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Abstract

Demolition waste, particularly from road infrastructure projects, constitutes a

substantial portion of global demolition waste, posing significant environmental

challenges. With the growing emphasis on sustainability across environmental,

social and economic domains, effective management of road demolition waste has

become increasingly crucial. This study aims to develop a comprehensive and

sustainable framework for Demolition Waste Management (DWM) specific to road

projects. The primary objective is to identify and model the interrelationships

among causes, impacts, challenges and solutions associated with DWM, thereby

providing actionable strategies to enhance waste management practices.

The scope of research covers demolition activities related to road infrastructure,

with a focus on the lifecycle and environmental impacts of waste generation and

management. A literature review was conducted to identify prevailing issues in

the sector. Subsequently, a focus group discussion and a pilot survey-based ques-

tionnaire—developed with input from industry experts—were employed to collect

data on key DWM variables. Data were analyzed using Partial Least Squares

Structural Equation Modeling (PLS-SEM) via SmartPLS, validating four mod-

els that explore different combinations of causal and relational factors influencing

DWM outcomes.

The findings reveal strong statistical relationships, particularly between the causes

of demolition waste and both its challenges (path coefficient: 0.727) and impacts

(0.843), while challenges also exhibited a strong link to solutions (0.760). These

results underscore the importance of addressing root causes to effectively miti-

gate broader issues. The relatively weaker direct associations between causes and

solutions suggest that impacts act as key mediating factors. The proposed frame-

work offers a strategic, systems-based approach to DWM, supporting industry

professionals and policymakers with evidence-based pathways for sustainable im-

plementation, capacity building, and policy development in the context of road

project waste.
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Chapter 1

Introduction

1.1 Background of Study

The construction industry significantly influences the global economy and national

development, employing about 7% of the global workforce and contributing around

10% of the global GDP[1]. It consists of three main sectors: building, infrastruc-

ture and industrial, each with various sub-sectors. The infrastructure sector in-

cludes highways, railways, wastewater management and utilities, all essential for

societal advancement.

However, the industry’s rapid growth has led to a substantial increase in construc-

tion waste, accounting for 30-40% of total solid waste. Infrastructure projects,

which comprise about 35% of the construction sector, generate a significant portion

of this waste, necessitating proper management due to their complexity. Infras-

tructure projects, which represent roughly 35% of the construction sector,generate

a large portion of this waste and require proper management due to their com-

plexity and implementation challenges[2].

Demolition activities in road projects generate a significant volume of waste ma-

terials, including concrete, asphalt and metals, which, when improperly disposed

of, pose environmental risks like soil and water contamination, air pollution and

habitat degradation[3]. In urban areas, where these activities often occur, dust,

1
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noise and increased traffic congestion disrupt communities, impacting residents’

health and well-being. Inadequate waste management may lead to illegal dumping,

exacerbating social disparities and undermining community cohesion[4].

Life cycle environmental management of demolition wastes in road projects in-

volves a holistic approach to minimize environmental impacts at each stage of

the construction process. This framework seeks to address the significant chal-

lenges associated with demolition waste by promoting sustainable practices and

optimizing resource use. The aim is to revolutionize waste management in the

construction industry, focusing on the reduction, reuse and recycling of materials

to support sustainability.

Moreover, inefficient waste management increases project costs due to waste trans-

portation, landfill fees and regulatory compliance, while missed recycling oppor-

tunities further inflate expenses[5]. Inadequate management also intensifies the

ecological footprint through resource extraction and processing, stressing the need

for sustainable practices in demolition waste management[6].

Demolition activities also intensify the ecological footprint associated with resource

extraction and processing. These embracing sustainable practices for managing

demolition wastes is essential to conserve resources, reduce reliance on finite ma-

terials and promote circular economy principles[7].By addressing the challenges

associated with demolition waste management, particularly in the context of road

construction, this framework aims to promote sustainability and efficiency in in-

frastructure development. Through collaboration between stakeholders and the

integration of innovative strategies, it seeks to optimize resource utilization, reduce

environmental footprint and enhance the overall sustainability of road projects.

This study focuses on the increase in demolition waste during construction and its

environmental impact. It aims to examine road demolition waste, identify causes

and impacts, address management challenges and propose effective solutions for

Demolition Waste Management (DWM). Improved DWM practices are essential

for the industry’s understanding and awareness. Advanced Industrialized Coun-

tries (AICs) like Australia, Germany, Denmark, the Netherlands, the UK and
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the USA have adopted DWM strategies to eliminate, minimize and reuse waste.

These strategies aim to reduce waste during demolition, benefiting the economy,

environment, climate and resource consumption..

1.1.1 Demolition Wastes

Rapid urbanization and population growth have led to an increase in demolition

waste, particularly in developing countries where illegal dumping is a significant

issue [8]. Demolition waste often contains hazardous materials, such as asbestos,

heavy metals and bitumen, which can cause serious environmental contamination

if not managed properly[9]. According to the European Waste Catalog (EWC),

demolition waste is categorized into 38 subcategories, 16 of which are classified

as hazardous [10]. Globally, demolition waste accounts for 40% of all waste, with

countries like China and the USA generating significant amounts [11]. Waste is de-

fined in various ways across industry and academia. Based on modern production

concepts, waste refers to anything that, including during the demolition of a struc-

ture, causes excessive use of equipment, materials, labor, or money beyond what

is necessary for construction. Waste includes both material losses and unnecessary

work that adds cost and fine without adding value [12]. The construction sector

has severe environmental impacts, so there have been efforts to reduce construc-

tion waste. Construction waste is defined as materials from activities like digging,

building, demolition, renovation and road work. This waste often includes both

inert (harmless) and non-inert (potentially harmful) materials.

The growing problem of demolition waste has caught researchers’ attention. The

European Union produces 800 million tons of this waste, while China produces

about 2300 million tons[11, 13]. Globally, more than 10 billion tons of demo-

lition waste are generated [14]. Both the United States and China, being major

economies, struggle with managing this waste. Due to rapid growth in the building

industry and urbanization, the United States contributes about 30% of the world’s

annual demolition waste and China accounts for approximately 30-40%[15].

The world generates approximately 2.01 billion tons of municipal solid waste



Introduction 4

(MSW) annually, with about 33% of it managed in an environmentally safe man-

ner [16]. The global per capita waste generation rate is around 0.74 kg per person

per day, with significant regional variation[16]. High-income countries generate

over 2.5 kg per person per day, while low-income countries generate less than 0.5

kg per person per day. By 2050, global waste generation is projected to increase

to 3.4 billion tons annually, driven by population growth and urbanization [17].

Asia, particularly countries like China and India, is the largest contributor to

global waste generation due to rapid urban growth, while Europe generates ap-

proximately 25% of the world’s total waste but has a higher rate of recycling and

waste management [16].

Focusing on waste generated from roads and highways, over the 50-year service

life of an urban road, waste largely results from resurfacing, minor repairs and sig-

nificant repairs. Resurfacing typically occurs every 10-15 years, leading to around

3-5 resurfacing events over the road’s service life[18]. This process generates sub-

stantial waste, mainly in the form of asphalt milling and removed surface layers.

Minor repairs, such as pothole patching, are performed every 2-5 years, contribut-

ing to waste such as crushed concrete and patching materials. Significant repairs,

such as roadbed reconstruction, occur every 20-30 years and generate waste from

excavated soil and damaged concrete [19].

In total, the waste generated during the 50-year service life of an urban road con-

sists of materials like asphalt millings, removed surface layers, crushed concrete,

patching materials and waste from excavated soil and damaged concrete[18]. The

total waste generated over the service life of the road is estimated to be around

10,000-20,000 tons, depending on the size and maintenance requirements of the

road[20]. Recycling and reusing many of these materials is important for reducing

waste and promoting sustainability in road maintenance practices. The growing

amount of demolition waste from roads and highways reflects the increasing trend

of urbanization and infrastructure redevelopment, further underscoring the impor-

tance of recycling to minimize waste. Many materials generated from road repairs

can be recycled or reused, contributing to a more sustainable approach to infras-

tructure maintenance [21].
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In Pakistan, waste generation from roads and highways is a significant issue, par-

ticularly as urbanization and infrastructure development continue to grow. The

country generates approximately 3.9 million tons of municipal solid waste annu-

ally [16] and road construction and maintenance activities contribute a substantial

portion of this total waste. With a road network of over 260,000 kilometers[22] ,

Pakistan faces challenges in maintaining and resurfacing roads regularly, leading

to the generation of asphalt millings, debris from roadbed reconstruction and ma-

terials from frequent pothole repairs. Although recycling and reuse practices for

road repair materials are still limited in Pakistan, efforts are underway to improve

waste management in the construction sector and promote sustainable practices

[23]

Demolition waste generation in Pakistan, particularly from road projects, consti-

tutes a significant portion of the country’s annual solid waste production, with

estimates reaching approximately 30% or 14 million tonnes per year[24]. This is-

sue is exacerbated by rapid urbanization, population growth and the expansion

of infrastructure projects. Despite the increasing volume of demolition waste, the

current waste management practices are inadequate, largely due to limited aware-

ness, insufficient regulatory frameworks and inadequate infrastructure for waste

segregation, recycling and reuse.

The environmental management life cycle framework for demolition waste man-

agement faces several critical challenges, including the absence of standardized

guidelines for waste handling, a limited understanding of the environmental im-

pacts of demolition waste and ineffective regulatory enforcement. These gaps have

led to informal handling practices, resulting in environmental degradation and

public health risks. Projections indicate that if current practices persist, Pak-

istan’s annual generation of demolition waste could reach 25 million tonnes by

2050[25].

Demolition waste comes from various sources during the demolition process. Some

waste is due to design flaws before the project starts, while other waste comes from

ongoing changes or market trends affecting the supply chain. To address the in-

creasing problem of demolition waste, many waste management strategies have
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been implemented to reduce waste and increase recycling [26]. It’s now essential

to adopt sustainable Demolition Waste Management (DWM) principles to lessen

the negative impacts of this waste on the economy, environment and public health

[27]. In the construction industry, road engineering does create some waste, but

it’s not usually the main source. Most construction waste comes from building, de-

molition and excavation activities. Managing demolition waste in road projects is

important because it impacts the environment, society and economy. Firstly, envi-

ronmental challenges are significant. Demolition produces large amounts of waste

like concrete, asphalt, metals and debris. If not properly managed, this waste can

contaminate soil and water, pollute the air and destroy natural habitats[28]. Also,

disposing of these materials in landfills uses valuable land and releases greenhouse

gases, which contribute to climate change[29].

Social issues arising from demolition waste are also considerable. In urban and

densely populated areas, demolition activities can cause significant disruptions.

Noise, dust and increased traffic from waste transport can negatively impact the

health and quality of life of local residents. Poor waste management practices,

such as illegal dumping, often affect marginalized communities the most, lead-

ing to social inequities[30]. These disruptions can strain community relations and

diminish public trust in construction projects, highlighting the need for better

planning and communication with affected populations.

Economically, the mismanagement of demolition waste can lead to substantial

costs. The expenses associated with transporting waste to disposal sites, pay-

ing landfill fees and meeting regulatory compliance requirements can significantly

increase project budgets. Furthermore, the failure to recycle and reuse demoli-

tion materials results in the loss of potentially valuable resources and increases

the demand for new, virgin materials, thereby driving up costs. Environmental

remediation to address contamination and pollution from poorly managed demo-

lition waste adds another layer of financial burden. Adopting efficient waste man-

agement practices and integrating circular economy principles can mitigate these

costs, making demolition waste management both economically viable and envi-

ronmentally sustainable. This research component explores the sources, impacts,
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challenges and solutions associated with demolition waste, which lacks a distinct or

fixed definition. Demolition waste can originate from various sources and reasons

during the demolition process. Design faults [31] existing before project execu-

tion, ongoing modifications and market trends affecting the supply chain can all

contribute to the generation of demolition waste generated from rigid and flexible

pavements as shown in figure 1.1 and 1.2.

Figure 1.1: Demolition Waste Generation from Rigid Pavement[32]

1.1.2 Impacts of demolition Waste

The impacts of demolition waste from road projects are multifaceted, affecting the

environment, society and the economy in significant ways. Demolition activities

generate large quantities of waste materials such as concrete, asphalt, metals and

other debris. Improper disposal and management of these wastes can lead to se-

vere environmental consequences, including soil and water contamination through

leachate, air pollution from dust and particulate matter and the destruction of

natural habitats [33]. Land-filling these materials occupies valuable land space

and emits greenhouse gases, contributing to climate change. Additionally, the

extraction of raw materials to replace wasted resources further exacerbates en-

vironmental degradation through deforestation, mining and energy consumption.
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The social repercussions of demolition waste are particularly pronounced in ur-

ban and densely populated areas where road projects often occur. Dust, noise

and increased traffic congestion from demolition and waste transportation dis-

rupt the daily lives of local communities, adversely affecting residents’ health and

well-being. Inadequate waste management practices may lead to illegal dump-

ing, disproportionately impacting marginalized communities and eroding social

cohesion. The negative social impacts highlight the need for effective community

engagement and transparent communication to mitigate disruptions and address

public concerns. Economically, the mismanagement of demolition waste imposes

substantial costs on road projects. Expenses associated with waste transporta-

tion, landfill fees and regulatory compliance significantly escalate project budgets.

Moreover, missed opportunities for recycling and reuse result in lost revenue and

increased demand for virgin materials, driving up costs further. Environmental

remediation efforts to address pollution from poorly managed demolition wastes

entail additional financial burdens. Efficient waste management strategies and

the adoption of circular economy principles can mitigate these costs, enhancing

project economics and promoting long-term sustainability. By prioritizing resource

efficiency and waste minimization, road projects can reduce financial outlays and

contribute to a more sustainable construction industry.

Figure 1.2: Demolition Waste Generation from Flexible Pavement[32]
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1.2 Research Motivation and Problem Statement

1.2.1 Research Motivation

In developing countries like Pakistan, the generation of demolition waste, par-

ticularly from road projects, has become a growing concern. This is largely due

to rapid urbanization, population growth and an increasing demand for infras-

tructure development. These factors contribute to a significant portion of the

country’s annual solid waste production, with demolition and construction waste

accounting for approximately 30% of the total waste—around 14 million tonnes per

year[32]. As the country continues to expand its road networks and urban areas,

the volume of demolition waste is expected to rise dramatically, with projections

indicating a potential increase to 25 million tonnes annually by 2050 if current

practices remain unchanged[32]. This upward trend poses a substantial challenge

for sustainable development and underscores the need for effective waste manage-

ment strategies.These challenges include the absence of standardized guidelines

for waste handling and disposal, insufficient infrastructure for waste segregation

and recycling, inadequate awareness and understanding of the environmental im-

pacts of demolition waste and the lack of robust regulatory frameworks to enforce

effective waste management practices[34].

The motivation for this research arises from the urgent need to address the grow-

ing volume of demolition waste generated by road projects in Pakistan. With the

environmental, social and economic implications of poorly managed waste, there

is a pressing demand to develop a systematic approach that integrates sustain-

able waste management practices across all phases of road projects—from plan-

ning to decommissioning. This research aims to provide actionable solutions to

the challenges of demolition waste management, supporting the country’s broader

sustainable development goals. By filling the gap in current research with a com-

prehensive framework, this study seeks to create a unified strategy that tackles

the root causes, impacts and management challenges of demolition waste in road

projects.
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1.2.2 Problem Statement

Rapid urbanization in Pakistan leads to massive waste generation from road

projects. Currently, the country produces around 14 million tons of demolition

waste annually, which is expected to increase 25 million tons by 2050. Poor waste

disposal causes serious pollution, health hazards and environmental damage due

to the absence of a proper waste management framework.

� Weak laws and poor enforcement make waste management ineffective.

� Lack of awareness results in unsustainable practices.

� Limited recycling options force most waste into landfills, leading to resource

wastage and higher greenhouse gas (GHG) emissions.

Existing research only addresses specific problems without offering a comprehen-

sive solution. This study aims to develop a comprehensive framework that im-

proves waste handling, promotes recycling and strengthens policies for sustainable

infrastructure development in Pakistan.

1.2.3 Research Questions

This study explores the environmental management framework of demolition waste

for infrastructure projects in Pakistan. It aims to address the lack of an integrated

environmental management framework for demolition waste of the road projects.

The study seeks to answer the following questions:

� Q.1: What are the causes road waste generation in Pakistan at different

stages of the life cycle?

� Q.2: What are the impacts of demolition waste of road projects in Pakistan?

� Q.3: What are the main challenges in managing road demolition waste in

the study area?
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� Q.4: What solutions and management strategies can be proposed at the

local/national level for better waste management in road projects?

� Q.5: Is there any connection between the causes of waste, its impact, the

challenges and solutions?

These research questions delve deep into the complex issues surrounding demoli-

tion waste management in road projects, aiming to provide comprehensive insights

into its causes, impacts, assessment methods, challenges and potential solutions.

1.3 Research Aims and Objectives

The primary aim of this research is to develop a comprehensive environmental

management framework for demolition waste in road projects, focusing on reducing

environmental impacts and promoting sustainability in developing countries like

Pakistan.

The specific objectives are to:

� Investigate the Causes of Demolition Waste Generation at various stages of

Road Projects.

� Assess the Environmental, Social and Economic impacts of DemolitionWaste.

� Analyze the Challenges associated with Demolition Waste Management for

Road Projects.

� Explore Solutions for Demolition Waste Management for Road Projects.

� Develop Environmental Management Framework (EMF) for Road Projects,

providing actionable Recommendations for Policymakers and Stakeholders.

This focused scope ensures the development of a practical and effective frame-

work that address the pressing challenges of demolition waste management in

road projects.
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1.4 Significance and Novelty of the Research

The growing environmental challenges associated with demolition waste from road

construction projects in developing countries, particularly Pakistan, have high-

lighted the need for effective and sustainable waste management strategies. As

urbanization accelerates and infrastructure demands rise, the volume of demoli-

tion waste generated from road projects continues to increase, posing significant

risks to the environment, public health and resource sustainability. This research

seeks to address these challenges by developing a comprehensive framework for

managing demolition waste in road construction projects, with a focus on inte-

grating environmental, social and economic considerations.

1.4.1 Significance of the Research

Demolition waste management is a crucial aspect of road projects, particularly in

developing countries like Pakistan, where rapid urbanization and the expansion of

infrastructure lead to significant waste generation. This waste, including materials

like asphalt, concrete and excavated soil, can have adverse environmental impacts

if not managed properly. Effective waste management not only reduces the envi-

ronmental footprint of road projects by minimizing landfill use but also promotes

resource conservation by recycling waste for construction. This reduces the need

for virgin materials, cuts transportation distances and lowers project costs. Fur-

thermore, proper waste management can mitigate emissions and conserve natural

resources, contributing to a more sustainable road construction industry.

The significance of this study lies in its potential to address the regional and global

challenges associated with demolition waste management in road projects. In the

context of Pakistan, this research is highly relevant due to the country’s rapid

urbanization, limited resources and inadequate waste management infrastructure.

These challenges exacerbate environmental degradation, pose public health risks

and hinder sustainable development. By offering a comprehensive framework for
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managing demolition waste, the study aims to enhance environmental sustainabil-

ity, improve resource efficiency and align Pakistan’s construction practices with

global sustainability standards. This will not only support the country’s national

development goals but also contribute to improved public health and a cleaner

environment.

Globally, the research’s significance extends to advancing sustainable construction

practices, particularly in the Global South. By minimizing landfill dependency,

promoting resource conservation and reducing carbon emissions, the findings of

this study offer a model that can be adapted by other developing countries facing

similar challenges. Moreover, the study directly contributes to the United Nations

Sustainable Development Goals (SDGs), fostering sustainable growth and improv-

ing environmental health on a broader scale. The research’s practical solutions are

designed to support the transition to a more sustainable construction industry, en-

suring that developing nations are not left behind in global sustainability efforts.

1.4.2 Novelty of the Research

This research is novel in several important ways. First, it addresses a signifi-

cant gap in the existing literature by proposing a comprehensive environmental

management framework specifically for road demolition waste—an area largely

overlooked, especially in the context of developing countries like Pakistan. Unlike

earlier studies that treat waste management in a fragmented or generalized man-

ner, this work provides an integrated and context-specific approach tailored to the

region’s unique infrastructural, social and environmental conditions.

The research systematically examines the causes, impacts and challenges of road

demolition waste, moving beyond basic analysis to offer structured and practical

solutions. A central contribution is its emphasis on resource sustainability through

the promotion of reusable materials, reducing reliance on landfilling and aligning

with international environmental objectives. This approach not only conserves

resources but also minimizes the ecological footprint of construction activities.
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A particularly underexplored area that this study brings into focus is the impact

of demolition waste on the living environment and natural ecosystems. By inves-

tigating this relationship, the research adds depth to the understanding of how

poorly managed waste can harm both public health and biodiversity—dimensions

often neglected in previous work.

Finally, the study stands out for its applied relevance. It offers actionable strategies

for a wide range of stakeholders, including policymakers, construction professionals

and environmental agencies. These practical recommendations aim to foster the

adoption of sustainable practices in demolition waste management, making the

study both academically significant and practically useful.

1.4.3 Research Scope

The scope of this research is centered on improving demolition waste manage-

ment in road infrastructure projects, with a focus on developing countries such as

Pakistan. The study includes the following key components:

� Identifying the causes, impacts, challenges and potential solutions related to

demolition waste generated during the lifecycle of road projects, including

planning, construction, maintenance and decommissioning stages.

� Developing a conceptual model or framework for effective demolition waste

management specifically tailored to road infrastructure projects.

� Collecting and analyzing primary and secondary data to support the devel-

opment and refinement of the proposed model/framework.

� Validating and modifying the model/framework through expert input, stake-

holder feedback and statistical analysis to ensure practical relevance.

� Providing actionable recommendations for industry and policymakers to im-

prove current demolition waste management practices, enhance regulatory

frameworks and promote sustainable road construction and deconstruction.
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This focused scope ensures a systematic and context-relevant approach to tackling

the pressing issue of demolition waste in the road sector, with the ultimate aim of

supporting environmental sustainability and infrastructure resilience.

1.4.4 Limitation of study

Developing a framework for life cycle environmental management of demolition

wastes for road projects involves several key limitations:

1. Limited Stakeholder Scope: : Data collection was restricted to key stake-

holders—clients, contractors and consultants—within Pakistan’s road construc-

tion sector. As a result, the perspectives of other relevant actors, such as waste

management authorities and community groups, were not included.

2. Sectoral Focus: The research exclusively focuses on demolition waste gener-

ated from road infrastructure projects. It does not account for demolition waste

originating from residential, commercial, or industrial construction, limiting the

broader applicability of the findings.

3. Geographical and Contextual Constraints: The study is based on

conditions specific to Pakistan. While the findings may offer insights for other de-

veloping countries, policy recommendations and management strategies may need

to be adapted to suit different regional, regulatory and socio-economic contexts.

4. Life Cycle Assessment & Analysis: The Life Cycle Assessment & Life

Cycle Analysis are not part of scope.

These limitations emphasize the need for contextual sensitivity when applying the

proposed framework to different regions or sectors. Demolition waste management

strategies may not be equally effective across varying regulatory, cultural, and

economic settings. As such, generalizing the findings should be approached with

caution. Future studies should expand to include a wider range of stakeholders,

industries, and geographic areas. This would strengthen the framework’s applica-

bility and support the development of more adaptable and sustainable practices.
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1.5 Brief Methodology

The research employs a structured, four-stage methodology to examine demoli-

tion waste management and develop a comprehensive framework, as outlined in

the Methodological Framework for Demolition Waste (Figure 1.3). Each stage is

designed to build upon the previous one, ensuring thorough data collection and

analysis.

Stage 1: Baseline Data Collection

This initial stage establishes the foundation for the study through a comprehensive

literature review. The review explores existing research, identifies gaps, formulates

research questions and defines study objectives. Primary document analysis is

conducted to select relevant participants, respondents and infrastructure projects

for further investigation.

Stage 2: Data Collection for Research Questions

The second stage focuses on gathering detailed data to address the research ques-

tions. Data triangulation ensures reliability through multiple methods, including

surveys to identify key factors contributing to demolition waste generation, dis-

cussions with stakeholders and field observations. The focus group discussion

involving expert discussions across multiple rounds to identify causes, impacts,

challenges and potential solutions for effective demolition waste management.

Stage 3: Framework Design

In the design stage, the framework’s core components are identified based on col-

lected data. These components are contextualized, aligning them with real-world

perspectives to ensure the framework’s relevance and practicality in addressing

identified issues.

Stage 4: Framework Development

The final stage involves refining and validating the framework. The variables,

elements and constructs are finalized and validated, leading to the development
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of a comprehensive framework for demolition waste management. This framework

synthesizes insights from the research to address challenges and opportunities in

the field.

The research process culminates in data analysis and model assessment using ad-

vanced statistical techniques such as Partial Least Squares Structural Equation

Modeling (PLS-SEM). Measurement model assessment ensures construct relia-

bility and validity, while structural model assessment evaluates relationships be-

tween variables and overall model fit through metrics like Variance Inflation Factor

(VIF), R², f² and Q². The results are discussed to highlight theoretical implica-

tions for academic research and practical applications for industry practitioners

and policymakers, translating findings into actionable insights for future policies

and practices in demolition waste management.

Figure 1.3: Methodological Framework for Demolition Waste Management
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1.6 Organization of the Thesis

Below is the outline of this research, with a brief description of the content of each

chapter:

Chapter 1: Introduction

This chapter sets the stage by introducing the importance of the construction in-

dustry in national development and the significant impact of demolition waste. It

outlines the causes, impacts, challenges and potential solutions related to demo-

lition waste management (DWM). The introduction should establish the research

gap or problem statement, define the research objectives and articulate the ex-

pected outcomes of the study. It serves to orient the reader to the broader context

and relevance of the research topic.

Chapter 2: Literature Review

The literature review chapter provides a comprehensive synthesis of existing re-

search and scholarly work related to demolition waste. It covers the types of

demolition waste, existing management systems and various factors influencing

DWM in infrastructure projects. This chapter not only summarizes key findings

from previous studies but also identifies gaps or contradictions in the literature

that the current research aims to address. It helps justify the significance of the

study and provides a theoretical framework for interpreting the empirical findings.

Chapter 3: Research Design and Methodology

In this chapter, detail the methodology used to collect data for study. It explains

how factors contributing to demolition waste were identified and selected for in-

vestigation. The research design, sampling strategy, data collection methods (such

as questionnaires) and the process of questionnaire design and validation. This

chapter also outlines ethical considerations, reliability and validity checks and any

statistical or analytical techniques employed in data analysis.

Chapter 4: Data Analysis and Critical Discussion

Chapter 4 focuses on analyzing the collected data and interpreting the results. It

begins with presenting descriptive statistics of respondents, such as demographic
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profiles and characteristics related to demolition waste management roles. The

chapter then delves into the importance and impact of identified factors (indica-

tors) on demolition waste management practices. It discusses how the Structural

Equation Model (SEM) was developed or utilized to represent relationships among

variables. Finally, it includes a critical discussion of the findings in relation to ex-

isting literature and theoretical frameworks.

Chapter 5: Conclusions & Recommendations

Chapter 5 provides a synthesis of the study’s findings, offering actionable recom-

mendations to enhance demolition waste management in road projects in Pak-

istan. It stresses the need for early integration of waste management practices

in the planning phase, the adoption of advanced recycling technologies and the

implementation of stronger policies and regulations. Moreover, it highlights the

importance of increasing stakeholder awareness, building capacity and providing

financial and logistical support to overcome the challenges in waste management.

The chapter concludes by summarizing the research’s main findings, reaffirming

the objectives and answering the research questions, while offering a comprehensive

roadmap for improving sustainability in road project management. Additionally,

future research directions are proposed, including expanding the Environmental

Management Framework (EMF) to other infrastructure sectors, exploring tech-

nological innovations, evaluating policy impacts and fostering a circular economy

approach to demolition waste management.



Chapter 2

Literature Review

2.1 Background

This section includes a detailed review of numerous studies conducted by various

researchers related to the current research topic. According to [33], a literature

review involves surveying scholarly sources to provide a comprehensive overview

of a specific topic. In this context, a literature review serves both as a process

and a product, offering a descriptive and analytical summary of existing research.

Accordingly, this chapter has been designed to incorporate various studies re-

lated to the underlying research topic: the development of a framework for life

cycle environmental management of demolition wastes in road projects. The con-

struction industry plays a significant role in generating waste in large quantities

globally. The study highlights that while the construction industry is vital for en-

hancing economic activities, it also significantly contributes to waste generation[2].

Specifically, it has been identified that infrastructure projects are major sources

of demolition waste, even though they are crucial for boosting economic activi-

ties. This section reviews the perspectives of past researchers by analyzing various

journal articles, published research papers and surveys related to demolition waste

management in infrastructure projects. The literature review chapter of the study

initiates a comprehensive exploration of demolition waste and its management. It

20
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distinguishes between physical and non-physical waste categories and elucidates

the diverse construction activities contributing to waste generation. Factors like

inaccurate handling and a lack of expertise among contractors lead to significant

waste production. Subsequently, the chapter defines demolition waste and de-

lineates common types found on construction sites, establishing a foundational

understanding. It delves into the dimensions of demolition waste management,

identifying causes, examining impacts and addressing associated challenges such

as regulatory constraints. Additionally, it reviews existing strategies and technolo-

gies, including recycling and waste reduction techniques, while exploring relation-

ships between variables and formulating hypotheses. This structured approach

furnishes a thorough analysis of demolition waste, laying the groundwork for sub-

sequent research endeavors.

2.2 Sustainability and the Built Environment

Sustainability is all about meeting the needs of the present without compromising

the ability of future generations to meet their own needs. It’s about finding a

balance between economic, social and environmental factors to ensure that con-

tinue to thrive without depleting natural resources or harming the planet [35].

This concept applies to various aspects of life, including energy, agriculture, trans-

portation and consumption patterns. Embracing sustainability involves making

choices that minimize negative impacts on the environment, promote social equity

and support economic prosperity in the long term. Environmental sustainabil-

ity in demolition waste management focuses on reducing the ecological footprint

of demolition activities while effectively handling the waste generated[36]. This

approach emphasizes waste prevention, material reuse and recycling to minimize

the amount of waste sent to landfills. By prioritizing strategies such as salvaging

materials for reuse, properly managing hazardous materials and exploring energy

recovery options, stakeholders can mitigate environmental impacts, conserve re-

sources and promote a circular economy[37]. Compliance with regulations, thor-

ough environmental assessments and public awareness initiatives are also essential
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components of sustainable demolition waste management, ensuring that demoli-

tion activities are conducted in a manner that protects both the environment and

human health. Through these efforts, the construction industry can play a signif-

icant role in advancing environmental sustainability and reducing its carbon foot-

print [38]. EEnvironmental sustainability in demolition waste management, when

considered within the framework of the life cycle approach, involves evaluating the

environmental impacts associated with demolition activities across their entire du-

ration. This includes assessing the environmental burdens linked to raw material

extraction, transportation, construction, operation, maintenance, and end-of-life

disposal or recycling [39]. In the context of demolition waste management, the life

cycle perspective helps identify opportunities to reduce environmental impacts by

optimizing processes such as waste prevention, material reuse, recycling, and en-

ergy recovery. By quantifying the environmental footprint of different waste man-

agement strategies, stakeholders can make informed decisions to minimize overall

environmental harm and promote sustainable practices throughout the demolition

process. Incorporating the life cycle approach into demolition waste management

enables a holistic understanding of environmental impacts and supports the de-

velopment of more effective and environmentally sustainable solutions.

The life cycle of demolition waste management for road projects begins with the

extraction of raw materials from quarries. These materials, including aggregates

and other construction resources, are transported to the construction site where

they are used for road building. Following construction, the road enters the op-

erational phase, serving its intended purpose for traffic and transport over many

years. This early phase of the cycle—covering quarrying, transport, construction,

and operation—is essential in understanding the origin of materials that eventually

contribute to demolition waste.

At the end of a road’s service life, the demolition and rehabilitation phase is initi-

ated. During this stage, the existing road infrastructure is dismantled, generating

significant quantities of construction and demolition (C&D) waste. This waste is

first transported to designated storage facilities where it is temporarily held. Stor-

age serves as an interim stage before the waste undergoes segregation. Segregation
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involves sorting the waste materials based on their types and potential for further

management processes.

Following segregation, the waste enters a management stage where different op-

tions are considered, guided by a waste management hierarchy from most to least

preferable. Reuse is the most preferred option, where sorted materials are directly

delivered for use in new projects without the need for extensive reprocessing. If

reuse is not feasible, recycling becomes the next preferred strategy. In this case,

waste materials are sent to processing plants where they are treated and trans-

formed into new construction inputs. However, materials that cannot be reused or

recycled are classified as rejects and are ultimately sent to landfills, representing

the least desirable outcome due to environmental concerns.

The system boundary of flow of material includes all activities from demolition

to final waste management, emphasizing sustainable practices. Flow arrows in

the diagram illustrate the movement of materials through various stages, while a

preference hierarchy highlights the goal of minimizing landfill disposal and max-

imizing material recovery through reuse and recycling efforts. This structured

flow not only promotes environmental sustainability but also supports resource

efficiency in road project demolition and reconstruction activities. The stage wise

flow of material is shown in below figure-2.1

Figure 2.1: Stage wise flow of Material
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2.2.1 Theory of Sustainability

The theory of sustainability represents a comprehensive approach to navigating

the intricate relationships between environmental, social and economic elements,

with the aim of securing the enduring welfare of both current and forthcoming

generations.

Fundamentally, it endeavors to harmonize the demands of society, the environ-

ment and the economy, striving for a state of equilibrium where human endeavors

can flourish without compromising the integrity of natural systems or the rights

of future generations [40]. Embedded within the theory of sustainability are key

principles and concepts that provide a guiding framework for action. These in-

clude recognizing the inter-connectedness of environmental, social and economic

systems, advocating for long-term thinking to assess impacts over extended hori-

zons, adhering to the precautionary principle in the face of uncertainty, prioritizing

resilience and adaptation to cope with change, ensuring equity and justice in sus-

tainable development, acknowledging the finite nature of resources through limits

to growth, fostering participation and collaboration in decision-making processes

and promoting transformative change at various levels [41]. Ultimately, the theory

of sustainability offers a holistic lens through which to comprehend the complex

dynamics of human-environment interactions. It serves as a compass for efforts

aimed at constructing a future characterized by resilience, equity and sustainabil-

ity. Encouraging a departure from unsustainable patterns of consumption and

production, it advocates for regenerative and inclusive approaches that prioritize

the well-being of both people and the planet.

The theory of sustainability is a multidisciplinary framework that addresses the

complex interplay between environmental, social and economic factors to ensure

the long-term well-being of both present and future generations[42]. At its core,

sustainability theory seeks to balance the needs of society, the environment and

the economy to achieve a state of equilibrium where human activities can thrive

without compromising the integrity of natural systems or the rights of future

generations [43, 44],Figure 2.2.
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Figure 2.2: Dimensions of Sustainability[45]

Key principles and concepts within the theory of sustainability include:

2.2.2 Concept of life cycle

The concept of the life cycle provides a comprehensive framework for understand-

ing and addressing the environmental impacts associated with demolition activ-

ities. From the extraction of raw materials to the final disposal of waste, the

life cycle approach evaluates the environmental consequences at each phase of a

road project [46]. The ISO-based Life Cycle Assessment (LCA) basic approach

framework, as standardized in 2006, is illustrated in Figure 2.3 [47, 48]

Figure 2.3: ISO-based (Standardization 2006) LCA (basic) Approach Frame-
work, (LCA) Standard Diagram
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At the end of a road’s life cycle, demolition or deconstruction generates waste

that requires careful management. Environmental impacts of various waste man-

agement options, including land-filling, recycling and reuse. By comparing the

environmental impacts of disposal and recycling options, stakeholders can identify

the most sustainable solution, considering factors like material conservation and

energy intensity of processing [49]. Overall, Life cycle informs decision-making to

optimize waste management strategies by uncovering trade-offs between different

environmental impacts. Continuous monitoring and assessment enable stakehold-

ers to identify opportunities for improvement, such as waste reduction measures,

technological advancements in recycling and efficiency enhancements in trans-

portation and processing. By adopting a life cycle approach, the construction

industry can minimize resource consumption, pollution and ecosystem degrada-

tion, promoting sustainable demolition waste management practice. The life cycle

of the project (PLC) [50]is elaborated in figure 2.4.

Figure 2.4: ISO-based (Project Life Cycle (PLC)[50]

2.2.3 Role and Challenges for Construction Industry

Construction industry indeed serves as a vital catalyst for advancing sustainable

development on multiple fronts. Infrastructure projects, such as roads and utilities,
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are integral components of economic development, facilitating commerce, mobility

and connectivity. However, their construction and operation can have significant

environmental implications. By embracing sustainable planning and design prin-

ciples, the construction industry can mitigate these impacts and contribute to

environmental resilience [51].

Efforts to prioritize sustainability in infrastructure development involve various

strategies. These include incorporating green building practices, utilizing eco-

friendly materials, optimizing energy efficiency and implementing effective waste

management systems. For instance, road and highway construction projects may

integrate features such as permeable pavements, green spaces and renewable en-

ergy sources to minimize environmental footprint and enhance user experience.

Moreover, sustainable infrastructure initiatives not only address environmental

concerns but also prioritize social equity and economic viability. They can improve

accessibility, enhance public health and create job opportunities while promoting

long-term environmental sustainability. By integrating sustainability into infras-

tructure development, the construction industry plays a crucial role in building

resilient communities and fostering a more sustainable future for all.

The construction industry undeniably faces a complex array of challenges, with

sustainability and environmental concerns at the forefront. Balancing develop-

ment needs with environmental preservation requires a holistic approach that in-

tegrates sustainable practices throughout the construction life-cycle [52]. This

entails adopting eco-friendly materials, implementing energy-efficient technologies

and minimizing waste generation. Embracing sustainability not only reduces eco-

logical impact but also enhances operational efficiency and long-term viability. In

addition to environmental challenges, navigating regulatory requirements poses

significant obstacles to construction projects.

Compliance with building codes, zoning regulations and environmental mandates

demands meticulous planning and coordination, often leading to delays and in-

creased costs. Proactive engagement with regulatory authorities, coupled with

streamlined processes and innovative solutions, is essential for overcoming these

hurdles and ensuring project success. Moreover, the construction industry grapples
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with a critical shortage of skilled labor, further complicating project time-lines and

budgets. Addressing this workforce gap requires concerted efforts to attract and

retain talent through training programs, apprenticeships and career development

initiatives. By investing in workforce development and embracing technological

advancements, construction firms can mitigate labor shortages and position them-

selves for sustainable growth and innovation in the years ahead.

Construction industry’s role in the global sustainability agenda is multifaceted,

extending beyond environmental considerations to encompass social responsibil-

ity, innovation and collaboration. By prioritizing fair labor practices, diversity and

community engagement, construction companies can contribute to building a more

equitable and socially responsible society[53]. Furthermore, fostering partnerships

with stakeholders, including governments, non-governmental organizations and lo-

cal communities, is essential for addressing complex sustainability challenges. By

collaborating on sustainable development initiatives and sharing best practices,

the construction industry can amplify its impact and drive meaningful change.

Innovation also plays a crucial role in advancing sustainability within the con-

struction sector. Embracing technological advancements, such as Building Infor-

mation Modeling (BIM), prefabrication and renewable energy integration, enables

construction firms to enhance efficiency, reduce waste and minimize environmental

impact[54]. Ultimately, by integrating environmental stewardship, social responsi-

bility, innovation and collaboration into their operations, the construction industry

can lead the way toward a more resilient, equitable and sustainable future for gen-

erations to come [55].

2.3 Demolition Waste and Environmental Issues

The definition of demolition waste encompasses a broad spectrum of materials and

debris resulting from various construction-related activities, spanning from the al-

teration to the destruction of man-made structures. Unlike general construction

waste, demolition waste specifically pertains to materials rendered unusable or un-

necessary due to demolition processes, encompassing a diverse array of substances
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from buildings, roads, houses and industrial facilities to roadways[56].

Environmental issues encompass a wide array of challenges that threaten the health

of our planet, from local pollution to global climate change. Climate change stands

out as one of the most urgent issues, driven by human activities such as burning

fossil fuels and deforestation, leading to rising temperatures, sea level rise and

extreme weather events. Air pollution also poses significant risks, with pollutants

from vehicle emissions and industrial activities causing respiratory and cardiovas-

cular diseases[57].

Water pollution is another critical concern, affecting both freshwater and marine

environments due to contamination from industrial discharges, agricultural runoff

and improper waste disposal. Deforestation exacerbates environmental degrada-

tion, leading to habitat loss, biodiversity decline and increased carbon emissions.

Loss of biodiversity further threatens ecosystems and compromises their ability

to provide essential services. Waste management presents its own set of chal-

lenges, with inadequate practices contributing to pollution of land, water and air.

Ocean pollution, particularly plastic pollution and marine debris, poses significant

threats to marine life and ecosystems. Additionally, natural resource depletion,

driven by unsustainable exploitation of minerals, fossil fuels and freshwater, exac-

erbates habitat destruction and soil degradation[58].

Addressing these environmental issues requires concerted efforts at all levels, in-

volving governments, businesses, communities and individuals. Transitioning to

renewable energy sources, adopting sustainable land and resource management

practices, promoting conservation and restoration of ecosystems and implementing

policies to reduce pollution and mitigate climate change are crucial steps towards

a more sustainable future.

2.3.1 Effects of Roads Demolition Waste Material

During execution, alteration and demolition activities, certain materials can pose

significant risks to both human health and the environment. These include as-

bestos, lead-based paints, mercury-containing devices, Polychlorinated Biphenyls
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(PCBs), volatile organic compounds (VOCs), formaldehyde and silica dust[56].

