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Abstract

The management of construction and demolition (C&D) waste remains a pressing urban
sustainability challenge in India, where over 150 million tonnes of such waste are generated
annually. This paper explores the role of C&D waste recycling in advancing circular economy
principles and environmental sustainability, with a specific focus on three Indian cities—Delhi,
Ahmedabad, and Pune. Through a mixed-method approach involving policy review,
environmental benefit analysis, and stakeholder insights, the study highlights the
environmental advantages of recycling, including reductions in landfill use, natural resource
extraction, and greenhouse gas emissions. Simultaneously, the research identifies significant
policy gaps, such as weak enforcement of segregation rules, limited market incentives for
recycled materials, and insufficient public awareness. While Delhi exhibits a relatively
integrated model with active municipal participation, Pune and Ahmedabad lag in regulatory
implementation and market integration. The study concludes that scaling up C&D recycling in
India will require not only technological and financial investment but also systemic policy

reforms and public-private collaboration to build sustainable and circular urban ecosystems.

Keywords: C&D waste, circular economy, environmental sustainability, urban policy,

recycling, India, policy gap, stakeholder analysis

1. Introduction waste stream while striving to create

sustainable, liveable urban environments.

India’s rapid urban expansion has brought C&D waste—comprising concrete debris,

ith it llel rise in th ti f . .
With 1t a parafiel Tise 1 the generation o bricks, steel, wood, and excavation

construction and demolition (C&D) waste. materials—often ends up in unauthorized

With more than 150 million tonnes of C&D
waste produced annually (CPCB, 2023),

dumpsites, low-lying areas, or landfills,

thereby contributing to environmental

Indian cities are grappling with the dual degradation, air pollution, groundwater

challenge of managing this ever-growing contamination, and urban flooding,
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In response, C&D waste recycling offers a
powerful solution that aligns with circular
economy principles. Recycling helps
recover valuable resources, reduce reliance
on virgin raw materials, conserve energy,
and lower greenhouse gas emissions. In
global contexts—such as in Germany, the
Netherlands, and Japan—C&D recycling
has been widely adopted and regulated,
contributing to recycling rates above 80%
(European Environment Agency, 2023).
However, in India, the sector remains
severely underdeveloped. Less than 1% of
C&D waste is formally recycled, and the
majority of urban areas lack functional
processing facilities or market linkages for

recycled materials (MoHUA, 2022).

Despite national-level frameworks like the
C&D Waste Management Rules, 2016, the
actual implementation at the city level
remains  inconsistent and  limited.
Challenges such as the absence of source
segregation, lack of awareness among
stakeholders, minimal enforcement by
urban local bodies, and skepticism toward
the quality of recycled products continue to
impede the growth of this sector (Sharma &

Garg, 2022).

This paper investigates the environmental
benefits and policy gaps associated with
urban C&D waste recycling in three

representative Indian cities—Delhi,
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Ahmedabad, and Pune. The aim is to
explore how these cities perform in terms of
recycling outcomes, what environmental
gains are achievable, and how current
policy frameworks either support or hinder
the advancement of circular waste
practices. The study is grounded in a
mixed-method analysis that includes
environmental performance estimates,
stakeholder perspectives, and policy

implementation reviews.

Ultimately, this research seeks to contribute
to the growing discourse on urban
sustainability by highlighting the systemic
changes needed to integrate C&D waste
recycling into India’s broader
environmental and infrastructure planning

efforts.

2. Review of Literature

The environmental and policy aspects of
construction and demolition (C&D) waste
recycling have gained attention globally in
recent years as cities seek to reduce their
ecological footprint and adopt circular
economy models. However, in the Indian
context, the literature remains relatively
sparse and fragmented, especially regarding
the integration of C&D recycling with
environmental

benefits and  policy

effectiveness.
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2.1 Global Perspectives on C&D Waste
Recycling

Countries with advanced waste
management systems have long recognized
the environmental potential of C&D waste
recycling. In the European Union, for
instance, the EU Waste Framework
Directive  (2008/98/EC) mandates a
minimum 70% reuse, recycling, or recovery
of non-hazardous construction waste by
2020 a goal several countries have
exceeded (European Environment Agency,
2023). Studies by Tam et al. (2021) and Li
et al. (2020) emphasize that high recycling
rates are achieved not only through
technological advancement but also
through regulatory pressure, landfill taxes,

and green procurement policies.

