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UNIT-4

COMPOSTING:

 Introduction, types of composting, process description,
 design and operational consideration of aerobic composting, design and operational

consideration of anaerobic composting,
 Thermal conversion technologies, incineration and pyrolysis system, energy recovery

system,
 Overview of solid waste management practices in India.

INTRODUCTION

 Composting is a controlled, aerobic (oxygen-required) process that converts organic
materials into a nutrient-rich, biologically-stable soil amendment or mulch through
natural decomposition.

 The end product is compost.
 The organic content of Municipal Solid Waste (MSW) tends to decompose leading to

various smell and odour problems.
 It also leads to pollution of the environment. To ensure a safe disposal of the MSW it

is desirable to reduce its pollution potential and several processing methods are
proposed for this purpose.

 Composting process is quite commonly used and results in production of a stable
product - compost which depending upon its quality can be used as a low grade
manure and soil conditioner.

 The process results in conservation of natural resources and is an important
processing method, especially in agricultural and horticultural areas.

 In the case of individual households, small establishments and colonies, vermi-
composting which involves the stabilisation of organic solid waste through earthworm
consumption for conversion of the organic material to worm casting is being
increasingly preferred.

PRINCIPLES OF COMPOSTING – MANUAL ANDMECHANISED METHODS

 Decomposition and stabilisation of organic waste matter is a natural phenomenon.
 Composting is an organised method of producing compost manure by adopting this

natural phenomenon.
 Compost is particularly useful as organic manure which contains plant nutrients

(Nitrogen, Phosphorous and Potassium) as well as micro nutrients which can be
utilized for the growth of plants (Gotaas 1956).
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 When used in conjunction with chemical fertilisers optimum results are obtained.
 Composting can be carried out in two ways i.e., aerobically and anaerobically.
 During aerobic composting aerobic micro-organisms oxidise organic compounds to

Carbon di oxide, Nitrite and Nitrate.
 Carbon from organic compounds is used as a source of energy while nitrogen is

recycled.
 Due to exothermic reaction, temperature of the mass rises.
 During anaerobic process, the 244 anaerobic micro organisms, while metabolising the

nutrients, break down the organic compounds through a process of reduction.
 A very small amount of energy is released during the process and the temperature of

composting mass does not raise much.
 The gases evolved are mainly Methane and Carbon di oxide.
 An anaerobic process is a reduction process and the final product is subjected to some

minor oxidation when applied to land.

Parameters of composting

Composting is a biological process that involves the decomposition of organic matter into
nutrient-rich humus. Several key parameters influence the success of the composting process.
Monitoring and controlling these parameters help create optimal conditions for microbial
activity and ensure efficient composting. some important parameters of composting:

1. Carbon-to-Nitrogen (C/N) Ratio:

 Description: The C/N ratio is the ratio of carbon-rich materials (browns) to
nitrogen-rich materials (greens) in the compost pile.

 Optimal Range: The ideal C/N ratio is generally considered to be between
25:1 and 30:1. This balance provides the necessary nutrients for microbial
activity.

2. Moisture Content:

 Description: Composting microorganisms require moisture to thrive. Too
much or too little moisture can impede the composting process.

 Optimal Range: The moisture content of the compost pile is typically
maintained between 40% and 60%. The material should feel like a wrung-out
sponge.

3. Temperature:

 Description: Composting is an exothermic process, meaning it generates heat.
Monitoring temperature is crucial for assessing the activity of microorganisms
and the stage of composting.

 Optimal Range: Compost piles often reach temperatures between 110°F (43°C)
and 160°F (71°C). High temperatures are important for pathogen reduction
and effective decomposition.
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4. Aeration/Turning:

 Description: Oxygen is essential for aerobic composting, and turning or
aerating the compost pile helps maintain aerobic conditions.

 Optimal Frequency: Turning the compost every few days to weeks, depending
on the composting method, ensures proper aeration.

5. Particle Size:

 Description: Shredding or chopping compost materials into smaller particles
increases the surface area for microbial activity and accelerates decomposition.

 Optimal Size: The size of compost materials is typically reduced to 1-2 inches
for efficient composting.

6. pH Level:

 Description: pH measures the acidity or alkalinity of the composting material.
Microorganisms function optimally within a specific pH range.

