiveness 

S15   Designer’s unfamiliarity with 

storage layout and depot design 
standards 

S35 

  Mismatch between procurement and 
stakeholder demands 

S16 C4 Environmental 
Factors 

Lack of awareness of material 
specifications and features 

S41 

C2 Technical 
Factors 

Lack of execution experience among 
designers 

S21   Presence of unskilled execution 
personnel 

S42 

  Designer’s unawareness of 
implementation details 

S22   Poor scheduling for material 
delivery to project site 

S43 

  Lack of proper communication 
among project stakeholders 

S23   Mismatch of transportation tools 
with type and quantity of materials 

S44 

  Designer’s lack of knowledge on 
modern construction techniques 

S24     

 

The fuzzy analytic network process (FANP) was applied 

to derive normalized weights for the main criteria. The 

process included forming pairwise comparison matrices, 

applying fuzzy logic, and defuzzifying final results using the 

crisp method. 

Table 2 

Normalized Priority Weights of Main Criteria (FANP Crisp Results) 

Criterion Code Criterion Name Crisp Weight Normalized Weight Rank 

C1 Economic Factors 0.253 0.244 2 

C2 Technical Factors 0.016 0.015 4 

C3 Institutional–Managerial 0.063 0.061 3 

C4 Environmental Factors 0.137 0.132 1 

 

https://journals.kmanpub.com/index.php/jppr/index
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Although economic factors were originally perceived as 

most influential in AHP, FANP analysis reveals that 

environmental factors rose to the top. This shift 

demonstrates how interdependencies between criteria (as 

modeled in FANP) can significantly affect their final weight. 

The FANP-derived limit supermatrix was used to rank the 

importance of sub-criteria based on their final normalized 

weights. This provided a more granular perspective on 

where interventions should be focused. 

Table 3 

Top 10 Sub-Criteria by Normalized Weight 

Rank Sub-Criterion Description Code Normalized Weight 

1 Mismatch of transport equipment to material type/volume S44 0.098 

2 Designer unaware of execution details S22 0.089 

3 Lack of designer’s execution experience S21 0.062 

4 Procurement-stakeholder mismatch S16 0.054 

5 Lack of familiarity with depot layout/design S35 0.050 

6 Presence of unskilled labor S42 0.050 

7 Poor material delivery scheduling S43 0.050 

8 Lack of material specification knowledge S41 0.047 

9 Selection of execution systems S12 0.042 

10 Lifecycle cost neglect S15 0.042 

 

The top four sub-criteria are all tied to either design-stage 

awareness or material handling and logistics, showing that 

both cognitive and operational decisions play key roles in 

construction waste generation. 

The study applied the ANP method to quantify how each 

criterion influenced or was influenced by others. 

Table 4 

Influence–Dependence Matrix (D-R and D+R values) 

Criterion Influence (D) Dependence (R) D+R D–R Interpretation 

Technical Factors 15.810 33.579 49.389 –17.769 Highly reactive, dependent 

Economic Factors 23.604 14.187 39.791 +9.416 Most influential 

Institutional–Managerial 10.576 39.172 49.748 –28.596 Strongly dependent 

Environmental Factors 7.387 38.697 46.084 –31.311 Least influential 

 

Technical factors are significantly influenced by other 

variables, suggesting that economic and managerial reforms 

may yield downstream improvements in technical execution 

and reduced waste. 

In the final stage of FANP, closeness-to-ideal (CL) values 

were calculated for each criterion. 

Table 5 

FANP Ideal Solution Scores (CL) 

Criterion Code d+ (from Ideal) d– (from Anti-Ideal) CL Score Rank 

C1 0.114 0.304 0.728 1 

C4 0.260 0.149 0.364 2 

C3 0.277 0.092 0.248 3 

C2 0.372 0.108 0.228 4 

 

The CL score for economic factors (C1) confirms their 

closeness to the ideal condition, solidifying them as the most 

critical area of intervention, followed by environmental and 

institutional issues. 

https://journals.kmanpub.com/index.php/jppr/index
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Table 6 

Final Ranking of Main Criteria 

Final Rank Main Criterion 

1 Technical Factors 

2 Economic Factors 

3 Institutional–Managerial Factors 

4 Environmental Factors 

 

When integrated across models (AHP, ANP, FANP), 

technical factors received the highest cumulative priority. 

This suggests that despite their dependent nature, they 

remain critical for waste reduction—possibly due to their 

operational visibility and day-to-day impact. 

