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Abstract
Waste-to-energy (WLE) technologies offer an effective solution to the growing solid waste
management challenge in India by converting waste into renewable energy. This paper explores
bio-based technologies for WtE conversion, focusing on microbial digestion, biofuel
production, and biogas generation. A case study of Indian cities’ waste management systems
highlights successful examples and policy implications. This research aims to identify
sustainable pathways for energy recovery from waste and assess the role of biotechnology in
optimizing these processes.
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1. Introduction

India, a rapidly urbanizing country, faces significant challenges in managing its municipal solid
waste (MSW), producing an estimated 62 million tonnes of waste annually, as per 2016 figures.
Despite this massive volume, only about 25% of this waste is scientifically treated, while the
remaining is either dumped in unsanitary landfills or left untreated. This creates severe
environmental and public health hazards, contributing to air pollution, groundwater
contamination, and methane emissions, which exacerbate global warming. According to the
Ministry of Housing and Urban Affairs (2019), approximately 75-80% of the total MSW
generated in India is made up of organic waste, which includes food scraps, agricultural
residues, and other biodegradable materials. This presents a unique opportunity for waste-to-
energy (WtE) technologies, particularly bio-based solutions, which can effectively convert this
organic waste into valuable resources like biogas, bioethanol, and compost. The growing
urgency to address waste management issues in Indian cities, where population growth,
urbanization, and industrialization have outpaced infrastructural development, has led to the
exploration of bio-based technologies. In cities like Mumbai, Delhi, and Chennai, which
collectively produce over 10,000 metric tonnes of waste daily, WtE initiatives have emerged
as a critical component of sustainable waste management practices. According to the Central
Pollution Control Board (CPCB), between 2015 and 2020, India saw a 7-9% annual increase
in waste generation, further straining existing waste management systems. Bio-based WtE
technologies such as anaerobic digestion, microbial fuel cells (MFCs), and bioethanol
production have proven highly effective in converting organic waste into energy. For instance,
anaerobic digestion, which breaks down organic matter in an oxygen-free environment to
produce methane-rich biogas, has been successfully deployed in cities like Pune and
Bengaluru. Additionally, advancements in microbial biotechnology are facilitating the
treatment of complex organic wastes, providing a renewable energy source while reducing
landfill dependency. The growing integration of biotechnology into waste management
practices marks a critical shift towards sustainable urban waste management, offering a
pathway to mitigate India’'s escalating waste crisis while generating clean energy. Gupta &
Desai (2015) - The study assesses the implementation of anaerobic digestion (AD) plants in
Pune, focusing on their operational efficiencies and methane capture systems. The research
reveals that, through optimizing feedstock and improving digester configurations, these plants
could reduce organic waste volumes by up to 70%. Gupta and Desai suggest a framework for
predictive maintenance to enhance the longevity and efficiency of the AD plants. Rajput &
Kaur (2016) - This detailed analysis of Hyderabad's municipal waste management includes
statistical evaluations of organic waste conversion into bioethanol. The study identifies optimal
microbial consortia that enhance fermentation rates and yield. Rajput and Kaur advocate for
the development of localized pre-processing facilities to improve biomass quality before
fermentation, potentially increasing yield by 30%. Mehta & Singh (2017) - Investigating
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microbial fuel cells (MFCs) as a sustainable power source in rural Karnataka, the authors
conduct a comparative study of different bacterial strains' electricity-generating capacities.
Their findings indicate that native strains adapted to local waste types show enhanced
performance. Mehta and Singh propose integrating MFCs with existing rural electrification
schemes to boost adoption and effectiveness. Patel et al. (2018) - This comprehensive lifecycle
assessment of waste-to-energy plants in Mumbai addresses not only air quality impacts but also
water usage and ash disposal practices. Patel and colleagues develop an environmental impact
matrix that helps policymakers assess potential sites for future plants, considering local
ecological sensitivities. Kumar & Sharma (2019) - The researchers evaluate community-level
biogas installations in Delhi through both technical and socio-economic lenses, identifying key
factors such as community engagement levels and subsidy structures that influence project
success. They recommend adaptive management practices that align with community feedback
for ongoing project optimization. lyer & Joshi (2020) This national review synthesizes data
from multiple cities to evaluate the performance of waste-to-energy technologies against set
environmental and economic benchmarks. lyer and Joshi highlight the need for standardized
reporting and suggest the establishment of a national database to track and optimize technology
performance across regions. Malhotra & Kapoor (2021) - Their economic analysis includes
cost-benefit scenarios considering different technological scales from pilot to full-scale
operations. The study introduces an investment model that combines governmental support and
private investment under India's PPP frameworks, aiming to accelerate technology deployment
while mitigating financial risks. Bhattacharya & Reddy (2022) - The integration of organic
waste composting with biogas production is examined through a series of pilot tests that
measure throughput and output quality. Bhattacharya and Reddy propose a modular system
design that can be scaled based on the waste generation rates of different urban areas.