Asbestos, for instance, when disturbed, releases fibers that can cause severe respi-

ratory issues like lung cancer. Lead-based paints and mercury-containing devices

pose risks of lead poisoning and mercury vapor exposure, respectively. PCBs,

VOCs, formaldehyde and silica dust contribute to air and soil contamination,

leading to various health problems. To mitigate these risks, thorough inspections,

proper handling, engineering controls and adherence to safety regulations are cru-

cial, along with promoting sustainable practices like recycling and responsible

waste management[59, 60]. The effects of materials used in execution, alteration

and demolition activities pose high-priority concerns regarding land degradation,

air pollution, water pollution and the creation of hazardous buildings. Given

these risks, there’s an urgent need to minimize wastage and reduce environmental

impact. This imperative underscores the importance of implementing sustain-

able practices throughout the construction and demolition process, including the

adoption of eco-friendly materials, efficient waste management strategies and the

promotion of recycling initiatives. By prioritizing environmental stewardship, that

mitigate the adverse effects on both human health and the ecosystem while fos-

tering sustainable development for future generations[61].

In certain countries within the United States and Europe, where concrete re-

sources are limited, recycling demolition waste (DW) has emerged as the preferred

strategy[62]. Recognizing the scarcity of concrete resources, several concrete waste

recycling and sorting plants have been established to address this need. By re-

cycling DW, these regions can mitigate the demand for new concrete production,

conserve natural resources and reduce the environmental footprint associated with

construction and demolition activities. This shift towards recycling demonstrates

a proactive approach to sustainable resource management and highlights the im-

portance of adopting innovative solutions to address resource scarcity challenges

[63]. The negative impacts of demolition waste (DW) on the environment have in-

deed escalated into a global concern. As urbanization and development accelerate

worldwide, the volume of DW generated continues to rise, leading to significant en-

vironmental challenges. Improper disposal of DW can result in land degradation,
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air and water pollution, habitat destruction and ecosystem disruption. Addition-

ally, the presence of hazardous materials within DW, such as asbestos, lead and

chemicals, poses health risks to both humans and wildlife. Addressing these issues

requires concerted efforts at local, national and international levels to promote

responsible waste management practices, prioritize recycling and reuse initiatives,

enforce regulations and raise public awareness about the environmental conse-

quences of DW. By tackling the negative impacts of DW on a global scale, that

can strive towards a more sustainable and resilient built environment for future

generations [64].

2.3.2 Magnitude of Demolition Waste

The magnitude of demolition waste in road construction and maintenance projects

is substantial, influenced by several factors. Larger projects, such as highway ex-

pansions or urban redevelopment, generate more waste due to extensive demoli-

tion. The type of infrastructure impacts waste volume, with different road fea-

tures like pavements, bridges and intersections producing varying amounts based

on materials and structures. Older infrastructure yields higher waste due to de-

terioration, affecting recycling feasibility. Demolition methods play a crucial role;

selective deconstruction can reduce waste by salvaging materials, while traditional

methods may lead to mixed, less recyclable debris. Effective waste management

practices, including on-site sorting, recycling partnerships and waste diversion

plans, are essential for sustainability. Regulatory requirements and public engage-

ment further shape waste management, emphasizing compliance and awareness

to promote sustainable practices. Through thorough assessments and proactive

strategies, road projects can reduce waste, enhance resource utilization and sup-

port environmentally responsible development.

In Pakistan, the issue of demolition waste is particularly pronounced in urban

areas, where rapid urbanization and infrastructure development have driven sig-

nificant waste generation. Urban road projects in cities such as Karachi and La-

hore account for approximately 40-50% of the country’s total construction and
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demolition (C&D) waste, generating between 500,000 to 1 million tons of waste

annually[65]. This waste primarily consists of materials such as asphalt, concrete

and mixed debris. For instance, asphalt waste alone contributes up to 30% of

the total C&D waste produced in urban road projects. Furthermore, large-scale

highway projects, such as the Lahore-Islamabad Motorway, are estimated to gen-

erate 1.5 to 2 million tons of waste annually, with 30-40% of this waste comprising

asphalt due to extensive resurfacing and upgrading activities [66].

In Pakistan, building construction activities contribute significantly to the overall

construction and demolition (C&D) waste. According to [67], material wastage

rates in building projects can range from 20% to 30% of the total materials used,

depending on project type and management practices. Similarly, [68] reported

that major building materials such as bricks, tiles and mortar contribute heav-

ily to construction waste, with waste percentages varying between 15% and 25%

across different types of buildings. These studies highlight the pressing need for

improved waste management systems and efficient material handling practices

within Pakistan’s construction sector, especially in rapidly urbanizing regions.

Another critical factor contributing to the magnitude of demolition waste in Pak-

istan is the use of low-quality materials in road construction. Cheaper materials,

often used in budget-constrained projects, lead to rapid deterioration and frequent

repairs, which, in turn, generate significant amounts of waste. For example, the

resurfacing and maintenance of poorly constructed roads generate approximately

200,000 tons of waste every few years[67].This highlights the need for improved

construction practices and materials to minimize waste generation and enhance

the longevity of road infrastructure.

Globally, construction and demolition waste constitutes about 30% of total waste,

amounting to over 3 billion tons annually. Road construction projects account for

a significant share of this figure, contributing 15-20%, which translates to 450 to

600 million tons of waste per year [69]. Developed countries like the United States

and nations within the European Union exhibit considerable contributions to this

figure due to their expansive road networks and frequent infrastructure upgrades.



Literature Review 33

In the United States, road construction and maintenance activities generate ap-

proximately 100 million tons of waste annually, representing 40-50% of total C&D

waste [70]. Similarly, in the European Union, road projects produce an estimated

150-200 million tons of waste annually, with about 50% of this waste being re-

cycled, showcasing the region’s relatively robust recycling infrastructure [66]. On

the other hand, developing nations like China face challenges due to rapid urban-

ization. The country generates around 50-60 million tons of C&D waste annu-

ally, with 25-30% of this waste attributed to road construction projects [69].This

demonstrates the varying capacities and approaches of countries in managing de-

molition waste, which is often influenced by economic and regulatory factors.

The type and quality of road construction significantly influence the quantity and

composition of demolition waste. Asphalt roads, for instance, contribute between

30-40% of total C&D waste in road construction projects. A typical example is the

demolition of a 10-kilometer urban highway, which can generate between 10,000

to 20,000 tons of asphalt waste[70]. Concrete roads, on the other hand, produce

larger quantities of waste. For instance, a 10-kilometer concrete highway can re-

sult in the generation of 15,000 to 25,000 tons of waste, primarily from broken

slabs and subgrade materials [65]. Mixed materials from road demolition projects,

which include asphalt, concrete, metals, wood and plastics, further add to the

waste volume. A typical urban road project can produce 5,000 to 10,000 tons of

mixed material debris, with asphalt and concrete constituting the predominant

components [66]. Low-quality road construction exacerbates the problem. Poorly

built roads using substandard materials deteriorate faster, requiring frequent re-

pairs and generating recurring waste. For example, resurfacing and maintenance

activities on such roads often yield significant amounts of asphalt and concrete

waste, highlighting the importance of high-quality materials and sustainable de-

sign practices to reduce the lifecycle waste burden [67].The historical context of

demolition waste generation reveals a steady increase in waste volumes, primar-

ily driven by urbanization and the expansion of road networks. In Pakistan, the

absence of robust data tracking systems and weak regulatory enforcement has

hindered the accurate assessment of historical waste generation trends. However,
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recent studies focusing on urban centers and major infrastructure projects have

provided valuable insights into the scale of the issue [67].

Globally, countries with well-developed road networks, such as the United States

and European nations, have more comprehensive data on C&D waste, enabling

them to implement better waste management and recycling strategies. Developing

nations, including Pakistan and China, face challenges related to data collection,

infrastructure limitations and a lack of enforcement mechanisms, further compli-

cating waste management efforts [69].

2.3.3 Global Perspective of DemolitionWaste Management

Managing demolition waste is a pressing global concern due to the substantial

volumes generated by the construction sector, fueled by rapid urbanization and

infrastructure development[71]. Challenges include rising waste generation, partic-

ularly in developing countries with limited waste management infrastructure, lead-

ing to environmental degradation and resource scarcity. Inconsistent regulatory

frameworks hinder effective waste management, emphasizing the need for stronger

policies. Strategies like waste reduction, reuse, advanced demolition techniques

and circular economy approaches are vital for sustainable waste management [72].

Global initiatives, including UN Sustainable Development Goals and collabora-

tions among international organizations and nations, support capacity building

and knowledge sharing to address this issue comprehensively. Overall, a mul-

tifaceted strategy integrating sustainable practices, technological advancements

and regulatory improvements is essential for effective demolition waste manage-

ment and the advancement of a resource-efficient and environmentally conscious

construction sector on a global scale. This approach entails implementing measures

such as recycling and reuse of demolition waste, adopting innovative technologies

for waste sorting and processing, enhancing regulations to promote responsible

waste disposal and fostering collaboration among stakeholders to drive sustainable

practices throughout the construction life-cycle. By embracing these initiatives,

the construction industry can minimize environmental impact, conserve resources
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and move towards a more sustainable and resilient built environment for current

and future generations[73].

In the United States, the demolition waste generation rate is approximately 20-

25 tons per kilometer of road constructed or maintained over the service life of

the road. This high figure reflects the extensive infrastructure network, including

highways and urban roads and the frequent maintenance and upgrades required

to sustain them throughout their lifecycle. The use of durable materials such as

asphalt and concrete also contributes to this high waste volume. However, the US

has made considerable progress in managing this waste through advanced recy-

cling programs and sustainable construction practices, which have helped stabilize

waste generation rates in recent years [74, 75].

In Pakistan, the demolition waste generation rate is estimated at 10-15 tons per

kilometer of road constructed or maintained over the service life of the road. This

lower figure is primarily due to less frequent maintenance activities, the use of

lower-grade materials driven by economic constraints and the limited infrastruc-

ture for waste management. However, Pakistan’s rapid urbanization and large-

scale infrastructure projects, such as those under the China-Pakistan Economic

Corridor (CPEC), are expected to increase these waste generation rates in the

coming years [34, 76].

The United States has historically generated significant volumes of demolition

waste due to the rapid expansion of its road infrastructure. However, the adop-

tion of advanced technologies and strict environmental regulations has resulted

in a positive trend over time. Waste generation rates have stabilized or slightly

declined per kilometer of road due to widespread implementation of recycling ini-

tiatives such as cold-in-place recycling, which enables the reuse of materials on-site

and the promotion of circular economy principles [75].

The United States is expected to maintain its positive trend, with further reduc-

tions in waste generation due to continued advancements in recycling technologies

and sustainable practices. These efforts align with long-term sustainability goals

aimed at reducing environmental impacts while conserving natural resources [74].

In Pakistan, the evolution of demolition waste generation follows a negative trend,
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with volumes steadily increasing over time. Current estimates suggest that con-

struction and demolition (C&D) waste accounts for approximately 30% of the

country’s total solid waste, equating to around 14 million tonnes annually. If ex-

isting practices remain unchanged, this figure could rise dramatically to 25 million

tonnes per year by 2050 [34].

This increase is driven by rapid urbanization, population growth and large-scale

infrastructure development projects. The lack of standardized guidelines, insuf-

ficient recycling infrastructure and inadequate public awareness exacerbate the

problem. However, Pakistan has significant potential to reverse this trend by

adopting efficient waste management strategies, enhancing recycling infrastructure

and introducing regulatory frameworks to enforce sustainable practices [34, 76].

The United States is on a positive trajectory, with waste generation per kilometer

decreasing over time due to advancements in recycling and sustainable construc-

tion practices. Pakistan, on the other hand, faces a negative trend, with waste

generation expected to rise significantly unless immediate action is taken to im-

prove waste management and recycling efforts. While the US serves as a model

of effective waste management through technological and regulatory interventions,

Pakistan must address its unique challenges by developing tailored solutions that

prioritize recycling, waste reduction and public awareness.

2.4 Causes of Demolition Waste Generation

Demolition waste arises at different stages of a project life-cycle (PLC) assessment,

encompassing planning, execution and monitoring/control stages, each presenting

distinct challenges and opportunities for effective waste management and mitiga-

tion. In the planning stage, improper design, inadequate assessment of existing

structures and lack of consideration for waste management strategies can con-

tribute to unnecessary demolition waste generation. During the execution stage,

inefficient demolition techniques, excessive material removal and inadequate sort-

ing practices can exacerbate waste generation. Additionally, unforeseen challenges
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such as encountering hazardous materials or structural complexities may further

contribute to waste generation.

In the monitoring and control stage, ineffective monitoring systems, poor project

oversight and inadequate enforcement of waste management protocols can hinder

efforts to minimize and mitigate demolition waste. Addressing these challenges

requires comprehensive planning, proactive waste management strategies, stake-

holder engagement and robust monitoring mechanisms to ensure that demolition

activities are conducted efficiently, with minimal waste generation and environ-

mental impact. An overview of the causes of demolition waste at each stage:

2.4.1 Planning Stage

Efficient data collection is indeed paramount for effective demolition waste man-

agement in road projects. Gathering comprehensive information about the causes

of demolition waste enables informed decision making and supports research through

out the project life cycle (PLC), spanning planning, execution and monitoring &

control stages. During the planning stage, data on existing road conditions, mate-

rials and structures inform decisions regarding demolition methods, material reuse

potential and waste management strategies. In the execution stage, real-time data

on waste generation rates, material composition and sorting practices facilitate ef-

ficient demolition operations and resource recovery efforts. Furthermore, data

collected during the monitoring & control stage provide insights into the effective-

ness of waste management measures, allowing for adjustments and improvements

to be made as needed. By leveraging data across the PLC, road projects can

optimize demolition waste management practices, minimize environmental impact

and promote sustainable construction practices[77].

According to the Waste and Resources Action Programme (WRAP), stakeholders

such as the owner or client, consultants and contractors play pivotal roles in either

enhancing or hindering the effectiveness of demolition waste management.Owners

or clients set the tone by establishing project goals, priorities and expectations
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regarding waste reduction and resource recovery. Consultants contribute by pro-

viding expertise in waste management strategies, conducting assessments and in-

tegrating sustainable practices into project planning and design. Contractors,

on the other hand, are responsible for implementing waste management plans,

executing demolition activities and ensuring compliance with waste reduction tar-

gets and regulations. Effective communication, collaboration and accountability

among these stakeholders are essential for achieving successful demolition waste

management outcomes, optimizing resource utilization and minimizing environ-

mental impacts throughout the project life cycle[78].

In completing a project, the responsibilities of stakeholders are as follows: the

owner or client provides the necessary funds and conceptual idea for the project,

setting project goals and expectations. Consultants are tasked with estimating,

designing and overseeing the project, translating the client’s vision into detailed

plans and specifications while ensuring compliance with regulations and industry

standards. Contractors, on the other hand, are responsible for executing the con-

struction work based on the provided drawings, designs and specifications, man-

aging labor, materials and equipment to deliver the project according to agreed-

upon schedules and quality standards. Effective collaboration and communication

among these stakeholders are essential for achieving project success, meeting ob-

jectives and delivering value to all parties involved [79, 80].

The stages of the Product Life Cycle (PLC) are indeed crucial as they offer valuable

insights into the factors influencing demolition waste generation, aiding stakehold-

ers in comprehending and addressing this issue in their daily practices. Initially,

shortcomings in the bidding process or bidding documents can indeed contribute

to waste generation during the planning stage. Incomplete or inaccurate project

specifications, insufficient consideration of waste management strategies and lack

of emphasis on sustainable practices in bidding documents can lead to sub-optimal

decision-making and inefficient resource utilization. By recognizing and addressing

these challenges early in the planning process, stakeholders can mitigate waste gen-

eration, optimize resource recovery and promote sustainable demolition practices

throughout the project life cycle [81, 82].
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Estimating the demolition quantity accurately at the initial stage is crucial as it can

substantially enhance project efficiency and outcomes. Accurate estimation allows

stakeholders to plan effectively, allocate resources efficiently and minimize poten-

tial disruptions during the demolition process. With precise quantity estimates,

project time-lines can be optimized, material procurement can be streamlined and

waste management strategies can be tailored to specific project requirements. Ad-

ditionally, accurate estimation helps in identifying potential challenges and risks

early on, enabling stakeholders to develop proactive mitigation plans and ensure

project success. By prioritizing accurate estimation at the initial stage, stake-

holders can improve project efficiency, reduce costs and enhance overall project

outcomes[83, 84].

Not having a demolition waste management plan in the bidding documents for a

road project makes it hard to manage waste properly during the project. Without

clear guidelines, contractors and project managers might not handle waste effi-

ciently, leading to environmental impacts, higher costs and problems with waste

disposal laws. Including detailed waste management instructions in the bidding

documents is crucial for ensuring proper waste handling throughout the project.

While it may not legally force contractors to follow a waste management plan, it’s

essential for promoting sustainable practices and reducing negative impacts on

the environment and project results[85]. Furthermore, inadequate or incomplete

waste management plans during the planning stage can indeed lead to inefficient

handling and disposal of demolition waste during project execution. Incomplete or

inaccurate estimates, drawings and bidding documents can cause waste through-

out a project. When these key documents lack detail, misunderstandings and mis-

takes can occur during construction or demolition. Contractors might encounter

unexpected issues, leading to wasted materials from incorrect or excessive orders

and necessary adjustments for missing information. Therefore, it’s crucial to en-

sure that estimates, drawings and bidding documents are thorough and detailed

to minimize waste and enhance project efficiency. Comprehensive documentation

aids in better planning, resource allocation and decision-making, ultimately re-

sulting in more sustainable and cost-effective project outcomes[86]. A significant



Literature Review 40

drawback in project administration often stems from the lack of proper docu-

mentation throughout the project life-cycle, spanning from the initial steps to

project delivery. This deficiency in documentation can lead to confusion, mis-

communication and inefficiencies, hindering project progress and outcomes. To

address this issue, it’s crucial to emphasize guidance for upcoming projects to

ensure thorough and comprehensive documentation at every stage of the project.

This includes documenting key decisions, milestones, project requirements, com-

munication channels and any changes or updates that occur throughout the project

life-cycle. By prioritizing robust documentation practices, project teams can en-

hance transparency, accountability and knowledge sharing, ultimately improving

project management effectiveness and ensuring successful project delivery. This

emphasis on comprehensive documentation serves as a foundational aspect of effi-

cient project administration, facilitating better decision-making, risk management

and stakeholder engagement throughout the project life-cycle [87, 88].

2.4.1.1 Causes of Waste Generation During the Design Stage

Inadequate consideration of demolition and waste management during the de-

sign phase can lead to inefficiencies in material usage. Designing structures with

complex configurations or materials that are difficult to dismantle and recycle

contributes to increased demolition waste. The selection of non-recyclable or non-

reusable materials in construction designs also leads to higher volumes of waste

during demolition. Furthermore, failing to account for salvageable materials and

recycling potential in initial material specifications increases waste generation. By

involving stakeholders from various disciplines early in the planning process, ef-

forts can focus on selecting appropriate sustainable materials to minimize waste

generation and maximize resource recovery. Integrating considerations for mate-

rial recyclability and re-usability into project designs helps mitigate environmental

impacts and optimize project outcomes. Comprehensive planning and integration

of waste management strategies during the design phase ensure project success

while promoting sustainability.
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Research indicates that decisions made during the design stage significantly impact

waste generation during construction. For instance, a study found that architects

often lack awareness of the implications their design choices have on waste genera-

tion, leading to increased construction waste [89]. Additionally, intricate detailing

and the use of non-standard components can complicate construction processes, re-

sulting in material wastage [90]. Therefore, adopting a Design Out Waste (DOW)

strategy, which involves early collaboration among stakeholders and careful ma-

terial selection, is crucial for minimizing waste and enhancing sustainability in

construction projects[89].

2.4.1.2 Minimizing Waste Generation through Thoughtful Design

A significant step toward sustainable construction is reducing waste generation at

its source. By integrating careful planning and well-thought-out design practices,

it is possible to optimize resource utilization, reduce material wastage and im-

prove overall project efficiency. Thoughtful design not only minimizes waste but

also contributes to cost savings and environmental sustainability in construction

projects.

The design of a project is indeed critical for achieving optimal outcomes and in-

volving all project stakeholders during the planning stage of a road project is

essential. Selection of non-recyclable or non-reusable materials in construction

designs can lead to higher volumes of waste during demolition. Lack of consid-

eration for salvageable materials and recycling potential in the initial material

specifications can also contribute to increased waste generation. By involving

stakeholders from various disciplines early in the planning process, efforts can be

concentrated on selecting appropriate sustainable materials that minimize waste

generation and maximize resource recovery. This collaborative approach facili-

tates informed decision-making, promotes sustainable practices and ensures that

project designs align with waste reduction goals and environmental objectives.

Ultimately, integrating considerations for material recyclability and re-usability
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into project designs can help minimize waste, reduce environmental impact and

optimize project outcomes[91, 92].

Inadequate consideration of demolition and waste management during the design

phase can indeed lead to inefficiencies in material usage. Designing structures

with complex configurations or materials that are difficult to dismantle and recy-

cle contributes to increased demolition waste. Many researchers emphasize that

the success of a project depends significantly on its design and execution. If there

are changes observed in the design or scope of the project, the project can suffer.

Similarly, changes in these aspects can also impact the waste produced during

the project. Therefore, comprehensive planning and consideration of demolition

and waste management strategies during the design phase are essential to mini-

mize waste generation, optimize material usage and ensure project success. This

underscores the importance of integrating sustainability principles into the de-

sign process to mitigate environmental impacts and promote resource efficiency

throughout the project life cycle[93, 94].

2.4.2 Execution Stage

During the execution stage of a road project, effective demolition waste manage-

ment entails coordinated efforts to carry out demolition activities while implement-

ing waste reduction and recycling strategies established during the planning phase.

This involves executing demolition operations according to project specifications,

sorting and segregating materials to maximize resource recovery, salvaging reusable

materials, responsibly disposing of non-recyclable waste, monitoring compliance

with safety and environmental regulations and maintaining detailed documenta-

tion to track progress and ensure accountability. By prioritizing efficient waste

management practices during the execution stage, stakeholders can minimize en-

vironmental impact, optimize resource utilization and achieve project objectives

effectively.

Many researchers have highlighted the significant impact of stakeholder collab-

oration on demolition waste management, underscoring its dependency on the
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alignment between stakeholders to mitigate risks of schedule delays, cost overruns

and scope creep. When stakeholders are not adequately aligned in their objec-

tives, communication, or decision-making processes, it can lead to inefficiencies

and challenges in waste management. For instance, conflicting priorities among

stakeholders may result in delays in obtaining necessary permits or approvals,

which can prolong project time-lines and increase waste generation. Similarly,

disagreements over project scope or specifications may lead to changes in demo-

lition plans, resulting in additional waste generation and disposal requirements.

Therefore, fostering strong collaboration and communication among stakeholders

is crucial to address these issues effectively. By promoting a shared understanding

of project goals, priorities and expectations, stakeholders can work together to

implement proactive waste management strategies, optimize resource utilization

and achieve successful project outcomes[82, 93].

Waste generation is significantly influenced by frequent changes in project scope

or last-minute alterations, which can lead to inefficiencies and increased waste

during project execution. When project scope changes occur unexpectedly, it can

disrupt established demolition plans, resulting in the need to revise schedules,

procure additional materials, or adjust demolition methods. These changes often

lead to inefficiencies in resource utilization, as materials that were previously al-

located for specific tasks may no longer be suitable or required, contributing to

increased waste generation. Additionally, last-minute alterations may necessitate

the removal of newly installed materials or structures, further exacerbating waste

generation. Therefore, it is essential for project stakeholders to carefully consider

and communicate any proposed changes to project scope to minimize their impact

on waste generation and ensure efficient project execution. Proactive planning,

regular communication and effective change management processes are key to mit-

igating the adverse effects of scope changes on demolition waste management and

optimizing project outcomes [86]. Frequent changes in project scope can indeed

disrupt or even lead to the neglect of the waste management plan, significantly

contributing to increased waste generation. When project scope changes occur,

resources and attention may be diverted away from waste management activities,
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leading to inadequate planning, oversight and implementation of waste reduction

strategies. As a result, materials may be handled inefficiently, recyclable materials

may be overlooked and waste may be disposed of improperly. Additionally, the

lack of alignment between the revised project scope and the waste management

plan can lead to mismatches in resource allocation and waste handling practices,

further exacerbating waste generation. Therefore, it is essential for project stake-

holders to prioritize the integration of waste management considerations into all

stages of the project, including during scope changes, to minimize the impact on

waste generation and promote sustainable project outcomes. This underscores

the importance of proactive planning, effective communication and robust change

management processes in addressing the challenges posed by frequent changes in

project scope on waste management[86, 92].

A significant amount of waste is indeed generated due to a lack of properly trained

staff and labor, as well as inadequate provision of necessary equipment. Insuffi-

cient training may result in inefficient work practices, improper handling of ma-

terials and increased likelihood of accidents or errors leading to waste generation.

Additionally, the absence of essential equipment or tools may hinder the ability

to execute tasks efficiently, potentially resulting in material damage, overuse, or

unnecessary waste production. Research sources indicate that strict supervision

can play a crucial role in mitigating waste generation by ensuring that workers

are adequately trained, equipped and supervised to perform their tasks effectively

and efficiently. Through regular monitoring, guidance and enforcement of best

practices, supervisors can identify and address issues promptly, optimize resource

utilization and minimize waste generation on construction sites. Therefore, in-

vesting in training programs, providing necessary equipment and implementing

stringent supervision practices are essential strategies for reducing waste and im-

proving overall project performance [85, 94].

Proper storage, salvaging, or returning of waste or remaining materials can sig-

nificantly contribute to reducing waste generation, as supported by findings from

research sources. Implementing effective waste management practices, such as seg-

regating and storing reusable or recyclable materials, facilitates their salvage and
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reuse in future projects or alternative applications, minimizing the need for new

materials and reducing waste generation. Additionally, returning excess materials

to suppliers or recycling facilities helps prevent unnecessary waste disposal and

promotes resource recovery. By prioritizing these strategies, construction projects

can optimize material utilization, reduce environmental impact and achieve cost

savings. Therefore, integrating storage, salvaging and return mechanisms into

waste management plans is essential for promoting sustainability and minimizing

waste generation in construction activities [10, 84].

2.4.3 Monitoring & Control Stage

To establish monitoring and evaluation mechanisms for assessing demolition waste

performance and identifying opportunities for continuous improvement throughout

the project life cycle, it’s essential to define key performance indicators (KPI’s),

develop a comprehensive monitoring plan, implement data collection processes,

analyze performance data, identify improvement opportunities, implement action

plans, monitor progress and communicate results to stakeholders. By systemat-

ically assessing demolition waste performance and identifying areas for enhance-

ment, project teams can optimize resource utilization, minimize environmental

impact and foster continuous improvement in waste management practices. By

addressing the causes of demolition waste at each stage of the project life-cycle

assessment and implementing targeted mitigation strategies, project stakehold-

ers can optimize resource utilization, reduce environmental impact and enhance

overall project sustainability.

According to many researchers, demolition waste is largely influenced by the align-

ment of stakeholders, as discrepancies can lead to time, cost and scope over-

runs. Therefore, fostering collaboration and communication among stakeholders

is crucial to minimize waste generation and achieve project objectives efficiently.

Through proactive planning, effective coordination and stakeholder engagement,

construction projects can mitigate the adverse effects of demolition waste and

promote sustainable practices throughout the project life cycle[82, 93]. Waste
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generation is also influenced by frequent changes in project scope or last-minute al-

terations, which can indeed contribute to inefficiencies and increased waste during

project execution. When project scope changes occur unexpectedly, it can disrupt

established plans and lead to adjustments in materials, resources and schedules.

These alterations often result in inefficiencies in resource utilization, as materials

may become redundant or misaligned with the revised project scope. Moreover,

last-minute changes can necessitate rushed or improvised demolition methods,

increasing the likelihood of material damage or waste generation. Therefore, mini-

mizing changes to project scope and ensuring thorough planning and coordination

are essential to mitigate the impact of scope changes on waste generation and

promote efficient project execution[86].

The cause of demolition waste primarily hinges on the timely identification and

quantification of waste, as noted by research. Efficient waste management relies on

accurately assessing the types and quantities of materials generated during demo-

lition activities. Failure to promptly identify and quantify waste can lead to inad-

equate planning and implementation of waste management strategies, resulting in

inefficient resource utilization and increased waste generation. Therefore, prioritiz-

ing comprehensive waste characterization and quantification processes is essential

for effective demolition waste management, enabling stakeholders to develop tar-

geted mitigation measures and optimize resource recovery efforts throughout the

project life-cycle [10, 86], This waste can indeed be reduced by leveraging Infor-

mation Technology (IT) for waste identification and quantification, as supported

by studies.

IT tools and technologies, such as Building Information Modeling (BIM), Geo-

graphic Information Systems (GIS) and waste tracking software, offer powerful

capabilities for accurately capturing, analyzing and managing data related to de-

molition waste. BIM, for instance, enables stakeholders to create digital repre-

sentations of structures, facilitating the visualization and assessment of materials

throughout the project life-cycle. GIS allows for spatial analysis and mapping

of waste generation patterns, aiding in the identification of hot-spots and opti-

mization of waste collection and disposal routes. Additionally, waste tracking
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software provides real-time monitoring and tracking of waste streams, enhancing

transparency and accountability in waste management practices. By harnessing

IT solutions for waste identification and quantification, project stakeholders can

improve decision-making, optimize resource utilization and minimize waste gen-

eration, ultimately leading to more sustainable and efficient demolition practices

[88, 95, 96].

Subsequently, sorting the waste based on type using suitable methods or tech-

niques aligned with site capabilities can indeed further aid in waste reduction,

as highlighted by research. Implementing effective waste sorting practices allows

for the segregation of materials into categories such as recyclable, reusable and

non-recyclable, enabling targeted waste management strategies. Various sorting

methods, including manual sorting by workers, automated sorting systems and

mechanical separation processes, can be employed based on the scale and com-

plexity of the project and the available resources. By segregating waste at the

source and utilizing appropriate sorting techniques, project stakeholders can op-

timize resource recovery, minimize landfill disposal and reduce overall waste gen-

eration. This approach not only promotes environmental sustainability but also

enhances cost-effectiveness and regulatory compliance in demolition waste man-

agement. Therefore, integrating waste sorting practices into demolition projects

is essential for maximizing diversion rates and achieving sustainable waste man-

agement outcomes[10, 97].

After sorting the waste, the next critical step involves proper storage and handling

of the waste. Adequate storage facilities and procedures are essential to ensure that

sorted materials are protected from contamination, weather damage and unautho-

rized access. Additionally, proper handling practices, including the use of appro-

priate equipment and personal protective gear, are necessary to prevent accidents,

injuries and environmental hazards during transportation and storage. By imple-

menting robust storage and handling protocols, project stakeholders can maintain

the quality and integrity of sorted materials, facilitate efficient waste management

operations and minimize the risk of adverse impacts on human health and the

environment. This emphasis on proper storage and handling of waste underscores
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the importance of comprehensive waste management planning and execution in

demolition projects [10, 93, 98].

Another significant factor contributing to waste generation is the practice of sub-

contract awarding or subletting, which can result in quality compromises and the

need for redoing work due to the use of substandard materials, ultimately lead-

ing to waste and time consumption. When subcontractors are involved in project

tasks, there may be variations in work standards, material specifications and qual-

ity control measures, increasing the likelihood of errors, rework and waste genera-

tion. Additionally, subcontractors may prioritize cost savings over quality, opting

for cheaper or inferior materials that are more prone to defects or failures, further

exacerbating waste generation and inefficiencies. Therefore, effective oversight,

quality assurance measures and clear communication between primary contrac-

tors and subcontractors are essential to minimize the risk of waste associated with

subcontracting practices. By fostering collaboration and accountability among

all project stakeholders, construction projects can mitigate the adverse effects of

subcontracting on waste generation and promote sustainable project outcomes

[91, 98].

Implementing the principles of 3R (Reduce, Reuse, Recycle) is indeed an effec-

tive strategy for demolition waste minimization, as recommended by many re-

searchers in their work. The 3R approach focuses on reducing the generation

of waste at the source, promoting the reuse of materials whenever possible and

maximizing the recycling of materials to divert them from landfills. By prioritiz-

ing waste reduction, reuse and recycling throughout the project life-cycle, stake-

holders can minimize the environmental impact of construction and demolition

activities, conserve natural resources and reduce overall waste generation. This

holistic approach aligns with sustainable development goals and promotes respon-

sible resource management practices. Therefore, integrating the principles of 3R

into demolition waste management strategies is essential for achieving long-term

environmental sustainability and improving the efficiency and effectiveness of con-

struction projects[99, 100].
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2.4.4 Variables Related to causes of DemolitionWaste Gen-

eration

In relation to above sub-section. Table 2.1 shows the details various Variables

related to cause of demolition waste generation and table 2.2 shows the reasons

why it is an impact and its severity level.

Table 2.1: Causes of Demolition Waste Generation

Causes / Variable Country References

Pre-Demolition audit at planning stage. Not Specified [83, 92, 101]

Role of supervision Skills Central Asia
[84, 85, 93,

94, 102]

Errors and omissions in contract documents,

need to be Revised contractual clauses
Not Specified [82, 93]

Promoting sustainable material while designing Dev. countries [91, 103]

Implementation of lesson learnt. Dev. countries [87, 88]

Role of 3R (Reduce, Reuse, Recycle) strategy. Iran [99, 100]

Waste generation due to poor workmanship. Hong Kong [86, 94]

Discrepancies in Bidding document Not Specified [82, 93]

Incorporation of Demolition Waste Manage-

ment in bidding process.
Central Asia [85]

Incomplete Bidding documents before tendering Hong Kong [86]

Scope/design Changes Hong Kong [86, 93, 94]

Identification and quantification of Demolition

waste.
Hong Kong

[9, 86, 93,

98]

Coordination and Communication Among

Stakeholders.
Hong Kong [86, 92]

Utilization of sub-standard materials resulting

in wastage.
Not Specified [91, 103]

Inadequacy of implementation in waste man-

agement plan.
Hong Kong [82, 84, 86]
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Inappropriate storage for unused construction

materials.
Canada [9, 86]

Impact of eleventh-hour change of scope. Hong Kong [86]

Coordination and Communication gap among

stakeholders.
Not Specified [82, 85]

Role of I. T in Demolition Waste Management

mechanism.
Not Specified [88, 96]

Consideration of site storage and space avail-

ability.
Portugal [9, 84, 98]

Impact of on-Site Sorting Techniques. Philippines [9, 104]

Impact of sub-letting / subcontracting. Not Specified [9, 86, 93]

Contract modification due to discrepancies. Philippines [86, 105]

Table 2.2 shows the reasons why it is an impact and its severity level.

Table 2.2: Causes of Demolition Waste Generation-Impact Reasons and Sever-
ity Levels

Causes / Variable Reason(s) Why It Is an Impact
Severity

Level

Pre-Demolition Audit

at Planning Stage

Identify potential waste, enabling proper

planning for reduction and management.
High

Role of Supervision

Skills

Ensures monitoring and compliance with

best practices to reduce waste during con-

struction and demolition.

High

Errors and Omissions

in Contract Docu-

ments

Leads to discrepancies, unclear expectations

and inefficiencies, causing significant waste.
High

Promoting Sustain-

able Material in

Design

Reduces reliance on resource-intensive mate-

rials, supporting environmental sustainabil-

ity.

High

Implementation of

Lessons Learned

Prevents repeated mistakes and improves

waste management practices over time.
High
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Waste Generation Due to

Poor Workmanship

Results in unnecessary material

waste due to low-quality work and

lack of skill.

High

Discrepancies in Bidding

Documents

Creates confusion during project ex-

ecution, leading to mismanagement

of resources and waste.

Medium

Incomplete Bidding Docu-

ments Before Tendering

Causes delays and errors in plan-

ning, increasing the risk of waste

during project execution.

Medium

Scope/Design Changes
Introduces unexpected waste due to

redesign or rework requirements.
Medium

Identification and Quantifi-

cation of Demolition Waste

Allows for better planning, segrega-

tion and recycling of materials.
Medium

Coordination and Commu-

nication Among Stakehold-

ers

Miscommunication leads to ineffi-

ciencies in waste management prac-

tices.

Medium

Utilization of Sub-Standard

Materials

Increases waste due to poor durabil-

ity and material quality.
Medium

Inadequacy of Waste Man-

agement Plan Implementa-

tion

Reduces the effectiveness of waste

reduction efforts.
Medium

Inappropriate Storage for

Unused Materials

Damages materials, reducing the

chance for reuse or recycling.
Medium

Impact of Eleventh-Hour

Scope Changes

Introduces unforeseen waste due to

last-minute alterations in project re-

quirements.

Medium

Coordination and Commu-

nication Gaps

Limits stakeholder alignment, lead-

ing to inefficiencies and waste in de-

molition projects.

Medium

Role of I.T in Demolition

Waste Management

Enhances monitoring, reporting and

optimization of waste management

practices.

Medium
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Consideration of Site Stor-

age and Space Availability

Poor planning leads to material

damage or loss, increasing waste.
Medium

Impact of On-Site Sorting

Techniques

Inefficient sorting increases the like-

lihood of contamination and limits

recycling opportunities.

Medium

Impact of Sub-

Letting/Subcontracting

Lack of direct oversight often re-

sults in suboptimal waste manage-

ment practices.

Medium

Contract Modification Due

to Discrepancies

Changes in contracts lead to rework

and increased waste.
Medium

2.5 Impacts of Demolition Waste

The impacts of demolition waste can be significant and wide-ranging, affecting

the environment, society and economy. Understanding these impacts is crucial

for implementing effective waste management practices and promoting sustain-

able development. Here’s a breakdown of the environmental, social and economic

impacts of demolition waste:

2.5.1 Environmental Impacts of Demolition wastes

Roads undoubtedly play a critical role in transportation networks, especially as

more consumers rely on automobiles for daily travel. However, the extensive

road network also has significant detrimental environmental effects, including con-

tributing to global warming through emissions of greenhouse gases such as carbon

dioxide. Moreover, roads increase energy use, both directly through vehicle fuel

consumption and indirectly through the construction and maintenance processes.

Land transformation associated with road construction can lead to habitat loss and

fragmentation, threatening biodiversity and ecological balance. Additionally, the

use of certain construction materials and runoff from roads can contribute to soil
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and water acidification, further impacting ecosystems and aquatic life. Address-

ing these environmental impacts requires sustainable transportation planning and

infrastructure development, integrating measures to mitigate emissions, minimize

habitat disruption and promote eco-friendly construction practices. By priori-

tizing environmental considerations in road development, that can work towards

more sustainable transportation systems that meet societal needs while minimizing

environmental harm [106].

Landfills for waste disposal poses its own environmental challenges, including the

risk of soil and groundwater contamination from leachate produced by decompos-

ing waste. Landfills must be carefully engineered and managed to minimize these

risks through measures such as liners, leachate collection systems and monitoring

programs. Additionally, the consumption of resources such as green land for land-

fill development can lead to habitat loss and fragmentation, disrupting ecosystems

and biodiversity. To address these issues, it’s essential to prioritize sustainable

waste management practices that prioritize waste reduction, reuse and recycling

to minimize the volume of waste sent to landfills. Additionally, alternative disposal

methods such as incineration or resource recovery should be considered to further

reduce environmental impacts. Overall, a holistic approach to waste management

that considers environmental, social and economic factors is essential to mitigate

soil contamination and promote sustainable development [26, 107].

Water pollution due to demolition wastes of roads can occur through various mech-

anisms. When roads are demolished, construction debris and sediment containing

pollutants such as heavy metals, hydrocarbons and chemicals can be washed into

nearby water bodies during rainfall events. This runoff can carry contaminants into

rivers, streams and groundwater, leading to water pollution. Additionally, if de-

molition waste is improperly disposed of in landfills or dumped illegally, leachate

containing pollutants can seep into the surrounding soil and groundwater, fur-

ther contributing to water pollution. To mitigate water pollution from demolition

wastes of roads, proper waste management practices should be implemented, in-

cluding containment measures to prevent runoff, sediment control techniques such

as silt fences and erosion blankets and proper disposal or recycling of demolition
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materials. Additionally, regular monitoring and enforcement of regulations are

essential to ensure compliance with environmental standards and protect water

quality. Collaboration among stakeholders, including government agencies, con-

tractors and communities, is crucial to effectively address water pollution issues

associated with road demolition activities[106, 108] and also creating dust gener-

ation and air contamination [105, 109].

Demolition waste can pose a significant risk to groundwater quality by leaching

harmful chemicals and minerals into underground water sources. When demoli-

tion waste, which may contain various contaminants such as heavy metals, as-

bestos, petroleum products and construction chemicals, is improperly managed

or disposed of, rainwater or groundwater can percolate through the waste, pick-

ing up these pollutants. As a result, contaminated leachate can infiltrate the soil

and eventually reach groundwater reservoirs, leading to groundwater pollution.

This contamination poses serious risks to human health and the environment,

as groundwater serves as a vital source of drinking water for many communities

and supports ecosystems. To mitigate this risk, it’s crucial to implement proper

waste management practices, including containment measures, waterproof liners

and leachate collection systems at disposal sites. Additionally, regular monitoring

of groundwater quality and enforcement of regulations are essential to detect and

address contamination issues promptly.

By prioritizing responsible waste management practices, that can safeguard ground-

water resources and protect public health and the environment from the adverse

impacts of demolition waste[104, 107]. Thirdly, Waste generation not only in-

volves leftover building materials but also contributes to the wastage of natural

resources, increasing energy consumption and the use of construction materials

[83, 110]. Fourthly, Improper waste disposal and deposition instead of utilization

contribute to energy consumption and greenhouse gas emissions through trans-

portation [64, 111].

Greenhouse gas emissions, particularly methane, indirectly contribute to global

warming by trapping heat in the Earth’s atmosphere and causing the greenhouse
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effect. Methane is a potent greenhouse gas with a much higher heat-trapping po-

tential than carbon dioxide over a shorter time frame, although it persists in the

atmosphere for a shorter duration. While methane is emitted from various natural

sources such as wetlands and livestock, human activities, including the decompo-

sition of organic waste in landfills, agricultural practices and the production and

transport of fossil fuels, are significant contributors to methane emissions.