Table 7 

Final Ranking of Sub-Criteria 

Rank Sub-Criterion Description Final Weight 

1 Transport mismatch to material type/volume 0.098 

2 Designer unaware of execution details 0.089 

3 Lack of designer’s execution experience 0.062 

4 Procurement-stakeholder mismatch 0.054 

5 Lack of familiarity with depot layout/design 0.050 

6 Unskilled execution personnel 0.050 

7 Poor material delivery scheduling 0.050 

8 Unawareness of material specifications 0.047 

9 Selection of execution systems 0.042 

10 Lifecycle cost neglect 0.042 

 

The sub-criterion “transport mismatch to material 

type/volume” stood out as the most influential variable 

(0.098), indicating critical weaknesses in material logistics. 

This was closely followed by execution-stage design 

unawareness and insufficient designer experience, 

emphasizing that knowledge-related deficiencies are major 

contributors to inefficiency and waste. 

4. Discussion and Conclusion 

The results of this study offer significant insights into the 

complex interplay of factors influencing construction and 

demolition (C&D) waste generation in the urban context of 

Sanandaj. Using the FANP technique, the study identified, 

ranked, and interpreted the relative importance of economic, 

technical, institutional–managerial, and environmental 

factors and their associated sub-criteria. The prioritization of 

these criteria—based on expert evaluation, fuzzy pairwise 

comparisons, and multi-level feedback analysis—indicates 

that waste management in construction is fundamentally 

shaped by decisions made at both design and execution 

stages, consistent with the global literature on sustainable 

construction waste management. 

Among the four primary criteria, the findings indicated 

that technical factors ranked first in terms of importance, 

followed closely by economic factors, then institutional–

managerial factors, and finally environmental factors. 

Within the sub-criteria, the most influential was the 

"mismatch of transportation vehicles with material type and 

volume," a logistical issue that significantly exacerbates 

waste accumulation. This was closely followed by the 

designer’s unawareness of project execution details and the 

lack of practical experience among designers. These results 

suggest that operational challenges related to workforce 

training, scheduling, and equipment compatibility, along 

with cognitive limitations in early design phases, jointly 

contribute to the inefficiency of waste handling systems. 

These findings align with the literature on execution-

stage inefficiencies and their impacts on material waste. For 

instance, He and Yuan (2020) emphasize that poor 

perceptions of material compatibility and delivery systems 

result in over-ordering and spoilage (He & Yuan, 2020). 

Similarly, Ishak (2024) found that many design teams lack 

direct communication with contractors, leading to 

impractical or vague specifications that translate into excess 

materials or aborted tasks (Ishak, 2024). The emphasis on 

https://journals.kmanpub.com/index.php/jppr/index


 Ostadnorouzi et al.                                                                                           Journal of Resource Management and Decision Engineering 4:4 (2025) 1-9 

 

 7 

the transportation mismatch mirrors the work of Al Tawil et 

al. (2023), who illustrated how inefficient logistics following 

the Beirut port explosion severely hampered waste 

segregation and recycling efforts (Al Tawil et al., 2023). 

The high ranking of designer-related sub-criteria, 

particularly "lack of knowledge of execution details" and 

"lack of design experience," reflects a structural disconnect 

between design and field implementation. According to Jain 

et al. (2020), the disconnection between planning and actual 

construction practices is a critical driver of C&D waste, 

particularly in projects where design errors propagate 

through all subsequent stages of construction (Jain et al., 

2020). Likewise, Asadi et al. (2020) argue that poor 

integration of green innovation in design phases reduces the 

potential for lifecycle optimization and increases the 

probability of waste accumulation during both execution and 

demolition phases (Asadi et al., 2020). 

Economic sub-criteria such as "procurement-stakeholder 

mismatch" and "lack of alternative procurement centers" 

were also shown to have a substantial influence on waste 

generation. The importance of economic planning and 

procurement systems is consistent with the observations of 

Illankoon and Tam (2021), who identify lifecycle cost 

integration and supply chain coordination as critical levers 

for reducing waste generation (Illankoon & Tam, 2021). 

Moreover, the role of procurement alignment reflects 

findings by Mak et al. (2019), who show that misaligned 

procurement decisions—where suppliers do not meet the 

specific material or logistical requirements of a project—can 

result in premature degradation or incompatibility, 

necessitating rework and generating excess materials (Mak 

et al., 2019). 