 Optimal Range: The pH range for composting is generally between 6 and 8.
Lime or sulfur may be added to adjust pH if needed.

7. Bulking Agents:

 Description: Bulking agents, such as straw or wood chips, help maintain
proper aeration and prevent compaction in the compost pile.

 Optimal Amount: About 20-30% bulking agents by volume are often
recommended.

8. Time/Duration:

 Description: Composting takes time, and the duration depends on various
factors, including the composting method and environmental conditions.

 Optimal Duration: Composting can take several weeks to several months. The
compost is considered ready when it is dark, crumbly, and has an earthy smell.

9. Pathogen and Weed Seed Destruction:

 Description: Proper composting temperatures help destroy pathogens and
weed seeds present in the organic material.

 Optimal Conditions:Maintaining temperatures above 131°F (55°C) for an
extended period is recommended for pathogen and weed seed destruction.

Choosing the appropriate composting method depends on factors such as the scale of
operation, available space, the type of waste generated, and the desired end product.
Integrating composting into solid waste management helps reduce landfill usage, mitigate
greenhouse gas emissions, and produce valuable soil amendments.
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Regular monitoring of these parameters ensures that the composting process is efficient,
environmentally friendly, and produces a high-quality end product. Adjustments can be made
as needed to optimize conditions for microbial activity and decomposition.

Types of composting
Composting is a natural process that turns organic material into nutrient-rich soil conditioner.
In solid waste management, composting is an environmentally friendly way to reduce the
volume of organic waste and create a valuable product for soil enrichment. There are several
types of composting methods employed in solid waste management. Here are some common
types:

1. Backyard or Home Composting:

 Method: This is a simple and small-scale composting method that individuals
can practice in their own homes. It involves composting kitchen scraps, yard
waste, and other organic materials in a backyard compost bin or pile.

 Advantages: Easy to implement, reduces household waste, and produces
nutrient-rich compost for gardening.

2. Windrow Composting:

 Method: In windrow composting, organic waste is formed into long rows or
windrows. The material is periodically turned to provide aeration, and the
composting process is monitored.

 Advantages: Suitable for larger quantities of waste, good aeration, and
effective in breaking down organic materials.

3. Vermicomposting:

 Method: Vermicomposting uses earthworms to break down organic waste.
Worms, such as red wigglers, consume organic matter, and their castings
(excrement) create nutrient-rich vermicompost.

 Advantages:Well-suited for small-scale operations, fast decomposition, and
produces high-quality compost.

4. In-Vessel Composting:

 Method: In-vessel composting involves placing organic waste in a closed
container or vessel where temperature, moisture, and aeration can be
controlled. This method is often used for larger quantities of waste.

 Advantages: Rapid decomposition, control over environmental conditions, and
suitable for urban areas with limited space.

5. Aerated Static Pile Composting:
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 Method: In aerated static pile composting, organic waste is placed in piles that
are mechanically aerated. The aeration promotes the activity of aerobic
microorganisms, speeding up the composting process.

 Advantages: Good for large-scale composting, efficient aeration, and faster
decomposition.

6. Compost Trenches or Pits:

 Method: Compost trenches or pits involve burying organic waste in excavated
holes or trenches. The waste decomposes underground, and the resulting
compost enriches the soil.

 Advantages: Simple and low-cost method, suitable for agricultural settings.

7. Bokashi Composting:

 Method: Bokashi composting is a type of anaerobic fermentation that involves
fermenting kitchen waste with the help of a specific group of microorganisms.
It is often done in airtight containers.

 Advantages: Suitable for urban areas, can compost a wider range of food
scraps, and doesn't produce bad odors.

Designing and operating an aerobic composting system

Designing and operating an aerobic composting system involves careful consideration of
various factors to create an environment that promotes efficient decomposition by aerobic
microorganisms. Below are key design and operational considerations for aerobic composting:

Design Considerations:

1. Site Selection:

 Choose a location with good drainage to prevent waterlogging.

 Ensure accessibility for waste input, turning equipment, and eventual removal
of compost.

2. Composting Bins or Windrows:

 Select appropriate containers (bins) or designate areas (windrows) based on
the scale of composting.