In the context of demolition waste, methane emissions can occur during the de-

composition of organic materials such as wood, paper and food waste disposed of

in landfills. These emissions contribute to the greenhouse effect, leading to global

warming and climate change. Therefore, reducing methane emissions from de-

molition waste through waste diversion, recycling and organic waste management

practices is essential for mitigating its indirect contribution to global warming and

promoting environmental sustainability [91].

Marine life, including fish, marine mammals and coral reefs, is also vulnerable to

the impacts of climate change, with rising sea temperatures, ocean acidification

and habitat degradation affecting biodiversity, reproductive cycles and the health

of marine ecosystems. Additionally, extreme weather events and sea-level rise asso-

ciated with climate change can further exacerbate the challenges faced by animals

and marine life, leading to population declines, species extinctions and ecosystem

collapse. Therefore, mitigating greenhouse gas emissions and addressing climate

change through sustainable practices and conservation efforts are essential for pro-

tecting animals and marine life and promoting global biodiversity and ecosystem

health [112].

The deposition of demolition waste on green land can indeed obstruct precipita-

tion, which is crucial for recharging the water table and sustaining ecosystems.

When demolition waste is improperly disposed of on green land, it can alter the

natural hydro-logical processes and reduce the infiltration of rainwater into the

soil. Instead of percolating into the ground and replenishing groundwater reser-

voirs, precipitation may run off the surface of the waste, leading to increased

surface runoff and soil erosion. This obstruction of precipitation can disrupt the
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water cycle, diminish soil moisture levels and hinder the replenishment of aquifers

and water tables, ultimately affecting water availability for plants, animals and

human communities. Additionally, the accumulation of demolition waste on green

land can degrade soil quality, reduce biodiversity and fragment habitats, further

exacerbating the impacts on ecosystems and ecological balance. Therefore, proper

waste management practices that prioritize waste reduction, recycling and respon-

sible disposal are essential for safeguarding green land, preserving natural hydro-

logical processes and ensuring the sustainability of water resources and ecosystems

[99, 104].

2.5.2 Social Impacts of Demolition Wastes

The social impact of demolition waste management is indeed a key aspect of sus-

tainability, with significant concerns raised about human health risks for residents

living near dumping sites or areas where demolition waste is illegally disposed.

Improper management of demolition waste can lead to the release of hazardous

substances into the environment, contaminating air, soil and water sources. Resi-

dents living in close proximity to waste disposal sites may be exposed to pollutants

through inhalation of airborne particles, ingestion of contaminated water or food

and direct contact with contaminated soil. These exposures can pose serious risks

to human health, leading to respiratory illnesses, skin conditions, neurological dis-

orders and other adverse health effects. Furthermore, communities located near

waste sites often experience social and economic disparities, with reduced property

values, limited access to amenities and increased stigma associated with living in

areas perceived as unhealthy or environmentally degraded.

Addressing the social impacts of demolition waste management requires equitable

access to information, resources and decision-making processes for affected com-

munities, as well as transparent and accountable governance structures. By priori-

tizing community engagement, public health protection and environmental justice

principles, that can mitigate the social risks associated with demolition waste

management and promote inclusive and sustainable development for all [92, 103].
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Moreover, ensuring the health and safety of individuals is paramount and this can

be compromised by the effects of demolition waste. The improper handling, dis-

posal, or exposure to demolition waste can pose significant risks to human health,

including respiratory issues, skin irritation and long-term health complications

due to exposure to hazardous substances. Additionally, accidents or structural

failures during demolition activities can result in injuries or fatalities for workers

and nearby residents. Furthermore, the presence of demolition waste in communi-

ties can create environmental hazards, attract pests and contribute to the spread

of diseases. Therefore, prioritizing comprehensive risk assessment, proper waste

management practices and stringent safety protocols are essential to safeguarding

the health and well-being of individuals and communities affected by demolition

activities. By implementing proactive measures to mitigate health and safety risks

associated with demolition waste, that can create safer environments and promote

the overall well-being of society [113, 114].

Sustainable development definitely relies on addressing the social, environmen-

tal and economic impacts caused by demolition waste. By adopting holistic ap-

proaches to demolition waste management, stakeholders can mitigate adverse ef-

fects on communities, ecosystems and economies while promoting long-term sus-

tainability. Socially, sustainable demolition practices prioritize public health and

safety, community engagement and equitable access to resources and decision-

making processes, ensuring that the needs and concerns of all stakeholders are

addressed. Environmentally, sustainable demolition waste management minimizes

habitat destruction, reduces pollution, conserves natural resources and protects

biodiversity, fostering resilient ecosystems and mitigating climate change impacts.

Economically, sustainable practices optimize resource utilization, minimize waste

generation and create opportunities for job creation, innovation and cost savings,

contributing to economic growth and resilience.

By integrating social, environmental and economic considerations into demolition

waste management strategies, stakeholders can achieve sustainable development

goals and create healthier, more equitable and more prosperous communities for

present and future generations[91, 103].
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Effective coordination and communication among stakeholders are indeed vital for

the success of any project, particularly in demolition waste management, where

stakeholder attitudes play a crucial role. By fostering collaboration, transparency

and mutual understanding among stakeholders, project teams can align their ob-

jectives, address concerns and develop consensus-driven solutions that promote

sustainability and meet the needs of all parties involved. Clear communication

channels, regular meetings and inclusive decision-making processes facilitate the

exchange of information, feedback and ideas, enabling stakeholders to contribute

their expertise, perspectives and resources to the project. Additionally, cultivat-

ing positive stakeholder attitudes towards demolition waste management requires

proactive engagement, education and awareness-building initiatives that highlight

the benefits of sustainable practices, address misconceptions and address poten-

tial conflicts of interest. By prioritizing effective coordination and communica-

tion among stakeholders, project teams can overcome challenges, build trust and

achieve shared goals, ultimately enhancing the success and impact of demolition

waste management initiatives [85, 115].

Managing demolition waste is indeed a complex task that necessitates additional

human resources to uphold social viability. Beyond the technical aspects of waste

sorting, recycling and disposal, addressing the social dimensions of demolition

waste management requires a dedicated workforce. This entails personnel re-

sponsible for community engagement, ensuring transparent communication and

addressing concerns from affected stakeholders. Moreover, promoting awareness

and education about sustainable waste management practices demands human

resources dedicated to outreach and advocacy efforts. By allocating sufficient hu-

man resources to manage demolition waste comprehensively, organizations can

ensure that social considerations are integrated into waste management strategies,

thereby fostering community acceptance and support for sustainable practices

[91, 108, 116], So, managing demolition waste comprehensively can lead to in-

creased energy consumption. Transporting waste materials to recycling facilities,

operating sorting and processing machinery and implementing advanced waste

management technologies all require energy inputs. Additionally, recycling and



Literature Review 59

re-purposing materials often involve energy-intensive processes such as shredding,

melting and re-manufacturing. However, it’s important to note that while the

initial stages of waste management may require additional energy, the long-term

environmental benefits of recycling and reusing materials can outweigh these costs.

By reducing the demand for virgin resources and minimizing the need for landfill

disposal, sustainable waste management practices contribute to energy conser-

vation and mitigate the environmental impacts of resource extraction and waste

generation. Therefore, while increased energy consumption may be a short-term

consideration, the overall sustainability benefits of comprehensive demolition waste

management are significant in the long run [115, 116].

Demolition waste generation can indeed contribute to noise pollution and vibra-

tions, which can be disruptive to nearby communities. However, these impacts can

be effectively mitigated through the implementation of proper mechanisms and the

adoption of specifications designed to minimize negative effects in nearby areas.

This may include employing noise barriers, using quieter equipment, scheduling

demolition activities during off-peak hours and providing advance notice to af-

fected residents. Additionally, adopting best practices and adhering to regulatory

guidelines can help minimize noise and vibration levels during demolition opera-

tions.

One of the challenges in addressing these issues is often a lack of awareness re-

garding the social impacts of demolition waste management. By raising awareness

among stakeholders, including project developers, contractors, local authorities

and residents, about the potential impacts of demolition activities on nearby com-

munities, it becomes possible to foster greater understanding and cooperation in

implementing mitigation measures. Through proactive communication, engage-

ment and education efforts, stakeholders can work collaboratively to minimize the

social impacts of demolition waste management and ensure that demolition activ-

ities are conducted in a manner that is considerate of local communities and their

well-being[96, 117].

Raising awareness and motivating the general public and stakeholders to imple-

ment waste sorting, recycling and reuse practices can significantly contribute to
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the reduction of demolition waste and the conservation of natural resources. By

educating individuals about the environmental benefits of sustainable waste man-

agement practices and providing accessible recycling infrastructure and incentives,

that can inspire behavior change and foster a culture of waste reduction. Through

collaborative efforts and proactive engagement, that can empower communities

to embrace responsible waste disposal habits, ultimately mitigating the environ-

mental impact of demolition activities and promoting a more sustainable future

[10, 108], Additionally, By prioritizing the use of reclaimed or re-purposed ma-

terials in architectural and construction projects, designers can honor cultural

heritage, promote sustainable practices and reduce the environmental impact of

new developments.

This approach not only conserves valuable resources but also preserves the histor-

ical significance and character of existing structures, contributing to the cultural

identity and sense of place within communities. Additionally, integrating recy-

cled materials into innovative design solutions can inspire creativity and foster a

deeper appreciation for sustainability, ultimately enhancing the overall aesthetic

and functionality of built environments. By embracing the principles of circular

design and adaptive reuse, designers can strike a balance between honoring tra-

dition and embracing innovation, creating spaces that are both environmentally

responsible and culturally meaningful[79].

2.5.3 Economics Impacts of Demolition waste

The economic impact of waste management also includes the costs associated with

the management and operation of waste management systems. These costs encom-

pass various activities, such as waste collection, transportation, sorting, recycling,

treatment and disposal. Factors influencing these costs include the size and com-

plexity of the waste management infrastructure, the efficiency of collection and

sorting processes, the availability of recycling and treatment facilities and labor

and operational expenses. Additionally, investments in technology, equipment and

infrastructure upgrades can impact operational costs. While these costs represent
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financial expenditures, they are essential for ensuring the effective and sustainable

management of waste and the protection of public health and the environment.

By optimizing waste management systems, streamlining operations and investing

in innovative technologies, communities can minimize costs while maximizing the

efficiency and effectiveness of waste management practices, ultimately achieving

long-term economic and environmental benefits [116].

The financial impact associated with creating awareness about waste management

practices can vary depending on the scale and scope of awareness campaigns, as

well as the methods and channels used to disseminate information. Costs may in-

clude expenses related to designing and producing educational materials, organiz-

ing events and workshops, conducting outreach activities and running advertising

or media campaigns. Additionally, personnel costs for staff involved in planning,

implementing and evaluating awareness initiatives should be considered.

While creating awareness may entail upfront financial investments, the long-term

benefits can outweigh these costs. By educating individuals and stakeholders about

the importance of waste management, promoting behavior change and fostering a

culture of sustainability, awareness campaigns can lead to reduced waste genera-

tion, increased participation in recycling programs and improved compliance with

waste management regulations. These outcomes can result in cost savings asso-

ciated with waste disposal, resource conservation and environmental protection.

Furthermore, the social and economic benefits of a more informed and engaged

community, including improved public health, enhanced environmental quality and

increased social cohesion, contribute to the overall value of investing in awareness

initiatives. Therefore, while there are financial implications, the investment in cre-

ating awareness about waste management practices can yield significant returns

in terms of environmental, social and economic sustainability [91, 103].

The financial impact of recycling plants and material stockpiled is influenced by

operational costs, market demand for recycled materials and revenue generated

from the sale of recycled products. While recycling plants incur expenses re-

lated to equipment, labor and compliance, they also generate income from selling
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recycled materials. However, fluctuations in market conditions and changes in re-

cycling markets can pose challenges, impacting profitability. Material stockpiled

at recycling plants may provide flexibility but also entails costs for storage and

management. Balancing operational efficiency, market dynamics and strategic

management of material inventories is crucial for ensuring the economic sustain-

ability of recycling operations and maximizing financial benefits [91, 116].

Promoting awareness and disseminating knowledge about the economic impact

of waste management through recycling or reuse is essential for encouraging sus-

tainable practices and maximizing economic benefits. By educating individuals,

businesses and communities about the financial advantages of recycling and reuse,

such as cost savings, revenue generation and job creation, that can motivate be-

havior change and foster a culture of resource conservation.

Additionally, raising awareness about the potential economic consequences of

improper waste disposal, such as landfill costs, environmental cleanup expenses

and lost opportunities for resource recovery, highlights the financial incentives for

adopting sustainable waste management practices. Through targeted awareness

campaigns, educational initiatives and outreach efforts, that can empower stake-

holders to make informed decisions that not only benefit the environment but also

contribute to economic prosperity and resilience [91, 118].

Providing designated landfill sites for construction waste management is a crucial

aspect of sustainable waste management practices. These sites offer a controlled

environment for the disposal of construction and demolition debris, ensuring that

hazardous materials are properly contained and managed to prevent environmen-

tal contamination. By designating specific areas for construction waste disposal,

regulatory authorities can enforce waste management regulations more effectively

and monitor compliance with environmental standards. Additionally, having dedi-

cated landfill sites for construction waste streamlines waste collection and disposal

processes, reducing the risk of illegal dumping and unauthorized disposal activi-

ties. Furthermore, these sites can serve as hubs for recycling and resource recov-

ery efforts, allowing for the separation and recovery of valuable materials from



Literature Review 63

construction waste streams. Overall, providing designated landfill sites for con-

struction waste plays a crucial role in promoting responsible waste management

practices, protecting public health and the environment and supporting sustain-

able development initiatives [114].

Providing designated landfill sites for construction waste management can also

lead to job creation. The establishment and operation of these sites require var-

ious personnel, including site managers, waste handlers, equipment operators,

maintenance staff and administrative personnel. Additionally, the development

of recycling and resource recovery facilities within or adjacent to landfill sites can

create additional employment opportunities in industries such as material sorting,

processing and transportation. Moreover, as construction waste management prac-

tices evolve to prioritize recycling, reuse and recovery, there is a growing demand

for skilled workers in areas such as sustainable construction, waste diversion and

environmental remediation.By investing in designated landfill sites and associated

waste management infrastructure, communities can not only address environmen-

tal challenges but also stimulate economic growth, support local businesses and

create job opportunities in the green economy [96, 117].

2.5.4 Variables Related to Impacts of Demolition Waste

Management

In relation to the above sub-section, Table 2.3 presents a comprehensive overview

of the various variables associated with the impacts of demolition waste manage-

ment. These variables encompass environmental, economic, and social dimensions,

highlighting the multifaceted nature of demolition waste and its influence on sus-

tainable development.

Furthermore, Table 2.4 provides an in-depth analysis of the underlying reasons

each variable is considered impactful, along with an assessment of the severity

level of these impacts. This classification aids in understanding the relative im-

portance of each variable and supports the prioritization of mitigation strategies

in sustainable demolition waste practices.
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Figure 2.5: Impact Categories and their underlying Risks
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Table 2.3: Impacts of Demolition Waste Management

Impacts / Variables Country References

Barrier to recharge for water table. Iran, Brazil
[99, 103, 104,

112, 118]

Air Contamination due to Pollution

and Dust Generation.
Malaysia

[64, 105, 109,

119]

Indirect Impact on creation Climate

Change (e.g., Methane Gas etc.)
Malaysia, Australia

[64, 87, 91, 111,

117]

Requirement of Energy Consumption China
[64, 91, 108, 115,

116]

Vibrations and Noise Pollution im-

pacting society.
Pakistan [91, 118]

Financial Impact of Recycling Plants

and Material Stockpiled.
Not specified [91, 117]

Impact of Management and Operation

Costs
China

[64, 91, 103, 115,

116]

Limited knowledge of waste recy-

cling/reuse
Pakistan [91, 118]

Level of motivation for waste sorting

/ reusing.
China [9, 108]

Consideration of conservative cultural

aspects during construction design.
Sri Lanka [79]

Green House Gas Emissions. Philippines, Peru
[64, 91, 105, 111,

117]

Leaching effect (extraction of soluble

Chemical and mineral carrier into liq-

uid by rainwater) e.g., Acid.

Saudi Arabia,

Kuwait

[94, 96, 103, 107,

117, 120]

Water Contamination China, Pakistan [64, 91, 108, 118]

Job Creation Opportunities
Saudi Arabia,

Kuwait

[96, 103, 117,

119, 120]

Natural resources Consumption (i.e.,

Construction material)

Finland, Europe,

Australia, China

[83, 103, 110,

121–124]
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Green Land Utilization, Soil Contam-

ination
Philippines,Finland

[64, 103, 104,

108, 110, 125]

Sustainable Development Not specified [91, 103]

Impact of biodiversity (e.g., Harm To-

wards Animal and Marine Life).

Philippines,

Malaysia, Peru,

Australia

[64, 91, 105, 111,

117]

Additional Human resource consump-

tion
China [91, 108, 116]

Health Hazards to near communities. China,Vietnam
[92, 103, 113,

114, 126]

Health And Safety Impacts China,Vietnam
[9, 92, 103, 113,

114]

Lack of awareness of social impacts of

demolition wastes.

Saudi Ara-

bia,Kuwait

[96, 103, 117,

119, 120]

Project Stakeholders Attitude To-

wards DW Management
China,Portugal

[9, 85, 87, 98,

115]

Costs associated with disposal of

waste
China,Portugal

[9, 85, 87, 98,

115]

Resources required for creating desig-

nated dumping zone.
China,Vietnam

[9, 92, 103, 113,

114]

Economic impact of additional Incen-

tive required for proper Waste Man-

agement.

China,Vietnam
[9, 92, 103, 113,

114]

Financial aspect of creating awareness

towards demolition Management.
Not specified [91, 103]

Promotion and utilization of recycled

Materials.
Australia [127]

Table 2.4 provides a detailed explanation of the reasons behind the classification

of each variable as an impact in the context of demolition waste management for

the road projects.
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Table 2.4: Impacts of Demolition Waste-Reasons and Severity Levels

Variables Reason(s) Why It Is an Impact
Severity

Level

Barrier to recharge for wa-

ter table

Demolition waste can block or disrupt

natural water filtration and absorption,

affecting groundwater recharge.

High

Air Contamination due to

Pollution and Dust Gener-

ation

Dust and pollutants from demolition ac-

tivities contribute to poor air quality

and respiratory health issues.

High

Indirect Impact on Climate

Change (e.g., Methane Gas,

etc.)

Demolition waste releases greenhouse

gases like methane, contributing to

global warming.

High

Requirement of Energy

Consumption

The processing and transportation of de-

molition waste consume significant en-

ergy resources.

Medium

Vibrations and Noise Pollu-

tion impacting society

Demolition activities cause vibrations

and noise, leading to disturbances for

surrounding communities.

Medium

Financial Impact of Recy-

cling Plants and Material

Stockpiled

Recycling plants require investment and

stockpiling materials adds storage costs,

affecting the economy.

Medium

Impact of Management and

Operation Costs

Poor management and inefficient opera-

tion increase the overall costs of demoli-

tion waste handling.

High

Limited knowledge of waste

recycling/reuse

Lack of knowledge on recycling practices

leads to more waste ending up in landfills

instead of being reused.

High

Level of motivation for

waste sorting/reusing

Low motivation for sorting/reusing ma-

terials results in increased waste genera-

tion and inefficiency.

Medium

Consideration of conserva-

tive cultural aspects during

construction

Cultural factors can influence the design

choices that generate more waste, but

this impact is often limited.

Low
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Greenhouse Gas Emissions

Demolition waste contributes to the

emission of greenhouse gases, exacerbat-

ing climate change.

High

Leaching effect (extraction

of soluble chemicals and

minerals by rain)

Toxic chemicals leach into the soil and

water, causing contamination and long-

term environmental damage.

High

Water Contamination

Runoff from demolition sites can con-

taminate local water bodies, harming

ecosystems and human health.

High

Job Creation Opportunities

Recycling and waste management prac-

tices can create employment, though the

impact depends on industry adoption.

Medium

Natural Resources Con-

sumption (i.e., construction

materials)

Demolition waste involves the depletion

of natural resources like stone and sand,

affecting sustainability.

High

Green Land Utilization, Soil

Contamination

Improper waste disposal can degrade

land quality and lead to soil contamina-

tion, reducing usable land area.

High

Sustainable Development

Mismanagement of demolition waste un-

dermines sustainability by increasing

landfill use and resource depletion.

Medium

Impact on biodiversity (e.g.,

harm to animals and marine

life)

Waste disposal in landfills or water bod-

ies harms wildlife and marine life, dis-

rupting ecosystems.

High

Additional Human Re-

source Consumption

Demolition waste management requires

additional labor, adding to the overall

human resource consumption.

Medium

Health Hazards to Nearby

Communities

Hazardous materials in waste can pose

health risks to nearby communities

through exposure and contamination.

High
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Health and Safety Impacts

Improper handling of demolition waste

can lead to accidents and safety concerns

for workers and nearby populations.

High

Lack of Awareness of So-

cial Impacts of Demolition

Wastes

Without awareness, demolition waste

causes significant social harm, including

health risks and reduced quality of life.

High

Project Stakeholders’ Atti-

tude Towards DW Manage-

ment

Negative attitudes toward demolition

waste management hinder progress in

sustainable waste practices.

Medium

Costs Associated with Dis-

posal of Waste

The cost of proper disposal of demoli-

tion waste is significant, contributing to

financial burdens for projects.

High

Resources Required for Cre-

ating Designated Dumping

Zones

Setting up appropriate disposal areas re-

quires investment in infrastructure and

land, increasing project costs.

High

Economic Impact of Addi-

tional Incentives for Proper

Waste Management

Incentives are necessary to encourage

proper waste management, but they in-

crease the economic burden.

Medium

Financial Aspect of Creat-

ing Awareness Towards De-

molition Management

Raising awareness incurs costs but is es-

sential for improving waste management

practices.

Medium

Promotion and Utilization

of Recycled Materials

Increased use of recycled materials re-

duces waste but requires financial invest-

ment in technology and processes.

Medium

2.6 Challenges of Demolition Waste Manage-

ment

Demolition waste management faces significant challenges that can be categorized

into three main types: illegal dumping and disposal, awareness and training and
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policy & legislation.

2.6.1 Demolition Waste Handling

Illegal dumping of demolition waste is a pervasive issue that contributes to environ-

mental degradation and public health risks. Addressing illegal dumping requires

a multifaceted approach involving enhanced enforcement, increased penalties for

violations, public awareness campaigns and accessible disposal options to discour-

age improper waste disposal practices. The disposal of demolished materials poses

significant challenges and negative effects on human beings and the environment.

These challenges are prioritized through waste management strategies, awareness

campaigns, waste handling training and the implementation of policies and leg-

islation. One of the primary issues contributing to demolition waste challenges

is the illegal dumping of waste in nearby ditches or depressions. By implement-

ing measures to prevent illegal dumping, such as installing surveillance cameras,

increasing fines and providing convenient disposal options, communities can miti-

gate the adverse impacts of demolition waste and promote responsible waste man-

agement practices [120, 127]. Adequate planning and preparation, including the

identification and reservation of appropriate landfill areas, ensure that construc-

tion and demolition waste can be managed effectively and responsibly throughout

the project life-cycle. By establishing designated landfill sites in advance, regula-

tory authorities can enforce waste management regulations, monitor compliance

and prevent illegal dumping and unauthorized disposal activities. Furthermore,

allocating suitable landfill sites before the start of construction work facilitates

efficient waste collection, transportation and disposal, minimizing disruptions to

project time-lines and reducing the risk of environmental contamination. There-

fore, proactive measures to supervise and designate landfill sites are critical for

promoting sustainable construction practices, protecting public health and the

environment and ensuring the success of construction projects [108].

Government agencies must prioritize law enforcement and take strict actions against

violators to ensure compliance with environmental regulations, particularly in
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waste management. Simultaneously, promoting awareness about environmental

protection laws is crucial to foster voluntary compliance among individuals and

businesses. Supporting government legal enforcement with adequate resources and

collaborating with stakeholders are essential for effective implementation. By com-

bining enforcement efforts, awareness campaigns and supportive measures, govern-

ment agencies can control waste management practices, protect the environment

and promote sustainable development [86, 128]. The responsibility for promoting

the effective utilization of recycled materials extends beyond government agencies

to include construction industry companies. These stakeholders play a vital role in

driving sustainable practices within the construction sector by actively supporting

and promoting the use of recycled materials in their projects. By incorporating

recycled materials into construction processes, companies can reduce their envi-

ronmental footprint, conserve natural resources and mitigate the impacts of waste

generation. Moreover, construction industry companions can collaborate with

suppliers, contractors and clients to prioritize the procurement and utilization of

recycled materials, thereby creating demand and stimulating market growth for

sustainable construction products. Through collective efforts and industry-wide

initiatives, construction companies can contribute significantly to the advancement

of circular economy principles, fostering a culture of sustainability and responsible

resource management within the construction sector [85, 87, 103]. Effective waste

management depend upon budget allocation and adopt Strategic plans for effec-

tive Demolition Waste Management [123, 129].

Preparation and implementation of a strategic plan indeed hinge upon close co-

ordination and communication among stakeholders. Effective collaboration en-

sures that all parties involved share a common understanding of the objectives,

priorities and action steps outlined in the strategic plan. By fostering open com-

munication channels, stakeholders can exchange ideas, address concerns and align

their efforts towards achieving shared goals. Additionally, close coordination al-

lows for the allocation of resources, assignment of responsibilities and monitor-

ing of progress, ensuring that the strategic plan is executed efficiently and effec-

tively. Moreover, regular feedback mechanisms and evaluation processes enable
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stakeholders to adapt and adjust the strategic plan as needed, based on chang-

ing circumstances or emerging priorities. Ultimately, by working together in a

spirit of cooperation and mutual support, stakeholders can maximize the impact

of their strategic planning efforts and drive positive outcomes for the organization

or project [122, 129], To foster acceptance, stakeholders need to be informed about

the benefits of using recycled materials, including reduced environmental impact,

conservation of natural resources and cost savings. Additionally, stakeholders may

need reassurance regarding the quality, durability and performance of recycled ma-

terials compared to new materials. Providing evidence-based data, case studies

and demonstrations of successful projects using recycled materials can help build

confidence and trust among stakeholders. Moreover, involving stakeholders in the

decision-making process, seeking their input and addressing any concerns or ob-

jections can facilitate buy-in and support for incorporating recycled materials into

construction projects. Ultimately, by promoting awareness, demonstrating the vi-

ability and engaging stakeholders in the transition to using demolition waste as

recycled material, the construction industry can accelerate the adoption of sus-

tainable practices and contribute to a more circular economy [119, 128].

Effectively managing demolition waste requires the identification and engagement

of specialized companies for waste handling, each assigned specific tasks within the

waste management process. By partnering with companies specializing in waste

collection, sorting, recycling and disposal, construction projects can streamline

the supply chain and minimize associated issues. Specialized companies bring ex-

pertise, experience and resources to efficiently manage demolition waste, ensuring

that materials are handled safely, responsibly and in compliance with regulations.

Moreover, assigning specific tasks to specialized companies allows for greater ac-

countability, transparency and optimization of waste management practices. For

example, waste collection companies can focus on efficient transportation and

logistics, while recycling facilities can concentrate on processing and recovering

valuable materials. This coordinated approach maximizes resource recovery, min-

imizes land-filling and reduces the environmental impact of demolition activities.

By leveraging the capabilities of specialized companies, construction projects can
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achieve better outcomes in managing demolition waste and contribute to sustain-

able waste management practices [130, 131].

2.6.2 Awareness & Training

Promoting awareness and providing adequate training to stakeholders involved in

demolition waste management is crucial for improving waste handling practices.

Effective awareness campaigns and training initiatives are crucial for changing

behavior and promoting sustainable waste management practices in construction

projects. Often, waste management practices outlined in contract documents are

overlooked, leading to improper disposal of waste in environmentally sensitive ar-

eas such as jungles, ditches, or depressions, in violation of contractual agreements.

By conducting targeted awareness campaigns and providing comprehensive train-

ing to all project stakeholders, including contractors, subcontractors and laborers,

construction projects can ensure that waste management requirements are under-

stood and followed throughout the project life-cycle. These initiatives can empha-

size the importance of proper waste handling, segregation and disposal methods,

as well as the consequences of non-compliance with contractual agreements and

environmental regulations. Additionally, providing practical guidance, resources

and support to implement effective waste management practices can empower

stakeholders to take ownership of their responsibilities and contribute to a cul-

ture of sustainability on construction sites. By integrating awareness and training

into project planning and execution, construction projects can minimize the risk

of improper waste disposal, protect natural habitats and uphold contractual obli-

gations, ultimately promoting environmental stewardship and responsible waste

management practices [82, 85, 86].

Training and courses in demolition waste management are indeed essential for rais-

ing awareness and reducing the environmental impact of waste disposal. These

educational initiatives provide stakeholders, including project managers, contrac-

tors, engineers and workers, with the knowledge, skills and best practices nec-

essary to effectively manage demolition waste throughout the project life-cycle.
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By offering training and courses focused on topics such as waste identification,

segregation, handling, transportation, recycling and disposal, construction indus-

try professionals can gain a deeper understanding of the environmental, social

and economic implications of waste management practices. Moreover, specialized

training can familiarize participants with relevant regulations, standards and tech-

nologies for waste management, enabling them to comply with legal requirements

and implement sustainable solutions. Additionally, practical training exercises,

site visits and case studies can provide hands-on experience and demonstrate real-

world applications of waste management principles. By investing in training and

education, construction industry stakeholders can empower individuals and teams

to make informed decisions, adopt responsible waste management practices and

contribute to a more sustainable built environment [115].

By providing specialized training programs tailored to the needs and roles of em-

ployees involved in waste management, companies can ensure that staff members

possess the necessary knowledge, skills and competencies to implement sustain-

able practices effectively. In-house training initiatives can cover a range of topics,

including waste identification, segregation, handling techniques, regulatory compli-

ance and the use of innovative technologies for waste minimization and recycling.

Furthermore, by incorporating practical exercises, case studies and real-world ex-

amples into training sessions, companies can enhance engagement and facilitate the

application of learning outcomes in day-to-day operations. Investing in continuous

training and development not only strengthens the company’s waste management

capabilities but also fosters a culture of environmental responsibility, innovation

and continuous improvement. Moreover, by equipping employees with the skills

and expertise needed to address waste management challenges proactively, com-

panies can enhance their competitiveness, reduce environmental impact and con-

tribute to sustainable development goals [102, 115].

By providing targeted training programs focused on waste identification, segrega-

tion, handling techniques and regulatory compliance, companies can enhance the

knowledge and skills of execution staff, enabling them to implement best practices

and adopt innovative approaches to waste management. Through training, staff
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members gain a deeper understanding of the environmental, social and economic

implications of waste management practices, as well as the importance of adhering

to legal requirements and industry standards. Moreover, practical training exer-

cises, simulations and case studies allow staff members to apply their learning in

real-world scenarios, fostering confidence and competence in waste management

tasks. Additionally, ongoing training initiatives enable companies to stay abreast

of emerging trends, technologies and regulations in waste management, ensuring

that execution staff are equipped to address evolving challenges and opportuni-

ties effectively. By investing in training initiatives, companies can improve the

performance of execution staff, optimize waste management processes, minimize

environmental impact and enhance overall project outcomes [85, 87].

Innovation and adaptation are key to overcoming waste management challenges

and while changing existing practices may be daunting, experimenting with differ-

ent methods and adopting the most successful approaches can lead to significant

improvements. By fostering a culture of continuous improvement and encourag-

ing experimentation, companies can identify innovative solutions, optimize waste

management processes and minimize environmental impact. Involving employees

at all levels, establishing clear goals and leveraging partnerships with external

stakeholders can further enhance the effectiveness of experimentation efforts, ulti-

mately driving sustainable outcomes in waste management practices [84].

Integrating waste management considerations into broader project planning and

execution processes, companies can optimize resource utilization, reduce project

time-lines and enhance overall efficiency. This may involve adopting innovative

technologies, implementing sustainable construction practices and promoting cir-

cular economy principles to minimize waste generation and maximize resource

recovery. Furthermore, incentivizing waste reduction and recycling initiatives,

standardizing best practices and fostering collaboration among stakeholders can

drive industry-wide improvements in demolition waste management while simul-

taneously delivering economic benefits. Ultimately, by revising industry norms

to align with the triple bottom line of people, planet and profit, companies can

achieve sustainable outcomes in demolition waste management while enhancing
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competitiveness and long-term viability [130, 132].

Improving supplier knowledge and cooperation towards using recycled materials

is instrumental in conserving natural resources and mitigating environmental im-

pacts associated with waste disposal. By educating suppliers about the benefits

of recycled materials, including reduced energy consumption, lower greenhouse

gas emissions and decreased landfill waste, companies can foster a culture of

sustainability throughout the supply chain. Encouraging suppliers to prioritize

recycled materials in their product offerings, sourcing practices and manufactur-

ing processes not only promotes resource conservation but also stimulates market

demand for recycled products. Additionally, fostering collaboration and commu-

nication with suppliers enables companies to identify opportunities for innovation,

optimize material sourcing and address challenges related to quality, availability

and pricing of recycled materials. By working together towards a common goal

of sustainability, companies and their suppliers can contribute to a more circu-

lar economy, minimize environmental impact and create long-term value for both

businesses and society [130].

Leveraging innovative technologies such as Building Information Modeling (BIM),

Internet of Things (I.O.T) sensors and data analytics, companies can optimize

waste management processes, enhance efficiency and minimize environmental im-

pact. For example, BIM can facilitate accurate material quantity estimation, waste

reduction through prefabrication and efficient project planning and coordination.

IoT sensors can enable real-time monitoring of waste generation, improve logis-

tics and transportation efficiency and support proactive maintenance of equipment

and machinery. Data analytics tools can provide insights into waste generation

patterns, identify optimization opportunities and inform decision-making for con-

tinuous improvement. Furthermore, emerging technologies such as 3D printing

and robotics offer potential for on-site recycling and up-cycling of construction

waste, further reducing reliance on virgin materials and minimizing waste gen-

eration. By embracing technological innovation, companies can transform waste

management practices, achieve sustainability goals and contribute to the evolution

of a smarter, greener construction industry [99].
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2.6.3 Policy & Legislation

Establishing and enforcing robust policies and legislation is essential for improv-

ing demolition waste management. Addressing the challenges of demolition waste

management necessitates a multifaceted approach that encompasses combating

illegal dumping, enhancing awareness and training and fortifying policy and leg-

islation frameworks. By tackling these critical areas, stakeholders can advance

towards more sustainable and environmentally responsible demolition waste man-

agement practices. Promoting the utilization of recycled or waste products and

materials, coupled with incentivizing an industrial culture that values sustain-

ability, not only benefits society but also fosters a circular economy and reduces

the strain on natural resources. Through collaborative efforts and concerted ac-

tions, that can create a future where demolition waste is managed responsibly,

minimizing environmental impact and maximizing resource efficiency for genera-

tions to come [88, 112]. Utilizing social media platforms to disseminate informa-

tion, raise awareness and showcase the benefits of recycled materials, companies

and organizations can educate and engage a wide audience, including consumers,

businesses and policymakers. Through compelling content, such as educational

videos, info-graphics, case studies and success stories, social media can highlight

the economic, environmental and social advantages of using recycled materials

in construction projects. Moreover, interactive features like polls, Q&A sessions

and virtual events can encourage dialogue, foster community engagement and ad-

dress concerns or misconceptions surrounding recycled materials. By harnessing

the power of social media as a communication tool, stakeholders can effectively

communicate the value proposition of recycled materials, build trust and inspire

action towards sustainable consumption and production practices [72].

Implementing stringent policies and regulations that mandate responsible waste

management practices, including the reduction, reuse and recycling of materials,

companies can incentivize compliance and deter environmentally harmful behavior.

Penalties for non-compliance with waste management regulations can serve as a

deterrent, while rewards or incentives for exceeding recycling targets can motivate
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positive action. Monitoring mechanisms and regular audits can ensure account-

ability and track progress towards sustainability goals. By embedding environ-

mental considerations into project planning, execution and monitoring processes,

companies can create a culture of environmental responsibility and drive continu-

ous improvement in waste management practices. Ultimately, strict enforcement

of rules and regulations fosters a commitment to sustainability, promotes resource

conservation and minimizes environmental impact throughout the project life cycle

[133, 134].

Legal frameworks Defining responsibilities and regulating activities that impact

the environment, including waste management practices. By enacting and enforc-

ing environmental laws, governments can establish guidelines for waste generation,

disposal and recycling, as well as impose penalties for non-compliance with reg-

ulatory requirements. Moreover, legislation can incentivize sustainable practices

by offering tax breaks, or other financial incentives to businesses that adopt envi-

ronmentally friendly technologies and practices. Additionally, environmental reg-

ulations can provide a framework for monitoring and enforcement, ensuring that

companies adhere to established standards and take responsibility for their envi-

ronmental impact. Overall, legislation serves as a vital tool for safeguarding the

environment, promoting sustainability and holding individuals and organizations

accountable for their actions [128].

Contract documents serve as formal agreements between parties involved in a

construction project, outlining specific responsibilities, requirements and expecta-

tions related to waste management. By adhering to the waste management plans

outlined in the contract or bidding documents, contractors demonstrate their com-

mitment to fulfilling their contractual obligations and upholding the terms agreed

upon with clients, regulatory authorities and other stakeholders. Moreover, com-

pliance with waste management plans reflects a commitment to environmental

stewardship, sustainability and social responsibility, aligning with industry best

practices and legal requirements aimed at minimizing the environmental impact of

construction activities. Failure to comply with waste management plans not only
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exposes contractors to legal and financial risks but also undermines trust, repu-

tation and credibility within the industry. Therefore, contractors must prioritize

compliance with waste management plans, proactively implementing measures to

minimize waste generation, promote recycling and reuse and ensure proper dis-

posal of waste materials throughout the project life-cycle [121, 133, 134].

Enforcement of environmental protection laws and policies indeed plays a crucial

role in addressing waste challenges and promoting sustainability. These laws and

policies provide the legal framework for regulating waste management practices,

setting standards for pollution control and safeguarding natural resources and

ecosystems. By enforcing environmental laws, governments can hold individuals,

businesses and organizations accountable for their actions, ensuring compliance

with established regulations and promoting responsible environmental steward-

ship.

Enforcement actions may include inspections, monitoring, penalties for non com-

pliance and legal proceedings against violators. Moreover, effective enforcement

mechanisms deter environmentally harmful behavior, incentivize compliance with

environmental regulations and create a level playing field for businesses commit-

ted to sustainability. Additionally, enforcement efforts can foster transparency,

accountability and public trust in government institutions tasked with protecting

the environment. Overall, robust enforcement of environmental protection laws

and policies is essential for mitigating environmental degradation, conserving nat-

ural resources and advancing the transition to a more sustainable and resilient

future [85, 102].

2.6.4 Variables Related to Challenges of Demolition Waste

Management

In relation to above sub-section. Table 2.5 shows the details various Variables

related to challenges of demolition waste Management and table 2.6 shows the

reasons why it is an impact and its severity level.
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Table 2.5: Challenges of Demolition Waste Management

Challenges / Variables Country References

Arrangement for Designated Landfill sites China,Vietnam [85, 108, 114]

Issues With Supply Chain Management Portugal,Egypt [98, 130, 132]

Limited Specialized Demolition Waste Han-

dling Companies.
China,Tanzania [87, 108, 124]

Knowledge of supplier’s Co-Operation to-

wards waste material utilization.
Not specified [130]

Industry support for effective utilization of

Demolition waste.
Not specified [85, 87, 103]

Role of Awareness and Training for Environ-

mental Protection
China

[85, 86, 92,

115]

Illegal dumping of Demolition Waste. China,Australia
[83, 96, 103,

113, 120, 127]

Engaging all types of social media for pro-

moting Demolition Waste Management
Not specified [9, 72]

Strategic plans for effective Demolition

Waste Management.
Turkey [84, 129]

Role of regulatory control and Government

Legal Enforcement

Hong Kong,

Egypt
[86, 131, 132]

Support of Existing Practice and Policies Not specified [84]

Demolition Waste Management Budget allo-

cation.

Central Asia,

China
[85, 87, 123]

Acceptance of Stakeholders for demolition

waste as recycling material.

China, Saudi

Arabia, Aus-

tralia

[83, 87, 113,

119, 122, 128]

Promotion of Collaboration among stake-

holders

china, Turkey,

Australia

[84, 98, 122,

123, 129]

Arrangement of In-House Training on Envi-

ronmental Management
China [102, 115]

Role of project executing staff towards De-

molition Waste Management.
Not specified [85, 87]
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Role of Legislation for enforcing Policies to

protect environment.
China [86, 128]

Penalization mechanism for generating de-

molition waste and damaging environment.

Pakistan,

China

[85, 103, 118,

135]

Demolition Waste Management considera-

tion in Project Life Cycle.

China, Egypt,

Dev.countries

[72, 113, 132,

133]

Level of Demolition Waste Management by

Trained Staff and Expertise personals as per

contract Document.

Not specified [82, 85, 86]

Level of support by Government agencies for

Environmental Protection Promotion
China [128]

Enforcement of Legal Requirements on En-

vironmental Protection.
China,Portugal

[9, 85, 98,

102]

Industry Culture of incentives policies to pro-

mote utilization of Demolition Waste Man-

agement.

Turkey [88, 112, 129]

Inadequacy of Industry Norms Not specified [87]

Role of Technological Support for Smart

Construction
Iran [99]

Level of enforcement Waste Management

Plan.