Environmental benefits associated with
recycling include significant reductions in
landfill usage, resource extraction, dust
pollution, and carbon emissions. For
example, Yuan & Shen (2021) estimate that
recycling one tonne of concrete saves 0.8
tonnes of natural aggregate and reduces

CO: emissions by up to 60 kg.

2.2 Environmental Dimensions in Indian

Context

In India, the environmental consequences
of unprocessed C&D waste are evident—

blocked drains, dust pollution, urban

flooding, and destruction of urban green
spaces. Despite this, recycling efforts
remain limited to a handful of urban
centers. Sharma & Desai (2023) report that
even in metropolitan cities, less than 20%
of the generated C&D waste is processed,
with negligible environmental monitoring

mechanisms in place.

However, early-stage research has shown
promise. Gupta & Sinha (2021) highlight
that Delhi’s operational recycling plants
have helped divert nearly 2 million tonnes
of waste from landfills over five years,
conserving over 1.5 million tonnes of
natural aggregates. Similarly, Srivastava &
Kumar (2022) estimate that regular use of
recycled C&D materials in municipal
works can reduce construction-related
emissions by up to 12% in urban

infrastructure projects.

2.3 Policy Frameworks and

Implementation Gaps

India’s primary legal instrument for this
sector—the Construction and Demolition
Waste Management Rules, 2016—Ilays out
provisions for source  segregation,
recycling, and mandatory use of recycled
materials in public projects. However,
enforcement remains uneven. As per

MOoEFCC (2022), only 35% of urban local
bodies have identified designated C&D
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waste collection points, and less than 10%

actively monitor waste recycling targets.

Several scholars point out institutional
shortcomings. Reddy & Ghosh (2021)
argue that weak interdepartmental
coordination, insufficient budgets, and lack
of trained personnel contribute to poor
policy outcomes. Chatterjee & Iyer (2023)
further note that the absence of incentives

for builders and developers discourages

large-scale adoption of recycled products.

Moreover, the Bureau of Indian Standards
(BIS) permits the use of recycled
aggregates under IS 383:2016, but uptake
remains minimal due to quality perception
issues and a lack of awareness among
engineers and contractors (Kumar et al.,

2020).

2.4 Role of Public Awareness and Market

Development

Another recurring theme in the literature is
the role of public perception and market-
building. Dasgupta & Singh (2022)
without

emphasize  that targeted

communication strategies and
demonstration projects, the acceptability of
recycled materials will remain low.
Markets for recycled products in India are
still nascent, primarily limited to non-
structural uses like road sub-base and

paving blocks.
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According to UN-Habitat (2021), demand
stimulation can be achieved through policy
mandates on minimum recycled content,
certification of recycled products, and
integration into green building rating

systems such as GRIHA or LEED-India.

2.5 Gaps Identified in the Literature

While available research  provides
important insights into the technical and
policy aspects of C&D waste recycling,

several gaps persist:

e A lack of city-wise comparative
analysis of policy implementation.

e Insufficient focus on quantifying
environmental benefits such as
emissions saved, land conserved, or
material recovery potential.

e Few studies examine the synergy
between policy enforcement and
stakeholder behavior, particularly in
the Indian urban governance

context.

3. Research Methodology

This study adopts a qualitative and
comparative case study approach to assess
the environmental and policy dimensions of
construction and demolition (C&D) waste
recycling in three Indian cities: Delhi,
Ahmedabad, and Pune. The methodology is

designed to evaluate the environmental
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benefits, policy effectiveness, and
institutional gaps associated with C&D

waste management in these urban centers.

3.1 Research Design

A multi-method framework was followed,

integrating three core components:

1. Policy analysis to assess the
enforcement and effectiveness of
national and city-level C&D waste
management rules.

2. Environmental benefit estimation,
using secondary data on recycled
quantities and associated resource
savings.

3. Stakeholder insights, collected
through structured interactions with
municipal officials, plant operators,

and environmental consultants.

The aim was to identify not just what
policies exist, but how they are
implemented, and what measurable
outcomes they deliver in terms of

environmental sustainability.

3.2 Case Study Selection

The three selected cities represent different

stages of progress in C&D waste recycling:

e Delhi: One of the first Indian cities
to operationalize  large-scale

recycling plants under a PPP model.
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e Ahmedabad: A growing urban
center with moderate recycling
infrastructure  and  state-level
involvement.

e Pune: A city with pilot-level
initiatives but facing challenges in
institutional ~ coordination  and

market creation.