1.1 The Concept of Waste-to-Energy (WtE) Conversion

Waste-to-energy (WtE) involves the conversion of organic waste into renewable energy, such
as biogas, biofuels, or electricity. Bio-based technologies leverage natural biological processes
to decompose organic materials and convert them into usable energy. These processes include
anaerobic digestion, bioethanol production, and microbial fuel cells (MFCs). Key technologies
include:

Anaerobic Digestion (AD): A microbial process that decomposes organic matter in the
absence of oxygen, producing biogas (methane and CO-) and digestate (nutrient-rich fertilizer).
Bioethanol Production: Conversion of lignocellulosic biomass into ethanol using microbial
fermentation processes.

Biogas Plants: Utilizing microbial consortia to convert organic waste into biogas for use as a
cooking fuel or electricity generation.

2. Current Scenario of Waste Management in India

The production of unwanted chemicals and their subsequent disposal constitutes solid waste.
Due to the potential dangers they pose to human health, they cannot be directly recycled for
the benefit of society. A wide variety of microbial flora, some of which may be harmful, can
proliferate on cooked foods, fruits, and vegetables. Humans have always produced garbage,
whether it's in the form of the bones and other parts of animals killed for food or the wood used
to construct tools and transportation. However, as society developed, the types of waste
produced became increasingly complex. Consumers around the globe began to exhibit a more
advanced trend in industrial growth towards the latter half of the nineteenth century. Both the
air and the ground are becoming increasingly contaminated due to human activities,
particularly the production of non-biodegradable material (solid waste). All living things
produce some amount of solid waste when they digest food, thus it's safe to say that solid waste
generation is an inevitable part of being alive. The population has a direct correlation to the
quantity of solid garbage that is generated. In a natural setting, a larger population produces
more excrement, whereas a smaller one produces less. Other forms of human-generated solid
waste include the depletion of other natural resources for a variety of purposes. The unchecked
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depletion of various natural resources and the subsequent accumulation of massive quantities
of solid waste, some of which are resistant to degradation by microorganisms and hence
necessitate a genetically engineered microbial population, have been consequences of
urbanisation, industrialisation, and changes in lifestyle habits and attitudes during the past fifty
years. Not only that, but some of them have the potential to negatively impact people’s health.
Inorganic particles and unpleasant odours are two forms of air pollution that are linked to solid
waste, whether it is biodegradable or not. Some countries' data on solid waste output from
homes and businesses is quite disturbing. In light of this, it is more prudent to study industrial
waste with the goal of using it as a raw material for another industry to produce a desired
product. It would result in safer economic progress, but it would require more money for R&D.
Solid waste from various sources will naturally have varying degrees of toxicity and
hazardousness due to the wide variety of components that make up this trash. Strong poisonous
and hazardous compounds are produced by industrial and medical waste. Any living thing,
even plants, could die from exposure to these wastes. The amount of hazardous garbage
produced by India is in the millions of metric tonnes. There was a marked disparity in the
amount of hazardous waste produced by different Indian cities, and this disparity was directly
correlated with the level of development and growth in each state. As the country aspires to
become an industrialised nation by 2020, there will likely be a substantial increase in the
volume of solid waste (Sharma & Shah, 2005; CPCB, 2004). There are 12584 units in India
that generate hazardous waste. Notable states include Maharashtra with 3953 units, Gujarat
with 2984 units, Tamil Nadu with 1100 units, and Uttar Pradesh with 1020 units. Domestic,
commercial, institutional, and industrial waste all contribute significantly to the massive
amounts of trash that urban societies produce and dispose of on a regular basis as a result of
their fast-paced consumption and production habits. Garbage, trash (packaging materials),
building and demolition debris, yard trimmings, hazardous items, and so on are all parts of the
average metropolitan society's waste. If you look at table 1, you can see what kinds of litter we
produce and how long it takes for them to degrade. It is projected that India's per capita trash
will increase between 1% to 1.33 percent per year (Shekdar, 1999). In comparison to its 1981
population of 8.2 million, Mumbai's 1991 population of 12.3 million represented a growth of
about 49%. Concurrently, the city's daily production of municipal solid trash rose from 3,200
to 5,355 metric tonnes, an increase of over 67% (CPCB, 2000). There is a significant difference
between industrialised and underdeveloped countries when it comes to urban trash
management. Developed nations produce more garbage, but they have efficient systems in
place to deal with it, thanks to their well-developed infrastructure and well-run government
agencies. Developing nations are still working on improving their waste management systems,
which means they have inadequate collection and poor disposal of trash. In most cases, no
safety measures or operational controls are in place while disposing of solid waste in low-lying
locations. According to Sharholy et al. (2008), solid waste management is thus a significant
environmental concern in Indian megacities. Countries experiencing fast population increase
through urbanisation into semi-urban areas, in particular, have an immediate need for
transparent government policies and effective bureaucracies to manage solid waste. Proper
waste disposal, minimisation, and recycling services and programs will be required for the
management of hazardous biological and chemical wastes. The most typical methods for
disposing of waste include dumping (on land or into bodies of water), incineration, or secure
long-term storage. Improper disposal or storage of waste from any of these processes poses
concerns to both the environment and human health.