 Bins should provide aeration, be easily turned, and allow for proper drainage.

3. Aeration System:
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 Incorporate aeration systems to ensure a constant supply of oxygen for aerobic
microorganisms.

 Options include perforated pipes, aeration fans, or passive aeration methods.

4. Temperature Control:

 Consider insulation or covering materials to regulate and maintain optimal
composting temperatures.

 Adequate insulation can help retain heat generated during decomposition.

5. Moisture Management:

 Design composting bins with proper drainage to prevent water accumulation.

 Consider covers or windrow shaping to protect the compost from excessive
rainfall.

6. Turning Equipment:

 If applicable, provide turning equipment such as compost turners to mix and
aerate the compost.

 Ensure ease of access for turning equipment to maneuver within the
composting area.

7. Particle Size Reduction:

 Design systems to shred or chip input materials to an appropriate size for
efficient microbial activity.

8. Leachate Collection:

 Install a leachate collection system to capture and manage excess moisture.

 Leachate can be recycled back into the composting process or treated
separately.

9. Pathogen and Odor Control:

 Implement measures to control odors and potential pathogens, such as proper
turning and temperature management.

Operational Considerations:

1. Material Mixing:

 Mix carbon-rich (browns) and nitrogen-rich (greens) materials to achieve the
optimal C/N ratio.

 Regularly turn or mix the compost to enhance aeration and microbial activity.

2. Monitoring Parameters:
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 Regularly monitor temperature, moisture content, and C/N ratio.

 Adjust input materials or turn the compost as needed to maintain optimal
conditions.

3. Aeration Management:

 Ensure a continuous supply of oxygen by turning the compost regularly.

 Adjust aeration systems based on compost temperature and microbial activity.

4. Temperature Control:

 Monitor compost temperatures to ensure they remain within the thermophilic
range for pathogen and weed seed destruction.

 Adjust insulation or covers to regulate temperature as needed.

5. Moisture Control:

 Adjust moisture content by adding water or bulking agents as necessary.

 Avoid waterlogging, as excessive moisture can lead to anaerobic conditions.

6. Record Keeping:

 Maintain records of input materials, turning frequency, and key composting
parameters.

 Use records for troubleshooting and optimizing the composting process.

7. Harvesting and Curing:

 Harvest compost when it reaches a stable, mature state.

 Allow for a curing period to ensure the compost is fully stabilized and ready
for use.

8. Education and Training:

 Train personnel involved in composting on proper techniques and safety
protocols.

 Educate users and stakeholders on the benefits of composting and proper
waste separation.

By integrating these design and operational considerations, an aerobic composting system can
efficiently convert organic waste into valuable compost while minimizing environmental
impacts. Regular monitoring and adjustments are essential for optimizing the composting
process.
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Design and operational consideration of anaerobic composting,
Anaerobic composting is a biological process that breaks down organic matter without the
presence of oxygen. This process is often used in the treatment of organic waste where
aerobic conditions are limited or absent. Below are design and operational considerations for
anaerobic composting systems:

Design Considerations:

1. Digestion Tanks:

 Anaerobic composting often takes place in sealed digestion tanks to exclude
oxygen.

 Design tanks with proper sealing mechanisms to prevent the ingress of air.

2. Temperature Control:

 Provide insulation to maintain a stable temperature within the anaerobic
digester.

 Install heating systems if necessary to optimize microbial activity.

3. Mixing Systems:

 Incorporate mixing systems within the digestion tank to ensure uniform
distribution of organic waste and microbes.

 Mixing promotes anaerobic conditions throughout the composting mass.

4. Gas Collection System:

 Include a gas collection system to capture and utilize the biogas (methane)
produced during anaerobic digestion.

 Utilize the collected biogas for energy generation or other beneficial purposes.

5. Leachate Collection:

 Implement a leachate collection system to manage liquid byproducts.

 Leachate can be recirculated to enhance microbial activity or treated
separately.

6. Digestate Handling:

 Plan for the removal and handling of the solid residue or digestate remaining
after the anaerobic digestion process.

 Consider dewatering and drying processes if needed.

7. Odor Control:

 Implement measures to control odors associated with anaerobic decomposition.