These cities were chosen for their diversity
in scale, policy environment, and access to

data.

3.3 Data Collection

3.3.1 Secondary Data

Environmental and policy data were

collected from:

e CPCB and MoHUA reports

e Annual waste management reports
of municipal corporations

e BIS standards (e.g., IS 383:2016)

e Published academic research on
environmental impact and policy

enforcement

Quantitative environmental metrics—such
as landfill diversion, natural resource
conservation, and CO: reduction—were
estimated based on recycled material
volumes reported by city authorities and

plant operators.
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3.3.2 Stakeholder Consultations

Semi-structured interviews were conducted

with a total of 15 stakeholders, including:

e Senior municipal officers
(engineering and waste
management departments)

e Recycling plant managers

e Urban planning and environmental

policy consultants

The interviews explored perceived

implementation  barriers,  institutional
support, compliance challenges, and market

trends.

3.4 Environmental Assessment Approach

Environmental impact was assessed using
proxy-based estimation models from

existing literature. For instance:

e 1 tonne of recycled concrete
aggregate was assumed to save 0.8
tonnes of virgin material and reduce
CO: emissions by 60 kg (Yuan &
Shen, 2021).

e Landfill space savings were
calculated based on bulk density

material

factors and actual

recovered per plant.

No laboratory testing was conducted; the

focus remained on practical, data-supported

estimation  based on operational

performance reports.

3.5 Policy Evaluation Framework

The study evaluated local implementation
of the C&D Waste Management Rules,

2016 using a scoring rubric based on:

o Existence of designated collection
points

e Issuance of tenders or PPP
agreements

e Monitoring and reporting practices

e Use of recycled materials in public
projects

o Public awareness campaigns

Each city’s policy performance was scored
on a 5-point scale (0 = not implemented, 5
= fully implemented), allowing comparison

and identification of strengths and gaps.

3.6 Limitations

o Environmental impact figures are
estimations, not based on primary
lab tests.

e The study is limited to urban C&D
waste and does not consider rural
construction practices.

e Financial feasibility was not
reassessed in this paper as it was

covered in a separate study.

4. Results and Discussion
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This section presents a comparative
analysis of the environmental outcomes and
policy implementation effectiveness of
C&D  waste recycling in  Delhi,
Ahmedabad, and Pune. The results are
drawn from operational data,
environmental impact estimations, and
stakeholder feedback, and are interpreted
within the framework of the C&D Waste

Management Rules, 2016.

4.1 Estimated Environmental Benefits of

C&D Recycling

Recycling C&D waste offers substantial
environmental advantages, particularly in
conserving natural resources, reducing
landfill dependency, and lowering carbon
emissions. The table below summarizes
estimated environmental outcomes based
on plant data and industry-standard

conversion factors:

City Waste Natural | Landf | CO:2
Recycl | Aggreg | ill Emissio
ed ates Area | ns
(Lakh Saved Save | Avoided
tonnes/ | (Lakh d (tonnes/
year) tonnes/ | (m*y | year)

year) ear)

Delhi 5.0 4.0 75,00 | 30,000

0

Ahmed | 2.0 1.6 30,00 | 12,000

abad 0

Pune 1.2 0.96 18,00 | 7,200

0
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Interpretation:

e Delhi’s recycling plants contribute
significantly to  environmental
benefits due to their large capacity
and consistent supply of C&D
waste.

e Ahmedabad demonstrates mid-level
performance with room for scaling
operations.

e Pune, while operationally

functional, recycles the least

volume and thus realizes limited

environmental gains.

These results support earlier findings by
Gupta & Sinha (2021) and Srivastava &
Kumar (2022), who identified a strong
correlation between recycling scale and

environmental performance.

4.2 Policy Implementation Scores

To assess policy enforcement, cities were
evaluated on a 5-point scale across five key
criteria derived from the C&D Waste

Management Rules, 2016:

Policy Delhi | Ahmedabad | Pune

Indicator

Designated 5 4 3
C&D
Collection

Points




International Journal of Science, Technology and Management (IJSTM)

Volume

1, Issue 1, 2025

Public-

Private

Partnership

(PPP)

Adoption

5 3 2

Model

Monitoring 4 3 2

and

Reporting

Mechanism

Recycled 4 2 1
Product Use

n

Works

Public

Public

Awareness &
Training

Programs

Total

(out of 25)

Score | 21 14 9

Key Observations:

Delhi stands out for having fully
implemented most aspects of the
rules, particularly in infrastructure
provisioning  and  PPP-based
operations.