Table 1: Types of litter and their approximate time to degenerate

Type of Litter Approximate Time to Degenerate
Organic waste (vegetable and fruit peels, foodstuff) A week or two
Paper 10-30 days
Cotton cloth 2-5 months
Wood 10-15 years
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Woolen items 1 year
Tin, aluminum, and other metal items such as cans 100-500 years
Plastic bags One million years?
Glass hottles Undetermined

2.1The Ratio of Solid Waste Generation in Urban Areas of India and Its Different Forms
1. Municipal Solid Waste (Domestic Waste):All types of garbage, including that from homes,
businesses, and institutions, as well as treated biomedical waste and hazardous industrial waste,
are considered part of municipal solid waste (MSW). There has been a dramatic increase in the
quantity of municipal waste due to rising urbanisation and altered lifestyles. About 1,15 million
tonnes of municipal solid waste (MSW) was created daily by Indian cities in 2000, with 19,643
tonnes coming from metro cities alone. Production of municipal solid waste is projected to
reach 300 million tonnes per annum by the year 2047. There is a shortage of adequate
transportation and sanitary landfills in around 70% of cities, and over 25% of this trash is not
collected (CPCB, 2000).

2. Biomedical trash (Hospital Waste): Healthcare facilities and laboratories produce
biomedical trash, which includes infectious, toxic materials. Anatomical remnants, chemicals,
discarded syringes, and bodily fluids are all part of this trash. Approximately 1-2 kg of
biomedical waste is generated daily every hospital bed in India, with 5-10% of this waste being
classified as hazardous. The Biomedical Waste (Handling and Management) Rules were put
into effect in 1998, and since then, healthcare facilities have started to streamline their waste
segregation and treatment operations.

3. Hazardous Waste (Industrial Waste): Hazardous trash, often known as industrial waste,
which is created by things like manufacturing, mining, and farming that relies on pesticides.
The most industrialised parts of India, including the states of Gujarat, Maharashtra, Tamil
Nadu, and Andhra Pradesh, are responsible for producing almost 7 million metric tonnes of
hazardous garbage every year. The most significant sectors include the petrochemical,
pharmaceutical, and paint industries. Contaminated with substances that are caustic, poisonous,
and combustible, hazardous waste can cause significant harm to human health.

4. Agricultural Waste: There's agricultural waste, which encompasses things like plastics,
pesticides, animal medications, and organic waste (like animal excrement). The release of
harmful gases into the atmosphere, such as ammonia and methane, and the contamination of
surface water are two consequences of poorly managed agricultural waste that exacerbate
environmental degradation.

5. Radioactive Waste: It can be dangerous for thousands of years after it has been produced
by nuclear power stations and industrial laboratories. Problems in properly handling and storing
this garbage to prevent human contact are a problem in India and other countries as well. This
wide variety of trash makes garbage management in Indian towns difficult and highlights the
importance of having a good system for recycling and disposal to reduce pollution.