Europe,Dev.

countries

[121, 133,

134]

Impact of industrial focus on cost and time

rather than Demolition Waste Management.
Egypt

[98, 112, 130,

132]

Table 2.6: Challenges of Demolition Waste-Reasons and Severity Levels

Challenges / Variables Reason(s) Why It Is an Impact
Severity

Level

Arrangement for Desig-

nated Landfill Sites

Ensures proper disposal locations to

prevent illegal dumping and pro-

mote organized waste management.

High
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Issues With Supply Chain

Management

Improves efficiency in managing

waste materials from generation to

disposal.

High

Limited Specialized Demoli-

tion Waste Handling Com-

panies

Promotes the establishment of com-

panies specializing in waste handling

and recycling.

High

Knowledge of Supplier Co-

operation Towards Waste

Material Utilization

Strengthens supplier collaboration

to maximize recycling and reuse op-

portunities.

Medium

Industry Support for Effec-

tive Utilization of Demoli-

tion Waste

Encourages industry-wide initiatives

to reuse and repurpose waste mate-

rials.

Medium

Role of Awareness and

Training for Environmental

Protection

Enhances awareness and skills of

stakeholders to manage waste sus-

tainably.

Medium

Illegal Dumping of Demoli-

tion Waste

Implements strict penalties and

monitoring to curb illegal waste dis-

posal.

High

Engaging All Types of So-

cial Media for Promoting

Waste Management

Leverages social media platforms for

advocacy and education on demoli-

tion waste management.

Medium

Strategic Plans for Effective

Demolition Waste Manage-

ment

Develops comprehensive plans to

streamline waste management pro-

cesses.

Medium

Role of Regulatory Control

and Government Legal En-

forcement

Strengthens laws and their enforce-

ment to ensure compliance with en-

vironmental policies.

High

Support of Existing Prac-

tices and Policies

Updates and reinforces policies to

improve waste management effi-

ciency.

Medium

Demolition Waste Manage-

ment Budget Allocation

Allocates sufficient funds to support

effective waste management initia-

tives.

High
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Acceptance of Stakeholders

for Demolition Waste as Re-

cycling Material

Promotes stakeholder buy-in for us-

ing recycled materials in construc-

tion projects.

Medium

Promotion of Collaboration

Among Stakeholders

Encourages collective efforts for effi-

cient demolition waste management.
Medium

Arrangement of In-House

Training on Environmental

Management

Builds organizational capacity for

sustainable waste handling prac-

tices.

Medium

Role of Project Executing

Staff Towards Demolition

Waste Management

Enhances staff accountability and

active participation in waste reduc-

tion.

High

Role of Legislation for En-

forcing Policies to Protect

the Environment

Implements strict legal frameworks

to ensure compliance with waste

management practices.

High

Penalization Mechanism

for Generating Demolition

Waste

Introduces fines or penalties to dis-

courage wasteful practices and envi-

ronmental damage.

High

Demolition Waste Man-

agement Consideration in

Project Life Cycle

Integrates waste management

strategies throughout all project

phases.

High

Level of Demolition Waste

Management by Trained

Staff

Assigns trained and skilled person-

nel to manage waste efficiently as per

contract requirements.

High

Level of Support by Govern-

ment Agencies for Environ-

mental Protection

Strengthens institutional support for

promoting sustainable practices.
Medium

Enforcement of Legal Re-

quirements on Environmen-

tal Protection

Ensures strict adherence to environ-

mental protection laws.
High

Industry Culture of Incen-

tives Policies to Promote

Waste Management

Encourages businesses to adopt

incentive-driven waste management

practices.

Medium
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Inadequacy of Industry

Norms

Identifies gaps in industry practices

and establishes better standards for

waste management.

Medium

Role of Technological Sup-

port for Smart Construction

Integrates advanced technologies to

optimize waste handling and recy-

cling processes.

Medium

Level of Enforcement of

Waste Management Plan

Monitors and ensures the effective

implementation of waste manage-

ment plans at all project stages.

High

Impact of Industrial Focus

on Cost and Time Rather

Than Waste Management

Balances economic priorities with

environmental concerns by promot-

ing sustainable practices.

High

2.7 Solution/Results of Demolition Waste Man-

agement

Demolition waste management solutions can be broadly categorized into adminis-

trative (or managerial) solutions and technical solutions. Each type plays a crucial

role in addressing the challenges associated with demolition waste effectively. Ex-

planation regarding solutions of waste management, these two types of solutions,

Administrative and technical solutions.

2.7.1 Administrative Solution

Administrative solutions focus on policy, planning, coordination and oversight

aspects of demolition waste management. They involve strategic decisions, regu-

lations and initiatives aimed at improving overall waste management practices.

Enforcing environmental protection measures on managerial staff is crucial to en-

sure that construction and demolition projects adhere to environmental regulations
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and best practices. By providing comprehensive training, establishing clear poli-

cies and implementing monitoring systems, organizations can empower managerial

staff to prioritize environmental considerations in project planning and execution.

Offering incentives for compliance and holding staff accountable for their environ-

mental performance further reinforces a culture of environmental responsibility.

Ultimately, by enforcing environmental protection on managerial staff, organiza-

tions can mitigate environmental risks, promote sustainability and uphold their

commitment to environmental stewardship [72, 103].

Proper implementation of Demolition Waste Management can lead to significant

improvements in health and safety levels across various aspects of construction

and demolition projects. By effectively managing demolition waste, potential haz-

ards associated with handling, storage and disposal of materials can be minimized,

reducing the risk of accidents and injuries for workers and the surrounding commu-

nity. Proper waste management practices also help prevent the release of harmful

substances into the environment, mitigating health risks associated with air and

water pollution. Additionally, by promoting recycling and reuse of materials, De-

molition Waste Management can contribute to resource conservation and reduce

the need for raw material extraction, further enhancing environmental sustain-

ability and long-term health benefits. Overall, implementing proper Demolition

Waste Management measures not only improves health and safety outcomes but

also supports a more sustainable and responsible approach to construction and

demolition activities [10, 92, 113, 114].

Improving corporate image and business competitiveness through environmen-

tal performance involves adopting strategies such as implementing Environmental

Management Systems (EMS), innovating green products, ensuring supply chain

sustainability, embracing energy efficiency and renewable energy, reducing waste,

engaging stakeholders transparently, complying with regulations and promoting

CSR initiatives. By integrating these practices into operations and communication

efforts, companies can enhance their reputation, attract environmentally conscious

customers and gain a competitive advantage in the market while contributing to

sustainability goals [15, 130, 136].
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Promoting incentive and penalty policies for demolition waste management in-

volves offering financial rewards, grants and recognition for compliant practices,

while enforcing fines, project delays, or permit revocations for non-compliance.

By combining incentives with penalties and accompanying them with education

and outreach efforts, authorities can create a regulatory framework that incen-

tivizes sustainable practices, ensures accountability and fosters a culture of re-

sponsible waste management among contractors, developers and other stakehold-

ers [10, 85, 98, 102].

Proper implementation of demolition waste management laws and regulations ne-

cessitates a multifaceted approach, including clear and enforceable regulations,

effective enforcement mechanisms, public awareness campaigns, capacity building

initiatives, stakeholder engagement, monitoring systems, incentives for compli-

ance, continuous improvement efforts, transparency and international cooperation.

By integrating these elements, authorities can ensure the responsible handling of

demolition waste, mitigate environmental risks and promote sustainable practices

in the construction industry [95, 132, 137]. Preserving natural resources, partic-

ularly raw materials, requires a multifaceted approach. This involves reducing

consumption through efficient processes and product design, promoting reuse and

recycling to extend material life-cycles, sourcing sustainably, conserving forests

and habitats, enforcing regulations, raising awareness and fostering collaboration.

By implementing these strategies collectively, stakeholders can mitigate resource

depletion, minimize environmental impact and promote a sustainable future for

generations to come [110, 121, 124].

Incorporating environmental management strategies into contract documents is

crucial for ensuring project adherence to environmental standards and sustain-

ability goals. These documents should outline environmental policies, legal re-

quirements and expectations for contractors, including the development and im-

plementation of Environmental Management Plans (EMPs), resource conserva-

tion measures, waste management protocols, monitoring and reporting procedures,

stakeholder engagement and mechanisms for performance evaluation and improve-

ment. By formalizing environmental considerations within contract terms, project
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owners can effectively mitigate environmental risks, promote responsible practices

and uphold environmental integrity throughout project execution [86, 105].

By implementing effective recycling practices as part of the 3R (Reduce, Reuse,

Recycle) strategy in construction, companies can generate additional revenue by

selling recycled materials. This revenue stream arises from the sale of salvaged

and processed materials such as concrete, asphalt, metals and wood, which are

recovered from demolition waste or construction sites.

By sorting, processing and selling these materials to recycling facilities or other

buyers, construction companies can turn what would otherwise be considered waste

into valuable commodities. This not only generates additional income but also

reduces disposal costs associated with traditional waste management methods.

Moreover, selling recycled materials contributes to a circular economy by rein-

troducing valuable resources back into the market, promoting sustainability and

resource conservation.

Proper documentation of demolition data is essential for ensuring regulatory com-

pliance, managing project risks and optimizing resource utilization. This includes

recording information on inventory, permitting, waste management, health and

safety measures, financial records, community engagement efforts, monitoring and

reporting. By maintaining accurate and comprehensive documentation, stake-

holders can track progress, assess impacts and make informed decisions to achieve

project objectives efficiently and transparently while adhering to legal require-

ments [87, 138].

Imposing responsibilities on all stakeholders throughout the project life-cycle to

consider waste management plans is vital for fostering accountability and sustain-

ability in construction projects. This entails integrating waste reduction targets,

recycling initiatives and environmental considerations into project planning, de-

sign, construction and operations. Project owners, designers, contractors, suppli-

ers, waste management providers, regulatory authorities, community stakeholders

and educational institutions all play key roles in ensuring adherence to waste man-

agement regulations, promoting resource efficiency and minimizing environmental
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impact. By working collaboratively and prioritizing waste management through-

out the project life-cycle, stakeholders can achieve cost savings, mitigate risks and

contribute to a more sustainable built environment [83, 113, 119]. Training and ed-

ucation programs are essential in the construction industry for fostering awareness,

imparting skills and cultivating a culture of sustainability. These programs cover

topics such as environmental awareness, waste management, green building prac-

tices, energy efficiency, health and safety, innovation and technology, regulatory

compliance, community engagement, sustainability leadership and continuous im-

provement. By equipping construction professionals with the knowledge and skills

needed to incorporate sustainable practices into their work, these programs con-

tribute to improved project outcomes, reduced environmental impact and a more

resilient and socially responsible construction industry [92, 132, 133].

Enhancing the priority level of demolition waste management involves bolstering

policy emphasis, strengthening regulatory frameworks, fostering public awareness,

implementing incentive programs, investing in research and innovation, foster-

ing collaborative partnerships, providing capacity building, stimulating market

development, transitioning to a circular economy model and establishing robust

monitoring and evaluation mechanisms. By prioritizing these efforts, stakeholders

can accelerate progress towards sustainable demolition practices, waste reduction,

resource recovery and environmental protection, contributing to a more resilient

and circular construction industry [85].

Utilizing waste in various forms contributes significantly to environmental protec-

tion by reducing resource depletion, minimizing pollution and fostering a circu-

lar economy. Through strategies such as recycling, energy recovery and waste-

to-energy technologies, waste can be diverted from landfills, reducing methane

emissions and conserving landfill space while generating renewable energy. Ad-

ditionally, re-purposing waste materials in manufacturing and construction pro-

cesses reduces the demand for virgin resources, mitigating habitat destruction and

ecosystem degradation. By promoting waste utilization, that not only mitigate
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environmental harm but also contribute to resource conservation and sustainabil-

ity, aligning with global efforts to address climate change and promote a greener,

more resilient future [72, 79, 103, 125].

2.7.2 Technical Solutions

Technical solutions involve innovative technologies, engineering practices and op-

erational methods aimed at optimizing waste handling, recycling and disposal

processes in demolition projects.

The application of advanced technologies revolutionizes demolition waste man-

agement by enhancing sorting and segregation processes with robotic systems

and optical sensors, enabling on-site recycling through mobile units and advanced

crushing equipment and facilitating real-time monitoring and optimization via IoT

sensors and data analytics. Additionally, construction waste management software

streamlines administrative tasks, while emerging technologies like chemical recy-

cling and drones offer innovative solutions for recycling complex materials and

site assessment. Augmented and virtual reality technologies further bolster safety

training and simulation efforts. Together, these advancements drive efficiency,

resource recovery and sustainability in demolition waste management practices

[112, 114].

Establishing prefabricated design and construction technologies involves a com-

prehensive approach encompassing research and development, standardization,

digitalization, advanced manufacturing, sustainability integration, collaborative

partnerships, training, advocacy, demonstration and a culture of continuous im-

provement. By embracing these elements, stakeholders can revolutionize the con-

struction industry, delivering projects faster, more sustainably and with higher

quality and efficiency [98, 102, 135]. Promoting potential cost savings strate-

gies due to the 3R (Reduce, Reuse, Recycle) elements involves minimizing ma-

terial consumption through efficient design and processes, reusing materials and

components to reduce procurement costs, recycling construction waste to gener-

ate revenue and avoid disposal fees, extending the lifespan of structures to lower
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maintenance expenses, leveraging tax incentives and rebates, improving efficiency

and productivity and enhancing brand reputation and market differentiation. By

embracing these strategies, construction companies can achieve significant cost

savings while advancing environmental sustainability objectives [96, 122].

Promoting recycled products and integrating new technologies into demolition

waste management involves raising awareness, establishing certifications, offering

financial incentives, fostering supply chain collaboration, investing in technological

innovation, implementing pilot projects, supporting regulatory measures, facilitat-

ing collaborative research, advocating for public procurement policies and contin-

uously monitoring and evaluating performance. By implementing these strategies

collectively, stakeholders can accelerate the adoption of recycled materials, opti-

mize waste management practices and advance sustainability in the construction

industry [102, 135].

Innovating existing practices and policies to elevate awareness regarding demoli-

tion waste involves integrating advanced technologies for efficient waste tracking,

fostering comprehensive education and training programs, advocating for policy

reforms, fostering collaborative partnerships, engaging local communities, promot-

ing circular economy principles, introducing incentive mechanisms, encouraging

green building certification, organizing innovation challenges and launching public

awareness campaigns. These strategies collectively aim to drive positive change,

reduce environmental impacts and transition towards a more sustainable and cir-

cular economy [84].

Continuous improvement in environmental management through the 3R (Reduce,

Reuse, Recycle) strategy requires a holistic approach. ”Reduce” focuses on min-

imizing waste generation by optimizing processes, product design and packaging.

”Reuse” extends product lifespan through refurbishment, asset management and

reusable packaging. ”Recycle” converts waste into new products, necessitating

investment in sorting technology, market development, education and collabora-

tion. Ongoing assessment, innovation and stakeholder commitment are crucial for

sustainable development and resource conservation [96, 122].
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Continuous and effective supervision at the site level is imperative for ensuring

project success, maintaining safety standards and achieving quality outcomes. Su-

pervisors oversee construction activities, conduct regular inspections to monitor

progress and compliance with regulations, coordinate resources, address issues

promptly and facilitate communication among stakeholders. By prioritizing safety,

quality and efficiency, supervisors play a crucial role in mitigating risks, optimizing

productivity and delivering projects on time and within budget [82, 85, 86, 94].

By combining administrative and technical solutions, stakeholders can create a

comprehensive and effective demolition waste management strategy that addresses

regulatory compliance, operational efficiency, environmental sustainability and

community engagement. Collaboration among policymakers, industry profession-

als, researchers and local communities is essential for implementing these solutions

and achieving positive outcomes in demolition waste management.

2.7.3 Variables Related to Solution for Demolition Waste

Management

In relation to above sub-section. Table 2.7 shows the details various Variables

related to Solution for demolition waste Management and table 2.8 shows the

reasons why it is an impact and its severity level.

Table 2.7: Solution for Demolition Waste Management

Solutions / Variables Country References

Enforcing Protecting Environment on Manage-

rial Staff
Not specified [72, 103]

Improvements in health and safety level due to

proper Demolition Waste Management imple-

mentation.

China,Vietnam
[9, 92, 113,

114]

Continuous Improvement in Environmental

Management through 3R (Reduce, Reuse, Re-

cycle) Strategy.

Australia [96, 122]



Literature Review 92

Improving Corporate Image and Business Com-

petitiveness in Environmental Performance
Not specified

[15, 130,

136]

Promote incentive and Penalty Polices regard-

ing Demolition Waste Management.
Portugal

[9, 85, 98,

139]

Proper implementation of Demolition Waste

Management laws and regulations.
Egypt,China

[79, 102,

132, 137]

Application of advanced technologies. Vietnam [112, 114]

Preserve or save the natural resources-raw ma-

terials

Europe, Aus-

tralia, China

[110, 121–

124]

Consideration of Environmental Management

Strategy as part of contract documents.
Philippines [86, 105]

Promotion of recycled product and apply new

technologies in Demolition Waste Management
China

[85, 98,

102, 135]

Establish prefabricated design and construction

technologies
China

[85, 98,

102, 135]

Promoting Potential cost savings strategy due

to 3R (Reduce, Reuse, Recycle) elements.
Australia [96, 122]

Additional revenue by selling material. Not specified [132]

Continuous and effective supervision at site

level.
Hong Kong

[82, 85, 86,

93, 94]

Innovating Existing Practice and policies ele-

vating awareness regarding demolition waste.
Not specified [84]

Proper documentation of Demolition data. Not specified [87, 88]

Imposing Responsibilities to All the stakehold-

ers for considering waste management plan in

the project life-cycle.

China, Saudi

Arabia

[83, 113,

119]

Training and education programs China
[115, 132,

134, 140]

Enhancing Priority level of Demolition Waste

Management
Not specified [85]

Utilization of waste in Contribution to environ-

mental protection.
Sri Lanka

[63, 103,

125]
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Table 2.8: Solution for Demolition Waste Management-Reasons and Severity
Levels

Solutions /Variables Reason(s) Why It Is an Impact
Severity

Level

Enforcing Protecting Envi-

ronment on Managerial Staff

Ensures adherence to environmental

policies and encourages sustainable

practices at the managerial level.

High

Improvements in Health and

Safety Level

Enhances safety protocols and mini-

mizes risks associated with demolition

waste handling.

High

Continuous Improvement in

Environmental Management

Promotes the 3R (Reduce, Reuse, Re-

cycle) strategy to achieve long-term

sustainability.

High

Improving Corporate Image

and Competitiveness

Elevates business reputation and im-

proves competitiveness through better

environmental performance.

Medium

Promote Incentive and

Penalty Policies

Encourages compliance with waste

management practices through reward

and penalty systems.

Medium

Proper Implementation of

Waste Management Laws

Ensures effective enforcement of regula-

tions to minimize environmental harm.
High

Application of Advanced

Technologies

Integrates modern technologies to opti-

mize waste management processes.
Medium

Preserving Natural Re-

sources

Reduces the consumption of raw mate-

rials by promoting the use of recycled

materials.

High

Consideration of Environ-

mental Strategy in Contracts

Embeds environmental management as

a critical element in project contracts.
Medium

Promotion of Recycled Prod-

ucts

Encourages the use of recycled mate-

rials and adoption of new technologies

for waste management.

Medium

Establishment of Prefabri-

cated Technologies

Promotes modular and prefabricated

construction to minimize waste.
Medium
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Promoting Cost Savings

Through 3R

Demonstrates financial benefits of

adopting reduce, reuse and recycle

practices.

Medium

Generating Additional Rev-

enue

Generates income by selling salvaged or

recycled materials.
Low

Continuous and Effective Su-

pervision

Ensures site-level monitoring to en-

hance waste management practices.
High

Innovating Practices and

Policies

Elevates awareness and improves cur-

rent demolition waste management

strategies.

Medium

Proper Documentation of

Demolition Data

Maintains accurate records for better

planning and compliance.
Medium

Imposing Responsibilities on

Stakeholders

Ensures collective accountability in in-

tegrating waste management through-

out the project lifecycle.

High

Training and Education Pro-

grams

Improves awareness and builds the ca-

pacity of stakeholders to manage waste

effectively.

Medium

Enhancing Priority Level of

Waste Management

Elevates the importance of waste man-

agement as a critical component of

project planning and execution.

High

Utilization of Waste for En-

vironmental Protection

Highlights the environmental benefits

of using waste materials in sustainable

applications.

Medium

The tables 2.1, 2.2, 2.4 and 2.5 provide a clear and comprehensive overview of var-

ious research studies focusing on construction and demolition waste management

across different countries and regions. This global perspective is crucial for under-

standing the diverse challenges and approaches to waste management, emphasizing

the need for context-specific strategies to address these challenges effectively.

The literature reviewed highlights the multifaceted challenges of demolition waste
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management across diverse geographical and socio-economic contexts. Key themes

emerge, such as the causes of waste generation, its environmental impacts, regu-

latory shortcomings and the exploration of innovative solutions, all of which un-

derscore the global relevance of sustainable practices. These insights collectively

pave the way for sustainable and context-sensitive practices in demolition waste

management.

2.8 Demolition waste management practices in

Pakistan

Demolition waste management practices in Pakistan are available but remain un-

derdeveloped and are often informal. In general, demolition waste in Pakistan

is managed inefficiently, leading to significant environmental, economic and so-

cial challenges. A major issue in demolition waste management is the widespread

practice of open dumping. Demolition waste, including materials like concrete,

asphalt, bricks and wood, is often disposed of in open landfills or along roadsides,

contributing to environmental pollution, water contamination and urban aesthetic

degradation [141].

Recycling of demolition waste in Pakistan is minimal due to the lack of infras-

tructure and technical expertise. Although materials such as concrete and asphalt

can be recycled for use in road construction and other infrastructure projects,

there are very few facilities capable of processing these materials. Additionally,

the construction industry tends to favor using new, virgin materials over recycled

ones, primarily due to cost concerns and limited awareness about the benefits of

recycling [141].

Waste segregation practices are not widely followed at construction sites. Mate-

rials like metals, concrete and wood are not separated from non-recyclable waste,

leading to valuable materials being mixed with waste that cannot be recycled, thus

hindering the recycling process [142].
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While the Pakistan Environmental Protection Act (PEPA) provides general guide-

lines for environmental protection, there are no specific laws governing the man-

agement of demolition waste. The lack of targeted regulations for demolition waste

segregation, recycling and disposal results in inconsistent practices across differ-

ent construction projects. The key challenges include the lack of formal waste

management systems, limited recycling infrastructure, low public awareness and

financial constraints that prevent construction companies from investing in sus-

tainable waste management practices. However, opportunities exist to improve

demolition waste management through the introduction of specific regulations,

the development of recycling infrastructure and the promotion of public aware-

ness and capacity-building initiatives [143]. Despite these challenges, there are

growing efforts to improve waste management practices in Pakistan, particularly

in the construction and demolition sectors. Several studies and reports have high-

lighted the need for formal systems and improved policies to handle demolition

waste more effectively and sustainably.

2.9 Methodology Selection for data Analysis

Based on a literature review of 83 papers, Figure 2.6 has been established to

illustrate the distribution of various data analysis techniques utilized in the context

of construction and demolition waste management (CDWM). These techniques are

employed to assess different aspects such as decision-making processes, efficiency

and effectiveness of waste management practices. The following techniques have

been observed:

AHP (Analytic Hierarchy Process) and FAHP (Fuzzy AHP)

AHP: A structured technique for organizing and analyzing complex decisions,

grounded in mathematics and psychology. It helps break down a complex problem

into a hierarchy of more manageable sub-problems.

FAHP: Incorporates fuzzy logic into AHP, allowing for the handling of uncertainty

and vagueness in the decision-making process.
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PLS-SEM (Partial Least Squares Structural Equation Modeling)

PLS-SEM: A statistical technique that models complex relationships between

observed and latent variables. It is particularly useful in exploratory research

where the primary objective is to predict key target constructs or identify key

driver constructs.

Application in CDWM: PLS-SEM is the most appropriate technique for as-

sessing correlations among variables due to its ability to handle complex models

with many indicators and its flexibility in working with small to medium sample

sizes. It is highly effective in understanding the structural relationships between

different aspects of waste management practices and outcomes.

ANP (Analytic Network Process)

ANP: A more generalized form of AHP, incorporating interdependencies among

criteria. It is used for decision-making with dependence and feedback.

ANP-SNA (ANP and Social Network Analysis)

ANP-SNA: Combines ANP with Social Network Analysis (SNA) to evaluate

both the interdependencies among decision criteria and the relationships between

actors involved in the decision-making process.

AHP and MAUT (Multi-Attribute Utility Theory)

AHP and MAUT: Leverages the decision hierarchy structure of AHP and the

utility-based evaluation of MAUT to make more comprehensive decisions.

SMPI & AHP (Simplified Multi-Attribute Rating Technique and AHP)

SMPI & AHP: Combines SMPI, which simplifies the multi-attribute decision-

making process, with AHP to benefit from both simplicity and structured decision

analysis.

FAHP & TOPSIS (Technique for Order of Preference by Similarity to

Ideal Solution)

FAHP & TOPSIS: Integrates FAHP with TOPSIS to rank alternatives based on

their closeness to the ideal solution, considering both uncertainty and the relative

importance of criteria.
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VIKOR & AHP: VIKOR is a multi-criteria decision-making method that focuses

on ranking and selecting from a set of alternatives. When combined with AHP, it

helps prioritize alternatives based on a comprehensive analysis.

CE-CDW (Cost-Effectiveness and Construction and Demolition Waste)

CE-CDW: Focuses on evaluating the cost-effectiveness of various CDWM prac-

tices, ensuring that the most economical and efficient methods are identified.following

research Papers has been selected for selection of Methodology [36, 53, 54, 62, 144–

147, 147, 148]

Figure 2.6: Methodology Selection for data Analysis
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This distribution indicates that PLS-SEM is the most extensively used technique,

highlighting its significance and suitability in the field of CDWM. Among these

techniques, PLS-SEM stands out as the most appropriate for assessing correlations

in CDWM due to its robust capability in modeling complex relationships and its

flexibility with data requirements. It helps in identifying and understanding the

underlying factors and their interconnections, which is crucial for effective waste

management strategies.

Researchers have identified several reasons for using Partial Least Squares Struc-

tural Equation Modeling (PLS-SEM), especially when dealing with challenges like

small sample sizes and complex models in predictive modeling [149]. PLS-SEM is

particularly advantageous for handling complex models with multiple constructs

and relationships, allowing researchers to effectively predict and validate outcomes

despite limitations in sample size and model complexity.

A major strength of PLS-SEM is its ability to perform well with small sample

sizes, which are common in business and marketing studies. It also demonstrates

strong predictive capabilities, making it suitable for studies that need to address

model complexity while ensuring accurate predictions. Moreover, researchers are

increasingly adopting PLS-SEM because of its ability to estimate and validate

theoretically grounded models using constructs, its applicability in complex mod-

eling scenarios with limited data and its robust predictive performance [150, 151].

PLS-SEM is recognized as a valuable analytical tool for exploring and understand-

ing constructs and variables in research, presenting new opportunities for scholars

across various fields.

2.10 Previous Studies and Research Gap

The management of construction and demolition waste (CDW) has become an in-

creasingly critical issue as urbanization and infrastructure development continue to

grow globally. Construction and demolition activities generate significant amounts
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of waste, which, if not managed properly, can lead to severe environmental, eco-

nomic and social impacts. Various researchers have developed frameworks to ad-

dress these challenges, focusing on different aspects of CDW management across

diverse contexts. The details of previous studies extracted from the literature

review, along with references, are shown in Table 2.9 below.

Table 2.9: Framework Proposed based on Previous Studies

Description of Studies References Observations

A Sustainable Construction

and Demolition Waste Man-

agement Assessment: The

Case of Malaysia

[118]

Conceptual framework for sus-

tainable construction and demo-

lition wastes by using EAHP for

questionnaire development and

PLS SEM for data Analysis,

framework for this study shown

in below Figure 2.7.

Construction and demolition

waste framework of circular

economy: A mini review.

[26]

Framework developed based on

Categorization of construction

and demolition waste generation,

As shown in below Figure 2.8.

The Effect Of Waste Be-

haviour On Waste Manage-

ment In The UK

[79]

The waste management strat-

egy involves 8 main components,

framework for this study shown

in below Figure 2.9.

A conceptual foundation for

effective construction and de-

molition

[126]

Proposed conceptual framework

for effective management of con-

struction and demolition compo-

nents,As shown in below Figure

2.10

Circular Economy on Con-

struction and Demolition
[152]

Construction and demolition

waste (CDW) flow in Beijing,

framework for this study shown

in below Figure 2.11
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Proposing building informa-

tion modeling-based theoret-

ical framework for construc-

tion and demolition waste

management: strategies and

tools

[153]

Proposed theoretical framework

for BIM-based CDW manage-

ment, As shown in below Figure

2.12

Analysis of factors affecting

construction and demolition

waste safe disposal in Egypt

[154]
Theoretical framework of the

study.

Investigate the dynamics in-

fluencing Sustainable Con-

struction Waste Management

(SCWM)

[151]

Considering Practice and Poli-

cies Improving Waste Manage-

ment, , as shown in below Figure

2.13

Sustainable construction

practices through effective

Waste Management. .

[155]
Considering Impacts of Waste, as

shown in below Figure 2.14.

The management of construction and demolition waste (CDW) has become an in-

creasingly critical issue as urbanization and infrastructure development continue to

grow globally. Construction and demolition activities generate significant amounts

of waste, which, if not managed properly, can lead to severe environmental, eco-

nomic and social impacts. Various researchers have developed frameworks to ad-

dress these challenges, focusing on different aspects of CDW management across

diverse contexts.

2.10.1 Sustainable Construction and DemolitionWaste Man-

agement in Malaysia

In the study ”A Sustainable Construction and Demolition Waste Management

Assessment: The Case of Malaysia,” researchers aimed to develop a sustainable

framework for managing CDW in Malaysia. Malaysia, like many other developing
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countries, faces significant challenges in handling the increasing volume of CDW

due to rapid urbanization and construction activities. This study utilized the

Energy Analysis Hierarchy Process (EAHP) and Partial Least Squares Structural

Equation Modeling (PLS SEM) to create a conceptual framework that could guide

sustainable CDW management practices. The framework, depicted in Figure 2.6

of the study, addresses the need for structured approaches to CDW management,

considering the local context and the sustainability goals of Malaysia.

Figure 2.7: Conceptual framework for sustainable construction and demolition
wastes [118].

2.10.2 Circular Economy in Construction and Demolition

Waste

The mini-review ”Construction and Demolition Waste Framework of Circular

Economy: A Mini Review” focused on applying circular economy principles to

CDW management. The circular economy model emphasizes reducing waste,

reusing materials and recycling resources to minimize the environmental impact
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of construction activities. This study developed a framework based on the cat-

egorization of construction and demolition waste generation, aiming to promote

resource efficiency and sustainability. The framework, illustrated in Figure 2.7,

provides insights into how waste from construction and demolition activities can

be managed within a circular economy context, highlighting best practices and

strategies for waste reduction and resource recovery.

Figure 2.8: Framework for construction and demolition waste generation[26].

2.10.3 Waste Behavior and Management Strategies in the

UK

In ”The Effect of Waste Behavior on Waste Management in the UK,” the re-

searchers explored how waste behavior impacts CDW management strategies. The

UK, with its stringent environmental regulations and commitment to sustainable

development, presents a unique context for studying waste management behaviors.

This study identified eight main components of an effective waste management
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strategy and proposed a framework to address these components, as shown in Fig-

ure 2.8. The framework underscores the importance of understanding behavioral

factors in developing effective CDW management practices, emphasizing the need

for behavioral change initiatives alongside technical and regulatory measures.

Figure 2.9: The waste management strategy involves 8 main components[79].

2.10.4 Effective Management of Construction and Demo-

lition Components

The study ”A Conceptual Foundation for Effective Construction and Demolition”

proposed a conceptual framework for managing construction and demolition com-

ponents effectively. This framework, depicted in Figure 2.9, aims to enhance the

efficiency and sustainability of CDW management practices. By focusing on the

specific components of CDW, the study provides a detailed approach to manag-

ing the various materials and waste products generated during construction and

demolition activities, promoting best practices for waste reduction, reuse and re-

cycling.
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Figure 2.10: Conceptual framework for effective management of construction
and demolition waste[126].

2.10.5 Circular Economy in Beijing’s Construction and De-

molition Waste

The research ”Circular Economy on Construction and Demolition” examined the

flow of CDW within the context of a circular economy in Beijing. Beijing, as a

rapidly developing urban center, faces significant challenges in managing its CDW.

The study presented a dynamic framework for managing urban CDW, as shown in

Figure 2.10, highlighting the need for adaptable frameworks that can respond to

the unique challenges of urban settings. The framework emphasizes the importance

of integrating circular economy principles into urban waste management strategies

to promote resource efficiency and sustainability.
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Figure 2.11: Construction and demolition waste flow in Beijing[152].

2.10.6 BIM-Based Theoretical Framework for CDW Man-

agement

In ”Proposing Building Information Modeling-Based Theoretical Framework for

Construction and Demolition Waste Management: Strategies and Tools,” the re-

searchers introduced a theoretical framework for integrating Building Information

Modeling (BIM) into CDW management strategies. BIM technology offers signifi-

cant potential for improving CDW management by providing detailed information

on construction processes and materials. The proposed framework, illustrated in

Figure 2.11, outlines various strategies and tools for enhancing CDW management

through BIM, promoting more efficient and effective waste management practices.
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Figure 2.12: Theoretical framework for BIM-based C&DW Management[153].

2.10.7 Safe Disposal of Construction and DemolitionWaste

in Egypt

The study ”Analysis of Factors Affecting Construction and Demolition Waste

Safe Disposal in Egypt” analyzed the factors affecting the safe disposal of CDW

in Egypt. Egypt, with its growing construction sector, faces challenges in en-

suring the safe and sustainable disposal of CDW. The study provided a theoret-

ical framework for addressing these challenges, considering various factors such

as regulatory environments, technical limitations and economic constraints. The

framework aims to improve safe disposal practices and promote sustainable CDW

management in Egypt.
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2.10.8 Policies playing a key role in improving Waste Man-

agement

This study identified and quantified the relationships between various factors,

including construction waste generation drivers and improvement strategies, and

how these elements directly influence the overall effectiveness of waste management

systems. One of the key findings of the research was the pivotal role that policy

and regulatory frameworks play in enhancing SCWM outcomes. Specifically, the

study emphasized that well-formulated and strictly enforced policies not only help

reduce waste at the source but also encourage the adoption of sustainable prac-

tices across the construction sector. Moreover, the framework provided empirical

evidence that improvement measures—such as training, stakeholder engagement,

and technological innovation—can significantly bolster the performance of SCWM

initiatives. By applying a robust statistical model, the study offered valuable in-

sights for decision-makers, highlighting the need for integrated approaches that

combine technical, managerial, and regulatory components to achieve sustainable

outcomes in construction waste management, particularly in developing countries.

Figure 2.13: Practice and Policies Improving Waste Management[151]



Literature Review 109

2.10.9 Sustainable construction practices through effective

Waste Management

A conceptual framework to examine how environmental, social, and economic

sustainability dimensions contribute to enhancing sustainable construction prac-

tices through effective Construction Waste Management (CWM). Utilizing Partial

Least Squares Structural Equation Modeling (PLS-SEM), the study empirically

validated the relationships between these sustainability factors and their influence

on construction outcomes. The findings revealed that CWM serves as a criti-

cal intermediary that bridges sustainability principles with practical construction

processes, thereby reinforcing the integration of sustainable practices within the

industry. Specifically, the research demonstrated that environmentally conscious

waste management practices, socially responsible project execution, and econom-

ically efficient resource use collectively strengthen the foundation for sustainable

construction. By positioning CWM as a pivotal mechanism, the study underscores

its strategic importance in achieving long-term sustainability goals in construction

projects.

Figure 2.14: Sustainable construction Waste Management[155]
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2.10.10 Research Gap

The research gap in road demolition waste management, particularly in developing

countries like Pakistan, is marked by several key deficiencies. First, there is no

integrated framework that addresses the entire life cycle of road demolition waste

management. Existing studies focus on isolated issues like waste generation, en-

vironmental impacts and recycling, but fail to present a unified approach. A lack

of detailed data on road-specific demolition waste also hinders the development

of targeted management strategies. Moreover, limited research on recycling tech-

nologies for road materials such as asphalt and concrete in Pakistan restricts the

adoption of sustainable practices. As noted by [156] understanding the composi-

tion and volume of road demolition waste is crucial for effective policy formulation

and recycling strategies. Without this data, it is difficult to create reliable bench-

marks or adopt best practices from more advanced systems.

Additionally, there is a lack of specific policies for managing road demolition waste,

with weak enforcement of existing regulations further complicating waste manage-

ment efforts. The environmental impacts of road demolition waste on soil, water

and air quality have been insufficiently studied and the advantages of recycling

versus disposal have not been fully explored. This gap has significant implications

for policymakers and practitioners, as they lack clear, actionable guidelines. Lo-

calized case studies tailored to Pakistan’s unique challenges, such as urban density

and infrastructure limitations, are also scarce. These gaps in research, as high-

lighted by [143, 157]prevent the development of effective, context-specific solutions

for sustainable waste management in road construction. Addressing these gaps is

essential to improving waste management practices in Pakistan and aligning them

with global sustainability standards.

To address this research gap, a new framework is necessary. This framework should

integrate the causes, impacts, challenges and solutions specific to road demolition

waste. It would provide a holistic approach to assessing and managing road de-

molition waste, ensuring that all contributing factors and potential interventions

are thoroughly considered. This targeted framework would support policymakers
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and practitioners in developing more effective waste management strategies and

promote the broader goals of sustainability in the construction industry.

2.11 Summary of the Chapter

Chapter 2 provides a comprehensive analysis of demolition waste in road projects,

identifying its causes, impacts and challenges and reviewing existing frameworks

for waste management. The chapter highlights the need for a holistic approach to

managing demolition waste, revealing that previous studies have largely focused

on isolated aspects, such as waste generation causes, environmental impacts and

waste management challenges. While these studies offer valuable insights, they

fail to integrate these elements into a unified, life-cycle-based strategy.

The main findings emphasize that demolition waste is generated across various

stages of road projects and has significant environmental, social and economic im-

pacts, such as pollution, resource depletion and public health issues. However,

the existing research lacks a comprehensive framework that addresses these issues

across the entire life cycle of road projects. The chapter also identifies key chal-

lenges in waste management, such as inadequate awareness, insufficient training

and weak regulatory frameworks, which hinder effective waste management prac-

tices.

A critical research gap highlighted in the chapter is the absence of a tailored

framework for managing road demolition waste. Most studies focus on building

demolition waste, leaving road demolition waste underexplored. Additionally, ex-

isting frameworks are often narrow in scope, addressing individual components

without considering the interconnected nature of the waste management process.

This gap underscores the need for a comprehensive, life-cycle-oriented framework

that can manage waste generation, recycling and disposal in road projects.

In conclusion, Chapter 2 underscores the need for a holistic, integrated framework

for demolition waste management in road projects. It highlights the gaps in cur-

rent research, particularly in relation to road demolition waste and stresses the

importance of a comprehensive approach to address the challenges and impacts
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across the entire life cycle of road projects. These findings align with the study’s

objectives, which aim to propose a unified framework that addresses all aspects of

demolition waste management.



Chapter 3

Research Design and

Methodology

3.1 Background

The comprehensive literature review conducted in the previous chapter under-

scored the importance of adopting demolition waste management as an alterna-

tive to conventional demolition practices. It highlighted significant issues such

as the causes and impacts of demolition waste, the challenges associated with its

management and potential solutions. Despite these insights, the review identified

a notable knowledge gap in developing structured methodologies and frameworks

to guide stakeholders in the End-of-Life (EoL) decision-making process for road

construction and demolition. This chapter aims to address this gap by introduc-

ing and elaborating on the methodological approach and methods employed in

the study. The rationale for selecting specific strategies and designs for this study

is provided, ensuring they align with the research objectives and questions. The

chapter then delves into the methods and processes of data collection, detailing

techniques such as focus group discussions for questionnaire development and pilot

studies. For data analysis, PLS-SEM (Partial Least Squares Structural Equation

Modeling) is employed. Ethical considerations are also addressed, emphasizing the

113
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importance of maintaining standards such as obtaining informed consent, ensuring

confidentiality and anonymity, avoiding conflicts of interest. These ethical consid-

erations are paramount to maintaining the integrity and credibility of the research

process. In conclusion, this chapter provides a comprehensive overview of the

methodological approach and methods used in the study, setting the foundation

for the subsequent chapters that present and analyze the research findings.

3.2 Research Design Flow Chart

This research employed to develop a framework for the environmental manage-

ment for the demolition of roads. The primary data collection was meticulously

validated and further analyzed to ensure accuracy and quality. The process in-

cluded a series of steps such as focused group discussions and pilot studies to

create a robust database for the framework. Through these methods, any errors

in the data were identified and corrected, ensuring the reliability and validity of

the results. This comprehensive approach ensured that the developed framework

was grounded in accurate and high-quality data, enhancing its applicability and

effectiveness in real-world scenarios. The study utilized a questionnaire as the

primary tool to measure its variables. The validation of this survey instrument

was conducted in two distinct stages. In the first phase, the face and content va-

lidity of the survey were assessed by experts in the field. These experts reviewed

the survey to ensure that it effectively captured the intended variables and con-

tent areas, ensuring that the questions were clear, relevant and comprehensive.

In the second phase, a pilot study was conducted to evaluate the instrument’s

reliability before deploying it in the main study. Pilot study aimed to test the

survey’s effectiveness and consistency in measuring the variables of interest. This

step was crucial for identifying any potential issues or areas for improvement in

the survey instrument, ensuring its robustness and reliability before it was used in

the larger study. This two-tier validation process ensured that the survey instru-

ment was both reliable and valid, providing a strong foundation for the research

findings. This step helped identify any potential issues or improvements needed in
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the survey instrument before proceeding with the main study [127, 155].Figure 3.1.

