International Journal on Science and Technology (IJSAT)

3 E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

Integrated Supply Chain Approaches To
Sustainable Management Of Construction Waste

Mohd Fazal Ansarit, Ankita Turate?

PG Student, School of Civil and Environmental Sciences, JSPM University Pune
2Assistant Professor, School of Civil and Environmental Sciences, JSPM University Pune

Abstract

Construction and demolition waste (CDW) represents one of the largest waste streams globally, with
significant environmental implications. In India, approximately 150-500 million tonnes of CDW is
generated annually, with only about 1% being recycled, compared to recycling rates exceeding 90% in
countries like the Netherlands and Germany. This research examines integrated supply chain approaches
to sustainable management of construction waste in the Indian context. Through comprehensive literature
review, case study analysis, and stakeholder perspective evaluation, this study develops a framework for
implementing integrated supply chain management principles in construction waste handling across all
project stages. The proposed framework addresses policy integration, stakeholder collaboration, process
integration, technological enablement, and economic viability considerations. Success stories from Delhi's
Burari recycling plant and international best practices demonstrate the potential of integrated approaches.
The research concludes that adopting circular economy principles and reverse logistics in construction
supply chains can significantly improve waste recycling rates, reduce environmental impacts, and create
economic opportunities. Recommendations include strengthened regulatory implementation, incentive
structures, capacity building, and market development strategies tailored to the Indian construction
industry.

Keywords: Construction and demolition waste (CDW), integrated supply chain management, reverse
logistics, circular economy, waste recycling, sustainable construction, green supply chain management
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1. Introduction and Research Context

The management of construction and demolition waste represents a critical global environmental
challenge with particularly significant implications for rapidly developing economies like India. The sheer
volume of CDW generation worldwide is staggering - 569 million metric tonnes in the United States
(2017), 45 million metric tonnes in Brazil (2018), and 20.4 million metric tonnes in Australia (2017)
(Brandao et al., 2021). Despite growing awareness of sustainability issues, recycling rates vary
dramatically across regions, from approximately 66% in Australia to merely 5% in China, which produces
about 1.8 billion metric tonnes of CDW annually (Brandé&o et al., 2021).

India's construction industry has experienced rapid growth, driving increased CDW generation estimated
at 150-500 million tonnes annually (PIB, 2024). However, the recycling rate remains abysmally low at
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around 1% (CSE, 2020), creating both environmental challenges and missed economic opportunities. This
stark contrast with the European Union's 90.5% recovery rate (Statista, 2023) highlights the significant
potential for improvement through integrated supply chain approaches.

The theoretical foundation for this research builds on Farooque et al.'s (2019) definition of circular supply
chain management as "the integration of circular thinking into managing the supply chain and its
surrounding industrial and natural ecosystems.” This perspective recognizes that addressing construction
waste requires a systems approach that considers the entire lifecycle of materials and engages all
stakeholders across the supply chain. As the authors note, traditional linear "take-make-dispose”
approaches have proven inadequate for addressing the complex challenges of waste reduction, resource
efficiency, and environmental protection in construction.

2. Literature Synthesis: Key Dimensions of CDW Management
2.1 Global Perspectives on Construction Waste

The global scale of CDW generation continues to grow with increasing urbanization and infrastructure
development. According to United Nations data from 2017, "construction is responsible for 36% of annual
energy consumption and 39% of CO: emissions globally" (Circular Innovation Lab, 2022). Furthermore,
projections indicate that by 2030, buildings will contribute 12.6 GT of energy-related emissions, while
70% of urban infrastructures have yet to be built to accommodate the growing global population.

The environmental impact of CDW extends beyond emissions to include resource depletion,
contamination of soil and water, and reduction of landfill capacity. As Chileshe et al. (2016) note, the
heterogeneous nature of construction waste presents significant challenges for efficient recovery and
recycling. Materials range from concrete, bricks, and timber to metals, glass, plastics, and potentially
hazardous substances, each requiring different handling approaches and recycling technologies.