2.2 Health Impacts of Improper Solid Waste Management

Solid waste poses serious concerns to human and environmental health if not disposed of
properly. The current state of affairs in India's municipal solid waste disposal is fraught with
danger since it lacks scientific rigour. Those living in close proximity to waste treatment and
disposal facilities may be at risk for exposure to air pollution from improperly run incineration
plants and disease-bearing insects and rodents from poorly maintained landfills. Diseases like
dysentery and diarrhoea can be transmitted by these vectors, which have a direct impact on
human health. Workers in the garbage industry, such as rag pickers, come into close contact
with solid waste on a daily basis, making them susceptible to infectious and chronic diseases.
Trash that isn't properly disposed of can pollute our food and water sources, which can cause
serious sickness or death. The harmful compounds in untreated sewage that ends up in
waterways eventually make their way up the food chain via plants and animals. The
unsightliness of the surrounding places is further diminished by the foul odours that result from
incorrect trash disposal. Developing nations frequently have insufficient waste management
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infrastructure, making solid waste management a major problem in both rural and urban
locations. The widespread practice of unlawful roadside dumping and open dumps poses
serious risks to the health of humans, animals, and the environment. The United Nations reports
that municipal agencies barely collect 25-55 percent of the garbage produced by big cities.
Sixty percent of the nations that sent in national reports before the 1992 Earth Summit listed
solid waste management as a top environmental problem. Ensuring adequate trash management
is a key civic responsibility in India, as mandated by Article 48-A of the Indian Constitution.
This is because effective garbage management is crucial for public health. In 2004, the Central
Pollution Control Board (CPCB) enlisted the help of NEERI to study 59 cities across India. Of
these, 35 were metro cities and 24 were state capitals. The results showed that every day, India
produced 39,031 tonnes of solid trash. The research showed that the ten largest cities in India
produce almost 25,364 metric tonnes of solid waste every day, highlighting how big of an issue
it is. Preventing more damage to the environment and ensuring public health depend on
effective solid waste management.

Table 2: Urban waste situation in some major Indian cities

Major Cities Waste Quantity (Tonnes per day)
Surat 1000
Pune 1175

Kanpur 1100
Ahmedabad 1302
Hyderabad 2187
Bangalore 1669
Chennai 3036
Kolkata 2653
Delhi 5922
Mumbai 5320

Source: http://cpcb.nic.in

Waste minimization is an essential strategy aimed at reducing waste through source reduction,
recycling, and reuse. This approach yields both environmental and economic benefits,
enhancing sustainability and reducing costs. Solid waste management involves controlling the
generation, storage, collection, transfer, transport, processing, and disposal of solid wastes.
This discipline integrates principles from public health, economics, engineering, conservation,
aesthetics, and environmental considerations, encompassing a range of administrative,
financial, legal, planning, and engineering activities. The effective management of solid waste
involves several key components:

Source Reduction: Reducing waste generation at the source to minimize the overall impact on
the environment.

Onsite Storage: Proper storage of waste at the point of generation to optimize space and
maintain hygiene until collection.

Collection and Transfer: Efficient systems for collecting waste from sources and transferring
it to processing or disposal sites.

Processing Techniques: Technologies and methods for treating waste to recover reusable
materials and reduce the volume of waste needing disposal.

