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Abstract

With rapid population growth and infrastructure development, sewerage networks are expanding, connecting more households and
increasing wastewater volumes. Approximately 80% of the water supplied becomes wastewater. While a portion is treated in
wastewater treatment plants (WWTPs), a significant amount is discharged into natural water bodies, causing pollution. Although
policies for wastewater treatment exist and are evolving, sludge—a by-product of treatment—poses a disposal challenge. Despite
making up a small fraction of the treated wastewater, sludge contains heavy metals, pathogens, organic pollutants, and
decomposable matter. However, it also holds reusable nutrients and organics, prompting the need for sustainable and economical
reuse methods.

Traditionally viewed as waste, sludge was not accurately quantified in the past. Today, limited land availability and growing
sludge volumes make its disposal a critical issue, highlighting the importance of proper management based on potential
applications. India currently lacks a dedicated policy for sludge management, though efforts are underway to address it in
upcoming WWTPs and to develop solutions for existing facilities.

This thesis assesses the estimated sludge generation from Indian STPsS/WWTPs, its treatment by municipal bodies, and global best
practices. It includes a case study on Delhi and Mumbai, evaluating sludge quantities, disposal techniques, and associated
challenges.
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1. Introduction

India is experiencing unprecedented urban growth, discharged into water bodies remains alarmingly high,
infrastructure development, and industrial expansion. With contributing to widespread water pollution and environmental
these changes comes an equally significant increase in the degradation.

demand for freshwater and the consequent generation of One of the most critical but often neglected by-products of

. . 0 .
sewage. It is estimated that nearly 80% of the water supplied sewage treatment is sewage sludge. Sludge, composed of

for domestic and industrial use is returned as wastewater. concentrated organic and inorganic matter, contains harmful

Efficient wastewater treatment is essential for protecting the pathogens, heavy metals, and micro-pollutants. If not managed

environment and human health. However, India still struggles properly, sludge can pose serious threats to soil, groundwater,

to bridge the gap between the volume of sewage generated and and public health. Despite its potential hazards, sludge also
the capacity of existing sewage treatment plants (STPs). As per
the Central Pollution Control Board (CPCB) National

Inventory List of 2021, the volume of untreated sewage

contains valuable nutrients and organic material that can be

reused in agriculture, energy production, and construction.
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Thus, its effective management and treatment is not only a

necessity but also an opportunity to turn waste into a resource.

Traditionally, sludge in India has been viewed purely as waste,

with  limited attention paid to its quantification,
characterization, and sustainable disposal. Most STPs lack
separate and advanced sludge treatment units, leading to the
indiscriminate dumping of sludge in landfills, open fields, or
nearby water bodies. In the absence of a national policy
focused specifically on sludge management, municipalities
face numerous challenges including inadequate infrastructure,
lack of funding, and insufficient regulatory enforcement.
Moreover, rapid urbanization and land scarcity have made it
increasingly difficult to identify appropriate disposal sites,

making the problem more complex.

The present study aims to highlight the status of sewage
sludge generation, treatment, and disposal in India by
reviewing the current infrastructure, technologies in use, and
policy framework. A detailed analysis of sludge quantification
based on sewage generation and installed/proposed STPs
offers insights into the magnitude of the issue. Furthermore,
global practices such as the US EPA Part 503 Biosolids Rule
and the European Union’s Sludge Directive are examined to
draw lessons that can be adapted to India’s socio-economic
and environmental context.

This work also focuses on advanced treatment technologies
like anaerobic digestion, thermal processes, composting, and
resource recovery methods that enhance sludge valorization.
Case studies on Delhi and Mumbai, two of India’s most
populous and sewage-producing cities, provide practical
insights into existing challenges, institutional responses, and

innovative efforts in sludge management.

The overarching goal is to promote a paradigm shift in India—
from sludge disposal to sludge management and resource
recovery. With growing awareness and the pressing need for
sustainability, the study contributes to the academic and policy
discourse on developing an integrated, economically viable,
and environmentally safe framework for sewage sludge

treatment and reuse in India.

2. LITERATURE REVIEW

Ecotourism The management of sewage sludge has emerged as
a critical issue across the globe, particularly in developing
countries like India, where urban growth, population rise, and
infrastructure expansion have led to an unprecedented increase
in wastewater generation. With rapid urbanization, the volume
of wastewater and the subsequent sludge produced during
treatment processes have grown considerably. Sludge, which
was historically treated as waste, is now increasingly
recognized as a resource with potential for energy recovery,
nutrient recycling, and organic matter utilization. However, in
India, the systematic management of sewage sludge remains
underdeveloped and inadequately documented. Literature in
this domain presents a mixed picture of progress, challenges,

and global opportunities that can guide India’s future actions.