2.2 Supply Chain Management in Construction

The construction industry presents unique supply chain management challenges due to its project-based
nature, temporary multi-organizational structures, and site-specific conditions. Traditional construction
supply chains operate in silos, with limited collaboration between design, procurement, construction, and
demolition phases. This fragmentation contributes to inefficiencies, material waste, and missed
opportunities for resource recovery.

Dainty and Brooke (2004) identified that "the most effective [waste minimization] measures were deemed
to be those that fostered waste minimization partnerships throughout the supply chain." This finding
underscores the importance of stakeholder collaboration across all phases of construction projects. The
construction supply chain involves multiple stakeholders, including clients, architects, engineers,
contractors, subcontractors, suppliers, waste management companies, regulators, and end users, each with
distinct objectives and constraints.

According to Branddo et al. (2021), government emerges as the most important key actor in the reverse
supply chain, with responsibilities across all nodes and employing various strategies to promote
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sustainable practices. This central coordinating role is essential for overcoming the fragmentation typical
in construction projects.

2.3 Circular Economy and Reverse Logistics in Construction

The integration of sustainability principles into construction waste management requires a fundamental
shift from linear "take-make-dispose™ models to circular approaches. Reverse logistics enables the
recovery of value from demolition materials and construction waste, creating closed-loop material flows.
Hosseini et al. (2015) identified key factors influencing the adoption of reverse logistics in construction,
including economic benefits, environmental concerns, social pressure, and organizational support.

Life cycle assessment (LCA) provides a methodology for evaluating the environmental impacts of
construction materials and processes throughout their lifecycle. Kucukvar et al. (2014) developed an
assessment model to investigate the net carbon, energy, and water footprint of CDW recycling,
highlighting the importance of considering multiple environmental indicators in decision-making.

The triple bottom line approach recognizes that sustainable waste management must address not only
environmental concerns but also economic viability and social benefits. Rahimi and Ghezavati (2018)
demonstrated that maximizing profit and social impact can simultaneously reduce environmental impact
in construction waste management, creating win-win scenarios for multiple stakeholders.

2.4 Indian Regulatory Framework for CDW Management

India’'s primary regulatory framework is the Construction and Demolition Waste Management Rules,
2016. These rules assign responsibilities to waste generators, local authorities, and government agencies,
with key provisions including:

- Requirements for waste generators to segregate CDW into concrete, soil, steel, wood, plastics, bricks,
and mortar

- Mandates for local authorities to establish collection centers and processing facilities
- Utilization of 10-20% of recycled CDW products in government construction projects

- Requirements for bulk generators (>20 tonnes/day or >300 tonnes/project) to prepare waste management
plans

Despite these regulations, implementation remains weak due to inadequate infrastructure, limited
awareness, lack of economic incentives, poor enforcement, low market demand for recycled materials,
and dominance of the informal sector in waste handling. This implementation gap represents a critical
challenge for advancing sustainable CDW management in India.

3. Research Methodology and Framework Development

The research employs a mixed-methods approach combining qualitative and quantitative techniques to
develop a comprehensive understanding of integrated supply chain approaches. Data collection methods
include:
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1. Systematic literature review following Borrego et al.'s (2014) guidelines, examining academic
publications, industry reports, and policy documents related to construction waste management, supply
chain integration, reverse logistics, and circular economy principles.

2. Case study analysis of successful implementations, including Delhi's Burari C&D waste recycling plant,
the European Union's Waste Framework Directive implementation, Turkish green supply chain
management for CDW, and circular construction supply chains in urban environments.

3. Expert interviews with construction managers, waste management specialists, policymakers, and
academic experts to gather insights on implementation challenges, success factors, and future directions.

4. Field observations at construction sites, waste collection points, and recycling facilities to understand
current practices and opportunities for improvement.