Disposal: Safe and sustainable methods to dispose of residual waste after recovery and
processing efforts.
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Figure Functional Elements of Solid Waste Management System
https://www.aboutcivil.org/functional-elements-solid-waste-management-system
2.3 Waste Disposal Options in India
The last stop for solid waste in India is disposal, with the majority of urban waste being
dumpled or landfilled. The following disposal procedures are utilised: The dominant practice
in unregulated low-income regions, which has negative effects on the environment including
the proliferation of mosquito populations and contamination of streams and air. In India, more
than 90% of urban trash is disposed of in an inadequate way (Sharholy et al., 2008). An
engineered solution that spreads, compacts, and covers garbage to reduce its environmental
effect. While this practice does help minimise gas emissions and leachate, landfilling is still
the most common in India (Kansal, 2002; Das et al., 1998). A regulated biological procedure
for the transformation of organic waste into compost. When applied to biodegradable garbage,
it creates a beneficial soil conditioner. (Gupta et al., 2007; Srivastava et al., 2005) Composting
is used to treat around 9 percent of India's solid waste. This process uses high-temperature
burning to decrease waste volume by as much as 95% or more. Because of the low calorific
value and high organic content of urban garbage, it is primarily used for hospital waste in India
(Kansal, 2002). Toxic ash and air pollution are further byproducts of burns. Decomposition of
organic waste at high temperatures in the absence of oxygen results in gas, liquid, and solid
byproducts; this process is related to incineration. While less prevalent than conventional
incineration, it does require specialised equipment like as rotary kilns. Castings made by
earthworms are rich in nutrients because the creatures decompose organic remains. Several
cities, including Mumbai and Hyderabad, adopt this technology, and research into
vermicomposting at home is an ongoing endeavour. A variety of new goods can be made from
recycled materials, including metals, paper, and plastics. Indian recycling rates for plastic
garbage range from 40 to 80%, whereas those for paper are far lower at 14% compared to 37%
worldwide (Pappu et al., 2007).
3. Bio-based Technologies for WtE Conversion
Anaerobic Digestion (AD) for Biogas Production: Anaerobic digestion (AD) is a widely
adopted bio-based technology in India for converting organic waste into biogas, which can
substitute natural gas and be used for electricity generation. The technology has gained
momentum, particularly in urban areas, as a solution to manage large quantities of organic
waste from markets, households, and industries. Organic matter, such as food waste, animal
manure, and agricultural residues, is broken down by anaerobic microbes in an oxygen-free
environment. This process produces biogas, primarily composed of methane (CHa4) and carbon
dioxide (CO-), and digestate, which can be used as a bio-fertilizer. The Pune Municipal
Corporation (PMC) has implemented several biogas plants since 2017, processing over 100
tonnes of organic waste daily. By 2020, the city's decentralized biogas plants generated
approximately 12,000 cubic meters of biogas per day, replacing about 4,000 kg of liquefied
petroleum gas (LPG). This initiative has reduced Pune’s landfill dependency and provided a
sustainable energy source to local industries, schools, and hospitals. By 2022, India had over
250 decentralized biogas plants installed in urban areas under the Swachh Bharat Mission
(SBM). According to the Ministry of New and Renewable Energy (MNRE), these biogas plants
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collectively generated around 50 million cubic meters of biogas per year, helping to mitigate
methane emissions and reduce fossil fuel dependency.

Bioethanol Production from Waste Biomass: Bioethanol production from waste biomass is
an emerging WtE technology in India, focusing on converting lignocellulosic biomass, such as
agricultural residues, municipal green waste, and food waste, into ethanol through microbial
fermentation. Lignocellulosic biomass, which includes crop residues like rice husks, wheat
straw, and sugarcane bagasse, is pretreated to break down cellulose into fermentable sugars.
These sugars are then fermented by microorganisms like Saccharomyces cerevisiae, producing
ethanol. India’s ethanol blending program has driven pilot projects to convert agricultural
waste into bioethanol. For instance, a pilot project initiated in 2018 in Maharashtra used
sugarcane bagasse and rice husks to produce ethanol. By 2020, India’s bioethanol production
reached 2.1 billion liters, contributing to the country’s ethanol blending program, which targets
a 20% ethanol mix in petrol by 2025. By 2022, India had expanded its bioethanol production
capacity significantly, with major projects in Uttar Pradesh and Maharashtra using agricultural
residues for ethanol production. According to the Ministry of Petroleum and Natural Gas, India
aims to produce over 7.5 billion liters of ethanol annually by 2025, with 25% of it coming from
waste biomass.

Microbial Fuel Cells (MFCs): Microbial Fuel Cells (MFCs) are an innovative bio-based
technology that uses bacteria to convert organic waste directly into electricity. This technology
is particularly useful for remote or rural areas with limited access to grid electricity. In MFCs,
microbes metabolize organic waste, and during this process, electrons are transferred to an
anode. The flow of electrons from the anode to the cathode generates electricity. MFCs can
utilize various organic wastes, including food waste, agricultural residues, and wastewater, as
the energy source. In 2019, a small-scale MFC project was deployed in a rural village in Tamil
Nadu to provide off-grid electricity. The system, which uses kitchen waste and agricultural
residues, produced sufficient electricity to power LED bulbs in 10 households, demonstrating
the potential for scaling up in rural areas with limited infrastructure. Although still in the
experimental stage, by 2022, several Indian research institutions, such as the Indian Institute of
Technology (11T) Bombay and IIT Madras, were actively working on improving the efficiency
of MFCs for rural electrification. Pilot projects in Tamil Nadu and Kerala have shown
promising results in utilizing organic waste to generate clean, off-grid electricity for small
communities.