The Central Pollution Control Board (CPCB), the apex
regulatory body for pollution monitoring in India, has
conducted several inventories and reports highlighting the state
of sewage and sludge management. According to the CPCB’s
National Inventory of Sewage Treatment Plants (2021), India
generates approximately 72,368 million liters per day (MLD)
of sewage, but the installed treatment capacity is only about
31,841 MLD. The effective utilization of these plants is even
lower, often due to poor maintenance, lack of skilled
manpower, or intermittent operations. A substantial portion of
untreated sewage is directly discharged into natural water
bodies, posing environmental and public health hazards.
Moreover, the sludge produced from existing treatment
facilities often remains unmonitored and is disposed of without

following scientific protocols.

Academic researchers and practitioners in environmental
engineering have pointed out the limitations of India’s current
approach. Several studies, such as those by Sharma et al.
(2019) and Ghosh & Singh (2020), observe that sludge
management is not given due emphasis in municipal planning.
While wastewater treatment receives some attention under
urban development schemes, sludge is often considered a
secondary problem and thus neglected. This has led to
practices such as open dumping, use as landfill cover, or
uncontrolled application on agricultural land without pathogen

or metal reduction. Patel (2018) stressed that sludge, despite
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being a carrier of potential pollutants such as heavy metals,
pathogens, and organic micro pollutants, also contains
essential nutrients like nitrogen and phosphorus, which can be

reused effectively if treated properly.

Globally, the

environmentally safe and economically viable manner has

importance of treating sludge in an
been recognized for decades. Countries like the United States
and members of the European Union have developed
comprehensive regulatory frameworks. The US EPA’s Part
503 Biosolids Rule defines standards for pathogen and vector
attraction reduction, sets pollutant concentration limits, and
outlines acceptable practices for land application and disposal.
Sludge
(86/278/EEC) governs the use of sewage sludge in agriculture

Similarly, the FEuropean Union’s Directive
and includes strict guidelines on pollutant thresholds and
monitoring. These countries have made significant progress in
treating sludge not just as waste, but as biosolids—a term

indicating its potential for beneficial reuse.

International case studies reflect the effectiveness of advanced
treatment technologies, including composting, anaerobic
pyrolysis,
gasification, and hydrothermal carbonization (HTC). For

digestion, heat drying, lime stabilization,
instance, countries like Germany and the Netherlands have
focused on energy and nutrient recovery from sludge. Research
by Smith & Maynard (2021) shows that sludge-to-energy
systems are being successfully used to generate electricity,
reduce sludge volume, and recover valuable materials such as
phosphorus and nitrogen. These innovations align with the
principles of the circular economy and offer lessons that can be

adapted to the Indian context.

India, however, adoption of such technologies remains
limited. Anaerobic digestion is practiced in a few urban
wastewater treatment facilities, but is often poorly maintained.
Sludge drying beds and simple dewatering units remain the
most common methods due to their low cost and simplicity,
but they are land-intensive and slow, especially in humid
climates. Studies by Mukherjee et al. (2021) have emphasized
the need for decentralized sludge management strategies in
semi-urban and rural areas, given the logistical challenges of

transporting sludge to centralized facilities.

Another major challenge highlighted in the literature is the
absence of a national policy framework specifically focused on
sludge management. While various components of sludge
treatment are mentioned in the larger context of wastewater
management or Swachh Bharat Mission documents, a unified
and enforceable policy is yet to be developed. The National
Green Tribunal (NGT) and the Supreme Court of India have
repeatedly emphasized the need for better sewage and sludge
handling to protect water resources, but implementation

remains inconsistent across states.

Recent government initiatives, such as the AMRUT (Atal
Mission for Rejuvenation and Urban Transformation) and the
Namami Gange Programme, have allocated funds for sewage
infrastructure, including sludge treatment in some cases.
However, gaps still exist in monitoring, operation, and
training. Literature suggests that institutional capacity building,
public-private partnerships, and research-driven innovation are

essential to bridge these gaps.
3. BODY OF PAPER

3.1 Overview of Sewage Sludge Scenario in India

Sewage sludge, a byproduct of wastewater treatment, poses
significant challenges for India due to rapid urbanization,
inadequate infrastructure, and the absence of a comprehensive
sludge management policy. Approximately 80% of the water
supplied in urban areas ends up as wastewater, with only a
fraction being treated in Sewage Treatment Plants (STPs). The
untreated sludge, containing heavy metals, pathogens, and
organic pollutants, is often discharged into water bodies,

exacerbating environmental degradation.