Data analysis employed both qualitative content analysis and quantitative assessment of performance
indicators, following a systematic process of content analysis, theme identification, cross-case
comparison, evaluation of success factors and barriers, and framework development. The integrated
framework was developed through an iterative process synthesizing findings from literature, case studies,
and expert interviews, with validation through industry expert feedback.

4. Key Components of Integrated Supply Chain Approach for CDW
4.1 Governance and Regulatory Framework

Effective governance and regulatory frameworks are fundamental to establishing conditions for
sustainable construction waste management. Research by Chinda (2017) and Xanthopoulos et al. (2012)
indicates that reverse logistics is typically only implemented when there are legal obligations and financial
incentives. Quality standards for recycled materials are essential for building market confidence, with
Chileshe et al. (2016) identifying the absence of "quality control compliance for reclaimed products” as a
significant barrier to reverse logistics adoption.

Economic instruments significantly influence waste management decisions. Fu et al. (2017) determined
that incentive subsidies are more effective than penalties, especially when reverse supply chain
profitability is low. Similarly, Zhou et al. (2013) found that government subsidies can improve the profit
of recycled CDW in the supply chain. Inspection and enforcement strategies are necessary to ensure
compliance and prevent illegal dumping, with Chinda (2017) and Tam et al. (2014) highlighting the
importance of government inspection in supporting waste management legislation.

4.2 Process Integration Across Supply Chain Nodes

Process integration requires coordination of activities across multiple nodes, from waste generation to
final consumption of recycled materials. At CDW generation points, key practices include selective
demolition, on-site sorting, and proper waste storage. The debate on whether separation should occur on-
site or off-site reflects the complexity of this decision, with Rameezdeen et al. (2016) citing safety
regulations and Sea-Lim et al. (2018) emphasizing specialized technology needs for off-site sorting, while
Tam et al. (2014) argue that on-site separation reduces landfill waste.
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Transportation and logistics optimization is crucial for reducing environmental and economic costs.
Shakantu et al. (2012) demonstrated a 42% reduction in empty vehicle transportation through integrated
logistics planning. Sorting and separation facilities add value by processing mixed waste into distinct
material streams, with Wang et al. (2004) proposing efficiency improvements through training, planning,
and knowledge exchange.

Recycling centers transform waste materials into valuable resources, with technology, capacity, and
location significantly impacting reverse supply chain viability. Hiete et al. (2011) proposed a model for
planning regional CDW recycling networks based on material flow analysis. End markets represent the
final node, requiring strategies to address quality concerns, price competitiveness, and regulatory
acceptance. Chileshe et al. (2018) found that combining increased regulation with price decreases for
reclaimed materials would better promote reverse logistics among contractors.

4.3 Stakeholder Engagement and Technological Enablers

Successful implementation requires active engagement among diverse stakeholders. Construction
companies are primary generators and potential consumers of recycled materials, with Hosseini et al.
(2014) noting that contractual obligations and tight schedules can create implementation barriers. Waste
management companies provide specialized services, with Trochu et al. (2018) developing models for
optimal facility location to ensure regulatory compliance while minimizing costs.

Government agencies establish regulatory frameworks, provide incentives, and monitor compliance, while
end users influence market demand. Public procurement policies are significant market drivers, with
Nunes et al. (2009) noting that government is often the largest consumer of construction materials.

Technological innovation enables more efficient waste management. Building Information Modeling
(BIM) can integrate waste considerations into design and planning, though traditional BIM systems often
lack specific waste analysis functionality. Digital platforms enhance transparency through waste tracking,
with blockchain technology offering potential for immutable material flow records. Advanced sorting
technologies increase recovery rates, while smart supply chain applications using IoT, RFID, and Al
enable real-time monitoring and optimization, as highlighted by Dzhuguryan and Deja (2021).

4.4 Economic Viability Assessment

Economic viability is critical for implementation sustainability. Cost-benefit analysis helps quantify
financial implications, with Sobotka and Sagan (2016) examining cost-saving reverse logistics activities
and Sea-Lim et al. (2018) investigating feasibility for steel waste recovery. Different business models
balance economic viability with environmental and social objectives, with research suggesting extended
producer responsibility models can stimulate selection of durable and recyclable materials.