Figure 3.1: Research Flow chart
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3.2.1 Source of Data

The source of data refers to the origin or location from which information is ob-

tained for research, analysis, or study purposes. In the context of demolition waste

management for road projects in Pakistan, sources of data can be categorized into

two main types:

3.2.1.1 Primary Source of Data

Primary sources of data refer to information that is collected firsthand by the

researcher or data collector for a specific purpose or study. In the context of

demolition waste management related to the road projects in Pakistan, primary

sources of data can include:

Administered to construction companies, contractors, government agencies and

local communities to gather quantitative data on waste generation rates, manage-

ment practices and challenges faced.

Direct observations made at demolition sites to gather data on types and quantities

of waste generated, methods of handling and disposal, compliance with regulations

and environmental impacts.

These primary sources are crucial for obtaining specific, firsthand information that

can inform empirical studies, theoretical frameworks and practical interventions

aimed at improving waste management practices in construction projects in Pak-

istan.

3.2.1.2 Secondary Source of Data

Secondary sources of data for demolition waste management related to road projects

in Pakistan encompass existing information and research collected by others, which

researchers can utilize for analysis and study purposes. These sources include, re-

search articles etc.
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Published by agencies such as the Ministry of Climate Change, Environmental

Protection Agencies and municipal authorities, providing data on policies, regula-

tions and statistics related to waste management in Pakistan.

Research articles, theses, dissertations and academic journals from Pakistani uni-

versities and research institutions offering theoretical insights, case studies and

empirical data on construction and environmental management practices.

Reports from construction industry associations, consulting firms and non-governmental

organizations (NGOs) detailing trends, technologies and best practices in demoli-

tion waste management specific to Pakistan.

Accessible repositories, environmental portals and international organizations’ web-

sites housing data sets, research papers and reports relevant to demolition waste

management and sustainable construction practices in Pakistan.

3.3 Research Design

This study adopts a mixed methods research design, combining qualitative and

quantitative approaches to comprehensively explore demolition waste (DW) man-

agement in road construction and maintenance projects. The research follows a

structured Methodological Framework, which includes multiple stages such as a

thorough literature review, primary document review and expert insights through

the focus group discussion and pilot study. These stages help identify gaps, refine

research questions and define the scope of the study. The data collection pro-

cess involves various methods such as surveys, focus group discussions and field

observations. These methods gather both qualitative and quantitative data from

stakeholders in the road construction sector, including project managers, engineers

and waste management professionals. A pilot study is conducted to validate the

data, ensuring its reliability and consistency. The research also includes the devel-

opment of a questionnaire that used to collect broader quantitative data to refine

the Demolition Waste Management Framework. Data analysis is performed using



Research Design and Methodology 118

PLS-SEM (Partial Least Squares Structural Equation Modeling), which is ideal

for testing complex relationships between variables. This approach allows for a

detailed examination of the factors influencing DW generation and management

practices. The combination of qualitative and quantitative data provides a robust

understanding of the challenges and opportunities in DW management, offering

actionable insights that can improve practices in road construction projects.

3.3.1 Focus Group Discussions

Designing a focus group requires meticulous planning and execution to ensure that

the discussion meets its objectives effectively. Focus group discussions (FGDs) are

a valuable method used by researchers to develop and refine questionnaires for

their studies.

Firstly, FGDs provide researchers with an opportunity to engage participants in

discussions about draft questionnaire items. This interaction helps researchers un-

derstand how potential respondents interpret and react to the questions. Through

these discussions, researchers can identify any ambiguities, cultural sensitivities,

or language nuances that might affect the clarity and validity of the survey instru-

ment. By addressing these issues early on, researchers can refine the wording and

structure of the questions to ensure they are easily understood and relevant to the

intended audience.

Secondly, FGDs serve as a crucial step in testing the validity and comprehensive-

ness of the questionnaire. Participants’ feedback during these discussions helps

assess whether the questions adequately cover all relevant aspects of the research

topic. It also ensures that the questions resonate with the experiences and perspec-

tives of the target population. Through iterative discussions and revisions based

on FGD insights, researchers can develop a robust questionnaire that enhances the

quality and effectiveness of data collection in their study.

Selecting the right participants for an FGD is pivotal for extracting valuable in-

sights that are aligned with the research objectives. Initially, researchers define
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the target audience by considering demographic characteristics such as age, gender

and geographic location. This step ensures that the participants are relevant to

the study’s goals and can provide meaningful contributions based on their unique

perspectives and experiences. Employing a suitable sampling strategy, whether

purposive (selecting participants based on specific criteria) or convenience-based

(choosing participants who are readily available), helps streamline the selection

process. Factors such as accessibility to the target population and the diversity

required to capture a range of perspectives are carefully considered in this process.

Table 3.1, which summarizes the participants of the focus group discussion, pro-

vides a clear overview of the demographic breakdown and selection criteria. This

table highlights the efforts taken to ensure a representative and balanced group,

reinforcing the credibility and comprehensiveness of the research findings. It serves

as a reference for understanding the composition of the discussion group and the

rationale behind participant selection, thereby enhancing the reliability of the in-

sights gained from the study.

Table 3.1: Participants of Focus Group Discussions

Designation Qualification
Experience

(Years)
Organization

Director General MS-Civil Eng. 25 Client

Director BSc-Civil Eng. 23 Client

Director BSc-Civil Eng. 22 Client

Deputy Director BSc-Civil Eng. 20 Client

Deputy Director MS-Civil Eng. 20 Client

Material Engineer MS-Civil Eng. 23 Consultant

Project Manager MS-Civil Eng. 25 Consultant

Construction Manager MS-Civil Eng. 22 Consultant

Project Manager BSc-Civil Eng. 22 Consultant

Owner/C.E.O BSc-Civil Eng. 25 Contractor

Owner/C.E.O BSc-Civil Eng. 23 Contractor

Owner/C.E.O BSc-Civil Eng. 20 Contractor
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The Focused Group Discussion (FGD) comprised participants representing a well-

balanced distribution of organizational roles within the road construction sector,

including clients (e.g., public infrastructure authorities), consultants (e.g., design

and planning firms) and contractors (e.g., construction and execution entities).

This classification ensured that insights were captured from all phases of the

project lifecycle—ranging from initial planning and design to execution and post-

construction operations. Each participant brought over 20 years of professional

experience specifically related to road infrastructure projects.

Their areas of expertise encompassed project management, materials engineer-

ing and strategic leadership, contributing both technical knowledge and high-level

decision-making perspectives. Notably, all participants had direct, hands-on expe-

rience with demolition waste management and roadwork implementation, which

added practical depth to the discussions. The diversity in organizational back-

grounds, combined with substantial field experience, enabled a comprehensive and

contextually grounded exploration of the challenges, practices and potential im-

provements in demolition waste management within road construction projects.

3.4 Questionnaire development

Based on the literature review, 107 factors have been selected and a questionnaire

has been developed following the initial meeting with Focus Group Discussion

(FGD) participants, where their details and experience were elaborated in previous

tables. The development of this questionnaire is now being presented to the group

again for the FGD.

This iterative process ensures that the questionnaire aligns closely with the insights

and expertise shared by the FGD participants. By incorporating their detailed

experiences and perspectives into the questionnaire design, the research aims to

gather comprehensive and relevant data on demolition waste management in road

networks. The FGD participants, selected for their expertise and relevance to the

research topic, further refine and validate the questionnaire through structured
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discussions and feedback sessions. This collaborative approach enhances the ques-

tionnaire’s validity and ensures that it effectively captures the diverse viewpoints

and practical insights essential for the study.

Following a comprehensive literature review, variables were identified for further

exploration and discussion using the Focus Group Discussions (FGDs), aims to

achieve consensus among experts through iterative feedback rounds. Initially se-

lected based on their significant citation in literature from 2014 to 2024, these

variables underwent detailed examination through FGDs process.

Figure 3.2: Categorization Mechanism for Demolition Waste Management
(Accepted Frame work)
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A detailed literature review identified 107 factors, which were then shared with

field experts during the first round of group discussions. After thorough discussion

six factors were removed because they overlapped or required similar actions so

they were merged with other related factors. This reduced the total number of

factors to 101. In the second round of discussions, the revised questionnaire was

reviewed again by the same field experts and three more factors were again merged

with other related factors. As a result 98 factors were finalized, these factors were

selected for the pilot study to refine the questionnaire further and validate the

relevant factors.

Based on the results of two rounds of focus group discussions, the Categorization

Mechanism for Demolition Waste Management has been established, as shown in

Figure 3.2. This accepted framework reflects the finalized categorization and the

corresponding number of variables within each column of the framework.

3.4.1 Pilot Study

Before acquiring data from the field for the study on demolition waste management

in road networks, conducting a pilot study is crucial. This pilot test involves

gathering feedback from a small sample of respondents to identify any ambiguities,

comprehension issues, or missing topics in the questionnaire. The primary goal is

to refine research instruments, procedures and protocols to ensure their validity

and reliability before scaling up to the main study.

Pilot studies serve several essential purposes. They provide an opportunity to

assess the clarity and relevance of questions posed to respondents. Feedback from

the pilot study helps researchers understand how well participants comprehend

the questions and whether there are any misunderstandings or uncertainties that

need clarification. This iterative process allows for adjustments to be made to the

questionnaire, ensuring that it effectively captures the data necessary to inform

sustainable waste management practices and policy decisions related to demolition

waste in road networks.
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Moreover, pilot studies help researchers optimize the study design. By testing the

questionnaire with a smaller group, researchers can identify potential logistical

challenges or methodological issues that may arise during data collection. Ad-

dressing these challenges early on improves the overall quality and effectiveness of

the main study by refining data collection procedures and ensuring that all aspects

of the research are well-planned and executed.

Conducting a pilot study before finalizing the questionnaire ensures that the re-

search instruments are well-designed and suitable for the specific context of demo-

lition waste management in road networks. This approach not only enhances the

validity and reliability of the study but also maximizes the potential for collect-

ing comprehensive and insightful data that can drive meaningful improvements in

sustainable waste management practices and policy decisions.

The Pilot Study engaged a targeted group of 22 professionals, purposefully selected

for their extensive experience and relevance to road construction and demolition

waste management. Participants were drawn from key organizational categories

within the sector, comprising 8 individuals from client organizations (such as gov-

ernment infrastructure departments), 7 from consultancy firms (involved in tech-

nical assessments and design) and 7 from contracting companies (responsible for

on-site execution of roadworks). This distribution ensured a comprehensive rep-

resentation of the project lifecycle—from planning and design to implementation

and operational stages.

All participants had more than 20 years of experience in road-related civil en-

gineering, with professional backgrounds spanning project supervision, materials

selection and construction management. Their practical knowledge of demolition

waste handling and roadwork implementation offered valuable, context-specific

feedback during the pilot phase. The combination of diverse institutional affili-

ations and seasoned expertise enabled effective refinement of the data collection

instruments, ensuring they were clear, contextually appropriate and aligned with

the research objectives related to demolition waste management in road infras-

tructure projects. In pilot study, 3 factors were eliminated, 95 out of 98 has been
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selected for final survey. Table 3.2 shows the details of the participants involved

in the Pilot Study.

Table 3.2: Participants of Pilot Study

Designation Qualification
Experience

(Years)
Organization

Deputy Director PhD Civil Eng 26 Client

Director BSc-Civil Eng. 21 Client

Director BSc-Civil Eng. 20 Client

Executive Engineer BSc-Civil Eng. 21 Client

Superintendent Engi-

neer
MS-Civil Eng. 25 Client

Assistant Director BSc-Civil Eng. 20 Client

Executive Engineer PhD Civil Eng 24 Client

Chief Eng PhD Civil Eng 27 Client

Material Engineer MS-Civil Eng. 20 Consultant

Material Engineer MS-Civil Eng. 20 Consultant

Construction Manager BSc-Civil Eng. 25 Consultant

Project Manager MS-Civil Eng. 25 Consultant

Material Engineer MS-Civil Eng. 22 Consultant

Material Engineer MS-Civil Eng. 23 Consultant

Construction Manager BSc-Civil Eng. 22 Consultant

Owner/C.E.O DAE 22 Contractor

Owner/C.E.O BSc-Civil Eng. 25 Contractor

Owner/C.E.O BSc-Civil Eng. 23 Contractor

Owner/C.E.O BSc-Civil Eng. 25 Contractor

Owner/C.E.O DAE 22 Contractor

Owner/C.E.O BSc-Civil Eng. 25 Contractor

Owner/C.E.O DAE 24 Contractor

This approach provides transparency and clarity regarding the factors under inves-

tigation and their categorization within the broader research context. The rigorous
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coding system and framework enable researchers to capture detailed insights into

demolition waste management practices in road networks. This thorough method-

ology enhances the interpretation of collected data and supports evidence-based

decision-making and policy formulation aimed at promoting sustainability in in-

frastructure development.

The structured design of the questionnaire and its systematic implementation pro-

vide a robust foundation for generating actionable insights and advancing knowl-

edge in environmental management and sustainable development. The compre-

hensive data gathered through this approach is instrumental in informing effective

strategies for managing demolition waste and improving environmental steward-

ship in road construction projects. Table 3.3 outlines the coding guidelines used

for the questionnaire.

Table 3.3: Coding adopted

Factors Code

Causes of demolition waste generation CW

Causes of demolition waste generation at planning stage CW-PN

Causes of demolition waste generation at execution stage CW-EX

Causes of demolition waste generation at monitoring control stage CW-MC

Demolition waste impacts WI

Demolition waste impacts on Environment WI-EN

Demolition waste impacts on Social WI-SO

Demolition waste impacts on Economic WI-EC

Demolition waste Management challenges WC

Demolition waste Management challenges for Waste Handling WC-WH

Demolition waste Management challenges for Awareness Training WC-AT

Demolition waste Management challenges for Policy Legislation WC-PL

Solutions of Demolition Waste Management- Administrative SD-AS

Solutions of Demolition Waste Management- Technical SD-TS

The survey questionnaire for the study on demolition waste management in road
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networks includes a detailed structure with four sections, as illustrated in Figure

3.2 and elaborated in the accompanying tables. Each variable is assigned a specific

code within this framework.

A 5-point Likert scale was used to measure the perceived impact of various factors.

This scale ranges from ”1-Very Low Impact” to ”5-Very High Impact,” allowing

respondents to assess and quantify the influence of each factor[158]. Here’s how

the scale works:

� 1 (Very Low Impact): Indicates minimal influence.

� 2 (Low Impact): Suggests a low level of impact.

� 3 (Moderate Impact): Denotes a moderate level of impact.

� 4 (High Impact): Signifies a high level of impact.

� 5 (Very High Impact): Represents the highest level of impact.

This structured approach allows respondents to differentiate between levels of

influence accurately, providing a clear understanding of the relative importance

of each factor based on their perceptions. The use of this scale enables nuanced

responses and supports a more detailed analysis of the data.

The variables, along with their codes, are detailed in the Appendix A, which offer

a comprehensive overview of the factors under investigation and their categoriza-

tion within the research framework. This organization facilitates consistency in

data collection and aids in rigorous analysis, supporting the study’s objectives in

understanding and improving demolition waste management in road networks.

3.5 Final Questionnaire

Developing a final comprehensive questionnaire is a methodical process crucial for

effectively achieving research objectives. This process begins by clearly defining
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the study’s goals and objectives, guiding the selection of relevant variables and the

drafting of unbiased questions. Each question must be clear, concise and logically

organized to ensure it aligns with the research focus and is easily understood

by respondents. Providing appropriate response options, such as Likert scales or

multiple-choice formats, enhances the questionnaire’s reliability and validity.

After drafting, the questionnaire undergoes pretesting and revisions based on feed-

back to ensure clarity and relevance. It’s important that participants in previous

research stages, such as FGDs Rounds 1 & 2 and the pilot study, are distinct

from those who receive the final questionnaire. This approach minimizes bias and

ensures diverse perspectives contribute to the study’s findings.

Once finalized, the questionnaire is distributed to the target sample. Responses are

collected and meticulously analyzed to derive meaningful insights. Data analysis

techniques vary depending on the nature of the responses, ranging from qualitative

thematic analysis to quantitative statistical methods. The findings are then in-

terpreted in relation to the research goals, providing valuable insights that inform

decision-making, policy development, or further research directions.

For this study on demolition waste management in road networks, the final ques-

tionnaire was developed through an integrated approach involving FGDs Rounds

1 & 2 and a pilot study. The questionnaire is divided into two sections: the first

section contains 7 questions designed to profile the respondents, gathering demo-

graphic information and relevant experience. The second section includes 95 fac-

tors related to causes of demolition waste, impacts of demolition waste, challenges

of demolition waste management and potential solutions. The final questionnaire

is shown at Appendix A.This rigorous process ensures that the questionnaire is

robust, relevant and capable of generating comprehensive data essential for advanc-

ing knowledge and addressing practical challenges in environmental management

and sustainability.

Based on insights gained from the literature review, focus group discussions and

the pilot study, Figure 3.3, a conceptual framework has been developed to illustrate

the interrelationships among key latent variables in demolition waste management.
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Figure 3.3: Conceptual Framework for Research Study
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The framework visually presents how the causes of demolition waste generation

influence the overall process, highlighting the resulting environmental and socio-

economic impacts. It also identifies the major challenges encountered in managing

demolition waste effectively, such as regulatory gaps, lack of awareness, and in-

adequate infrastructure, solutions related to demolition waste practices, including

policy reforms, capacity building, technological integration and sustainable reuse

strategies. This conceptual framework serves as a foundation for further analy-

sis and supports the development of targeted interventions in the context of road

construction projects.

3.6 Data Collection and Sampling Techniques

Data collection based on questionnaires is a fundamental aspect of research across

various disciplines, including demolition waste management. The process begins

with designing a questionnaire that aligns with the research objectives, ensuring

clarity of questions and relevance to the study’s focus. Researchers have the flexi-

bility to choose between different administration methods, such as online surveys,

paper-based questionnaires, depending on the target population and logistical con-

siderations. Administering the questionnaire involves distributing it to a selected

sample of participants who meet specific criteria, often identified through purpo-

sive sampling methods. Clear instructions accompany the questionnaire to ensure

participants understand how to complete it accurately. This step is crucial for

minimizing response errors and ensuring consistency in data collection. Whether

responses are quantitative (e.g., Likert scales, multiple-choice) or qualitative (e.g.,

open-ended responses), researchers strive to capture comprehensive data that pro-

vides insights into participants’ attitudes, behaviors, opinions and perceptions

related to demolition waste management.

The insights derived from questionnaire-based data collection are invaluable for

informing research outcomes and supporting evidence-based decision-making in

demolition waste management and related fields. By systematically gathering

and analyzing data, researchers can uncover actionable findings that contribute
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to advancing sustainable practices, optimizing waste management strategies and

addressing environmental challenges effectively. Ultimately, questionnaire-based

data collection serves as a powerful tool for generating knowledge, shaping poli-

cies and driving positive change in infrastructure development and environmental

management contexts.

Sampling techniques are methods used to select a subset of individuals or obser-

vations from a larger population to make inferences about that population. Here

are the main types of sampling techniques:

3.6.1 Probability Sampling

In probability sampling, every member of the population has a known, non-zero

chance of being selected. This type of sampling is often considered more reliable

and objective.

3.6.1.1 Simple Random Sampling

Every member of the population has an equal chance of being selected. This can

be done using random number tables or computer algorithms[159].

3.6.1.2 Systematic Sampling

A starting point is chosen at random and then every nth member of the population

is selected. This method is simpler than simple random sampling but can introduce

bias if there is a pattern in the population[160].

3.6.1.3 Stratified Sampling

The population is divided into subgroups (strata) based on a characteristic and

random samples are taken from each stratum. This ensures representation from

each subgroup[161].
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3.6.1.4 Cluster Sampling

The population is divided into clusters (usually based on geography or other nat-

ural groupings) and a random sample of clusters is selected. All members of the

chosen clusters are included in the sample. This is useful when the population is

large and spread out[162].

3.6.1.5 Multistage Sampling

A combination of different sampling methods, often involving selecting clusters

and then performing random or systematic sampling within those clusters[163].

3.6.2 Non-Probability Sampling

In non-probability sampling, not every member of the population has a chance

of being selected. This can be useful in exploratory research or when probability

sampling is not feasible, but it may introduce bias.

3.6.2.1 Convenience Sampling

Samples are taken from a group that is conveniently accessible. This method is

quick and easy but may not represent the population well[164].

3.6.2.2 Judgmental or Purposive Sampling

The researcher uses their judgment to select participants who are believed to be

representative of the population. This can introduce researcher bias[165].

3.6.2.3 Snowball Sampling

Existing study subjects recruit future subjects from among their acquaintances.

This is often used in studies involving hard-to-reach populations[163].
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3.6.2.4 Quota Sampling

The population is segmented into mutually exclusive subgroups and samples are

taken from each subgroup to meet a predefined quota. This method ensures rep-

resentation of certain characteristics but may not be random[166].

3.6.2.5 Self-Selection Sampling

Individuals volunteer to participate in the study. This is common in online surveys

and can introduce volunteer bias.

3.6.2.6 Choosing the Right Sampling Technique

The choice of sampling technique depends on the research objectives, the nature of

the population, available resources and the desired level of accuracy and reliability.

Probability sampling methods are generally preferred for their ability to provide

more generalizable and unbiased results, while non-probability methods can be

useful in exploratory research or when constraints prevent the use of probability

sampling.

3.6.3 Judgmental or Purposive Sampling

Purposive sampling is a deliberate and systematic approach used in qualitative and

quantitative research to select participants who possess specific characteristics or

qualities deemed essential for the study’s objectives. Unlike random sampling

methods that aim for representativeness across a population, purposive sampling

focuses on identifying individuals or groups with particular expertise, experiences,

or attributes that align closely with the research focus[167].

This method is particularly advantageous in fields like demolition waste manage-

ment, where insights from knowledgeable stakeholders can provide deep under-

standing and practical solutions to complex issues.
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In the context of demolition waste management research, researchers may em-

ploy purposive sampling to target participants such as demolition contractors,

waste management experts, environmental consultants, policymakers and other

key stakeholders directly involved in decision-making or operational aspects of de-

molition projects. These participants are selected based on criteria such as their

professional roles, years of experience in the industry, specific expertise in waste

reduction strategies, or their involvement in regulatory compliance related to en-

vironmental standards. By focusing on these criteria, researchers can ensure that

the data collected is relevant, comprehensive and reflective of real-world practices

and challenges. One sub-type of purposive sampling is expert sampling, which

specifically targets individuals recognized for their authoritative knowledge and

contributions within their field of expertise. For instance, in demolition waste

management, experts could include researchers renowned for their publications on

sustainable construction practices, engineers specializing in waste disposal tech-

nologies, or policymakers involved in shaping environmental policies.

Engaging these experts ensures that the study benefits from their profound in-

sights, innovative approaches and informed perspectives, which can significantly

enrich the research findings and contribute to advancing the field. When imple-

menting purposive sampling, researchers must maintain transparency and rigor

throughout the participant selection process. This involves clearly documenting

the criteria used to identify and recruit participants, as well as justifying how

these criteria align with the study’s objectives. Additionally, researchers should

strive to achieve diversity within the selected sample to capture a broad spectrum

of viewpoints and experiences while maintaining focus on the specific expertise or

attributes deemed critical to addressing the research questions effectively. By ad-

hering to these practices, researchers can leverage purposive sampling to generate

nuanced insights, inform evidence-based practices and drive meaningful advance-

ments in demolition waste management and sustainability initiatives. Identify

Criteria: Determine the criteria that are relevant to research objectives. These

criteria could include factors such as the type of demolition project (e.g., resi-

dential, commercial, industrial), geographic location, size of the demolition site,
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or specific stakeholders involved in waste management (e.g., demolition contrac-

tors, waste management companies, policymakers). Select Participants: Use these

criteria to purposively select participants who meet the criteria and are likely

to provide valuable insights into the research topic. For example, select demoli-

tion contractors with extensive experience in handling demolition waste or waste

management experts who specialize in demolition waste management and waste

reduction strategies.

Purposive sampling was employed in this study to intentionally select participants

who possess specific knowledge, experience, or involvement in demolition waste

management within road construction projects. This sampling technique allowed

the researcher to focus on individuals—such as contractors, engineers, waste man-

agement professionals, and government officials—who were most likely to provide

relevant and insightful information aligned with the research objectives. The tar-

geted nature of purposive sampling ensured the inclusion of diverse yet informed

perspectives, contributing to a deeper understanding of the causes, challenges,

impacts, and solutions related to demolition waste. This method was particu-

larly suitable for addressing complex, real-world issues where generalization is less

important than obtaining detailed, context-rich data.

3.7 Partial Least Squares Structural Equation

Modeling (PLS-SEM)

Partial Least Squares Structural Equation Modeling (PLS-SEM) has been utilized

in managing construction and demolition waste[118]. PLS-SEM is a statistical

method used to analyze complex relationships in data with high collinearity and

limited sample sizes. It combines Structural Equation Modeling (SEM) and Par-

tial Least Squares (PLS) regression, making it advantageous for datasets with

many variables and small sample sizes. PLS-SEM can analyze multiple dependent

variables and evaluate both direct and indirect effects among latent (unobserved)

variables.
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Partial Least Squares Structural Equation Modeling (PLS-SEM) is widely used

across disciplines like social sciences, business and economics to uncover rela-

tionships between latent variables, providing insights into complex data despite

challenges like small sample sizes or collinearity among variables.

Researchers emphasize several reasons for choosing PLS-SEM, especially when

dealing with limited sample sizes and complex predictive models [149]. PLS-SEM

excels in managing intricate models with multiple constructs and relationships,

allowing for effective prediction validation within constraints of sample size and

model complexity.

Figure 3.4: PLS-SEM Steps

One of PLS-SEM’s strengths is its ability to perform well with small sample sizes,
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common in business and marketing studies. It also offers strong predictive ca-

pabilities, making it suitable for studies that demand accurate predictions amidst

model complexity. Researchers are increasingly adopting PLS-SEM for its capacity

to validate theoretically grounded models using constructs, its applicability in com-

plex modeling scenarios with limited data and its robust predictive performance

[150, 151]. PLS-SEM is highly valued for exploring and understanding variables

and constructs in research, providing new opportunities for scholars across diverse

fields,Figure 3.4. [168].

The development of four distinct models, aims to explore the various factors in-

fluencing demolition waste management. These models were constructed using

comprehensive data collected from the literature, as well as insights gained from

focus group discussions and a pilot study. The models incorporate variables that

reflect critical elements essential for understanding the causes, impacts, challenges

and solutions associated with demolition waste management. The primary ob-

jective of these models is to investigate the relationships between the causes of

demolition waste generation, its impacts, the challenges waste management and

solutions for improving waste management practices. Each model is designed

to capture a specific aspect of demolition waste management, offering a detailed

framework for addressing the underlying issues.

Table 3.4: Detail of Variables with respect to Models

Sr. No. Variables

Model 1
Causes of demolition waste generation, Impact of demolition waste

Challenges of demolition waste management.

Model 2
Causes of demolition waste generation, Challenges of demolition

waste management Solutions of demolition waste management.

Model 3
Causes of demolition waste generation, Impact of demolition waste

Solutions of demolition waste management.

Model 4

Causes of demolition waste generation, Impact of demolition waste,

Challenges of demolition waste management Solutions of demolition

waste management.
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Based upon the collected data following four (4) Models has been developed and

tested on Smart PLS-SEM, detail of each model along with variables has been

shown in table 3.4.

3.7.1 Statistical Analysis (PLS-SEM)

Data analysis using SmartPLS for Structural Equation Modeling (SEM) involves

a series of detailed steps that ensure comprehensive and reliable examination of

both measurement and structural models. Initially, the process begins with im-

porting the data-set and defining the latent variables and their indicators. Latent

variables represent unobservable constructs such as attitudes or perceptions, while

indicators are observable measures associated with these constructs. This step is

crucial for setting the groundwork of the model, ensuring that each construct is

accurately represented by its corresponding indicators. For instance, in a study

on demolition waste management, latent variables might include factors like ”En-

vironmental Impact,” ”Economic Efficiency,” and ”Regulatory Compliance,” with

specific survey items serving as indicators for these constructs. Next, researchers

specify the measurement and structural models within SmartPLS. The measure-

ment model involves linking latent variables to their indicators, which can be

reflective or formative. Reflective indicators are assumed to be manifestations of

the latent construct, while formative indicators are viewed as defining character-

istics of the construct. Meanwhile, the structural model outlines the hypothesized

relationships between the latent variables, essentially mapping out the theoretical

framework of the study. This step requires careful consideration of the theoreti-

cal underpinnings and the research questions to ensure that the model accurately

captures the hypothesized relationships. Once the models are specified, the PLS

algorithm is run to estimate path coefficients and outer loadings. This algorithm is

particularly suitable for handling complex models with multiple constructs and in-

dicators, especially when data does not meet the strict assumptions of co-variance-

based SEM. The analysis then proceeds to evaluate the measurement model for
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reliability and validity. Reliability is assessed through metrics such as outer load-

ings, Cronbach’s Alpha and Composite Reliability, ensuring that the constructs

are measured consistently. Validity is evaluated using the Average Variance Ex-

tracted (AVE) for convergent validity and the Fornell-Larcker criterion or HTMT

ratio for discriminant validity, confirming that the constructs are distinct from one

another. Finally, the structural model is assessed by examining path coefficients,

R² values, f² effect sizes and Q² for predictive relevance. Path coefficients indicate

the strength and direction of relationships between constructs, while R² values re-

veal the proportion of variance explained by the model. f² effect sizes measure the

impact of one construct on another and Q² values indicate the model’s predictive

relevance. Bootstrapping is then performed to test the statistical significance of

the paths, involving multiple re-sampling iterations to generate a distribution of

path coefficients. This helps in determining which paths are statistically signifi-

cant. Additionally, model fit indices such as the SRMR are evaluated to ensure a

good fit. The results are then compiled, including descriptive statistics, reliability

and validity assessments and structural model outcomes, which provide a compre-

hensive understanding of the theoretical and practical implications of the study.

Fig-3.5 shows the Flow Chart of PLS-SEM approach.

Figure 3.5: Flow Chart of PLS-SEM
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3.7.2 Measurement Model Assessment

The assessment of the measurement model in SmartPLS is a crucial step in Partial

Least Squares Structural Equation Modeling (PLS-SEM), as it ensures that the

constructs used in the model are measured accurately and reliably. This evalua-

tion focuses on several important criteria, including indicator reliability, internal

consistency reliability, convergent validity, and discriminant validity.

Indicator reliability is examined through the outer loadings of the indicators on

their respective constructs. Ideally, each indicator should exhibit an outer load-

ing greater than 0.7, indicating that the indicator strongly reflects the underlying

construct. However, loadings between 0.4 and 0.7 may be tolerated if other met-

rics such as the average variance extracted (AVE) and composite reliability (CR)

remain within acceptable thresholds[169].

Internal consistency reliability is another essential component, typically assessed

using Cronbach’s Alpha and Composite Reliability (CR). Cronbach’s Alpha pro-

vides a measure of the interrelatedness among items within a construct, with values

above 0.7 considered acceptable for demonstrating internal consistency[170, 171].

Composite Reliability, which accounts for varying indicator loadings, is preferred

in PLS-SEM because it provides a more accurate reliability estimate in models

with heterogeneous indicators. A CR value above 0.7 similarly suggests that the

indicators reliably measure the construct[170, 171].

Convergent validity assesses the extent to which indicators of a particular construct

share a high proportion of variance. This is evaluated using the AVE, which should

be above 0.5. An AVE value greater than 0.5 indicates that the construct explains

more than half of the variance in its indicators, supporting the adequacy of the

measurement model.

To establish discriminant validity, which ensures that constructs are truly distinct

from one another, two primary techniques are employed: the Fornell-Larcker crite-

rion and the Heterotrait-Monotrait Ratio (HTMT). The Fornell-Larcker criterion
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requires that the square root of the AVE of each construct exceed the construct’s

highest correlation with any other construct in the model [172].

This indicates that each construct shares more variance with its own indicators

than with other constructs. The HTMT ratio is a more recent and stringent

method, where values below 0.85 (or below 1.0 in more lenient cases) suggest that

discriminant validity is established[171, 173, 174].

3.7.3 Structural Model Assessment

Once the measurement model is validated, attention shifts to the structural model,

which examines the hypothesized relationships between constructs. The structural

model evaluation in SmartPLS involves several critical steps, including the assess-

ment of multicollinearity, the coefficient of determination (R²), effect sizes (f²),

and hypothesis testing.

Multicollinearity among predictor constructs is evaluated using the Variance In-

flation Factor (VIF). VIF values below 5 indicate that multicollinearity is not a

concern and that the predictors do not exhibit high redundancy. If VIF values

exceed this threshold, it suggests that certain predictor constructs may be highly

correlated, which can distort the estimation of path coefficients and lead to un-

reliable results. In such cases, researchers might consider removing or combining

predictors to address the issue[172].

The coefficient of determination, denoted as R², measures the proportion of vari-

ance in the endogenous (dependent) construct that is explained by the exogenous

(independent) constructs in the model. Higher R² values signify greater explana-

tory power and a better-fitting model. In PLS-SEM, R² values range from 0 to 1,

with values closer to 1 indicating a strong model. While there are no fixed thresh-

olds, R² values of 0.25, 0.50, and 0.75 can be considered weak, moderate, and

substantial, respectively, depending on the context and discipline[171, 173, 174].

Effect sizes (f²) provide insight into the practical significance of each predictor

construct by quantifying its impact on the R² value of the dependent construct.
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An f² value of 0.02 is interpreted as a small effect, 0.15 as a medium effect, and 0.35

as a large effect. This metric is particularly useful in identifying which predictors

meaningfully contribute to explaining the variance in the dependent variable, even

when statistical significance is achieved[171, 173, 174].

Finally, hypothesis testing is conducted to assess the significance of the paths

in the structural model. This process involves formulating a null hypothesis,

which posits no relationship between the constructs, and an alternative hypoth-

esis, which predicts the existence and direction of a relationship. Bootstrapping,

typically performed with 5000 resamples, is used to generate standard errors and

p-values for each path coefficient. Paths with p-values below the selected sig-

nificance level (commonly 0.05) are considered statistically significant, leading to

the rejection of the null hypothesis and confirming the hypothesized relationships

between constructs[171, 173, 174].

3.8 Hypotheses Development

The hypotheses of this study for Model-1, 2 ,3 & 4 were tested using PLS-SEM,

Model-1 shows in below Figure-3.6

3.8.1 Hypotheses Formulation for Model-1

Hypothesis 1 (Ho1-HAlt1):

Null Hypothesis (Ho1): Demolition waste causes do not have a significant im-

pact on demolition waste challenges. Alternative Hypothesis (HAlt1): Demolition

waste causes have a significant impact on demolition waste challenges. This hy-

pothesis suggests that the factors or reasons contributing to demolition waste

significantly affect the challenges encountered in managing demolition waste.

Hypothesis 2 (Ho2-HAlt2):

Null Hypothesis (Ho2): Demolition waste causes do not have a significant impact

on demolition waste impacts. Alternative Hypothesis (HAlt2): Demolition waste
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causes have a significant impact on demolition waste impacts. This hypothesis

proposes that the factors contributing to demolition waste significantly influence

the environmental, economic, or social impacts associated with demolition waste.

Figure 3.6: Research Detailed Model 1

Hypothesis 3 (Ho3-HAlt3):

Null Hypothesis (Ho3): Demolition waste impacts do not have a significant im-

pact on demolition waste challenges. Alternative Hypothesis (HAlt3): Demolition
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waste impacts have a significant impact on demolition waste challenges. This hy-

pothesis examines whether the consequences or impacts of demolition waste signif-

icantly influence the difficulties or challenges associated with managing demolition

waste.

Figure 3.7: Hypothesis for Research Model 1

Hypothesis 4 (Ho4-HAlt4):

Null Hypothesis (Ho4): There is no mediating effect of demolition waste between

causes of demolition waste generation, demolition waste impacts and demolition
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waste challenges. Alternative Hypothesis (HAlt4): There is a mediating effect of

demolition waste between causes of demolition waste generation, demolition waste

impacts and demolition waste challenges. This hypothesis investigates whether

demolition waste acts as a mediator between the factors that cause demolition

waste, the impacts resulting from demolition waste and the challenges faced in

managing demolition waste. It explores whether demolition waste plays a signif-

icant role in connecting the causes to their impacts and subsequently influencing

the difficulties or challenges associated with managing demolition waste.

These hypotheses collectively aim to explore different dimensions of how demo-

lition waste causes, impacts and challenges interrelate and influence each other.

They provide a structured framework for empirical research to investigate these re-

lationships and understand their implications for effective management strategies

for demolition waste, figure 3.7 shows the Hypothesis for Research Model 1.

3.8.2 Hypotheses Formulation for Model-2

Hypothesis 1 (Ho1-HAlt1):

Null Hypothesis (Ho1): Demolition waste causes do not have a significant im-

pact on demolition waste challenges. Alternative Hypothesis (HAlt1): Demolition

waste causes have a significant impact on demolition waste challenges. This hy-

pothesis suggests that the factors contributing to demolition waste significantly

affect the challenges associated with managing demolition waste.

Hypothesis 2 (Ho2-HAlt2):

Null Hypothesis (Ho2): Demolition waste causes do not have a significant impact

on demolition waste solutions. Alternative Hypothesis (HAlt2): Demolition waste

causes have a significant impact on demolition waste solutions. This hypothesis

proposes that the factors contributing to demolition waste significantly influence

the solutions that can be implemented to manage or reduce demolition waste.

Hypothesis 3 (Ho3-HAlt3):

Null Hypothesis (Ho3): Demolition waste challenges do not have a significant im-

pact on demolition waste solutions. Alternative Hypothesis (HAlt3): Demolition



Research Design and Methodology 145

waste challenges have a significant impact on demolition waste solutions. This

hypothesis examines whether the difficulties or challenges related to demolition

waste management significantly affect the effectiveness of the solutions proposed

to manage or mitigate demolition waste.

Figure 3.8: Research Detailed Model 2
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Figure 3.9: Hypothesis for Research Model 2

Hypothesis 4 (Ho4-HAlt4):

Null Hypothesis (Ho4): There is no mediating effect of demolition waste between

the causes of demolition waste generation, demolition waste challenges and demo-

lition waste management solutions. Alternative Hypothesis (HAlt4): There is a

mediating effect of demolition waste between the causes of demolition waste gen-

eration, demolition waste challenges and demolition waste management solutions.



Research Design and Methodology 147

This hypothesis investigates whether demolition waste acts as a mediator between

the factors that cause demolition waste, the challenges faced in managing it and

the solutions implemented to address it. In other words, it explores whether demo-

lition waste plays a significant role in linking causes to challenges and solutions in

demolition waste management. These hypotheses collectively aim to understand

the relationships and interactions between the causes, challenges and solutions re-

lated to demolition waste. They form the basis for empirical research or analysis

to test these relationships statistically and draw conclusions about the impact of

various factors on demolition waste management, figure 3.9 shows the Hypothesis

for Research Model 2.

3.8.3 Hypotheses Formulation for Model-3

Hypothesis 1 (Ho1-HAlt1):

Null Hypothesis (Ho1): Demolition waste causes do not have a significant impact

on demolition waste impacts. Alternative Hypothesis (HAlt1): Demolition waste

causes have a significant impact on demolition waste impacts. This hypothesis

suggests that the factors or causes contributing to demolition waste significantly

affect the environmental, economic, or social impacts associated with demolition

waste.

Hypothesis 2 (Ho2-HAlt2):

Null Hypothesis (Ho2): Demolition waste causes do not have a significant impact

on demolition waste solutions. Alternative Hypothesis (HAlt2): Demolition waste

causes have a significant impact on demolition waste solutions. This hypothesis

proposes that the factors contributing to demolition waste significantly influence

the solutions or strategies that can be implemented to manage or reduce demolition

waste.

Hypothesis 3 (Ho3-HAlt3):

Null Hypothesis (Ho3): Demolition waste impacts do not have a significant impact

on demolition waste solutions. Alternative Hypothesis (HAlt3): Demolition waste
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impacts have a significant impact on demolition waste solutions. This hypothesis

examines whether the consequences or impacts of demolition waste significantly in-

fluence the effectiveness or nature of the solutions proposed to manage or mitigate

demolition waste.

Figure 3.10: Research Detailed Model 3
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Figure 3.11: Hypothesis for Research Model 3

Hypothesis 4 (Ho4-HAlt4):

Null Hypothesis (Ho4): There is no mediating effect of demolition waste between

the causes of demolition waste generation, demolition waste impacts and demo-

lition waste management solutions. Alternative Hypothesis (HAlt4): There is a

mediating effect of demolition waste between the causes of demolition waste gen-

eration, demolition waste impacts and demolition waste management solutions.

This hypothesis investigates whether demolition waste acts as a mediator between

the factors that cause demolition waste, the impacts resulting from demolition

waste and the solutions implemented to address it. In essence, it explores whether



Research Design and Methodology 150

demolition waste plays a significant role in connecting the causes to their impacts

and subsequently influencing the effectiveness of solutions in managing demolition

waste. These hypotheses collectively aim to explore the relationships and de-

pendencies between the causes of demolition waste, its impacts and the solutions

proposed to manage it. They provide a structured framework for empirical re-

search or analysis to validate these relationships and draw meaningful conclusions

about effective strategies for demolition waste management, figure 3.11 shows the

Hypothesis for Research Model 3.

3.8.4 Hypotheses Formulation for Model-4

Hypothesis 1 (Ho1-HAlt1):

Null Hypothesis (Ho1): Demolition waste causes do not have a significant im-

pact on demolition waste challenges. Alternative Hypothesis (HAlt1): Demolition

waste causes have a significant impact on demolition waste challenges. This hy-

pothesis suggests that the factors or reasons contributing to demolition waste

significantly affect the challenges encountered in managing demolition waste.