Ahmedabad has made significant
progress but lacks consistent
enforcement and product market
development.
shows  weaker

Pune policy

enforcement, with minimal use of

ISSN (online): 2231-775X
recycled products and limited

public engagement.

These trends align with MoEFCC (2022)
observations, which indicated that less than
15% of Indian cities actively implement all

five core provisions of the 2016 Rules.

4.3 Stakeholder Insights

Interviews with municipal officials, plant
operators, and environmental consultants

revealed common challenges across cities:

o Lack of source segregation at the

collection stage, leading to
contaminated input material.
e Limited demand for recycled

aggregates due to quality perception

and absence of mandatory
procurement quotas.
e Weak coordination  between

municipal engineering, planning,

and sanitation departments.

However, respondents from  Delhi
acknowledged that institutional contracts
with PWD, CPWD, and DDA for
purchasing recycled materials have helped
stabilize revenues and build trust in the

products.

Stakeholders in Ahmedabad and Pune

expressed the mneed for technical

certification, market development, and
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training programs to improve the uptake of

recycled products, echoing the
recommendations of Dasgupta & Singh

(2022).

4.4 Policy and Environmental Synergy

The data clearly shows that policy
implementation and environmental
outcomes are closely linked. Cities with

higher policy compliance tend to:

e Recycle larger volumes of waste

e Realize greater reductions in
landfill use and emissions

e Have more structured public-
private arrangements

institutional

e Ensure broader

awareness and participation

The findings reinforce the need for city-
specific action plans, tailored awareness
campaigns, and mandatory inclusion of
recycled content in public construction
projects—measures also recommended by
UN-Habitat (2021) and Yuan & Shen
(2021) in their global assessments.

5. Conclusion and Recommendations

5.1 Conclusion

This study explored the environmental
benefits and policy implementation status
of construction and demolition (C&D)

waste recycling in three Indian cities—
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Delhi, Ahmedabad, and Pune. The findings
confirm that C&D waste recycling can
deliver significant environmental
advantages, including reductions in landfill
pressure,  conservation of  natural
aggregates, and measurable decreases in
carbon emissions. However, the scale and
consistency of these benefits are closely
tied to local policy enforcement and

institutional support.

Among the three cities, Delhi demonstrated
the highest performance both
environmentally and institutionally, owing
to its early adoption of the C&D Waste
Management Rules (2016), operational
PPP models, and formal integration of
recycled products in public procurement. In
contrast, Ahmedabad and Pune showed
partial compliance with existing regulations
and continue to face challenges related to

enforcement, market demand, and public

engagement.

The study emphasizes that while national
frameworks exist, actual implementation
varies widely at the city level, and this
inconsistency significantly limits the
environmental potential of recycling
initiatives. Addressing this gap is essential
to aligning urban waste practices with
India’s broader sustainability goals,

including the Swachh Bharat Mission —
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Urban 2.0, National Resource Efficiency
Policy, and UN SDG 11 and 12.

5.2 Recommendations

Based on the comparative findings and

stakeholder feedback, the following policy

and operational

recommendations are

proposed:

1.

Strengthen Policy Enforcement at
the ULB
Urban Local Bodies

Level
must be
empowered and monitored to
ensure full compliance with the
C&D Waste Management Rules.
This includes setting up designated
collection centers, issuing
processing tenders, and enforcing
source segregation.

Mandate the Use of Recycled
Materials in  Public  Works
Government construction agencies
should be required to include a
minimum percentage of recycled
aggregates in all non-structural
works, such as road sub-base,
paving blocks, and utility trenches.
Provide Fiscal and Land Incentives
for Recycling Units
Cities should offer land allotment,
tax rebates, or capital subsidies to
attract private investment in C&D

recycling infrastructure.
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4. Launch Awareness and Training

Campaigns
Builders, contractors, and
municipal engineers must be trained
on the use, benefits, and quality
standards of recycled products.
Demonstration projects and public
exhibitions can  help  build
confidence.

Establish Urban Market Linkages
Recycling plants must be supported
through

public procurement

policies, technical certification
(e.g., BIS compliance), and access
to urban construction projects to
ensure a steady demand for recycled
materials.

Integrate Recycling Goals into
Urban Planning
City development plans, building
bye-laws, and smart city proposals
should explicitly include C&D
waste recycling targets and action

plans.
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