Economic incentives strongly influence behavior throughout the supply chain. Landfill taxes, virgin
material levies, and recycling subsidies alter relative costs of different options, with Xu et al. (2018)
finding that recycling ratios are directly influenced by disposal fees. Market development strategies
include quality standards, certification systems, demonstration projects, and preferential procurement
policies.
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5. Case Studies of Successful Implementation
5.1 European Union's Approach

The European Union established a comprehensive framework through the Waste Framework Directive,
targeting 70% recycling for CDW by 2020. Implementation strategies include landfill taxes, extended
producer responsibility schemes, quality standards for recycled aggregates, and green procurement
policies. Countries like the Netherlands and Germany have achieved recycling rates exceeding 90%
through integrated approaches combining regulatory requirements, economic incentives, and
technological innovation (Beldek et al., 2016).

5.2 Delhi's Burari C&D Waste Recycling Plant

Delhi's Burari plant represented India's largest CDW recycling facility with 2,000 tonnes per day capacity.
Operating as a public-private partnership between North Delhi Municipal Corporation and Indo Enviro
Integrated Solutions Private Limited, it processed waste into ready-mix concrete, hollow bricks, pavement
blocks, and other products. The Delhi government mandated use of recycled products in government
contracts to build market confidence, resulting in over 1.8 million recycled blocks supplied for the
Supreme Court Extension project (Roychowdhury et al., 2020). This case demonstrates how policy
support, infrastructure development, and market creation can succeed in the Indian context.

5.3 Other Implementation Examples

The South Australian construction industry has developed strategic partnerships, training programs, and
government incentive utilization to overcome barriers including lack of support and awareness (Chileshe
etal., 2016). Turkish green supply chain management has focused on integrating environmental protection
with government regulations and reverse logistics, with findings confirming that both cost-benefit and
social-benefit impacts drive implementation (Beldek et al., 2016).

Circular construction approaches in urban environments include Amsterdam's Extended Contractor
Responsibility model, where material suppliers provide services from design through demolition,
incentivizing durable and recyclable materials selection. In Zurich, recycled concrete and asphalt have
achieved 70% and 98% usage rates respectively in social housing and road projects, while Copenhagen
requires waste management plans specifying sorting approaches before project commencement.

6. Implementation Framework and Challenges
6.1 Strategic Planning Phase

Effective implementation begins with strategic planning that establishes the foundation for sustainable
practices. Policy development should articulate clear goals, principles, and requirements for waste
management, creating a conducive environment for reverse logistics through regulatory requirements and
economic incentives (Chinda, 2017; Fu et al., 2017). Setting targets provides measurable benchmarks for
evaluating progress, with the EU's 70% target demonstrating how clear objectives drive transformation
(Beldek et al., 2016).
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Supply chain mapping identifies stakeholders, material flows, value-adding processes, and intervention
points, considering both forward and reverse logistics. Stakeholder identification ensures all relevant
parties are involved in planning and decision-making, with partnerships throughout the supply chain being
most effective for improving waste management (Dainty and Brooke, 2004).

6.2 Operational Implementation and Monitoring

Operational implementation focuses on process design for waste minimization, reverse logistics
infrastructure, quality management systems, and capacity building. Process design integrates waste
reduction principles across all construction stages, from design for disassembly to selective demolition.
Reverse logistics implementation determines optimal collection points, processing facilities,
transportation routes, and tracking systems, with integrated logistics planning demonstrating significant
efficiency gains (Shakantu et al., 2012).

Quality management ensures recovered materials meet specified standards, addressing a key barrier to
reverse logistics adoption (Chileshe et al., 2016). Training equips stakeholders with necessary knowledge
and skills, improving process efficiency through knowledge exchange (Wang et al., 2004).