Hypothesis 2 (Ho2-HAlt2):

Null Hypothesis (Ho2): Demolition waste causes do not have a significant impact

on demolition waste impacts. Alternative Hypothesis (HAlt2): Demolition waste

causes have a significant impact on demolition waste impacts. This hypothesis

proposes that the factors contributing to demolition waste significantly influence

the environmental, economic, or social impacts associated with demolition waste.

Hypothesis 3 (Ho3-HAlt3):

Null Hypothesis (Ho3): Causes of demolition waste do not have a significant im-

pact on demolition waste solutions. Alternative Hypothesis (HAlt3): Causes of

demolition waste have a significant impact on demolition waste solutions. This hy-

pothesis examines whether the factors or causes contributing to demolition waste

significantly influence the effectiveness or nature of the solutions proposed to man-

age or mitigate demolition waste.
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Figure 3.12: Research Detailed Model 4
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Figure 3.13: Hypothesis for Research Model 4
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Hypothesis 4 (Ho4-HAlt4):

Null Hypothesis (Ho4): Challenges of demolition waste do not have a significant

impact on demolition waste solutions. Alternative Hypothesis (HAlt4): Challenges

of demolition waste have a significant impact on demolition waste solutions. This

hypothesis investigates whether the difficulties or challenges associated with man-

aging demolition waste significantly influence the effectiveness or nature of the

solutions implemented to address it.

Hypothesis 5 (Ho5-HAlt5):

Null Hypothesis (Ho5): Demolition waste impacts do not have a significant impact

on demolition waste solutions. Alternative Hypothesis (HAlt5): Demolition waste

impacts have a significant impact on demolition waste solutions. This hypothesis

examines whether the consequences or impacts of demolition waste significantly

influence the effectiveness or nature of the solutions proposed to manage or miti-

gate demolition waste.

Hypothesis 6 (Ho6-HAlt6):

Null Hypothesis (Ho6): There is no mediating effect of demolition waste between

the causes of demolition waste generation, demolition waste impacts and demo-

lition waste management solutions. Alternative Hypothesis (HAlt6): There is a

mediating effect of demolition waste between the causes of demolition waste gener-

ation, demolition waste impacts and demolition waste management solutions. This

hypothesis investigates whether demolition waste acts as a mediator between the

factors that cause demolition waste, the impacts resulting from demolition waste

and the solutions implemented to address it. It examines whether demolition waste

plays a significant role in connecting the causes to their impacts and subsequently

influencing the effectiveness of solutions in managing demolition waste.

Hypothesis 7 (Ho7-HAlt7):

Null Hypothesis (Ho7): There is no mediating effect of demolition waste between

the causes of demolition waste generation, demolition waste challenges and demo-

lition waste management solutions. Alternative Hypothesis (HAlt7): There is a

mediating effect of demolition waste between the causes of demolition waste gen-

eration, demolition waste challenges and demolition waste management solutions.
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Similar to Hypothesis 6, this hypothesis examines whether demolition waste acts as

a mediator between the factors that cause demolition waste, the challenges faced

in managing it and the solutions implemented to address it. These hypotheses

collectively aim to explore various aspects of the relationships between demolition

waste causes, impacts, challenges and solutions. They provide a structured ap-

proach to empirically investigate and understand how these factors interact and

influence effective management strategies for demolition waste, figure 3.13 shows

the Hypothesis for Research Model 4.

3.9 Summary

Chapter 3 of the research methodology centers on the application of Partial Least

Squares Structural Equation Modeling (PLS-SEM). It provides a comprehensive

flow chart detailing the research methodology, which includes key components

such as research design, focus group discussions and pilot studies, final question-

naire refinement, data collection procedures, sampling techniques and statistical

analysis using PLS-SEM. The chapter underscores methodological rigor in defin-

ing latent variables, rigorously assessing the reliability and validity of the mea-

surement model, estimating path coefficients and evaluating the structural model

using techniques like bootstrapping. Overall, it presents a structured approach to

conducting thorough and credible research using PLS-SEM methodology.



Chapter 4

Data Analysis and Validation of

Framework

4.1 Background

In this chapter, present a detailed exploration of the results and analysis derived

from this study using Partial Least Squares Structural Equation Modeling (PLS

SEM) and based on data gathered through a meticulously designed questionnaire.

this research focused on investigating various facets of demolition waste manage-

ment, including the causes, impacts, challenges and solutions. By employing PLS

SEM, that aimed to comprehensively assess the relationships among these key con-

structs across four distinct models, each addressing different aspects of demolition

waste management dynamics.

The questionnaire development process was rigorous, involving methodologies such

as focus group discussions and a pilot study. These steps were essential to ensure

the robustness and validity of measurement instruments, which were tailored to

capture nuanced insights into the factors influencing demolition waste practices.

The application of PLS SEM enabled us to not only validate the measurement

constructs in terms of reliability and validity but also explore both the direct and

indirect relationships among these constructs within each of the four models.

155
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This chapter is structured to provide a systematic and insightful analysis of find-

ings. Begin by outlining the demographic characteristics and descriptive statistics

of sample, providing a contextual backdrop for interpreting subsequent analyses.

Following this, rigorously examine the measurement models, focusing on indicators

such as factor loadings, Cronbach’s alpha, Composite Reliability, Average Vari-

ance Extracted and Discriminant Validity. Subsequently, delve into the structural

models to test hypotheses and explore the intricate relationships between causes,

impacts, challenges and solutions of demolition waste management.

Ultimately, the findings presented in this chapter contribute significant insights to

both academic knowledge and practical applications in the field of environmental

sustainability and construction waste management. By elucidating the complex-

ities of demolition waste dynamics, this study aims to inform strategic decision-

making processes aimed at minimizing environmental impact, enhancing resource

efficiency and promoting sustainable development practices in the construction

industry and beyond.

4.2 Data Analysis

To determine the appropriate sample size for PLS-SEM in this study, a discussion

of sampling techniques is provided in Section 3.7, where purposive sampling was

selected. The complexity of the model, the number of constructs and their associ-

ated indicators were carefully assessed. The model comprises 11 constructs with

indicators ranging from 7 to 11. These include: Planning Stage (8), Execution

Stage (7), Monitoring and Control Stage (7), Environmental Impacts (8), Social

Impacts (9), Economic Impacts (9), Waste Handling (11), Policy and Legislation

(8), Awareness and Training (8), Administrative Solutions (11) and Technical

Solutions (9). According to [175, 176] the widely used 10-times rule, the min-

imum sample size should be at least 10 times the highest number of indicators

or structural paths directed at any latent variable. As the most complex con-

structs—Waste Handling and Administrative Solutions—each have 11 indicators,
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the minimum required sample size is therefore 110. This ensures sufficient statis-

tical power and robustness in model estimation.

In this study, a total of 184 questionnaires were distributed to professionals in the

construction sector, specifically targeting those involved in demolition waste man-

agement. This strategic selection aimed to gather relevant and expert insights

to address the research objectives. At the conclusion of the survey period, 172

completed questionnaires were received. However, 10 of these were found to be

incomplete or contained redundant data, thus were excluded from the final analy-

sis. Consequently, the study achieved a usable response rate of 88.58%, with data

from 163 participants being deemed valid. This high response rate indicates strong

engagement and interest from the targeted professionals, enhancing the reliabil-

ity of the findings. The demographic distribution of the respondents, as detailed

in Figure 4.1 , provides a comprehensive overview of the sample’s characteristics,

which is crucial for contextualizing the survey results. The categorizes respondents

based on their years of experience in the construction sector, type of organization,

designation and the nature of projects they have handled. For instance, catego-

rizing respondents by experience allows the study to gauge the depth of industry

knowledge and practical insights contributed by each participant. Understanding

the types of organizations represented—whether construction firms, waste man-

agement companies, government agencies, or consulting firms—sheds light on the

diverse operational contexts from which the data is drawn. Further categorization

by designation helps to identify the range of professional roles involved in the study,

from senior managers and engineers to project coordinators and site supervisors.

This diversity in roles ensures that the study captures insights from various levels

of decision-making and operational implementation within the sector. Addition-

ally, detailing the types of projects handled by the respondents, particularly those

related to demolition activities, provides context to their expertise and the practi-

cal challenges they face. This information is critical for understanding the practical

implications of the study’s findings and for developing targeted recommendations.

The demographic data enriches the study by allowing for a nuanced analysis of the

responses. It ensures that the findings are not only statistically robust but also
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contextually relevant. The high response rate and the varied demographic profile

of the respondents enhance the credibility and generalizability of the study’s con-

clusions. This detailed breakdown allows the researchers to identify trends and

patterns specific to different organizational contexts and professional experiences,

thereby supporting the study’s aim of improving sustainability and efficiency in

demolition waste management practices. By providing a solid foundation for the

analysis, the demographic insights help to ensure that the study’s recommenda-

tions are both practical and impactful, addressing the real-world challenges faced

by professionals in the construction sector.

4.2.1 Demographic Classification

To begin with, respondents were classified based on their current role profiling

and expertise in demolition waste management. The first attribute considered

was the type of organization they were associated with. Out of the total, 85 re-

spondents were from firms operating on an ownership/client model, 37 were from

consultancy-based firms, 41 represented contractor firms, while none belonged to

other possible categories. This classification helps to understand the diversity of

organizational contexts within which the respondents operate.

In terms of job roles, the respondents held various positions reflecting their involve-

ment in demolition waste management. Specifically, 48 respondents were in senior

leadership positions such as CEO or Managing Director, 27 were Project manager

and a significant number, 70, were project engineers. However, 10 respondents

were serving as project Quantity surveyor , 8 respondents were serving project

architects, indicating a concentration of responses from certain roles within the

industry. This distribution provides insight into the levels of decision-making and

operational execution represented in the survey.

Experience in the construction sector was another critical profiling attribute. 15

of the respondents had 10-15 years of industry experience, highlighting a highly

experienced participant pool. Specifically, 59 respondents had 16-20 years of expe-

rience, while the majority, 89, had over 20 years of experience in the construction
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industry. This substantial experience base ensures that the insights gathered are

well-informed by extensive industry knowledge and practice.

Figure 4.1: Demographic Classification.

The nature of projects respondents were involved in also varied. Traditional con-

tracts were represented by 98 respondents, while 47 were engaged in design and

build projects. There were 12 respondents involved in turnkey and 6 involved in

management contracts. When asked about their familiarity with demolition waste

management, all 163 respondents confirmed their firsthand experience in manag-

ing demolition waste. Moreover, all 163 respondents also confirmed the inclusion
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of reduce and reuse practices in their projects. Finally, when asked whether demo-

lition waste management plans should be included in construction contracts, all

163 agreed, highlighting a unanimous consensus on its importance. This detailed

classification and profiling of respondents underscore the relevance and expertise

of the participant pool, providing a robust foundation for the study’s findings.

(See Figure 4.1)

4.3 Results For Model-1 (M-1)

Model 1 as shown in figure 4.2, is analyzed using Partial Least Squares Structural

Equation Modeling (PLS-SEM), focusing on three critical dimensions of demoli-

tion waste management:

1.Causes of Demolition Waste Generation

2.Impact of Demolition Waste

3.Challenges of Demolition Waste

Figure 4.2: Research Model 1
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Management PLS-SEM is employed as the primary analytical method due to its

ability to model complex relationships among constructs and its suitability for

data with small to medium sample sizes. The objective of this analysis is to iden-

tify the key drivers behind the generation of demolition waste, evaluate the range

of its impacts and understand the challenges associated with managing demoli-

tion waste. By examining the relationships between these constructs, the analysis

aims to uncover how the causes of waste generation influence its impacts and

the challenges faced in its management. The PLS-SEM approach allows for the

assessment of both the measurement model (the relationships between observed

variables and their respective constructs) and the structural model (the relation-

ships between the constructs themselves). This methodology provides insights into

the strength and significance of the relationships, helping to pinpoint the most in-

fluential factors driving demolition waste generation and management challenges.

By using PLS-SEM, this analysis contributes to a comprehensive understanding of

the factors influencing demolition waste management, offering actionable insights

for improving practices and addressing the challenges identified in the study.

4.3.1 Outer Loadings

In the next stage, the research items were tested to ensure they matched their

related research variables and proposed hypotheses.

Table 4.1: Outer Loadings M-1

Items
Demolition

Waste Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Impacts

CW-EX-M 0,838

CW-MC-M 0,785

CW PN M 0,871

WC-AT-M 0,868

WC-PL-M 0,847

WC-WH-M 0,911
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WI-EC-M 0,915

WI-EN-M 0,94

WI-SO-M 0,71

First, the chosen research variables were examined for their internal variance and

correlation among the research items, using factor loadings. According to [169]

each research item should have a factor loading of 0.6 or higher. It was found that

each variable had a factor loading well above 0.6, indicating they were suitable for

further testing without needing to remove any research items from the model (See

Table 4.1).

4.3.2 Instrument Reliability

Secondly, the statistical testing involved checking the reliability of research in-

strument to ensure it accurately measures each variable. Cronbach’s alpha is

a widely accepted parameter for gauging the reliability of research instruments

[170, 171].The minimum threshold for Cronbach’s alpha is 0.7. The research vari-

ables performed well

For the construct Demolition Waste Causes, Cronbach’s alpha is 0.777, which ex-

ceeds the commonly accepted threshold of 0.7, indicating acceptable internal con-

sistency. The composite reliability values—rho-A (0.786) and rho-C (0.871)—are

both well above the recommended minimum of 0.7, confirming strong reliability.

The AVE value of 0.692 is greater than the 0.5 threshold[171, 177], indicating that

the construct explains a substantial proportion of the variance in its indicators,

thus confirming good convergent validity.

For Demolition Waste Challenges, even stronger reliability is observed. The Cron-

bach’s alpha is 0.848 and both rho-A (0.854) and rho-C (0.908) are significantly

higher than the minimum acceptable levels. The AVE of 0.767 further supports

excellent convergent validity, suggesting that the measurement items are highly

representative of the underlying construct.
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Similarly, the Demolition Waste Impacts construct demonstrates robust reliability

and validity. The Cronbach’s alpha value of 0.825, rho-A of 0.894 and rho-C of

0.895 all surpass standard benchmarks, indicating very high internal consistency.

The AVE of 0.742 confirms that the construct captures a strong portion of variance

from its indicators.

In summary, all three constructs exhibit strong reliability and convergent validity,

as all values meet or exceed the commonly accepted thresholds. These results

validate the robustness of the measurement model and support the credibility of

the subsequent structural analysis. Therefore, deeming all the adapted research

items to be convergently valid (See table 4.2).

Table 4.2: Instrument Reliability M-1

Cronbach’s

alpha

Composite

reliability

(rho a)

Composite

reliability

(rho c)

Average

variance ex-

tracted(AVE)

Demolition

Waste Causes
0,777 0,786 0,871 0,692

Demolition

Waste Chal-

lenges

0,848 0,854 0,908 0,767

Demolition

Waste Impacts
0,825 0,894 0,895 0,742

4.3.3 Cross Loadings

Next , the discriminant validity conforms to the dissimilarity existent between

the opted research items of each variable from the research items of other vari-

ables in the study. Table 4.3: Cross Loadings (Model M-1) provides evidence for

the discriminant validity of the constructs—Demolition Waste Causes, Demoli-

tion Waste Challenges and Demolition Waste Impacts—by examining the degree

to which each item loads more strongly on its associated construct than on others.
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This is a key requirement in PLS-SEM to confirm that constructs are empirically

distinct[172].

Table 4.3: Cross Loadings M-1

Items
Demolition

Waste Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Impacts

CW-EX-M 0,838 0,541 0,618

CW-MC-M 0,785 0,569 0,7

CW PN M 0,871 0,67 0,77

WC-AT-M 0,537 0,868 0,801

WC-PL-M 0,742 0,847 0,716

WC-WH-M 0,627 0,911 0,808

WI-EC-M 0,704 0,875 0,915

WI-EN-M 0,927 0,84 0,94

WI-SO-M 0,463 0,518 0,71

The results show that each item exhibits its highest loading on its intended con-

struct, satisfying the cross-loading criterion for discriminant validity.

Items CW-EX-M (0.838), CW-MC-M (0.785) and CW-PN-M (0.871) load highest

on Demolition Waste Causes, with lower loadings on the other constructs (e.g.,

0.541–0.7), indicating that they are strongly associated with their designated latent

variable.

Items related to Demolition Waste Challenges, including WC-AT-M (0.868), WC-

PL-M (0.847) and WC-WH-M (0.911), also display the highest loadings on their
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intended construct. Although there is some moderate cross-loading with the ”Im-

pacts” construct (e.g., 0.801–0.808), the primary association remains clear and

strongest with the ”Challenges” factor.

For Demolition Waste Impacts, the items WI-EC-M (0.915), WI-EN-M (0.94) and

WI-SO-M (0.71) load significantly higher on their target construct than on the

others. Particularly, WI-EN-M shows very strong loading (0.94), reinforcing its

validity as a key indicator of impacts.

While a few items, such as CW-PN-M (0.77 on Impacts) and WC-AT-M (0.801

on Impacts), exhibit some degree of cross-loading, their highest loadings remain

on their intended constructs, which is acceptable in social science research as long

as the primary loadings are substantially stronger (typically by 0.1 or more).

In summary, the cross-loading results confirm discriminant validity of the con-

structs in the measurement model. Each item loads most strongly on its respec-

tive latent variable, supporting the structural integrity of the model and justifying

further interpretation of the structural relationships among causes, challenges and

impacts of demolition waste.

4.3.4 Fornell-Larcker Criterion

Table 4.4 presents the Fornell–Larcker criterion results, a widely accepted method

for assessing discriminant validity in PLS-SEM. According to this criterion, the

square root of the Average Variance Extracted (AVE) for each construct—shown

on the diagonal—should be greater than its correlations with any other constructs

in the model, which are shown off-diagonal[172].

The square root of AVE for Demolition Waste Causes is 0.832, which is higher than

its correlation with Demolition Waste Challenges (0.718), but slightly lower than

its correlation with Demolition Waste Impacts (0.842). This suggests a strong cor-

relation between Causes and Impacts, which may raise minor concerns regarding

discriminant validity. For Demolition Waste Challenges, the square root of AVE
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is 0.876, which exceeds its correlation with Causes (0.718), but is slightly less than

its correlation with Impacts (0.887). Similarly, Demolition Waste Impacts shows

a square root of AVE of 0.861, which is slightly lower than its correlations with

Causes (0.842) and Challenges (0.887).

In summary, while the constructs exhibit strong internal consistency, the For-

nell–Larcker results indicate potential overlap between Demolition Waste Impacts

and the other two constructs. This suggests that although the constructs are

generally valid, further confirmation—such as through HTMT analysis—may be

needed to fully establish discriminant validity.

Table 4.4: Fornell-Larcker Criterion M-1

Demolition

Waste Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Impacts

Demolition Waste

Causes
0,832

Demolition Waste

Challenges
0,718 0,876

Demolition Waste

Impacts
0,842 0,887 0,861

4.3.5 HTMT- Heterotrait-Monotrait Ratio

Finally, Table 4.5 presents the HTMT values used to assess discriminant validity

among the constructs in Model M-1. The HTMT criterion evaluates whether

constructs are empirically distinct, with recommended threshold values typically

set at 0.85 (conservative) or 0.90 (liberal).

According to the table, the HTMT value between Demolition Waste Causes and

Demolition Waste Challenges is 0.887, which falls just under the 0.90 threshold,
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indicating acceptable but borderline discriminant validity. The HTMT values

between Demolition Waste Causes and Demolition Waste Impacts (0.896) and

between Demolition Waste Challenges and Demolition Waste Impacts (0.897) are

also slightly below the 0.90 limit.

These results suggest that while the constructs are empirically distinguishable

according to the HTMT criterion, they are closely related and conceptually in-

terconnected. The proximity of the values to the threshold indicates a need for

caution, but does not conclusively violate discriminant validity.

In summary, all HTMT values are within the acceptable range for discriminant

validity, though the high correlations imply strong interrelationships among the

constructs, which should be acknowledged in the interpretation of the structural

model.

Table 4.5: HTMT- Heterotrait-Monotrait Ratio-M-1

Demolition

Waste Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Im-

pacts

Demolition

Waste Causes

Demolition

Waste Chal-

lenges

0,887

Demolition

Waste Impacts
0,896 0,897

4.3.6 Variance Inflation Factor (VIF)

Once verifying the reliability and validity of the researches instrument, the next

stage involves evaluating the research items for their internal consistency in terms

of variance inflation factor (VIF). Table 4.6 presents the Variance Inflation Factor
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(VIF) values for the indicators used in Model M-1, which are essential for evalu-

ating the presence of multicollinearity among the predictor variables in the mea-

surement model. Multicollinearity occurs when independent variables are highly

correlated, potentially distorting the estimation of path coefficients and reducing

the reliability of regression outcomes.

Table 4.6: Variance Inflation Factor (VIF)- M-1

Item VIF

CW-EX-M 1,831

CW-MC-M 1,396

CW PN M 1,848

WC-AT-M 1,953

WC-PL-M 1,999

WC-WH-M 2,552

WI-EC-M 2,911

WI-EN-M 3,178

WI-SO-M 1,429

In general, VIF values below 5 are considered acceptable, with values below 3.3

preferred in PLS-SEM to ensure low collinearity among indicators[172].

As shown in the table, all items have VIF values ranging from 1.396 to 3.178,

indicating that multicollinearity is not a concern in this model. For example, items

such as CW-MC-M (1.396) and WI-SO-M (1.429) exhibit very low collinearity,

which enhances the stability and interpretability of the results. Indicators like

WI-EN-M (3.178) and WI-EC-M (2.911) have relatively higher VIF values but

still remain well below the critical threshold of 5, indicating acceptable tolerance

levels.

In summary, the VIF results confirm that multicollinearity is not a threat to the

model’s validity. The indicator items are sufficiently independent of each other,

supporting the robustness of the measurement and structural model estimations

in the PLS-SEM analysis.
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4.3.7 Effect Size (F2)

Next, to determine the effect size of each variable (f²), used an indicator that

shows how much an external variable affects an internal variable. The effect size

is categorized into three ranges: small (0.02-0.14), medium (0.15-0.35) and large

(0.36 and above) [171, 173, 174]. Table 4.7 presents the effect size (f²) values,

which assess the individual contribution of exogenous variables to the explained

variance (R²) of endogenous constructs in Model M-1.

Table 4.7: Effect Size (f2)-M-1

Demolition

Waste

Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Impacts

Demolition Waste

Causes
0,016 2,445

Demolition Waste

Challenges

Demolition Waste

Impacts
1,307

The effect size of Demolition Waste Causes on Demolition Waste Challenges is

0.016, which is below the minimum threshold of 0.02, indicating a negligible di-

rect effect. However, the effect of Demolition Waste Causes on Demolition Waste

Impacts is 2.445, representing an extremely large effect, far exceeding the con-

ventional standards. Similarly, Demolition Waste Challenges have a substantial

impact on Demolition Waste Impacts, with an f² value of 1.307, which also falls

into the very large effect category.

These findings suggest that while causes do not significantly influence challenges

directly, both causes and challenges strongly determine the extent of demolition

waste impacts. This emphasizes the importance of addressing both strategic-level

issues (causes) and operational challenges in order to effectively mitigate the en-

vironmental and logistical impacts associated with demolition waste.
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4.3.8 Coefficient of Determination (R²)

In order to determine the overall predictability/impact percentage of endogenous

variables to determine the endogenous variable the parameter of coefficient of

determination (R²) is utilized[171, 173, 174]. Table 4.8 presents the R-square

(R²) and adjusted R-square values, which measure the explanatory power of the

independent variables in predicting the dependent constructs in Model M-1. In

PLS-SEM, R² values of 0.75, 0.50 and 0.25 are generally interpreted as substantial,

moderate and weak, respectively.

Table 4.8: Coefficient of Determination (R²)-M-1

R-square
R-square ad-

justed

Demolition Waste Challenges 0,79 0,788

Demolition Waste Impacts 0,71 0,708

The R² value for Demolition Waste Challenges is 0.79, with an adjusted R² of

0.788, indicating that approximately 79% of the variance in challenges is explained

by the model. This reflects a substantial level of predictive accuracy, suggesting

that the antecedent constructs included in the model—particularly demolition

waste causes—are strong predictors of the challenges faced in managing demolition

waste.

Similarly, the R² for Demolition Waste Impacts is 0.71, with an adjusted value

of 0.708, which also indicates a substantial degree of explained variance. This

demonstrates that the combination of causes and challenges in the model effec-

tively predicts the impacts associated with demolition waste management in road

projects.

Overall, the R² values confirm that the model possesses strong explanatory power,

validating the robustness of the relationships defined among the latent constructs
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4.3.9 Assessment of PLS-SEM Path Model Results

After confirming that the current research model met the fitness criteria of the

measurement model, calculations for the structural model were done to determine

how one variable impacts another. This helped identify the most impactful re-

search variable. The path coefficient, ranging from -1 to +1, was used to evaluate

impact magnitude. A p-value under 0.05 indicates the significance of each impact

[171, 173, 174].

Table 4.9 summarizes the results of the structural model assessment in PLS-SEM,

focusing on the strength and significance of the hypothesized paths among the

constructs. The evaluation includes the original sample estimates (O), sample

means (M), standard deviations (STDEV), t-statistics and p-values for each path

relationship.

The path from Demolition Waste Causes to Demolition Waste Challenges shows a

coefficient of -0.1 with a t-statistic of 1.191 and a p-value of 0.234, indicating that

this relationship is statistically insignificant at the conventional 0.05 significance

level. This suggests that, within the context of this model, the direct influence of

causes on challenges is weak and not supported by the data.

In contrast, the path from Demolition Waste Causes to Demolition Waste Impacts

has a strong positive coefficient of 0.842, with an extremely high t-value of 55.422

and a p-value of 0.000, demonstrating a highly significant and substantial effect.

This implies that the root causes of demolition waste have a direct and major

influence on the impacts observed in road project waste management.

Similarly, the path from Demolition Waste Challenges to Demolition Waste Im-

pacts also shows a strong positive effect (0.972) with a t-value of 12.698 and a

p-value of 0.000, further supporting its high statistical significance. This finding

indicates that challenges encountered in managing demolition waste significantly

contribute to the overall impacts, such as environmental degradation, cost escala-

tion and health risks.
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Table 4.9: Assessment of PLS-SEM Path Model Results-M-1

Original

sample

(O)

Sample

mean

(M)

Standard

deviation

(STDEV)

T statis-

tics

(|O/STDEV|)

P values

Demolition

Waste

Causes -

Demolition

Waste

Challenges

-0,1 -0,099 0,084 1,191 0,234

Demolition

Waste

Causes -

Demolition

Waste

Impacts

0,842 0,844 0,015 55,422 0

Demolition

Waste

Impacts -

Demolition

Waste

Challenges

0,972 0,971 0,077 12,698 0

In summary, while the direct link between causes of demolition waste generation

and challenges regarding demolition waste management is not significant, both

causes and challenges have strong, significant effects on the impacts of demolition

waste, validating the structure and directional influence in the proposed PLS-SEM

model.
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4.3.10 Mediation Effect

Finally, the mediatory effect of Demolition Waste between Causes of Demolition

Waste Generation and Demolition Waste Management Challenges was measured

by calculating the specific indirect impact between the variables.

Table 4.10 presents the mediation analysis results in the PLS-SEM model (Model

M-1), assessing whether Demolition Waste Challenges mediate the relationship

between Demolition Waste Causes and Demolition Waste Impacts. The original

sample value (O) for the indirect path is 0.819, with a sample mean (M) of 0.819,

a standard deviation (STDEV) of 0.067, a t-statistic of 12.267 and a p-value of

0.000.

Table 4.10: Mediation Effect-M-1

Original

sample

(O)

Sample

mean

(M)

Standard

deviation

(STDEV)

T statis-

tics

(|O/STDEV|)

P values

Demolition

Waste Causes

- Demoli-

tion Waste

Impacts -

Demolition

Waste Chal-

lenges

0,819 0,819 0,067 12,267 0

These results indicate that the mediation effect is highly significant, as the p-value

is well below the 0.05 threshold and the t-statistic exceeds the critical value of 1.96

for a 95% confidence level.

The strong path coefficient (0.819) suggests that a substantial portion of the effect

of Demolition Waste Causes on Demolition Waste Impacts is transmitted through

Demolition Waste Challenges [171, 173, 174].
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4.4 Results For Model-2 (M-2)

Model 2 as shown in figure 4.3, delves into the complex dynamics of demolition

waste management by examining three critical dimensions:

1.Causes of Demolition Waste Generation

2.Challenges of Demolition Waste Management

3.Solutions for Demolition Waste Management

Figure 4.3: Research Model 2

This model aims to offer a comprehensive framework for improving demolition

waste management practices. By focusing on the interrelationships between the

causes of demolition waste, the challenges in its management and the potential

solutions, the analysis seeks to provide sustainable and efficient strategies that

can be implemented within the industry. PLS-SEM is applied for this analysis, as

it is particularly suited to models of this complexity. The methodology enables

the assessment of both direct and indirect relationships between the constructs

and helps identify underlying patterns that might otherwise be overlooked. It also

allows for the evaluation of both the measurement model, ensuring the constructs
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are adequately represented by their respective indicators and the structural model,

which captures the relationships between these constructs. Through this analysis,

the model aims to illuminate the links between the causes of demolition waste

generation and the challenges faced in managing that waste. It also investigates

how these challenges affect the identification and implementation of effective so-

lutions. In doing so, this model offers valuable insights that can improve waste

management strategies, shape policy decisions and promote best practices in the

demolition and construction sectors.

4.4.1 Outer Loadings

In the next phase, the research elements underwent testing according to their as-

sociated research variables and proposed hypotheses. Initially, the chosen research

variables were assessed for their internal consistency and the correlations among

the respective research elements, focusing on factor loadings. With this in mind,

[169] recommended that each research element should achieve a minimum factor

loading of 0.6 or higher.

Consequently, Table 4.11 presents the outer loadings for Model M-2, which reflect

the strength of the relationships between observed indicators (items) and their

corresponding latent constructs. In PLS-SEM, outer loadings above 0.70 are gen-

erally considered acceptable, indicating that the indicator reliably represents the

construct.

For the construct Demolition Waste Causes, all three indicators exhibit strong

loadings: CW-EX-M (0.852), CW-MC-M (0.77) and CW-PN-M (0.872), suggest-

ing high internal consistency and strong representation of the latent variable.

Within the DemolitionWaste Challenges construct, all three indicators also demon-

strate high loadings: WC-AT-M (0.851), WC-PL-M (0.87) andWC-WH-M (0.906).

These values confirm that each item contributes significantly to measuring the con-

struct and reinforces the reliability of the measurement model.
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For Demolition Waste Solutions, the two indicators—SD-AS-M (0.812) and SD-

TS-M (0.895)—exceed the minimum threshold, indicating that they are strong

and valid indicators of the solutions construct in the model.

Overall, the outer loadings in Model M-2 confirm that all measurement items have

a strong association with their respective constructs, ensuring adequate indicator

reliability and supporting the validity of the measurement model.

Table 4.11: Outer Loadings-M-2

Items
Demolition

Waste Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Solutions

CW-EX-M 0,852

CW-MC-M 0,77

CW PN M 0,872

SD-AS-M 0,812

SD-TS-M 0,895

WC-AT-M 0,851

WC-PL-M 0,87

WC-WH-M 0,906

4.4.2 Instrument Reliability

Secondly, the statistical testing involved assessing the reliability of the research

instruments to ensure accurate measurement of the respective phenomena asso-

ciated with each variable, regardless of the testing environment. In this regard,

Cronbach’s alpha is widely accepted as a parameter to evaluate the reliability of



Data Analysis and Validation of Framework 177

the chosen research instruments [170, 171]. Table 4.12 presents the reliability and

validity assessment of the measurement model in PLS-SEM (Model M-2), based

on Cronbach’s alpha, composite reliability, and average variance extracted (AVE).

These metrics evaluate internal consistency reliability and convergent validity of

the constructs.

Table 4.12: Instrument Reliability-M-2

Cronbach’s

alpha

Composite

reliability

(rho a)

Composite

reliability

(rho c)

Average

variance

extracted

(AVE)

Demolition

Waste Causes
0,777 0,786 0,871 0,693

Demolition

Waste Chal-

lenges

0,848 0,85 0,908 0,767

Demolition

Waste Solu-

tions

0,637 0,667 0,844 0,731

For Demolition Waste Causes, the Cronbach’s alpha is 0.777 and composite reli-

ability is 0.871, both exceeding the acceptable threshold of 0.70, indicating good

internal consistency. The AVE is 0.693, well above the 0.50 benchmark, confirming

adequate convergent validity, meaning the items collectively capture the construct

effectively.

The construct Demolition Waste Challenges shows even higher reliability, with a

Cronbach’s alpha of 0.848, composite reliability of 0.908 and an AVE of 0.767.

These strong values suggest that the indicators are highly consistent and that the

construct explains a substantial portion of the variance in its indicators.



Data Analysis and Validation of Framework 178

For Demolition Waste Solutions, the Cronbach’s alpha is 0.637, which is slightly

below the conventional threshold of 0.70, suggesting moderate reliability. However,

the composite reliability is 0.844 and AVE is 0.731, both of which are strong. This

indicates that despite the lower alpha, the construct still demonstrates acceptable

reliability and strong convergent validity, particularly given that Cronbach’s alpha

is a more conservative measure and may underestimate reliability in models with

fewer items.

In summary, all three constructs in Model M-2 meet the minimum criteria for

reliability and convergent validity. Demolition Waste Challenges and Causes show

robust metrics, while Demolition Waste Solutions performs adequately, especially

considering its fewer indicators.

4.4.3 Cross Loadings

Next, discriminant validity ensures that the selected research items within each

variable are distinct from those of other variables in the study, thereby confirming

there is no overlap or redundancy among the measured constructs. In the context

of SEM, one of the parameters used to assess discriminant validity is cross-loading,

which examines the correlation of each research item with its own corresponding

variable compared to others in the study [172].

Table 4.13 presents the cross loadings for the measurement model in PLS-SEM

(Model M-2), showing the correlations between observed items (indicators) and

their corresponding latent constructs. In PLS-SEM, an indicator should load

higher on its corresponding construct than on any other construct, which ensures

discriminant validity.

For Demolition Waste Causes, the highest loadings are observed for CW-EX-M

(0.852), CW-MC-M (0.77) and CW-PN-M (0.872). These values are strong, indi-

cating that these items strongly represent the Demolition Waste Causes construct.

For Demolition Waste Challenges, the highest loadings are for WC-WH-M (0.906),

WC-PL-M (0.87) and WC-AT-M (0.851). These loadings suggest that the items
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are strong indicators of the Demolition Waste Challenges construct, with WC-

WH-M showing the strongest relationship.

Table 4.13: Cross Loadings-M-2

Items
Demolition

Waste Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Solutions

CW-EX-M 0,852 0,557 0,626

CW-MC-M 0,77 0,572 0,538

CW PN M 0,872 0,678 0,646

SD-AS-M 0,345 0,692 0,812

SD-TS-M 0,838 0,816 0,895

WC-AT-M 0,534 0,851 0,803

WC-PL-M 0,744 0,87 0,755

WC-WH-M 0,621 0,906 0,776

For Demolition Waste Solutions, the highest loadings are for SD-TS-M (0.895),

SD-AS-M (0.812) and WC-AT-M (0.803). These values indicate that the items

strongly represent the Demolition Waste Solutions construct. SD-TS-M shows the

highest loading among them.

When comparing the loadings, Demolition Waste Causes items show higher load-

ings on their own construct than on the other constructs, confirming that the

Demolition Waste Causes construct is well represented. Similarly, Demolition

Waste Challenges and Demolition Waste Solutions items load higher on their own

constructs compared to the other constructs, confirming the discriminant validity

for these two constructs as well.

In summary, the cross loadings confirm that the measurement model in Model

M-2 exhibits strong convergent validity, as each indicator loads significantly on its

respective construct and discriminant validity, as no indicator loads higher on a

construct other than its own.
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4.4.4 Fornell-Larcker Criterion

In SEM, another parameter used to assess discriminant validity is the Fornell-

Larcker Criterion. Table 4.14: Fornell-Larcker Criterion – Model M-2 presents the

results for discriminant validity assessment using the Fornell-Larcker criterion,

which compares the square root of the Average Variance Extracted (AVE) for

each construct with the correlations between constructs.

For the Demolition Waste Causes construct, the square root of AVE is 0.832. This

value exceeds the correlations between Demolition Waste Causes and the other

constructs, which are 0.727 for Demolition Waste Challenges and 0.727 for Demo-

lition Waste Solutions. This indicates that Demolition Waste Causes is distinct

from the other constructs and satisfies the Fornell-Larcker criterion for discrimi-

nant validity.

Table 4.14: Fornell-Larcker Criterion-M-2

Demolition

Waste Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Solu-

tions

Demolition

Waste Causes
0,832

Demolition

Waste Chal-

lenges

0,727 0,876

Demolition

Waste Solutions
0,727 0,887 0,855

For Demolition Waste Challenges, the square root of AVE is 0.876, which is greater

than the correlations with the Demolition Waste Causes (0.727) and Demolition

Waste Solutions (0.887). This confirms that Demolition Waste Challenges is dis-

criminant from the other constructs.
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For Demolition Waste Solutions, the square root of AVE is 0.855, which is higher

than the correlations with the Demolition Waste Causes (0.727) and Demolition

Waste Challenges (0.887), thus meeting the Fornell-Larcker criterion.

In summary, Table 4.14 confirms that the constructs meet the Fornell-Larcker

criterion, as each construct’s square root of AVE is higher than its correlations

with other constructs. This supports the discriminant validity of the model. [172].

4.4.5 HTMT- Heterotrait-Monotrait Ratio

Table 4.15: Heterotrait-Monotrait Ratio – Model M-2 presents the HTMT ratios

for evaluating the discriminant validity between the constructs in the model.

The HTMT ratio helps assess whether the constructs are sufficiently distinct.

Typically, an HTMT ratio below 0.90 suggests that the constructs are distinct,

while a value above 0.90 indicates potential issues with discriminant validity.

Table 4.15: HTMT- Heterotrait-Monotrait Ratio-M-2

Demolition

Waste Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Solu-

tions

Demolition

Waste Causes

Demolition

Waste Chal-

lenges

0,887

Demolition

Waste Solutions
0,890 0,897

For Demolition Waste Causes and Demolition Waste Challenges, the HTMT ratio

is 0.887, which is below the 0.90 threshold, indicating that Demolition Waste

Causes is sufficiently distinct from Demolition Waste Challenges. For Demolition
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Waste Causes and Demolition Waste Solutions, the HTMT ratio is 0.890, which

is also below 0.90. This confirms that Demolition Waste Causes is distinct from

Demolition Waste Solutions. For Demolition Waste Challenges and Demolition

Waste Solutions, the HTMT ratio is 0.897, which is just below the 0.90 threshold.

This also indicates that these two constructs are distinct from each other, though

they are somewhat closely related.

In summary, the HTMT ratios in Table 4.15 show that all three constructs—Demolition

Waste Causes, Demolition Waste Challenges and Demolition Waste Solutions—are

sufficiently distinct from each other. The values are below the 0.90 threshold, con-

firming that the constructs exhibit discriminant validity.

4.4.6 Variance Inflation Factor (VIF)

Once the reliability and validity of the research instrument have been verified, the

next step involves evaluating the internal consistency of the research items in terms

of Variance Inflation Factor (VIF). VIF measures the extent of correlation between

variables and their respective indicators. For a research item to be considered

acceptable, it should have a VIF value below 5 [172].

In this study, all research items met this criterion, indicating their suitability (See

Table 4.16).

Table 4.16: Variance Inflation Factor (VIF)-M2

Item VIF

CW-EX-M 1,831

CW-MC-M 1,396

CW PN M 1,848

SD-AS-M 1,279

SD-TS-M 1,279

WC-AT-M 1,953

WC-PL-M 1,999

WC-WH-M 2,552
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4.4.7 Effect Size (f2)

Table 4.17: Effect Size (f²) – Model M-2 presents the effect sizes (f²) for the

relationships between constructs in the model. The effect size (f²) measures the

magnitude of the relationship between variables.

In general, an f² value of 0.02 represents a small effect, 0.15 represents a medium

effect and value of 0.35 represents a large effect.

Here are the f² values for the relationships between the constructs in the model:

Demolition Waste Causes � Demolition Waste Challenges: 1.118 Demolition

Waste Causes� Demolition Waste Solutions: 0.073 Demolition Waste Challenges

� Demolition Waste Solutions: 1.374

Interpretation: The relationship between Demolition Waste Causes and Demo-

lition Waste Challenges has a large effect size (f² = 1.118), indicating a strong

influence. The relationship between Demolition Waste Causes and Demolition

Waste Solutions has a small effect size (f² = 0.073), indicating a minor effect. The

relationship between Demolition Waste Challenges and Demolition Waste Solu-

tions also shows a large effect size (f² = 1.374), suggesting a significant influence.

These values suggest that the causes and challenges of demolition waste have a

more substantial impact on the solutions than the causes alone.

Table 4.17: Effect Size (f2)-M-2

Demolition

Waste Causes

Demolition

Waste Chal-

lenges

Demolition

Waste Solu-

tions

Demolition Waste

Causes
1,118 0,073

Demolition Waste

Challenges
1,374

Demolition Waste

Solutions
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4.4.8 Coefficient of Determination (R²)

Table 4.18: Coefficient of Determination (R²) – Model M-2 shows the R-square

and adjusted R-square values for the constructs in the model.

For Demolition Waste Challenges, the R-square value is 0.528, meaning 52.8% of

the variance is explained by the independent variables in the model. The adjusted

R-square value of 0.525 indicates a minor adjustment for model complexity.

For Demolition Waste Solutions, the R-square value is 0.801, indicating that 80.1%

of the variance in the dependent variable is explained by the model. The adjusted

R-square of 0.799 reflects a good model fit.

Overall, the model explains a significant portion of the variance, particularly for

demolition waste solutions, with moderate explanation for the challenges.