(é\ndoption and Energy Production from Bio-based WtE Technologies in India
5
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4. Case Study: Waste-to-Energy Projects in India

Pune Municipal Corporation Biogas Plant: The Pune Municipal Corporation (PMC) has
been at the forefront of implementing waste-to-energy (WtE) projects, particularly through its
biogas plants. Since 2015, PMC has established several decentralized biogas plants to process
the organic waste collected from markets, hotels, and residential areas. The city produces
around 1,600 metric tonnes of waste daily, of which approximately 53% is organic waste. The
biogas plants process about 500 tonnes of this organic waste daily, generating biogas used to
power local industries, municipal buses, and streetlights. One notable biogas plant in Pune, set
up in 2017, processes 100 tonnes of organic waste per day and generates around 12,000 cubic
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meters of biogas, which is equivalent to approximately 4,000 kg of LPG. This biogas is
supplied to industries and used in government-run facilities, such as hospitals and municipal
buildings, significantly reducing their reliance on conventional energy sources. The plant also
produces nearly 15 tonnes of organic compost daily, which is used for city parks and green
spaces, promoting sustainable agriculture. This project showcases the scalability and viability
of WtE technologies, demonstrating that biogas can be a renewable energy alternative for urban
areas in India.

Kochi’s Bio-Waste Treatment Plant: The Kochi Municipal Corporation, in collaboration
with private firms, established its bio-waste treatment plant in 2019. The plant primarily uses
anaerobic digestion technology to convert food and organic waste from markets, households,
and hotels into biogas and compost. The city generates around 850 tonnes of solid waste per
day, with approximately 60% consisting of organic matter. The bio-waste plant processes
roughly 300 tonnes of this organic waste daily, producingaround 10,000 cubic meters of biogas
and 20 tonnes of organic compost. The biogas generated is used for producing electricity,
which powers various municipal services, including street lighting and waste collection trucks.
The facility generates about 4,000 kWh of electricity daily, reducing the city's dependency on
grid power. Additionally, the plant's compost production has significantly reduced landfill
usage, cutting down the volume of waste being sent to the Brahmapuram landfill site by nearly
35%. The success of Kochi’s WtE project has not only minimized environmental degradation
but also set a precedent for other cities in India to adopt similar waste management models,
showcasing the potential of public-private partnerships in improving solid waste management
infrastructure.

5. Policy Framework for Promoting WtE in India

India’s growing urbanization and waste management challenges have led to the development
of several policies aimed at promoting waste-to-energy (WtE) technologies. The Indian
government has recognized the potential of WtE projects to address solid waste issues and
generate renewable energy, and has thus created frameworks to encourage their adoption.
Below is an overview of the key policies, initiatives, and regulations that support WtE
development in India.

Swachh Bharat Mission (SBM): Launched in 2014, the Swachh Bharat Mission (SBM) is a
nationwide campaign aimed at improving sanitation and solid waste management practices in
Indian cities and rural areas. A major component of SBM focuses on promoting waste
segregation at source, scientific disposal of waste, and encouraging cities to adopt WtE
technologies. Under SBM, local bodies are incentivized to implement decentralized waste
treatment systems, including biogas plants, composting units, and other WtE facilities. Cities
that adopt such technologies are ranked higher in the annual Swachh Survekshan, India’s
cleanliness assessment framework. The SBM-Urban initiative has led to an increase in waste
processing capacities. According to the Ministry of Housing and Urban Affairs, as of 2020,
around 60% of India’s waste was being scientifically processed, compared to only 18% in
2014. This shift has significantly boosted the adoption of WtE technologies, with more than
100 biogas plants being established across various cities under the mission.