Ongoing monitoring requires performance indicators to track progress and evaluate effectiveness.
Feedback mechanisms enable information sharing and improvement suggestions, while learning loops
promote knowledge accumulation and application. Adaptation strategies enable response to changing
conditions, technologies, and requirements, building on the concept of a "learning supply chain” with
capacity to accumulate and apply knowledge collectively (Brandao et al., 2021).

6.3 Implementation Barriers

Despite potential benefits, implementation faces numerous barriers. Economic challenges include
implementation costs, limited resources for infrastructure investment, and difficulties establishing viable
markets, with research indicating reverse logistics is typically implemented only when economically
viable or legally mandated (Chinda, 2017; Xanthopoulos et al., 2012). Technical barriers relate to material
quality, processing technology limitations, and sorting challenges, with heterogeneous waste composition
complicating recovery (Schultmann and Sunke, 2007).

Organizational barriers include knowledge gaps, inadequate planning, and resistance to change.
Infrastructural barriers encompass insufficient recycling facilities, inadequate transportation networks,
and limited storage space. Cultural barriers include traditional industry practices and negative perceptions
of recycled materials, with Dainty and Brooke (2004) questioning whether the industry is culturally
prepared for the collaborative relationships necessary for radical improvements in waste minimization.

7. Future Directions and Recommendations
7.1 Policy and Industry Recommendations

Policy recommendations include establishing clear regulatory frameworks with mandatory recycling
targets, implementing economic instruments that incentivize waste reduction, developing quality
standards for recycled materials, and integrating waste management into building codes and procurement

IJSAT25025295 Volume 16, Issue 2, April-June 2025 7



https://www.ijsat.org/

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

policies. Governments should combine regulatory requirements, economic incentives, and capacity-
building support (Beldek et al., 2016; Chinda, 2017; Fu et al., 2017).

Industry best practices include incorporating waste management into design and planning, implementing
selective demolition, establishing on-site sorting systems, training staff, and developing partnerships with
waste specialists. For waste management companies, best practices include investing in advanced
technologies, establishing quality control systems, and developing innovative business models (Chileshe
et al., 2016; Wang et al., 2004).

7.2 Research and Innovation Opportunities

Research directions include exploring digital technology applications (IoT, blockchain, Al) in waste
tracking and supply chain optimization, developing techniques for improving recycled material quality,
investigating environmental and economic impacts through life cycle assessment, and examining social
dimensions including job creation and community impacts (Dzhuguryan and Deja, 2021; Kucukvar et al.,
2014).

Innovation opportunities exist in developing waste-reducing construction techniques, creating mobile
processing technologies for on-site recycling, designing easily disassembled prefabricated components,
and establishing digital platforms connecting waste generators with potential users. BIM functionality
could incorporate waste analysis to better integrate environmental considerations into planning (Circular
Innovation Lab, 2022).

8. Conclusion

The research by Ansari and Turate makes a significant contribution to both theoretical understanding and
practical application of integrated supply chain approaches to construction waste management in India.
The stark contrast between India's 1% recycling rate and international benchmarks exceeding 90%
represents both a substantial challenge and an opportunity for improvement. The comprehensive
framework addresses governance, process integration, stakeholder engagement, technological
enablement, and economic viability considerations—all critical dimensions for transforming CDW
management practices.

The case studies demonstrate that successful implementation is possible in various contexts, with Delhi's
Burari plant providing a particularly relevant example for the Indian market. The phased implementation
approach appropriately recognizes the complexity of transforming established industry practices and
sequences interventions from strategic planning through operational implementation to continuous
improvement.

Ultimately, addressing India's construction waste challenge requires coordinated action from multiple
stakeholders, with government playing a central coordinating role through policy frameworks, economic
incentives, and procurement practices. By adopting integrated supply chain approaches incorporating
circular economy principles and reverse logistics, India has the opportunity to significantly improve waste
recycling rates, reduce environmental impacts, and create substantial economic value from what is
currently treated as waste.
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