India’s sewage treatment capacity has grown over the
decades, but the gap between sewage generation and treatment
remains wide. For instance, as per the CPCB National
Inventory List (2021), only about 50% of the generated
sewage is treated, leaving a substantial volume of sludge
unmanaged. The sludge, if treated properly, can be repurposed
for agricultural use, energy generation, or construction

materials, aligning with circular economy principles.

3.2 Methodology
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This dissertation employs a mixed-methods approach,
combining quantitative data analysis with qualitative case
studies. Primary data were derived from CPCB reports, state-
wise sewage treatment records, and field surveys conducted in
Delhi and Mumbai. Secondary data included global best
practices from the US EPA Part 503 Biosolids Rule and the
EU Sludge Directive.

Key parameters analyzed:

Sludge Estimated based on

generation and STP capacities.

Quantification: sewage

Treatment Technologies: Evaluated for efficiency, cost, and

applicability in Indian conditions.

Case Studies: Focused on Delhi and Mumbai to assess sludge

generation, disposal practices, and challenges.

Statistical tools and comparative analysis were used to
identify trends, while tables and graphs illustrated sludge
generation and treatment gaps.

3.3 Case Study: Delhi

Delhi, with a population of over 20 million, generates
approximately 792 MGD of sewage, of which only 607 MGD
is treated. The city’s 38 operational STPs produce around

550-600 TPD of sludge, but utilization remains low due to:

Infrastructure Gaps: Underutilization of existing STPs and

delayed upgrades.

Issues: industrial

Quality
effluents limits agricultural reuse.

Sludge contamination from

Disposal Challenges: Limited landfill space and high

transportation costs.

Initiatives like the Delhi Jal Board’s plans to expand tertiary
treatment capacity by 2025 aim to address these issues, but

enforcement of sludge quality standards remains critical.
3.4 Case Study: Mumbai

Mumbai’s sewage treatment infrastructure, managed by
MCGM, treats 60—70% of its 2,727 MLD sewage. The city’s
upcoming STPs with tertiary treatment (e.g., Worli, Bandra)

© 2025, IJSREM | www.ijsrem.com
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emphasize sludge-to-energy projects and circular economy
models. Key observations:

Resource Recovery: Pilot projects convert sludge into

compost and construction materials.

Public-Private Partnerships (PPPs): Enhance operational

efficiency and innovation.

Environmental Risks: Coastal discharge of untreated sludge

threatens marine ecosystems.
3.5 Global Best Practices and Adaptation

Comparative analysis of the US EPA and EU frameworks

revealed:

US EPA 503 Rule: Focuses on pathogen reduction and land
application (Class A/B biosolids).

EU Sludge Directive: Prioritizes heavy metal thresholds and

soil protection.
Adaptable strategies for India:

Policy Integration: Develop sludge-specific regulations with

clear quality standards.

Technology  Adoption: Promote  anaerobic  digestion,

pyrolysis, and nutrient recovery.

Community Engagement: Leverage local stakeholders for
decentralized sludge management.

3.6 Challenges and Opportunities

Challenges:

Inadequate Infrastructure: Limited STP coverage and aging

facilities.

Financial Constraints: High costs of advanced treatment

technologies.

Regulatory Gaps: Lack of enforcement for sludge quality

and disposal.

Opportunities:
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By &
Circular Economy: Sludge-to-energy, compost, and brick

production.

Policy Initiatives: Schemes like AMRUT 2.0 and Swachh
Bharat Mission 2.0.

Research & Innovation: Low-cost solutions like solar drying

and biochar.

Sewage Treatment in India (CPCB National Inventory List, 2021)
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Fig 1: Sewage Treatment in India (CPCB NATIONAL Inventory List, 2021)
Fig 2: Sludge Generation and Treatment in Delhi and Mumbai

4. Results and Discussion

4.1 Sludge Quantification and Current Scenario in

India

The analysis of sewage sludge generation in India reveals
significant gaps between sewage production and treatment
capacity. As per the CPCB National Inventory List (2021),
India generates approximately 72,368 MLD of sewage, but

only 31,841 MLD (44%) is treated, leaving a substantial
portion untreated and directly discharged into water bodies.
The sludge generated from existing STPs is estimated at
1,200-1,500 TPD (Tons per Day), with Delhi and Mumbai
contributing significantly due to their high urban population

density.