Table 4.18: Coefficient of Determination (R²)-M-2

R-square
R-square ad-

justed

Demolition Waste Challenges 0,528 0,525

Demolition Waste Solutions 0,801 0,799

4.4.9 Assessment of PLS-SEM Path Model Results

In concluding that the current research model meets the fitness criteria of the

measurement model, calculations related to the structural model were used to

determine the impact of one variable on another, thereby assessing the most influ-

ential research variable in the study. The path coefficient serves as a key parameter

to evaluate the magnitude of impact, ranging from -1 to +1, indicating the maxi-

mum negative or positive influence of a variable. Additionally, the significance of

each impact is determined by its associated p-value being below 0.05 [173, 174].

Table 4.19: Assessment of PLS-SEM Path Model Results – Model M-2 presents

the path model results for the relationships between the constructs in the study,
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including the original sample (O), sample mean (M), standard deviation (STDEV),

T-statistics and P-values.

Table 4.19: Assessment of PLS-SEM Path Model Results-M-2

Original

sample

Sample

mean

Standard

deviation

T statis-

tics

P val-

ues

Demolition Waste

Causes - Demoli-

tion Waste Chal-

lenges

0,727 0,729 0,031 23,624 0

Demolition Waste

Causes - Demoli-

tion Waste Solu-

tions

0,175 0,176 0,047 3,697 0

Demolition Waste

Challenges - Demo-

lition Waste Solu-

tions

0,76 0,76 0,035 21,452 0

For the path from Demolition Waste Causes to Demolition Waste Challenges,

the original sample value is 0.727, with T-statistics of 23.624 and a p-value of

0, indicating a strong positive relationship that is statistically significant (p <

0.01). For the path from Demolition Waste Causes to Demolition Waste Solutions,

the original sample value is 0.175, with T-statistics of 3.697 and a p-value of 0,

showing a moderate positive relationship that is statistically significant (p < 0.01).

For the path from Demolition Waste Challenges to Demolition Waste Solutions,

the original sample value is 0.76, with T-statistics of 21.452 and a p-value of 0,

indicating a strong positive relationship that is highly significant (p < 0.01).

Summary: The results demonstrate significant and strong relationships between

the constructs in the model. The relationship between Demolition Waste Causes

and Demolition Waste Challenges is the strongest, followed by the relationships
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between Demolition Waste Challenges and Demolition Waste Solutions and De-

molition Waste Causes and Demolition Waste Solutions, all of which are highly

significant with p-values of 0.

4.4.10 Mediation Effect

Finally, the mediating effect of Demolition Waste between Causes of Demolition

Waste Generation and Demolition Waste Management Challenges was assessed

by calculating the specific indirect impact between these variables. Table 4.20:

Mediation Effect – Model M-2 presents the results for the mediation effect in the

path model. The mediation effect assesses how Demolition Waste Causes influ-

ences Demolition Waste Solutions through Demolition Waste Challenges.

Table 4.20: Mediation Effect-M-2

Original

sample

(O)

Sample

mean

(M)

Standard

deviation

(STDEV)

T statis-

tics

(|O/STDEV|)

P val-

ues

Demolition

Waste Causes

- Demolition

Waste Chal-

lenges - Demo-

lition Waste

Solutions

0,552 0,554 0,037 15,06 0

The results are as follows: Demolition Waste Causes � Demolition Waste Chal-

lenges � Demolition Waste Solutions Original sample: 0.552 T-statistics: 15.06

P-value: 0. This path shows a significant positive mediation effect, with a T-

statistics value of 15.06 and a p-value of 0, indicating a strong and statistically

significant mediation effect from Demolition Waste Causes to Demolition Waste

Solutions through Demolition Waste Challenges.
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Summary: The mediation effect is statistically significant, suggesting that Demo-

lition Waste Causes influences Demolition Waste Solutions indirectly by affecting

Demolition Waste Challenges. The strong effect and significance highlight the

importance of addressing waste challenges in order to manage waste solutions

effectively.

4.5 Results For Model-3 (M-3)

Model 3 as shown in figure 4.4, investigates the interconnected dynamics of demo-

lition waste management by focusing on three key dimensions:

1.Causes of Demolition Waste Generation

2.Impact of Demolition Waste

3.Solutions for Demolition Waste Management

Figure 4.4: Research Model 3
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This model explores the relationships between the causes, impacts and solutions

in demolition waste management, aiming to provide a comprehensive framework

for improving the overall practices in the industry. By examining how the causes

of waste generation influence its impacts and the subsequent solutions, the model

offers valuable insights that can contribute to sustainable construction practices.

Using PLS-SEM for the analysis enables a robust examination of these relation-

ships, providing a deeper understanding of the factors driving demolition waste

and the effectiveness of potential solutions. This methodology allows for the iden-

tification of patterns and insights that may not be apparent through traditional

methods, contributing to more informed policy decisions, better resource manage-

ment and fostering best practices within the demolition and construction sectors.

4.5.1 Outer Loadings

Table 4.21: Outer Loadings – Model M-3 presents the outer loadings for the

constructs in the model, representing the strength of the relationships between

the indicators and their respective latent variables.

Table 4.21: Outer Loadings-M-3

Items
Demolition

Waste Causes

Demolition

Waste Impacts

Demolition

Waste Solutions

CW-EX-M 0,847

CW-MC-M 0,778

CW PN M 0,869

SD-AS-M 0,813

SD-TS-M 0,894

WI-EC-M 0,918

WI-EN-M 0,943

WI-SO-M 0,7

The outer loadings are as follows: Demolition Waste Causes: CW-EX-M: 0.847,

CW-MC-M: 0.778, CW PN M: 0.869 Demolition Waste Impacts: SD-AS-M: 0.813,
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SD-TS-M: 0.894 Demolition Waste Solutions: WI-EC-M: 0.918, WI-EN-M: 0.943,

WI-SO-M: 0.7

Summary: The outer loadings indicate strong relationships between the indicators

and their respective constructs. The highest loadings are found for Demolition

Waste Solutions, particularly for WI-EN-M (0.943) and WI-EC-M (0.918), indi-

cating a very strong association between these indicators and the construct. All

loadings are above the acceptable threshold of 0.7, showing reliable measurement

of the latent variables.

4.5.2 Instrument Reliability

Table 4.22: Instrument Reliability – Model M-3 presents the reliability measures

for the constructs in the model, assessing the internal consistency and validity of

the measurement items.

Table 4.22: Instrument Reliability-M-3

Cronbach’s

alpha

Composite

reliability

(rho a)

Composite

reliability

(rho c)

Average

variance

extracted

(AVE)

Demolition

Waste Causes
0,777 0,783 0,871 0,693

Demolition

Waste Im-

pacts

0,825 0,908 0,894 0,741

Demolition

Waste Solu-

tions

0,637 0,666 0,844 0,731

The results are as follows: Demolition Waste Causes: Cronbach’s alpha: 0.777,

Composite reliability (rho a): 0.783, Composite reliability (rho c): 0.871, Average
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variance extracted (AVE): 0.693 Demolition Waste Impacts: Cronbach’s alpha:

0.825, Composite reliability (rho a): 0.908, Composite reliability (rho c): 0.894,

Average variance extracted (AVE): 0.741 Demolition Waste Solutions: Cronbach’s

alpha: 0.637, Composite reliability (rho a): 0.666, Composite reliability (rho c):

0.844, Average variance extracted (AVE): 0.731

Summary: The reliability analysis shows that Demolition Waste Causes and De-

molition Waste Impacts have acceptable Cronbach’s alpha and composite relia-

bility values, indicating good internal consistency. However, Demolition Waste

Solutions has a slightly lower Cronbach’s alpha, suggesting that the reliability of

its measurement items might need improvement. All constructs show acceptable

AVE values above the 0.5 threshold, confirming sufficient convergent validity.

4.5.3 Cross Loadings

Table 4.23: Cross Loadings – Model M-3 presents the cross-loadings for the mea-

surement items across the three constructs: Demolition Waste Causes, Demolition

Waste Impacts and Demolition Waste Solutions.

The results are as follows: CW-EX-M has loadings of 0.847, 0.623 and 0.626

on Demolition Waste Causes, Demolition Waste Impacts and Demolition Waste

Solutions, respectively. CW-MC-M has loadings of 0.778, 0.701 and 0.538. CW

PN M has loadings of 0.869, 0.773 and 0.645. SD-AS-M has loadings of 0.346,

0.632 and 0.813. SD-TS-M has loadings of 0.837, 0.785 and 0.894. WI-EC-M has

loadings of 0.701, 0.918 and 0.837. WI-EN-M has loadings of 0.926, 0.943 and

0.810. WI-SO-M has loadings of 0.459, 0.700 and 0.424.

Summary: The cross-loading table indicates that the items generally have the

highest loadings on their intended constructs, suggesting good discriminant valid-

ity. However, some items like WI-SO-M have relatively lower loadings across all

constructs, suggesting the need for further examination or potential improvement.

The higher loadings on the relevant constructs also confirm that the items are

more strongly related to their respective factors.
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Table 4.23: Cross Loadings-M-3

Items
Demolition

Waste Causes

Demolition

Waste Impacts

Demolition

Waste Solutions

CW-EX-M 0,847 0,623 0,626

CW-MC-M 0,778 0,701 0,538

CW PN M 0,869 0,773 0,645

SD-AS-M 0,346 0,632 0,813

SD-TS-M 0,837 0,785 0,894

WI-EC-M 0,701 0,918 0,837

WI-EN-M 0,926 0,943 0,81

WI-SO-M 0,459 0,7 0,424

4.5.4 Fornell-Larcker Criterion

Table 4.24: Fornell-Larcker Criterion – Model M-3 presents the Fornell-Larcker

values for the three constructs: Demolition Waste Causes, Demolition Waste Im-

pacts and Demolition Waste Solutions. The diagonal values represent the square

root of the Average Variance Extracted (AVE) for each construct, which are 0.832

for Demolition Waste Causes, 0.861 for Demolition Waste Impacts and 0.855 for

Demolition Waste Solutions.

The off-diagonal values represent the correlations between the constructs, with

Demolition Waste Causes and Demolition Waste Impacts having a correlation of

0.843, Demolition Waste Causes and Demolition Waste Solutions having a corre-

lation of 0.726 and Demolition Waste Impacts and Demolition Waste Solutions

having a correlation of 0.836. The Fornell-Larcker criterion indicates that the

square root of AVE for each construct is greater than its correlations with other
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constructs, suggesting that discriminant validity is achieved. This means that

each construct is sufficiently distinct from the others, confirming the validity of

the measurement model.

Table 4.24: Fornell-Larcker Criterion-M-3

Demolition

Waste Causes

Demolition

Waste Im-

pacts

Demolition

Waste Solu-

tions

Demolition

Waste Causes
0,832

Demolition

Waste Impacts
0,843 0,861

Demolition

Waste Solutions
0,726 0,836 0,855

4.5.5 HTMT- Heterotrait-Monotrait Ratio

Table 4.25: HTMT (Heterotrait-Monotrait Ratio) – Model M-3 shows the HTMT

values for the relationships between the constructs: Demolition Waste Causes,

Demolition Waste Impacts, and Demolition Waste Solutions.

Table 4.25: HTMT- Heterotrait-Monotrait Ratio-M-3

Demolition

Waste Causes

Demolition

Waste Impacts

Demolition

Waste Solutions

Demolition

Waste Causes

Demolition

Waste Impacts
0,896

Demolition

Waste Solutions
0,891 0,879
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The HTMT value between Demolition Waste Causes and Demolition Waste Im-

pacts is 0.896, between Demolition Waste Causes and Demolition Waste Solutions

is 0.891, and between Demolition Waste Impacts and Demolition Waste Solutions

is 0.879. These HTMT values are all below the typical threshold of 0.90, indicat-

ing that the constructs are sufficiently distinct and exhibit discriminant validity.

Therefore, the constructs of Demolition Waste Causes, Demolition Waste Impacts,

and Demolition Waste Solutions can be considered as distinct in this model, with-

out concerns about high multicollinearity or overlap.

4.5.6 Variance Inflation Factor (VIF)

Table 4.26: Variance Inflation Factor (VIF) – Model M-3 presents the VIF values

for various items in the model. The VIF values for the items are as follows:

CW-EX-M (1.831), CW-MC-M (1.396), CW PN M (1.848), SD-AS-M (1.279),

SD-TS-M (1.279), WI-EC-M (2.911), WI-EN-M (3.178) and WI-SO-M (1.429).

Table 4.26: Variance Inflation Factor (VIF)-M-3

Item VIF

CW-EX-M 1,831

CW-MC-M 1,396

CW PN M 1,848

SD-AS-M 1,279

SD-TS-M 1,279

WI-EC-M 2,911

WI-EN-M 3,178

WI-SO-M 1,429

VIF values below 5 generally indicate that multicollinearity is not a major concern.

In this case, the VIF values for most items are below the threshold of 5, with the

exception of WI-EC-M and WI-EN-M, which have VIF values of 2.911 and 3.178,

respectively. These values are still within acceptable limits, suggesting that there

is no significant multicollinearity among the items in this model.
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4.5.7 Effect Size (f2)

Table 4.27 presents the Effect Size (f²) for Model 3.

Table 4.27: Effect Size (f2)-M-3

Demolition

Waste Causes

Demolition

Waste Im-

pacts

Demolition

Waste Solu-

tions

Demolition Waste

Causes
2,455 0,005

Demolition Waste

Impacts
0,581

Demolition Waste

Solutions

The effect size from Demolition Waste Causes to Demolition Waste Impacts is

2.455, indicating a very large effect and highlighting that causes strongly influence

the impacts of demolition waste. The effect size from Demolition Waste Causes

to Demolition Waste Solutions is 0.005, reflecting a negligible influence. Finally,

the effect size from Demolition Waste Impacts to Demolition Waste Solutions is

0.581, which represents a large effect, signifying that the impacts of demolition

waste substantially influence the development of effective solutions.

4.5.8 Coefficient of Determination (R²)

To determine the overall predictability or impact percentage of endogenous vari-

ables, the coefficient of determination (R²) is employed [173, 174]. This parameter

quantifies the proportion of variance in an endogenous variable that is explained

by its predictors.

Table 4.28 presents the Coefficient of Determination (R²) for Model 3. The R-

square value for Demolition Waste Impacts is 0.711, with an adjusted R-square
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of 0.709. This indicates that approximately 71.1% of the variance in demolition

waste impacts can be explained by the model. For Demolition Waste Solutions,

the R-square value is 0.701 and the adjusted R-square is 0.697, suggesting that

70.1% of the variance in proposed solutions is accounted for by the explanatory

variables in the model.

Table 4.28: Coefficient of Determination (R²)-M-3

R-square
R-square ad-

justed

Demolition Waste Impacts 0,711 0,709

Demolition Waste Solutions 0,701 0,697

4.5.9 Assessment of PLS-SEM Path Model Results

Table 4.29: Assessment of PLS-SEM Path Model Results-M-3

Original

sample

(O)

Sample

mean

(M)

Standard

deviation

(STDEV)

T statis-

tics

(|O/STDEV|)

P val-

ues

Demolition Waste

Causes - Demo-

lition Waste Im-

pacts

0,843 0,844 0,015 54,53 0

Demolition Waste

Causes - Demoli-

tion Waste Solu-

tions

0,073 0,072 0,081 0,895 0,371

Demolition Waste

Impacts - Demo-

lition Waste Solu-

tions

0,775 0,777 0,067 11,523 0
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Table 4.29 presents the assessment of the PLS-SEM path model results for Model

3. The path from Demolition Waste Causes to Demolition Waste Impacts shows

a strong and significant relationship, with an original sample value of 0.843, a

t-statistic of 54.53, and a p-value of 0.000, indicating high statistical significance.

However, the path from Demolition Waste Causes to Demolition Waste Solutions

has a low coefficient of 0.073 and a non-significant p-value of 0.371, suggesting no

direct significant effect. Conversely, the path from Demolition Waste Impacts to

Demolition Waste Solutions is statistically significant with a coefficient of 0.775,

a t-statistic of 11.523, and a p-value of 0.000, indicating that impacts significantly

influence the formulation of solutions.

4.5.10 Mediation Effect

Table 4.30: Mediation Effect - Model 3 (M-3), This table presents the results of the

mediation analysis assessing the indirect relationship between Demolition Waste

Causes and Demolition Waste Solutions through Demolition Waste Impacts.

Table 4.30: Mediation Effect-M-3

Original

sample

(O)

Sample

mean

(M)

Standard

deviation

(STDEV)

T statis-

tics

(|O/STDEV|)

P values

Demolition

Waste

Causes -

Demolition

Waste

Impacts -

Demolition

Waste

Solutions

0,653 0,656 0,058 11,217 0
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The original sample coefficient is 0.653, with a very close sample mean of 0.656,

indicating consistency in the bootstrapping estimates. The standard deviation is

0.058, resulting in a t-statistic of 11.217, which is significantly higher than the

critical value. The corresponding p-value is 0, which confirms that the mediation

effect is statistically significant.

The results provide strong evidence that Demolition Waste Impacts significantly

mediate the relationship between Demolition Waste Causes and Demolition Waste

Solutions. This implies that addressing the causes of demolition waste indirectly

enhances the adoption of effective solutions by first influencing the impacts.

4.6 Results For Model-4 (M-4)

Model 4 as shown in figure 4.5, provides a comprehensive framework that integrates

four key dimensions of demolition waste management:

1.Causes of Demolition Waste Generation

2.Impact of Demolition Waste

3.Challenges in Demolition Waste Management

4.Solutions for Demolition Waste Management.

Using PLS-SEM, this model aims to explore the relationships between these di-

mensions and examine the dynamics of demolition waste management holistically.

PLS-SEM is well-suited for this analysis because it allows for the exploration of

both direct and indirect relationships among the constructs, providing insights

into how the causes of waste generation influence its impacts, the challenges in

managing it and the effectiveness of proposed solutions. The analysis assess the

measurement model, ensuring that each construct is properly represented by its

indicators and evaluate the structural model to understand the complex interac-

tions among the causes, impacts, challenges and solutions. By doing so, Model 4

aims to uncover valuable insights into the factors contributing to the successful
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management of demolition waste, inform policy and enhance decision-making in

the demolition and construction industries.

Figure 4.5: Research Model 4

4.6.1 Outer Loadings

Table 4.31 displays the outer loadings for each observed item under the fourth

measurement model (M-4) used in the PLS-SEM analysis. Outer loadings rep-

resent the correlation strength between each indicator (question or item) and its

corresponding latent construct (unobserved variable).

Loadings above 0.70 are generally deemed acceptable, suggesting that the item

reliably contributes to measuring its associated construct. For the Demolition

Waste Causes construct, the items CW-EX-M (0.846), CW-MC-M (0.778) and

CW PN M (0.871) show strong outer loadings, all exceeding the 0.70 threshold.

This indicates a solid correlation between these items and the underlying construct,

confirming their validity in capturing the causes of demolition waste.
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In terms of Demolition Waste Challenges, the indicators WC-AT-M (0.852), WC-

PL-M (0.870) and WC-WH-M (0.906) also demonstrate high outer loadings. These

values confirm that the items are effective in reflecting the challenges encountered

in demolition waste management, with each item exhibiting a high level of relia-

bility. For the Demolition Waste Impacts construct, WI-EC-M (0.918), WI-EN-M

(0.943) and WI-SO-M (0.700) are the respective loadings. While WI-SO-M is right

at the threshold, the other two indicators show extremely strong associations, fur-

ther validating the measurement model for this construct.

Lastly, Demolition Waste Solutions is measured by SD-AS-M (0.818) and SD-TS-

M (0.891), both of which exceed the standard cutoff, confirming that these items

are reliable indicators of proposed solutions to manage demolition waste.

Overall, the measurement model in M-4 demonstrates strong reliability and va-

lidity, as evidenced by the high outer loadings across all constructs. This affirms

that the indicators are appropriate and effective in representing the theoretical

concepts under investigation.

Table 4.31: Outer Loadings-M-4

Items

Demolition

Waste

Causes

Demolition

Waste

Challenges

Demolition

Waste Im-

pacts

Demolition

Waste Solu-

tions

CW-EX-M 0,846

CW-MC-M 0,778

CW PN M 0,871

SD-AS-M 0,818

SD-TS-M 0,891

WC-AT-M 0,852

WC-PL-M 0,87

WC-WH-M 0,906

WI-EC-M 0,918

WI-EN-M 0,943

WI-SO-M 0,7
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4.6.2 Instrument Reliability

Table 4.32 presents the results of the reliability and validity assessment for the

measurement model (M-4) constructs using four key indicators: Cronbach’s Al-

pha, Composite Reliability (rho-a and rho-c) and Average Variance Extracted

(AVE). These metrics help determine whether the items consistently measure the

constructs they are intended to represent.

Table 4.32: Instrument Reliability-M-4

Cronbach’s

alpha

Composite

reliability

(rho a)

Composite

reliability

(rho c)

Average

variance

extracted

(AVE)

Demolition

Waste

Causes

0,777 0,784 0,871 0,693

Demolition

Waste

Challenges

0,848 0,85 0,908 0,767

Demolition

Waste

Impacts

0,825 0,907 0,894 0,741

Demolition

Waste

Solutions

0,637 0,66 0,844 0,731

For Demolition Waste Causes, Cronbach’s Alpha is 0.777 and the composite re-

liability (rho-a = 0.784; rho-c = 0.871) exceeds the accepted threshold of 0.70,

indicating acceptable internal consistency. The AVE of 0.693 suggests that the

construct explains a substantial proportion of variance in its indicators, thus con-

firming convergent validity.

Demolition Waste Challenges shows strong reliability, with Cronbach’s Alpha of
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0.848 and composite reliability values of rho-a = 0.850 and rho-c = 0.908. The

AVE value of 0.767 further confirms that the indicators adequately capture the

essence of this construct.

In the case of Demolition Waste Impacts, the reliability indicators are also strong:

Cronbach’s Alpha is 0.825, rho-a is 0.907 and rho-c is 0.894. An AVE of 0.741

demonstrates good convergent validity, implying that the latent construct accounts

for a significant portion of the variance in its observed measures.

Finally, Demolition Waste Solutions presents a slightly lower Cronbach’s Alpha

of 0.637, which is below the ideal threshold but still within acceptable bounds

for exploratory research. However, composite reliability (rho-a = 0.660; rho-c =

0.844) and AVE (0.731) remain well above the minimum standards, indicating that

the construct maintains reasonable internal consistency and convergent validity.

In summary, all four constructs in model M-4 exhibit adequate to strong reliability

and validity, supporting the robustness of the measurement model.

4.6.3 Cross Loadings

Table 4.33 presents the cross-loadings for research Model M-4, showing how each

item correlates with the different constructs of Demolition Waste Causes, Chal-

lenges of demolition waste management , Impacts and Solutions. The values

indicate strong associations for most items with their intended constructs. For

instance, items like CW PN M (0.871), SD-TS-M (0.838) and WC-WH-M (0.906)

show high loadings on their respective constructs, demonstrating clear relation-

ships. However, some items, like SD-AS-M (0.345) under DemolitionWaste Causes,

show weaker correlations, indicating that these items might not be as closely re-

lated to their respective constructs. Additionally, WI-SO-M has lower loadings

across all constructs, particularly with Demolition Waste Causes (0.46), which

suggests that this item may not perform as well in the model. Overall, the cross-

loadings indicate generally strong construct-item relationships, with a few excep-

tions.
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Table 4.33: Cross Loadings-M-4

Items

Demolition

Waste

Causes

Demolition

Waste

Challenges

Demolition

Waste Im-

pacts

Demolition

Waste Solu-

tions

CW-EX-M 0,846 0,557 0,623 0,623

CW-MC-M 0,778 0,572 0,701 0,536

CW PN M 0,871 0,678 0,773 0,641

SD-AS-M 0,345 0,692 0,632 0,818

SD-TS-M 0,838 0,816 0,785 0,891

WC-AT-M 0,535 0,852 0,801 0,805

WC-PL-M 0,743 0,87 0,722 0,751

WC-WH-M 0,624 0,906 0,809 0,776

WI-EC-M 0,702 0,872 0,918 0,836

WI-EN-M 0,926 0,843 0,943 0,808

WI-SO-M 0,46 0,502 0,7 0,426

4.6.4 Fornell-Larcker Criterion

Table 4.34 presents the results of the Fornell-Larcker criterion for Model M-4.

The Fornell-Larcker criterion is used to assess discriminant validity by comparing

the square root of the Average Variance Extracted (AVE) for each construct with

its correlations with other constructs. In this case, the diagonal values represent

the square root of the AVE for each construct, and the off-diagonal values repre-

sent the correlations between constructs. Demolition Waste Causes has a strong

discriminant validity with a square root of AVE value of 0.832, which is higher

than its correlations with other constructs (0.727 with Demolition Waste Chal-

lenges, 0.843 with Demolition Waste Impacts and 0.723 with Demolition Waste

Solutions). Demolition Waste Challenges shows a square root of AVE value of

0.876, indicating strong discriminant validity and higher than its correlations with

the other constructs. Demolition Waste Impacts and Demolition Waste Solutions
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similarly show good discriminant validity, with their AVE values (0.861 and 0.855,

respectively) being higher than the correlations with other constructs.

Overall, the Fornell-Larcker criterion indicates that the constructs in this model

are well differentiated, as each construct’s AVE is higher than its correlations with

other constructs. This suggests that the model has good discriminant validity.

Table 4.34: Fornell-Larcker Criterion-M-4

Demolition

Waste

Causes

Demolition

Waste

Challenges

Demolition

Waste Im-

pacts

Demolition

Waste Solu-

tions

Demolition

Waste Causes
0,832

Demolition

Waste Chal-

lenges

0,727 0,876

Demolition

Waste Impacts
0,843 0,886 0,861

Demolition

Waste Solu-

tions

0,723 0,887 0,835 0,855

4.6.5 HTMT- Heterotrait-Monotrait Ratio

Table 4.35 presents the HTMT (Heterotrait-Monotrait) ratios for Model M-4. The

HTMT ratio is a measure used to assess discriminant validity, specifically checking

whether the constructs in the model are sufficiently distinct from one another.

According to the HTMT criterion, values greater than 0.85 indicate potential

discriminant validity issues, suggesting that the constructs may not be sufficiently

distinct from each other.

In this table, the HTMT values are as follows: The HTMT value between Demoli-

tion Waste Causes and Demolition Waste Challenges is 0.887, which is below the
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0.85 threshold, indicating that these two constructs are sufficiently distinct. The

HTMT value between Demolition Waste Causes and Demolition Waste Impacts

is 0.896, which is above 0.85 but not overly high, suggesting that there might be

some overlap but still maintaining reasonable discriminant validity.

Table 4.35: HTMT- Heterotrait-Monotrait Ratio-M-4

Demolition

Waste

Causes

Demolition

Waste

Challenges

Demolition

Waste Im-

pacts

Demolition

Waste Solu-

tions

Demolition

Waste Causes

Demolition

Waste Chal-

lenges

0,887

Demolition

Waste Im-

pacts

0,896 0,893

Demolition

Waste Solu-

tions

0,891 0,899 0,898

The HTMT value between Demolition Waste Causes and Demolition Waste Solu-

tions is 0.891, which again is slightly above the threshold but not excessively so.

The HTMT values between Demolition Waste Challenges and Demolition Waste

Impacts (0.893) and Demolition Waste Challenges and Demolition Waste Solutions

(0.899) both remain below 0.90, which is acceptable for discriminant validity. The

HTMT value between Demolition Waste Impacts and Demolition Waste Solutions

is 0.898, which is also just under the 0.90 threshold, indicating an adequate level

of distinctiveness.

Overall, the HTMT values indicate that while some constructs show marginal

overlap, they generally maintain acceptable discriminant validity, confirming that

the constructs are sufficiently distinct from each other.



Data Analysis and Validation of Framework 205

4.6.6 Variance Inflation Factor (VIF)

In this table, the VIF values for various items are as follows: CW-EX-M (1.831),

CW-MC-M (1.396), CW PN M (1.848), SD-AS-M (1.279), SD-TS-M (1.279), WC-

AT-M (1.953), WC-PL-M (1.999), WC-WH-M (2.552), WI-EC-M (2.911), WI-EN-

M (3.178), and WI-SO-M (1.429).

All VIF values in this table are below the commonly used threshold of 5, indi-

cating that there is no severe multicollinearity issue within the model. The VIF

values range from 1.279 to 3.178, suggesting that the predictor variables are not

excessively correlated with each other, ensuring the stability and reliability of the

statistical analysis.

Table 4.36: Variance Inflation Factor (VIF)-M-4

Item VIF

CW-EX-M 1,831

CW-MC-M 1,396

CW PN M 1,848

SD-AS-M 1,279

SD-TS-M 1,279

WC-AT-M 1,953

WC-PL-M 1,999

WC-WH-M 2,552

WI-EC-M 2,911

WI-EN-M 3,178

WI-SO-M 1,429

4.6.7 Effect Size (f2)

In Table 4.37, the effect size (f²) values for the various relationships are as follows:

For Demolition Waste Causes, the effect sizes are 1.123 for Demolition Waste

Challenges, 2.461 for Demolition Waste Impacts and 0.017 for Demolition Waste
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Solutions. For Demolition Waste Challenges, the effect size with Demolition Waste

Impacts is 0.514 and for Demolition Waste Impacts, the effect size with Demolition

Waste Solutions is 0.011.

These values represent the effect size of the relationships in the model. Effect

sizes greater than 0.35 indicate a large effect, values between 0.15 and 0.35 indi-

cate a medium effect and values below 0.15 indicate a small effect. In this case,

the relationships between Demolition Waste Causes and both Demolition Waste

Challenges and Demolition Waste Impacts show large effect sizes, while the other

relationships have small to medium effects, indicating varying degrees of influence

between the variables.

Table 4.37: Effect Size (f2)-M4

Demolition

Waste

Causes

Demolition

Waste

Challenges

Demolition

Waste Im-

pacts

Demolition

Waste Solu-

tions

Demolition

Waste Causes
1,123 2,461 0,017

Demolition

Waste Chal-

lenges

0,514

Demolition

Waste Im-

pacts

0,011

Demolition

Waste Solu-

tions

4.6.8 Coefficient of Determination (R²)

In Table 4.38, the Coefficient of Determination (R²) and Adjusted R² values for

the model are as follows: Demolition Waste Challenges has an R² of 0.529 and
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Adjusted R² of 0.526, Demolition Waste Impacts has an R² of 0.711 and Adjusted

R² of 0.709 and Demolition Waste Solutions has an R² of 0.801 and Adjusted R²

of 0.798.

These values represent the proportion of variance in the dependent variables that

can be explained by the independent variables in the model. An R² value of

0.529 for Demolition Waste Challenges indicates that approximately 53% of the

variation in this variable is explained by the model. An R² value of 0.711 for

Demolition Waste Impacts indicates a higher level of explanatory power, with

around 71% of the variation in this variable being explained. The R² value of

0.801 for Demolition Waste Solutions indicates the highest explanatory power,

with about 80% of the variation in this variable being explained. The adjusted

R² values, which account for the number of predictors in the model, are very close

to the R² values, suggesting that the model is well-specified and the addition of

predictors does not unnecessarily inflate the explanatory power.

Table 4.38: Coefficient of Determination (R²)-M-4

R-square R-square adjusted

Demolition Waste

Challenges
0,529 0,526

Demolition Waste Im-

pacts
0,711 0,709

Demolition Waste So-

lutions
0,801 0,798

4.6.9 Assessment of PLS-SEM Path Model Results

Table 4.39 presents the results from the assessment of the PLS-SEM path model. It

reports the original sample (O), sample mean (M), standard deviation (STDEV),

T statistics and P-values for the relationships between the constructs.
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The results indicate that the path coefficient between Demolition Waste Causes

and DemolitionWaste Challenges is 0.727, with a very high t-statistic of 23.525 and

a p-value of 0, suggesting a statistically significant and strong relationship between

these variables. For the path from Demolition Waste Causes to Demolition Waste

Impacts, the path coefficient is 0.843, with an even higher t-statistic of 54.959 and

a p-value of 0, indicating a highly significant and very strong relationship.

Table 4.39: Assessment of PLS-SEM Path Model Results-M-4

Original

sample

Sample

mean

Standard

deviation

T statis-

tics
P values

Demolition

Waste Causes

- Demolition

Waste Chal-

lenges

0,727 0,729 0,031 23,525 0

Demolition

Waste Causes

- Demolition

Waste Impacts

0,843 0,844 0,015 54,959 0

Demolition

Waste Causes

- Demolition

Waste Solutions

0,109 0,108 0,006 1,823 0,068

Demolition

Waste Chal-

lenges - Demo-

lition Waste

Solutions

0,691 0,691 0,057 12,19 0

Demolition

Waste Impacts

- Demolition

Waste Solutions

0,132 0,134 0,074 1,772 0
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The path from Demolition Waste Causes to Demolition Waste Solutions has a path

coefficient of 0.109, with a t-statistic of 1.823 and a p-value of 0.068. This p-value

is close to the significance threshold of 0.05, suggesting a marginally significant

relationship. The path between Demolition Waste Challenges and Demolition

Waste Solutions has a path coefficient of 0.691, with a t-statistic of 12.19 and a

p-value of 0, showing a strong and statistically significant relationship. Finally, the

path from Demolition Waste Impacts to Demolition Waste Solutions has a path

coefficient of 0.132, with a t-statistic of 1.772 and a p-value of 0.000, suggesting a

highly significant relationship despite the relatively lower coefficient.

Overall, the majority of paths show strong and significant relationships, with the

exception of the path between Demolition Waste Causes and Demolition Waste

Solutions, which is marginally significant.

4.6.10 Mediation Effect

Table 4.40 displays the mediation effects for two paths in the model.

The first mediation path, from Demolition Waste Causes to Demolition Waste Im-

pacts and then to Demolition Waste Solutions, has the following values: Original

sample (O) = 0.111, Sample mean (M) = 0.113, Standard deviation (STDEV) =

0.063, T-statistics = 1.769, and P-value = 0.000. The p-value of 0.000 indicates

a highly significant mediation effect. Despite the T-statistics being relatively low,

the very small p-value suggests that this mediation effect should be considered

important in the model.

The second mediation path, from Demolition Waste Causes to Demolition Waste

Challenges and then to Demolition Waste Solutions, has the following values:

Original sample (O) = 0.502, Sample mean (M) = 0.504, Standard deviation

(STDEV) = 0.049, T-statistics = 10.293 and P-value = 0. The second path

also shows a highly significant mediation effect, as evidenced by the very low p-

value and high T-statistics. The larger original sample value further supports the

strength of this mediation effect.
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In summary, both mediation paths show strong significance, but the second path

has a larger effect size and is more robust statistically.

Table 4.40: Mediation Effect-M-4

Original

sample

(O)

Sample

mean

(M)

Standard

deviation

(STDEV)

T statistics

(|O/STDEV|)

P

val-

ues

Demolition

Waste Causes

- Demolition

Waste Impacts

- Demolition

Waste Solutions

0,111 0,113 0,063 1,769 0

Demolition

Waste Causes

- Demolition

Waste Chal-

lenges - Demo-

lition Waste

Solutions

0,502 0,504 0,049 10,293 0

4.7 Summary of Hypotheses Acceptance and Re-

jection

The research conducted on demolition waste management in road projects has

identified several key relationships between causes, impacts, challenges and solu-

tions. Through testing these hypotheses, the study aimed to better understand

the dynamics of waste generation, its effects and how to effectively address the

challenges and devise practical solutions. Below are the accepted and rejected

hypotheses, along with their impact on the overall research.
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Table 4.41: Summary of Hypotheses Acceptance and Rejection

Hypothesis P-Value Result

Demolition Waste Causes � Demolition Waste

Challenges (M1)
0.234 Rejected

Demolition Waste Causes � Demolition Waste

Impacts (M1)
0 Accepted

Demolition Waste Impacts � Demolition Waste

Challenges (M1)
0 Accepted

Demolition Waste Causes� Demolition Waste So-

lutions (M1)
0 Accepted

Demolition Waste Causes � Demolition Waste

Challenges (M2)
0 Accepted

Demolition Waste Causes� Demolition Waste So-

lutions (M2)
0 Accepted

Demolition Waste Challenges�Demolition Waste

Solutions (M2)
0 Accepted

Demolition Waste Causes� Demolition Waste So-

lutions (M3)
0.371 Rejected

Demolition Waste Impacts � Demolition Waste

Solutions (M3)
0 Accepted

Demolition Waste Causes � Demolition Waste

Challenges (M4)
0 Accepted

Demolition Waste Causes � Demolition Waste

Impacts (M4)
0 Accepted

Demolition Waste Causes� Demolition Waste So-

lutions (M4)
0.068 Rejected

Demolition Waste Challenges�Demolition Waste

Solutions (M4)
0 Accepted

Demolition Waste Impacts � Demolition Waste

Solutions (M4)
0 Accepted
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4.7.1 Accepted Hypotheses

a. Demolition Waste Causes � Demolition Waste Impacts (M1)

This hypothesis is accepted with a p-value of 0, indicating that the causes of

demolition waste have a direct impact on the environmental, social and economic

consequences of waste generation. This finding aligns with the understanding that

waste generation during construction or demolition activities leads to significant

negative impacts, including resource depletion, pollution and other environmental

harms.

b. Demolition Waste Impacts � Demolition Waste Challenges (M1)

The accepted hypothesis (p-value = 0) reveals that the negative impacts of de-

molition waste, such as environmental degradation, fuel the challenges faced in

managing the waste. These impacts contribute to the complexity of waste man-

agement in road projects.

c. Demolition Waste Causes � Demolition Waste Challenges (M2),

Demolition Waste Causes � Demolition Waste Solutions (M2)

Both hypotheses are accepted, with p-values of 0, suggesting a strong connection

between the causes of demolition waste and the challenges or solutions for man-

aging it in Model 2. This supports the idea that addressing the causes of waste

generation early on can help mitigate the challenges and lead to better manage-

ment strategies.

d. Demolition Waste Causes � Demolition Waste Solutions (M4), De-

molition Waste Impacts � Demolition Waste Solutions (M4)

These hypotheses are accepted (p-value = 0), emphasizing that the identification of

waste causes and understanding their impacts are critical to formulating effective

solutions. By addressing the root causes and impacts, it is possible to develop

targeted solutions that improve waste management practices.
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4.7.2 Rejected Hypotheses

a. Demolition Waste Causes � Demolition Waste Challenges (M1)

This hypothesis is rejected (p-value = 0.234). This suggests that, in Model 1, the

causes of demolition waste do not have a direct relationship with the challenges

faced in waste management. It is likely that other factors, such as the complexity

of project planning, policy constraints, or logistical issues, are more significant in

influencing challenges than the initial causes of waste generation.

b. Demolition Waste Causes � Demolition Waste Solutions (M3&4)

With a p-value of 0.371 & 0.068, these hypothesis were rejected. This indicates

that in Models 3&4, the causes of demolition waste do not strongly influence the

proposed solutions. This could be because solutions are more directly influenced

by the severity of the impacts and challenges faced rather than the causes alone.

A broader perspective may be necessary to develop more comprehensive solutions.

4.7.3 Impact on Research

The findings underline the interconnected nature of the factors affecting demoli-

tion waste management, specifically how causes lead to impacts, which in turn

contribute to challenges and drive the need for effective solutions. The research

highlights the importance of addressing waste generation at early stages of road

projects to minimize its negative consequences. Additionally, it shows that solu-

tions are not solely derived from the causes of waste but also require an under-

standing of the broader impacts and challenges faced in the management process.

The study also suggests that more comprehensive and context-sensitive strategies,

involving all stakeholders (government, designers, contractors, etc.), are required

to achieve optimal outcomes in waste management. Future research may further

explore these interdependencies and identify more precise variables to improve

management strategies for road construction and demolition waste.



Data Analysis and Validation of Framework 214

4.8 Interpretation of the Results Obtained from

Model 1, 2, 3 and 4

The models presented in this section are designed to offer a structured frame-

work for understanding the complex dynamics of demolition waste management,

focusing on the causes, impacts, challenges and potential solutions. These models

aim to provide a systematic analysis of how various factors interact and influence

one another, ultimately leading to a better understanding of how to effectively

manage demolition waste in road construction projects. Each model builds upon

the previous one, refining the relationships between key components and offering

deeper insights into the processes that drive waste generation, its environmental

and social impacts and the effectiveness of waste management solutions.

The progression of the models from Model 1 to Model 4 reflects a continuous im-

provement in analytical complexity. In Model 1, a foundational framework is intro-

duced to capture the basic relationships between causes, impacts, challenges and

solutions. Model 2 enhances this framework by incorporating stronger mediation

effects, particularly through the role of challenges in shaping waste management

solutions. Model 3 takes this further by deepening the mediation analysis, with

a stronger focus on the minimal direct effects of causes on solutions, emphasizing

the central role of impacts. Finally, Model 4 represents the most advanced level of

analysis, integrating both impacts and challenges into a comprehensive mediation

framework that guides the development of targeted waste management strategies.

Together, these models form a robust foundation for interpreting the critical fac-

tors influencing demolition waste management in road construction and provide

valuable insights that inform both theoretical understanding and practical applica-

tions in the field. The following sections present the detailed overview and insights

derived from each of the models, starting with Model 1.

Model 1 provides a foundational understanding of the relationships between demo-

lition waste causes, impacts, challenges and solutions. It confirms that demolition

waste impacts play a significant mediating role between causes and solutions. The
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model showed strong validity and reliability, but the ”Demolition Waste Solutions”

construct had a slightly lower reliability (Cronbach’s alpha = 0.64), indicating

some inconsistency.

Demolition Waste Impacts act as a crucial mediator between causes and solutions,

suggesting that effective waste management must address these impacts before

focusing on solutions.

Building on Model 1, Model 2 introduces stronger mediation effects, particularly

through the relationship between Demolition Waste Causes, Challenges and Solu-

tions. The model reinforces the importance of challenges in shaping waste manage-

ment solutions. Reliability remains acceptable, but Demolition Waste Solutions

still exhibits lower consistency.