National Biogas and Manure Management Programme (NBMMP): The National Biogas
and Manure Management Programme (NBMMP), launched in 1981 and restructured over the
years, provides financial assistance for the establishment of family-type and community biogas
plants. The program promotes the use of cattle dung, organic kitchen waste, and other
biodegradable materials to produce biogas, which can be used as a cooking fuel or for
electricity generation. NBMMP focuses on both rural and urban areas, and since 2018, it has
been integrated with the New and Renewable Energy Ministry’s biogas programs to encourage
larger-scale WtE plants. The program has resulted in the installation of more than 5 million
biogas plants in rural areas, contributing to both waste management and renewable energy
generation. Additionally, NBMMP has helped promote decentralized WtE systems in urban
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areas, particularly in regions where organic waste from agricultural and household sources is
abundant.

Waste Management Rules, 2016: In 2016, the Government of India revised its waste
management policies, issuing the Solid Waste Management (SWM) Rules, Plastic Waste
Management Rules, E-Waste Management Rules, and other regulations to streamline and
promote effective waste management practices. The 2016 SWM Rules specifically encourage
the adoption of WtE technologies and require municipalities to focus on waste segregation at
source, resource recovery, and energy generation from waste. According to the SWM Rules,
urban local bodies (ULBs) are mandated to establish waste processing plants, including biogas
and composting facilities, and promote the recovery of energy from waste. The policy stipulates
that non-recyclable and high-calorific value waste must be sent to WtE plants rather than
landfills. Municipalities are also encouraged to partner with private firms through public-
private partnerships (PPP) to implement WtE projects.
Incentives for Renewable Energy Generation: The Ministry of New and Renewable Energy
(MNRE) has introduced various financial incentives to promote the generation of renewable
energy from waste. WtE plants are eligible for capital subsidies, viability gap funding, and
feed-in tariffs, which ensure that energy generated from WtE plants can be sold to the grid at
competitive rates. One notable policy is the Renewable Purchase Obligation (RPO), which
mandates that a certain percentage of the electricity distribution companies’ power
procurement comes from renewable sources, including WtE plants. As of 2020, MNRE’s
guidelines provide subsidies of up to %2 crore per megawatt for WtE plants, and an additional
%50 lakh per megawatt for plants that use municipal solid waste as a feedstock.
National Action Plan for Climate Change (NAPCC): The National Action Plan for Climate
Change (NAPCC), launched in 2008, includes the National Mission for a Green India and the
National Solar Mission, both of which encourage sustainable waste management practices.
NAPCC promotes the use of renewable energy technologies, including biogas and bioenergy
from waste, as part of India’s efforts to mitigate the impact of climate change. It aims to
increase the share of renewable energy in the overall energy mix, and WIE is seen as a key
contributor to this mission.
Public-Private Partnerships (PPP) in Waste Management: To overcome the high capital
costs associated with WLE projects, the Indian government actively encourages public-private
partnerships (PPP). Several successful WtE projects, including those in Pune, Hyderabad, and
Kochi, have been developed under the PPP model, where private firms contribute technical
expertise and investment, while municipalities provide land, infrastructure, and regulatory
support. PPP projects have proven effective in ensuring long-term sustainability of WLE plants.
The central and state governments provide various fiscal incentives, such as tax exemptions,
soft loans, and grants, to private players in the waste management sector. These partnerships
are essential for scaling up WtE technology across the country.
6. Challenges and Opportunities in WtE Conversion
Challenges
1. High Initial Investment: The capital cost of setting up WtE plants is high.
2. Limited Public Awareness: Citizens' lack of awareness about waste segregation impacts
the effectiveness of WLE projects.
3. Policy and Regulatory Gaps: While policies exist, their implementation at the municipal
level remains weak.
Opportunities
1. Renewable Energy Source: WtE technologies offer a clean, renewable energy source that
can reduce India’s dependence on fossil fuels.
2. Reduction in Landfill Waste: Bio-based WtE projects can significantly reduce the
volume of waste sent to landfills.
3. Employment Generation: Setting up WtE plants can create jobs in waste collection,
processing, and energy production.
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7. Conclusion

Bio-based waste-to-energy technologies present a viable solution to India's growing solid waste

management challenges. With successful case studies from Pune and Kochi demonstrating the

feasibility of these technologies, it is evident that WtE conversion can transform waste into
valuable resources while contributing to energy security and environmental sustainability.

However, to fully realize the potential of these technologies, there must be greater policy

support, investment in research and development, and increased public awareness about waste

segregation and recycling practices.
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