The decadal trend (1971-2021) shows a sharp increase in
sewage generation, while treatment infrastructure has not kept
pace (Figure 1). This mismatch highlights the urgent need for
policy interventions to bridge the treatment gap and improve
sludge management practices. The absence of a centralized
sludge management policy exacerbates the problem, leading

to unregulated disposal and environmental degradation.
4.2 Sludge Treatment and Management Practices

Globally, sludge is treated through methods like anaerobic
digestion, composting, and thermal processes (incineration,
pyrolysis). However, India primarily relies on conventional
methods such as lime stabilization and landfilling, which are
cost-effective  but environmentally unsustainable. The
CPHEEO manual (2013) provides guidelines for sludge
disposal, including agricultural reuse, composting, and

thermal treatment, but enforcement remains weak.

A comparative analysis of Delhi and Mumbai reveals
contrasting approaches:

Delhi: With 38 operational STPs (3,237 MLD capacity),
sludge generation is ~250 TPD, but only 60% is utilized due
to underutilized treatment plants. The lack of advanced sludge

treatment facilities results in reliance on landfills.

Mumbai: MCGM’s upcoming STPs (2,464 MLD) will
incorporate tertiary treatment and sludge-to-energy initiatives,

reflecting a shift toward circular economy principles.
4.3 Challenges in Sludge Management
Key challenges identified include:

Inadequate Infrastructure: Only 40% of urban sewage is
treated, leading to untreated sludge discharge (CPCB, 2021).
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Financial Constraints: High capital costs limit adoption of

advanced technologies like pyrolysis or hydrothermal

carbonization.

Regulatory Gaps: No standardized policy for sludge quality
monitoring or reuse, unlike the US EPA’s Part 503 Rule or
EU Sludge Directive.

Public Awareness: Lack of community engagement hinders

acceptance of treated sludge for agricultural use.

4.4  Opportunities  for  Sustainable  Sludge

Management
Despite challenges, India has significant opportunities:

Resource Recovery: Technologies like anaerobic digestion
(biogas) and struvite crystallization (phosphorus recovery) can
transform sludge into energy and fertilizers. Pilot projects in

Pune and Nagpur show promise.

Policy Advancements: Schemes like AMRUT 2.0 and Swachh

Bharat Mission 2.0 can fund sludge treatment infrastructure.

Public-Private Partnerships (PPPs): Collaboration with private
entities can improve technology adoption, as seen in

Mumbai’s upcoming STPs.

4.5 Case Study Insights: Delhi and Mumbai

Delhi: Underutilized STPs and unregulated sludge disposal
highlight the need for capacity optimization and stricter

enforcement of CPHEEO guidelines.

Mumbai: MCGM’s focus on tertiary treatment and sludge-to-
energy models sets a benchmark for other cities. The planned
2,464 MLD capacity with advanced sludge processing aligns

with global best practices.
4.6 Comparative Analysis with Global Practices

While the US and EU enforce stringent sludge quality
standards (e.g., pathogen reduction, heavy metal limits), India
lacks comparable regulations. The EU’s emphasis on nutrient
recovery and the US’s Class A/B biosolids classification offer

frameworks India could adapt. For instance:

Pathogen Reduction: Composting and heat drying (used in

Germany) could replace lime stabilization in India.

Thermal Treatments: Incineration (Japan) and pyrolysis

(Scandinavia) are viable for urban areas with land scarcity.
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Figure: Sewage Treatment Capacity Distribution in
Percentage

No.| - Chemical oonoea?rlzl;zgn (A) No. | - Chemicat conoecnetiri?gn (A)
1 | Arsenic 75 6 [ Chromium 500{total)
2 | Cadmium 85 7 | Selenium 100
3 | Copper 4300 8 |Zinc 7500
| 4 | Mercury 57 9 | Moiybdenum ]
5 | Nickel 420 10‘ Lead 840
(A)-Expressed as mg/kg on dry weight basis

Figure: Ceiling concentration of heavy metals in treated
sewage sludge for use in agriculture

5. Conclusion

Sewage sludge management in India is a pressing concern,
especially with rapid urbanization and increasing wastewater
generation. Currently, a large portion of sludge remains
untreated or is improperly disposed of, posing significant
environmental and public health challenges. However, sewage

sludge also presents a potential resource that, if managed
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effectively, can contribute to energy production, agriculture,
and sustainable development. This study emphasizes the
urgent need for a comprehensive national policy on sludge
management, improved treatment infrastructure, and public-
private collaboration. By adopting modern technologies and
circular economy approaches, India can transform sewage
sludge from a liability into an asset, promoting both

environmental protection and resource recovery.
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