Institutional–managerial factors were the third most 

important category in this study, with sub-criteria like 

"contract ambiguity" and "inappropriate site layout" ranking 

prominently. These findings reflect broader systemic 

challenges. For example, Seror and Portnov (2020) 

emphasize that the absence of clear contractual obligations 

and insufficient project scoping often result in 

misinterpretations that cause materials to be misallocated or 

misused (Seror & Portnov, 2020). Their findings in the 

Israeli construction sector highlight the importance of law 

enforcement and legal clarity in preventing wasteful 

practices. Similarly, Razkenari et al. (2020) emphasize that 

off-site construction models reduce material loss primarily 

because of well-defined managerial workflows and clearly 

scoped designs, reinforcing the necessity of structured 

managerial practices (Razkenari et al., 2020). 

Environmental factors, while crucial from a sustainability 

perspective, ranked lowest in the FANP analysis. However, 

this should not be interpreted as a lack of significance. 

Rather, it reflects the systemic underprioritization of 

environmental concerns in operational decisions. Musarat et 

al. (2022) caution that unless environmental factors are 

embedded as weighted performance metrics within project 

management and procurement processes, they are likely to 

remain secondary to economic and technical concerns 

(Musarat et al., 2022). This sentiment is echoed by Ingrao et 

al. (2019), who emphasize that environmental 

considerations often yield long-term benefits that are 

undervalued in short-term planning frameworks (Ingrao et 

al., 2019). 

The causal analysis derived from the ANP results further 

elucidates the interactive relationships among criteria. While 

technical factors were the most dependent on other criteria, 

economic factors emerged as the most influential. This 

suggests a leverage point for policymakers and project 

planners: by targeting economic strategies—such as 

dynamic procurement, lifecycle costing, and incentivized 

reuse—stakeholders may indirectly improve technical 

execution and reduce downstream waste. This 

interdependence is supported by Veropalumbo et al. (2021), 

who show that material selection and cost planning directly 

influence the rheological behavior of construction materials, 

affecting their usability and waste generation on-site 

(Veropalumbo et al., 2021). 

Notably, the study’s application of the FANP method 

provided a valuable advantage over traditional analytic 

methods by capturing feedback and dependency among 

variables. For instance, sub-criteria like "poor material 

scheduling" and "lack of modern construction technique 

knowledge" may seem operational, but FANP revealed their 

latent dependencies on economic planning and institutional 

awareness. This capacity to uncover embedded causalities 

distinguishes FANP as a robust framework for modeling 

complex decision environments (Khoshnevis et al., 2023). 

In summary, the findings underscore that C&D waste in 

Sanandaj—much like in other rapidly urbanizing cities—is 

driven not merely by execution errors but by systemic 

inefficiencies in planning, procurement, training, and 

regulation. Design-stage decisions and midstream 

managerial practices hold latent power to either exacerbate 

or alleviate waste impacts. While logistical and technical 

adjustments are essential, they must be undergirded by 

institutional support, economic flexibility, and awareness-

building across all project stakeholders. 

https://journals.kmanpub.com/index.php/jppr/index
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This study, while comprehensive in scope, presents 

several limitations. First, it is geographically localized to the 

city of Sanandaj, and while the findings offer important 

implications for similar urban contexts in Iran or other 

developing nations, generalizing to different geographies or 

regulatory environments must be done cautiously. Second, 

the model heavily relies on expert judgment for pairwise 

comparisons, which, despite fuzzy logic adjustments, may 

be subject to cognitive bias or professional partiality. Third, 

the study does not include a longitudinal assessment of how 

implementing the proposed model might impact waste 

generation trends over time. Future implementation studies 

would strengthen the model's predictive validity. 

Future studies could focus on integrating real-time data 

collection technologies, such as Building Information 

Modeling (BIM) and Internet of Things (IoT) sensors, into 

the FANP-based decision-making model. This would allow 

dynamic updating of priorities as project conditions change. 

Moreover, expanding the stakeholder panel to include end-

users, municipal regulators, and material suppliers could 

provide a more holistic understanding of systemic waste 

flows. Cross-country comparative studies using the same 

methodological framework would also help identify 

universal versus context-specific drivers of construction 

waste. 

Construction project managers and policymakers should 

prioritize economic criteria—particularly procurement 

alignment and cost-based lifecycle planning—as leverage 

points for reducing construction waste. Integrating technical 

training on modern construction methods and execution 

logistics into design workflows will bridge the gap between 

planning and implementation. Furthermore, clarifying 

contract scopes and enhancing site planning regulations will 

prevent miscommunication and misallocation of resources. 

Finally, embedding environmental indicators into 

performance evaluation frameworks will ensure long-term 

alignment with sustainability objectives. 
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