Demolition Waste Challenges play a pivotal role in shaping solutions, emphasizing

that both impacts and challenges must be understood for effective waste manage-

ment.

Model 3 refines the mediation effects and deepens the analysis of relationships

between causes, impacts and solutions. It confirms that Demolition Waste Impacts

are a strong mediator, with minimal direct effect between causes and solutions.

The model supports the view that focusing on the consequences of demolition

waste is critical for developing effective solutions.

The minimal direct effect from causes to solutions reinforces the idea that solutions

are more influenced by impacts than causes themselves, emphasizing the need to

address the broader environmental and social consequences of demolition.

Model 4 represents the most advanced analysis, providing a more detailed under-

standing of the relationships. It reinforces the importance of Demolition Waste

Impacts and Challenges in shaping waste management strategies. The mediation

analysis shows that both impacts and challenges significantly influence the devel-

opment of solutions.

The model strengthens the view that Demolition Waste Impacts, along with the

associated challenges, are central to shaping waste management solutions. It em-

phasizes the importance of considering both factors when developing strategies.
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4.9 Comparison with other Studies

This section presents a detailed comparative analysis between the previous studies

as discussed in Section 2.10. A comparison is drawn between the framework devel-

oped in this study for demolition waste management in road projects and frame-

works proposed in previous studies from various countries, including Malaysia,

the UK, Egypt and China. While international studies provide valuable insights

into aspects of waste management, such as sustainability, circular economy, Build-

ing Information Modeling (BIM) and waste disposal, their frameworks tend to

be focused on specific components of the issue or apply to a broader construc-

tion context. In contrast, this study offers a comprehensive and context-specific

framework, addressing the causes, impacts, challenges and solutions for demolition

waste in road projects. The methodology used in this research allows for a deeper

exploration of waste in road projects, making the framework more applicable to

the unique challenges faced by developing countries like Pakistan.

Table 4.42: Comparison with other Studies

Aspect This Study
Findings from Other

Studies

Causes of

Waste

Identified causes specific to road

projects, including poor planning,

design inefficiencies, lack of skilled

labor and weak enforcement of reg-

ulations.

General causes include in-

efficient construction prac-

tices, poor waste catego-

rization and lack of aware-

ness (e.g., Malaysia, Egypt,

etc.[118]).

Impacts of

Waste

Comprehensive evaluation of envi-

ronmental, economic and social im-

pacts, including emissions, landfill

pressure and public health issues.

Other studies highlight gen-

eral environmental impacts

but lack detailed LCA eval-

uations (e.g., Beijing fo-

cuses on CDW flows[26]).
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Challenges

in Waste

Manage-

ment

Explored administrative, technical

and policy challenges, such as lim-

ited recycling facilities, weak reg-

ulatory frameworks and funding

gaps.

Challenges regarding waste

in global studies often

revolve around behavioral

barriers (UK), regulatory

issues (Egypt), or technol-

ogy adoption (BIM-based

frameworks[79]).

Proposed

Solutions

Provides comprehensive solutions,

including administrative reforms,

technical advancements (recycling

and reuse) and policy recommenda-

tions specific to road projects.

Solutions focus on cir-

cular economy principles

(Beijing), BIM-based tools

(BIM framework) and

categorization of waste

(Malaysia)[126].

Framework

Validation

Framework tested using Focus

Group Discussions (FGD), pi-

lot studies and PLS-SEM, ensur-

ing practical applicability in road

projects.

Other frameworks, such as

Malaysia’s and BIM-based

frameworks, validate find-

ings using EAHP or PLS-

SEM but lack integration of

multiple dimensions[152].

Technological

Integration

Explored advanced PLS-SEM and

field observations to ensure data-

driven framework development. No

heavy reliance on other technolo-

gies like BIM.

Studies like the BIM-based

framework focus heavily on

integrating specific tools

but lack holistic techno-

logical approaches for road

projects[153].

Sustainability

Focus

Strong emphasis on waste reduc-

tion, recycling and addressing life-

cycle impacts to promote sustain-

able waste management.

Circular economy studies

(e.g., Beijing) emphasize

sustainability but pri-

marily from a waste flow

perspective[154].
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Geographic

Focus

Designed specifically for Pakistan

and similar developing countries,

addressing unique challenges like

weak governance, infrastructure

gaps and low awareness.

Focused on global con-

texts or specific countries,

such as Malaysia, Egypt

and the UK, with lim-

ited relevance to developing

countries[151].

Key Find-

ings

Highlights the need for tailored ad-

ministrative and technical solutions

for road projects, considering local

challenges and real-world data from

Pakistan.

General findings revolve

around broader frameworks,

waste categorization, or iso-

lated management practices

(e.g., waste behavior, dis-

posal analysis)[155].

This comparison highlights that while previous studies offer significant contribu-

tions to the field of demolition waste management, they often lack the holistic

approach that is critical for addressing the multifaceted challenges of road con-

struction in developing countries. By providing a comprehensive framework that

integrates various aspects of waste management and utilizes advanced methodolo-

gies, this study makes a valuable contribution to the existing body of knowledge.

It not only improves the understanding of waste management in road projects

but also offers practical, actionable solutions for practitioners, policymakers and

researchers, promoting sustainable practices in the road construction sector in

developing contexts.

4.10 Validation of Modified Framework

The validation of the proposed framework was carried out using Partial Least

Squares Structural Equation Modeling (PLS-SEM) to assess the robustness and

predictive capability of the conceptual model tailored for demolition waste man-

agement. This model shown in below figure 4.6, incorporated four key constructs:
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Demolition Waste Causes, Demolition Waste Impacts, Demolition Waste Chal-

lenges and Demolition Waste Solutions. Data were collected from stakeholders

engaged in road construction and demolition projects across Pakistan. SmartPLS

software was utilized to run the algorithm and perform bootstrapping, facilitating

the evaluation of the measurement and structural model in terms of reliability,

validity and hypothesized causal relationships.

Figure 4.6: Modified Model

4.10.1 Path Coefficients and Hypothesis Testing

The structural model analysis demonstrated several critical relationships among

the constructs. The path coefficient from Demolition Waste Causes to Demolition

Waste Impacts was 0.811, representing a strong and statistically significant direct

effect. Similarly, the relationship from Demolition Waste Impacts to Demolition

Waste Challenges related to road projects showed an even stronger positive rela-

tionship with a coefficient of 1.057, indicating that increasing impacts significantly
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escalate the challenges. Furthermore, the link between Demolition Waste Chal-

lenges and Demolition Waste Solutions was observed with a coefficient of 0.623,

suggesting that understanding the challenges leads to more effective solutions. Al-

though the path from Demolition Waste Causes to Demolition Waste Challenges

had a lower coefficient of 0.148, it remained statistically significant with a T-value

of 2.279 and a p-value of 0.023, validating its presence in the model. These findings

substantiate the hypothesized causal relationships and emphasize the mediating

role of Impacts within the framework.

4.10.2 Outer Loadings

Outer loadings confirm the strength of the indicators for each construct. For De-

molition Waste Causes, the loadings were CW-EX-M (0.831), CW-MC-M (0.878)

and CW-PN-M (0.682). For Demolition Waste Challenges, loadings included SD-

AS-M (0.912), SD-TS-M (0.909), WC-AT-M (0.967), WC-PL-M (0.878) and WC-

WH-M (0.923). Demolition Waste Impacts had loadings from WI-EC-M (0.945),

WI-EN-M (0.975) and WI-SO-M (0.784). These values demonstrate strong indi-

cator reliability across constructs.

4.10.3 Predictive Power (R² and f²)

The model’s predictive power was validated through R² and f² statistics. For

Demolition Waste Challenges related to road projects, the R² value was 0.886,

meaning that 88.6% of the variance was explained. Demolition Waste Impacts

regarding road projects had an R² of 0.658, while Demolition Waste Solutions

showed an R² of 0.814, reflecting a high degree of explained variance across all

constructs. Regarding effect sizes, the path from Causes to Impacts recorded a

large f² value of 3.358, while Impacts to Challenges also demonstrated a large effect

size of 1.925. These findings indicate that the model exhibits strong predictive

power and explanatory capacity.
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4.10.4 Reliability and Convergent Validity

The measurement model displayed high internal consistency and convergent valid-

ity. All constructs recorded Cronbach’s Alpha (a) and Composite Reliability (CR)

values above the threshold of 0.7. Specifically, Causes had = 0.715 and CR =

0.842; Challenges had = 0.913 and CR = 0.945; Impacts had = 0.889 and CR =

0.931; and Solutions had = 0.793 and CR = 0.906. Moreover, the Average Vari-

ance Extracted (AVE) for all constructs exceeded the 0.6 benchmark, confirming

convergent validity. AVEs were as follows: Causes = 0.642, Challenges = 0.852,

Impacts = 0.819 and Solutions = 0.829.

4.10.5 Discriminant Validity and Cross-Loading Analysis

Discriminant validity was assessed using the Fornell-Larcker criterion and HTMT

ratio. According to the Fornell-Larcker results, all constructs met the criterion

where the square root of AVEs exceeded the inter-construct correlations. The

square root of AVEs were Causes (0.801), Challenges (0.923), Impacts (0.905)

and Solutions (0.910). Corresponding inter-construct correlations were lower, for

instance, Causes to Challenges (0.710), Causes to Impacts (0.811), Challenges to

Impacts (0.937) and Challenges to Solutions (0.897), confirming discriminant valid-

ity. However, HTMT ratios revealed a potential issue between Causes and Impacts

with a value of 0.994, slightly exceeding the 0.90 threshold. Other high HTMT

values included Causes and Solutions (0.995), Challenges and Impacts (0.992),

Challenges and Solutions (0.996) and Impacts and Solutions (0.991). These el-

evated values suggest some overlap and while not disqualifying, they indicate a

need for careful interpretation. The cross-loading analysis showed that indicators

loaded highest on their respective constructs. For example, CW-EX-M loaded

0.831 on Causes, SD-AS-M loaded 0.912 on Challenges, WI-EN-M loaded 0.975

on Impacts and indicators such as SD-TS-M and WI-EC-M showed strong load-

ings on their intended constructs as well. Despite some moderate cross-loadings,

these patterns support indicator reliability.
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4.10.6 P-Value and Hypothesis Significance Testing

All proposed relationships within the structural model were tested for statistical

significance. The path from Demolition Waste Causes to Demolition Waste Chal-

lenges had a T-statistic of 2.279 and a p-value of 0.023, confirming its significance.

The path from Causes to Impacts was highly significant (T = 38.459, p = 0.000),

as was the path from Challenges to Solutions (T = 6.527, p = 0.000). Moreover,

Impacts to Challenges (T = 21.181, p = 0.000) and Impacts to Solutions (T =

3.012, p = 0.003) were also statistically significant. These results provide robust

empirical support for the model’s hypothesized relationships.

Figure 4.7: Modified Model Based upon PLS-SEM

4.11 Comparison with Modified Framework

When compared across all four models and the modified framework, the validated

model shows strong alignment with the hypothesized pathways and underlying the-

oretical framework. The conceptual model proposed that the causes of demolition
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waste influence both its impacts and associated challenges, which subsequently

shape potential solutions. Empirical validation confirmed all these relationships

and, importantly, underscored the mediating role of Impacts—identified as the

most influential construct—affecting both Challenges and Solutions. The valida-

tion results confirmed the theoretical and empirical strength of the model. All

evaluation standards in PLS-SEM—such as Cronbach’s Alpha, Composite Reli-

ability, AVE, Fornell-Larcker, HTMT, R², path coefficients (β), effect sizes (f²)

and statistical significance (p-values)—were met, reinforcing the soundness of the

framework.

In conclusion, the validation results confirm that the modified framework is both

statistically robust and theoretically coherent. The model demonstrates high relia-

bility, as well as strong convergent and discriminant validity, with significant path

relationships supported by substantial effect sizes and strong predictive power.

This empirical foundation lends credibility to the framework and supports its ap-

plication in future policy development and management strategies—particularly

in addressing demolition waste management within road construction projects in

developing countries.

4.11.1 Answers the Research Questions

This section provides answers to the research questions, derived from the insights

obtained through data analysis. Each answer reflects the findings that emerged

from the models and hypotheses tested in the study, which focuses on understand-

ing demolition waste generation and management in road construction projects in

Pakistan.

Q.1: What are the causes road waste generation in Pakistan at different stages of

the life cycle?

Answer:

On the basis of this study and as illustrated in Figure 4.8, the causes of demolition

waste generation have been ranked based on focus group discussions, pilot study,
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PLS-SEM analysis and validation of the final model. The results are supported

by responses from 163 participants through a structured questionnaire. The iden-

tified causes vary in their level of significance across different stages of the road

project life cycle.

The most critical factor is the ”coordination and communication gap among stake-

holders (CW-PN-7)”. Inadequate coordination between contractors, consultants,

regulatory authorities and suppliers often leads to miscommunication, project de-

lays and execution errors, which ultimately result in significant demolition waste.

Figure 4.8: Causes of demolition waste Generation

”Scope and design changes (CW-PN-5)” emerged as the second most influential

contributor. Frequent modifications during the planning or execution phases—

whether due to evolving project requirements or unforeseen site conditions—often

necessitate the demolition of completed work, thereby generating avoidable waste.

Another prominent cause is the ”inadequate identification and quantification of

demolition waste(CW-MC-7)”. The absence of proper assessment and forecast-

ing during early planning hinders the application of effective waste management

strategies, such as reuse and recycling, resulting in increased waste accumulation.

Among the 20 causes analyzed, the ”utilization of substandard materials (CW-

MC-3)” was found to have the least impact. Nevertheless, it still contributes to
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demolition waste, as the use of low-quality construction materials can lead to early

failures and defects, requiring demolition and rework and consequently adding to

the overall waste volume.

Q2: What are the impacts of demolition waste of road projects in Pakistan?

Answer:

On the basis of this study, and as illustrated in Figure 4.9, the impacts of demo-

lition waste management have been ranked. The most critical impact identified

is ”resource consumption (WI-EN-5)”. Demolition waste management requires

significant use of natural and manufactured resources, including energy, water

and raw materials, thereby placing a burden on environmental sustainability and

project economics.

Figure 4.9: Impacts of demolition waste Management

”Health and safety impacts (WI-SO-7)” emerged as the second most influential

contributor. Exposure to dust, debris, hazardous materials and unsafe demolition

practices can pose serious risks to workers and surrounding communities, making

this a key concern in waste management. Another prominent impact is the ”cost

associated with the disposal of waste (WI-EC-7)”. The financial burden of trans-

porting, handling and disposing of demolition waste—particularly in the absence

of efficient recycling systems—can significantly affect project budgets.
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Among the 26 impacts analyzed, ”additional human resource consumption(WI-

SO-2)” was found to have the least impact. Nevertheless, it still contributes to

the overall burden of demolition waste management. Inadequate planning or poor-

quality materials may necessitate rework, leading to increased labor demands and

reduced project efficiency.

Q3: What are the main challenges in managing road demolition waste in the study

area?

Answer:

On the basis of this study, and as illustrated in Figure 4.10, the challenges of

demolition waste management have been ranked. The most critical challenge

identified is the ”engagement of all types of social media to promote demolition

waste management(WC-PL-2)”. The lack of awareness campaigns and limited use

of digital platforms hinder public understanding and stakeholder participation,

thereby reducing the effectiveness of sustainable waste practices.

Figure 4.10: Challenges of demolition waste Management

The ”level of enforcement of waste management plans (WC-PL-4)” emerged as

the second most influential challenge. Weak regulatory enforcement and incon-

sistent monitoring mechanisms allow non-compliance to go unchecked, ultimately

contributing to poor implementation of demolition waste strategies.
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Another prominent challenge is the ”illegal dumping of demolition waste(WC-

WH-1)”. Inadequate supervision and limited designated disposal sites often lead

to unauthorized waste dumping, posing serious environmental and public health

risks.

Among the 27 challenges analyzed, ”industry support for the effective utilization of

demolition waste(WC-WH-8)” was found to have the least impact. Nevertheless,

its role remains relevant, as insufficient industry engagement can limit the adop-

tion of innovative reuse and recycling technologies. This indirectly contributes to

increased waste generation through rework and inefficient material usage.

Q4: What solutions and management strategies can be proposed at the local/na-

tional level for better waste management in road projects?

Answer:

On the basis of this study, and as illustrated in Figure 4.11, the solutions for demo-

lition waste management have been ranked. The most critical solution identified

is ”continuous and effective supervision at the site level(SD-TS-8)”. Active moni-

toring ensures proper implementation of demolition waste management practices,

minimizes on-site errors and enhances compliance with environmental and safety

standards.

The ”3R strategy—Reduce, Reuse, Recycle (SD-TS-6)”— emerged as the sec-

ond most influential contributor. This integrated approach promotes sustainable

material use by minimizing waste generation, encouraging the reuse of existing

resources and enhancing recycling practices within the construction sector.

Another notable solution is the ”continuous improvement in environmental man-

agement through the 3R framework(SD-AS-8)”. This involves regularly updating

practices, policies and technologies to align with sustainability goals, thereby en-

hancing overall waste management performance.

Among the 20 solutions analyzed, ”poor implementation of demolition waste man-

agement (DWM) laws and regulations(SD-AS-11)” was found to have the least im-

pact. Nonetheless, weak enforcement continues to contribute to demolition waste
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by allowing the use of substandard materials and practices that result in early

failures, rework and additional waste generation.

Figure 4.11: Solutions of demolition waste Management

Q5: Is there any connection between the causes of waste, its impact, the challenges

and solutions?

Answer:

This study confirms that demolition waste dynamics are interconnected through a

complex cause-impact-challenge-solution chain. Using rigorous statistical model-

ing (PLS-SEM), the research shows that understanding one component in isolation

is insufficient—interventions must be systems-based.

Key connections include:

Causes � Impacts:

Strong path coefficients (β = 0.843) show that the more frequent or severe the

causes, the greater the environmental and social impacts.

Impacts � Challenges:

The study found the strongest empirical link here (β = 0.972), suggesting that

impacts significantly exacerbate management challenges.
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Challenges � Solutions:

Statistically robust links (β= 0.760) highlight that addressing challenges such as

policy gaps and resource limitations is key to solution development.

Causes � Solutions:

This pathway was statistically insignificant, indicating that knowing the causes

alone does not automatically lead to effective solutions.

Integrated Viewpoint:

The validated framework supports a holistic and evidence-based Environmental

Management Framework, ensuring sustainable and practical interventions.

4.11.2 Response to the Research Aims and Objectives

The overarching aim of this research was to develop a comprehensive Environ-

mental Management Framework (EMF) specifically tailored for demolition waste

(DW) generated during road projects in Pakistan. The study responds to a crit-

ical policy and operational gap by addressing how demolition waste contributes

to environmental degradation and how its effective management can promote sus-

tainability. Through empirical modeling, stakeholder engagement and literature

triangulation, this aim was fully realized in the form of a robust, multi-dimensional

EMF.

Objective 1: Investigate the Causes of Demolition Waste Generation at Various

Stages of Road Projects.

This objective was comprehensively achieved through a structured and multi-phase

research approach. Initially, 20 potential causes of demolition waste were identi-

fied through a detailed literature review. These causes were further validated and

refined through focus group discussions with industry experts and a pilot study.

A structured questionnaire was then administered to 163 professionals engaged in
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road construction projects across Pakistan. Using Partial Least Squares Struc-

tural Equation Modeling (PLS-SEM), four models were developed and tested to

assess the strength and significance of relationships between causes and other key

variables. The final modified model was statistically validated, confirming the rele-

vance and impact of each cause. The analysis revealed that coordination and com-

munication gaps among stakeholders were the most critical causes of demolition

waste, followed by frequent scope and design changes, and inadequate forecasting

of waste. Even lower-impact causes such as the use of substandard materials were

found to contribute to waste generation. Therefore, the objective of investigating

causes was successfully fulfilled through empirical analysis and model validation.

Objective 2: Assess the Environmental, Social and Economic Impacts of Demoli-

tion Waste.

This objective was met by identifying 26 impact factors through the literature

and validating them via expert consultations and pilot testing. These factors were

included in the main survey and statistically assessed using PLS-SEM modeling.

The final validated model provided a reliable ranking of these impacts in terms

of their significance. The most critical environmental impact was found to be the

excessive consumption of natural and manufactured resources such as energy, wa-

ter, and raw materials. Socially, the exposure to hazardous materials and unsafe

demolition practices posed serious health and safety concerns for both workers and

communities. Economically, the cost of transporting, handling, and disposing of

demolition waste, especially in the absence of efficient recycling systems, imposed

a heavy financial burden on project budgets. Even the lowest-ranked impact,

increased human resource consumption due to rework, contributed to overall inef-

ficiency. Thus, the environmental, social, and economic dimensions of demolition

waste impacts were thoroughly analyzed, fulfilling this objective.

Objective 3: Analyze the Challenges Associated with Demolition Waste Manage-

ment for Road Projects

This objective was addressed by identifying 27 key challenges from the literature

review, which were then evaluated and refined through stakeholder focus groups
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and a pilot study. The validated questionnaire used in the main survey enabled

detailed feedback from industry professionals.

Using the same PLS-SEM approach, the challenges were statistically tested and

incorporated into four successive model iterations. The final validated model iden-

tified the lack of awareness campaigns and inadequate use of social media as the

most significant challenge. This was followed by weak enforcement of waste man-

agement plans and illegal dumping, all of which present serious threats to sustain-

able waste practices.

While limited industry support for reuse and recycling technologies had the least

direct impact, it was still acknowledged as a contributing factor to inefficient waste

handling.

In conclusion, this objective has been comprehensively addressed by identifying,

evaluating, and ranking the major barriers to effective demolition waste manage-

ment.

Objective 4: Explore Solutions for DemolitionWaste Management for Road Projects.

This objective was fulfilled by identifying 20 potential solutions from the litera-

ture and refining them through stakeholder input and survey responses. These

solutions were assessed within the PLS-SEM framework and ranked according to

their effectiveness in addressing the identified challenges. The analysis revealed

that the most impactful solution was continuous and effective on-site supervision,

which ensures adherence to demolition waste management practices and minimizes

errors. The adoption of the 3R strategy—Reduce, Reuse, and Recycle—emerged

as the second most effective solution, promoting sustainable use of materials and

minimizing waste. Regular improvement in environmental management practices,

driven by updates in policy and technology, was also found to be a significant

contributor. Although the poor implementation of existing laws was statistically

the least impactful, it remains a concern as it allows non-compliance and encour-

ages the use of substandard materials. Overall, the objective of identifying and

evaluating practical solutions was thoroughly achieved.
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Objective 5: Develop an Environmental Management Framework (EMF) for Road

Projects, Providing Actionable Recommendations for Policymakers and Stakehold-

ers.

The Environmental Management Framework (EMF) was developed by synthe-

sizing the findings from the validated PLS-SEM model, which established clear

relationships among causes, impacts, challenges, and solutions. The study con-

firmed a strong connection between causes and impacts (β = 0.843), impacts and

challenges (β = 0.972), and challenges and solutions (β = 0.760). Interestingly, the

link between causes and solutions was statistically insignificant, highlighting the

need for a systems-based approach rather than isolated interventions. The EMF

integrates these findings into a coherent strategy that promotes sustainable de-

molition waste management in road projects. It recommends stronger supervision

practices, the application of the 3R strategy, improved regulatory enforcement,

and greater public and stakeholder engagement. These recommendations provide

actionable guidance for policymakers, contractors, consultants, and environmental

regulators. Thus, the development of a holistic and evidence-based EMF completes

the final objective of the research.

4.12 Final Environmental Management Frame-

work

The Integrated Environmental Management Framework for Demolition Waste in

Road Projects addresses critical issues related to waste generation, management

and sustainability in Pakistan’s infrastructure sector. This framework provides a

comprehensive understanding of the causes of demolition waste, its environmental,

social and economic impacts and proposes innovative solutions to enhance waste

management practices in road projects. Based on this research, the proposed

Environmental Management Framework (EMF), illustrated in Figure 4.8, serves

as a cornerstone for addressing these challenges.
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This research has provided valuable insights into the complexities and opportuni-

ties within sustainable demolition waste management in road projects. By utilizing

a questionnaire survey-based methodology and Partial Least Squares Structural

Equation Modeling (PLS-SEM), the study identified key interrelationships among

the causes, impacts, challenges and solutions related to demolition waste. The

findings emphasize the importance of addressing challenges in waste management

to develop effective solutions. Specifically, the study highlights the need for proac-

tive measures to reduce waste generation at its source, enhance regulatory frame-

works and promote technological innovations in recycling and waste processing.

These efforts are critical for minimizing environmental impacts, realizing economic

benefits and fostering a sustainable construction industry.

The study identifies multiple causes of demolition waste across various stages,

including planning, design, execution, monitoring and maintenance. Key factors

contributing to waste generation include poor planning, design inefficiencies, the

use of substandard materials, lack of skilled labor and limited awareness of effective

waste management practices. These issues collectively exacerbate inefficiencies

throughout the life cycle of road projects.The impacts of demolition waste are

extensive. Environmentally, it contributes to resource depletion, pollution and

increased greenhouse gas emissions. Socially, it poses health hazards to workers

and nearby communities, alongside public inconvenience due to improper disposal

practices. Economically, the financial burden is magnified by inefficient recycling

systems and material wastage.

The study also identifies significant challenges to effective demolition waste man-

agement. These challenges include inadequate waste handling, insufficient train-

ing and awareness and gaps in policy and legislation. Specific technical barriers

include ineffective waste sorting and recycling technologies. Administrative chal-

lenges involve weak regulatory frameworks and lack of enforcement mechanisms,

while logistical obstacles stem from limited waste collection and transportation

infrastructure. Financial constraints, such as inadequate funding and incentives

for sustainable practices, further complicate the issue. These challenges highlight

the need for holistic and targeted interventions.
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To overcome these challenges, the study proposes innovative solutions, such as

advanced recycling technologies, on-site waste segregation systems and the devel-

opment of sustainable materials like recycled aggregates and eco-friendly concrete.

Policy recommendations include enforcing mandatory recycling and promoting

sustainable practices in road projects. Capacity-building initiatives are also sug-

gested to educate and train stakeholders on effective waste management strategies.

The proposed Environmental Management Framework (EMF) offers a strategic

approach to managing demolition waste throughout the project life cycle. It in-

tegrates environmental, economic and social considerations to guide road projects

toward sustainability. A significant finding of this study is the strong correla-

tion between waste sources, impacts, challenges and solutions. Addressing these

components holistically enhances efficiency and sustainability. The framework em-

phasizes the integration of policies and findings serving as the basis for national

guidelines. Pilot projects are recommended to test and refine proposed strategies,

supported by public-private partnerships to ensure funding and implementation

of sustainable practices.

In conclusion, the framework underscores the importance of a multidisciplinary

approach to demolition waste management. By reducing waste generation, mini-

mizing environmental impacts and fostering sustainability, it provides actionable

insights for policymakers, engineers, stakeholders, contractors and subcontractors

in Pakistan. Furthermore, this research lays the foundation for improving demo-

lition waste management in Pakistan’s road construction sector.

By adopting a holistic approach that addresses environmental, logistical and finan-

cial challenges, the study offers innovative solutions to promote sustainability. The

EMF provides a crucial tool for achieving sustainable outcomes in road projects,

contributing to a greener and more resource-efficient future for infrastructure de-

velopment in Pakistan. Additionally, the framework serves as a model for other

developing countries facing similar challenges in infrastructure development and

waste management.
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Figure 4.12: Environmental Management Framework (EMF)



Data Analysis and Validation of Framework 236

4.13 Summary

Chapter 4 provides a comprehensive analysis of the data and results obtained

from the application of Partial Least Squares Structural Equation Modeling (PLS-

SEM). The chapter begins by offering a detailed demographic classification of the

sample population, providing a solid foundation for understanding the character-

istics of the respondents. This is crucial for ensuring that the data is relevant and

applicable to the study’s objectives.

The chapter then proceeds to present the results of four distinct models, each

assessed using a variety of PLS-SEM criteria. These criteria include outer loadings,

instrument reliability, cross loadings, the Fornell-Larcker criterion, the HTMT

ratio, Variance Inflation Factor (VIF), effect size (f²), coefficient of determination

(R²), path model evaluation and mediation effects. The results of each model

are thoroughly analyzed to ensure the validity and reliability of the constructs

and their interrelationships. This detailed evaluation allows for a comparative

understanding of the performance and insights provided by each model.

The chapter concludes by summarizing the hypotheses that were accepted or re-

jected, highlighting the key findings from the analysis. It includes a comparison

of the study’s findings with previous frameworks, offering insights into how the

results contribute to existing knowledge in the field. The chapter emphasizes the

broader implications of the study, particularly its potential contributions to eco-

nomic and environmental sustainability. By validating the models and linking the

findings to real-world applications, the chapter underscores the study’s ability to

influence waste management strategies and promote sustainable practices in road

construction projects.



Chapter 5

Conclusions & Recommendations

5.1 Conclusion

This Chapter marks the culmination of this research, consolidating the key insights

and findings derived from the comprehensive analyses presented in the preceding

chapters. It synthesizes these results to provide clear, evidence-based conclusions

on sustainable demolition waste management within the context of road construc-

tion projects. Building on these conclusions, the chapter offers practical and ac-

tionable recommendations aimed at improving existing waste management prac-

tices, enhancing resource efficiency and supporting environmental sustainability.

Recognizing the ongoing developments and emerging challenges in the field, this

chapter also proposes potential directions for future research to foster continued

innovation and advancement in demolition waste management strategies.

This study comprehensively examined how the causes, impacts, challenges and

solutions of demolition waste (DW) management are interconnected within the

context of road construction projects in Pakistan. Through a combination of in-

depth literature review, focus group discussions,Pilot study and advanced empiri-

cal testing using Partial Least Squares Structural Equation Modeling (PLS-SEM),

it was determined that there is currently no comprehensive framework available

to manage demolition waste effectively in road projects. This critical gap in the

237
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existing management practices highlights the urgency and necessity of developing

a comprehensive Environmental Management Framework (EMF) tailored to the

needs of Pakistan’s road construction sector.

To explore the interrelationships among demolition waste causes, impacts, chal-

lenges and solutions, four structural models were developed and empirically tested.

Out of 19 research hypotheses proposed, 16 were found to be statistically signifi-

cant. This high success rate reflects the robustness and reliability of the theoretical

model and validates the proposed causal pathways. Each model underwent rig-

orous statistical validation, demonstrating strong internal consistency, construct

validity (convergent and discriminant) and freedom from multicollinearity. The

models’ Composite Reliability (CR) values exceeded the threshold of 0.7 and Av-

erage Variance Extracted (AVE) values surpassed 0.5, indicating a high degree of

measurement accuracy.

Importantly, the study revealed that understanding the causes of demolition waste

alone is insufficient to drive effective solutions. The direct relationship between

causes and solutions was found to be statistically insignificant in both Model 3

(β = 0.073, p = 0.371) and Model 4 (β = 0.109, p = 0.068). Instead, impacts

emerged as a key mediating factor. The strong path coefficients from causes to

impacts (β = 0.843 across models) and from impacts to solutions (Model 3: β

= 0.775; Model 4: β = 0.740; both p = 0.000) confirm that the severity and

recognition of DW impacts are pivotal in formulating sustainable solutions. Fur-

thermore, the analysis highlighted that challenges—such as weak policies, limited

enforcement, technical constraints and low stakeholder awareness—significantly

influence the development and implementation of solutions. This was supported

by strong statistical associations between challenges and solutions (Model 3: β =

0.691; Model 4: β = 0.760; both p = 0.000).

These findings stress the need to overcome systemic and institutional barriers to

improve DW management outcomes. The explanatory power of the models further

reinforces the reliability of the framework. High R² values were achieved across all

constructs: Causes: 70.1% Impacts: 71.1% Challenges: 72.2% Solutions: 80.1%
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These values indicate that the models are capable of capturing the complexity

of DW management with high predictive accuracy. The path analysis revealed

several novel insights: A strong positive relationship between causes and impacts

(β = 0.843) confirms that increases in DW-generating activities intensify negative

consequences.A statistically significant link between causes and challenges (β =

0.727) suggests that unmanaged causes contribute directly to the emergence of

operational and policy hurdles. The impacts to challenges path (β = 0.972) was

among the strongest, revealing that as DW impacts intensify, so do the manage-

ment difficulties.

Based on these empirical findings, the study proposes a comprehensive Environ-

mental Management Framework (EMF) that provides a practical roadmap for sus-

tainable demolition waste management. This framework promotes: Waste min-

imization and reuse through technical solutions. Environmental protection via

policy reforms and enforcement mechanisms. Stakeholder collaboration among

government agencies, construction companies and local communities. The EMF

integrates administrative, technical and policy-level strategies, making it a flexible

and scalable model for Pakistan and other developing nations facing similar in-

frastructural challenges. Ultimately, this research offers a scientifically validated,

context-sensitive approach to tackling the growing problem of demolition waste

in road construction. It supports informed policymaking, capacity building and

the establishment of a resilient waste management infrastructure. The proposed

framework contributes not only to environmental sustainability but also to eco-

nomic efficiency and social well-being—paving the way for a greener, more sus-

tainable construction industry in Pakistan and beyond.

5.2 Recommendations

In light of the findings from this research—highlighting the lack of a comprehensive

demolition waste management system in road construction projects—this section

provides detailed recommendations for key stakeholders. These recommendations
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are grounded in empirical evidence derived from the study’s validated structural

models and expert input and aim to support the development of a sustainable,

efficient and practical demolition waste management framework in Pakistan and

similar developing contexts.

5.2.1 Government and Policymakers

Governments and regulatory bodies have a pivotal role in creating an enabling

environment for sustainable demolition waste management. A critical starting

point is the standardization of recycling, reuse and disposal regulations across

the country. At present, Pakistan lacks a uniform national policy, which leads

to inconsistent practices at the provincial and municipal levels. Standardized

policies should define specific requirements for waste sorting, material recovery

thresholds, disposal methods and penalties for non-compliance. This would pro-

vide legal clarity and operational consistency for all involved actors. Moreover,

the government should provide financial incentives to stimulate the adoption of

sustainable waste practices in construction. These can include tax relief for com-

panies using recycled materials, funding support for research and development in

green construction technologies and preferential treatment in public procurement

for contractors with sound waste management records. Investment in waste sort-

ing and recycling infrastructure is another critical recommendation. Establishing

regional facilities for sorting, crushing and reprocessing demolition waste can sig-

nificantly reduce the burden on landfills and increase material recovery. These fa-

cilities should be accessible and technologically equipped to process various types

of road demolition materials, including asphalt, concrete and metals. To guide

informed decision-making and promote long-term environmental accountability,

the government should implement Life Cycle Assessment (LCA) guidelines. LCA

tools evaluate the environmental impacts of materials and processes from cradle to

grave. Making LCA mandatory in public road projects would encourage planners

and engineers to select low-impact alternatives and justify their material choices

based on sustainability criteria.
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5.2.2 Designers and Consultants

Designers are instrumental in influencing material choices, construction method-

ologies and waste generation levels from the early planning stages. It is strongly

recommended that design teams incorporate recycled materials and modular de-

signs wherever feasible. Recycled aggregates, reclaimed asphalt pavement and

reused steel components not only reduce environmental impact but also lower

project costs. Modular design, on the other hand, allows for easier assembly and

disassembly, enabling materials to be reused in future projects. A proactive de-

sign approach also involves thorough site investigations to better understand the

ground realities and anticipate waste-generating conditions. This helps minimize

rework and design changes during execution, both of which are known contribu-

tors to waste generation. Another key recommendation is for designers to develop

detailed waste management plans as part of the initial design package. These

plans should outline potential waste types and volumes, proposed handling strate-

gies and coordination mechanisms with contractors. Waste management planning

should be treated as a design responsibility rather than an afterthought or con-

struction phase issue..

5.2.3 Contractors and Sub-contractors

The role of contractors and sub-contractors is central to the practical management

of demolition waste. They are responsible for implementing on-site strategies that

can significantly influence waste outcomes. One of the most effective interventions

is the implementation of on-site recycling and waste segregation systems. By sepa-

rating materials like concrete, asphalt, wood and metals at the source, contractors

can improve recovery rates and reduce the cost of disposal. Dedicated waste zones,

clear signage and proper bin labeling are essential components of an efficient segre-

gation system. Additionally, contractors must invest in workforce training focused

on sustainable construction practices. Many laborers are unaware of the environ-

mental impacts of waste or the correct ways to handle different materials. Regular
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workshops, certifications and awareness sessions can enhance their understanding

and commitment to responsible waste management. Embracing digital tools and

technologies can also lead to significant improvements in material use and waste

reduction. Construction management software can help track inventory, forecast

material needs and monitor real-time waste generation. Using building informa-

tion modeling (BIM) and other smart technologies enables better planning and

optimization, minimizing surplus and off-cuts during construction.

5.3 Future Research Directions

Despite the important findings of this study, there remain several critical areas

where further investigation is required to advance sustainable demolition waste

management practices in road construction. These future research directions em-

phasize the need for long-term, interdisciplinary and context-specific studies to

reinforce and expand the framework developed in this research.

5.3.1 Long-Term Impact Assessment of Sustainable Waste

Utilization

One of the primary limitations in current demolition waste management practices

is the lack of longitudinal studies that evaluate the long-term performance and en-

vironmental outcomes of utilizing recycled demolition materials in road construc-

tion. Future research should aim to track the structural durability, maintenance

frequency and lifecycle cost of roads built with alternative materials, such as re-

cycled concrete aggregate or reclaimed asphalt pavement. Moreover, researchers

should assess the environmental performance over time, focusing on indicators

such as carbon footprint reduction, emissions during usage, soil and groundwater

quality and ecosystem impacts. Such long-term studies are essential for generating

evidence-based benchmarks and performance indicators that can be used by poli-

cymakers and practitioners to evaluate the effectiveness of waste reuse strategies.
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This data will also help determine the true environmental and economic value of

sustainable practices, thereby encouraging wider adoption across the industry.

5.3.2 Innovation in Recycling Technologies and Material

Science

With technological advances transforming the construction and waste sectors,

there is significant scope for future research to focus on innovative, high-efficiency

recycling technologies. These could include smart sorting systems using artificial

intelligence, robotics for material separation and thermal or chemical processing

methods for more complex waste streams. Additionally, researchers should investi-

gate new material formulations, such as geopolymer concrete or bio-based binding

agents, that can incorporate demolition waste without compromising structural

performance. Another emerging area worth exploring is the integration of digital

technologies such as Building Information Modeling (BIM) and Internet of Things

(IoT) for real-time waste tracking, optimization of material flows and predictive

maintenance of infrastructure. Evaluating the technical feasibility, economic vi-

ability, energy consumption and environmental risks associated with these new

technologies in the context of Pakistan and similar developing countries will be

critical for their effective deployment.

5.3.3 Strengthening Inter-Sectoral Collaboration Models

Sustainable demolition waste management requires strong coordination among dif-

ferent sectors, including government agencies, construction firms, environmental

regulators, research institutions and civil society organizations. Future research

should examine the institutional, financial and legal frameworks that can facili-

tate such cooperation. This could involve conducting comparative case studies

of successful collaboration models from other countries and adapting them to

the socio-political and economic realities of Pakistan. There is also a need to

develop stakeholder engagement models that define the roles, responsibilities and
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accountability mechanisms of each actor in the waste management ecosystem. Ex-

ploring tools such as public-private partnerships (PPPs), inter-agency task forces

and shared data platforms can provide a more integrated approach to managing

demolition waste in road projects.

5.3.4 Enhancing Public Engagement and Education

An often-overlooked but crucial aspect of sustainable waste management is public

awareness and community participation. Future research should explore the so-

ciocultural barriers and behavioral drivers that influence public perceptions and

practices related to demolition waste. This includes studying attitudes toward re-

cycled construction materials, understanding the factors that encourage or hinder

community involvement and identifying the most effective communication strate-

gies to promote sustainable practices. Efforts should also focus on developing

educational interventions at different levels—from primary and secondary schools

to universities and vocational training institutions. Creating interactive learning

modules, community outreach programs and awareness campaigns can significantly

improve understanding and acceptance of sustainable demolition waste practices.

Furthermore, researchers should evaluate the impact of public education efforts

on waste generation behavior, segregation practices and support for policy re-

forms. These findings can help tailor communication and engagement strategies

to different demographic groups and regions within the country.

5.3.5 Policy-Oriented Research and Regulatory Innovation

In addition to the above areas, future research must contribute to the development

of evidence-based policy frameworks. There is a pressing need to evaluate the ef-

fectiveness of existing demolition waste regulations and propose reforms that pro-

mote standardization, enforcement and incentivization. Researchers can explore

the role of life cycle assessment (LCA) in policy decision-making, the introduction

of mandatory waste audits for large-scale road projects and the development of
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performance-based standards for recycled construction materials. Studies should

also consider the implications of emerging global trends, such as the circular econ-

omy, green public procurement and climate adaptation goals, in shaping Pakistan’s

waste management strategies. Collaborative research involving economists, legal

experts and environmental scientists can yield actionable policy recommendations

that align local priorities with international sustainability commitments.

5.3.6 Case study project using complete Life cycle.

This framework serves as the foundational key to developing and implementing

effective demolition waste management that incorporates the 3R principles (Reuse,

Recycle, Reject/Landfill) across various types of construction projects. By testing

this framework through pilot projects in diverse urban contexts, it will allow for the

identification of sector-specific challenges and the formulation of tailored solutions.

These future research directions emphasize the dynamic and evolving nature of

demolition waste management and the critical need for interdisciplinary, multi-

level and practice-oriented investigations. By exploring long-term performance

metrics, technological innovations, institutional collaborations, public engagement

strategies and policy interventions, future research can significantly enhance the

effectiveness and scalability of the Environmental Management Framework pro-

posed in this study. Ultimately, such efforts will contribute to building a resilient,

low-waste and sustainable road infrastructure sector in Pakistan and other devel-

oping countries facing similar challenges.
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