 Sealing systems and biofilters can help mitigate odor issues.
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Operational Considerations:

1. Feedstock Preprocessing:

 Shred or chop input materials to increase surface area and facilitate anaerobic
digestion.

 Ensure the feedstock is well-mixed for uniform digestion.

2. Monitoring Parameters:

 Regularly monitor temperature, pH, and gas production within the anaerobic
digester.

 Adjust operational parameters based on monitoring results.

3. Gas Utilization:

 Collect and utilize biogas generated during anaerobic digestion for energy
production.

 Install a gas utilization system, such as a biogas engine or generator.

4. Nutrient Balance:

 Manage the nutrient balance within the digestion tank to optimize microbial
activity.

 Adjust the carbon-to-nitrogen (C/N) ratio as needed.

5. Digestate Management:

 Develop a plan for the proper handling and disposal of the digestate.

 Consider options such as composting the digestate in an aerobic system or
utilizing it as a soil amendment.

6. Maintenance and Cleaning:

 Conduct regular maintenance of equipment and cleaning of the anaerobic
digester.

 Prevent the accumulation of solids and ensure the efficient operation of the
system.

7. Safety Protocols:

 Establish safety protocols for working with anaerobic composting systems.

 Train personnel on proper procedures, handling of materials, and emergency
response.

8. Record Keeping:

 Maintain detailed records of feedstock composition, operational parameters,
gas production, and maintenance activities.
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 Use records for troubleshooting and optimizing the anaerobic composting
process.

Anaerobic composting systems can be effective in treating organic waste and generating
useful byproducts such as biogas. However, careful design and operational management are
crucial to ensuring the success and efficiency of anaerobic composting processes.

Thermal conversion technologies:

Thermal conversion technologies, including incineration and pyrolysis, are methods used for
the treatment of waste materials. These processes involve the application of heat to transform
waste into energy, reduce volume, and mitigate environmental impacts. Additionally, energy
recovery systems can be integrated into these processes to harness the thermal energy
released for electricity generation or other applications.

Incineration:

1. Combustion Chambers:

 Design combustion chambers that facilitate the controlled burning of waste
materials.

 Control the air supply to maintain optimal conditions for combustion.

2. Energy Recovery Boilers:

 Install energy recovery boilers to capture heat generated during combustion.

 Convert the captured heat into steam, which can then be used to generate
electricity or provide heat for other industrial processes.

3. Air Pollution Control Devices:

 Integrate air pollution control devices, such as scrubbers and filters, to reduce
emissions of pollutants.

 Ensure compliance with environmental regulations for air quality.

4. Bottom Ash and Fly Ash Management:

 Develop systems for the proper handling and disposal of bottom ash and fly
ash generated during combustion.

 Recycle or reuse ash when possible, and dispose of residual ash in accordance
with regulations.

5. Continuous Monitoring:

 Implement continuous monitoring systems for combustion efficiency,
emissions, and other relevant parameters.
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 Use data from monitoring systems for process optimization and regulatory
compliance.

6. Waste Handling and Feeding Systems:

 Design efficient waste handling and feeding systems to ensure a consistent and
controlled supply of waste to the incinerator.

 Consider automated systems for waste feeding.

Pyrolysis:

1. Reactor Design:

 Design pyrolysis reactors to operate in the absence of oxygen, preventing
complete combustion.

 Optimize reactor parameters for efficient pyrolysis, including temperature,
pressure, and residence time.

2. Heat Recovery Systems:

 Install heat recovery systems to capture and utilize the thermal energy released
during pyrolysis.

 Use the recovered heat for internal process heating or electricity generation.

3. Condensation Systems:

 Implement condensation systems to capture and recover pyrolysis gases as
liquid products (bio-oil).

 Optimize conditions for the production of valuable byproducts.

4. Gas Cleaning Systems:

 Integrate gas cleaning systems to remove impurities from the pyrolysis gas.

 Ensure the quality of the produced gas for further utilization or safe release.

5. Biochar Production:

 Develop systems for the collection and handling of biochar, a solid
carbonaceous product of pyrolysis.

 Explore potential applications of biochar in agriculture or as a carbon
sequestration method.

6. Automation and Control:

 Implement automation and control systems to manage and optimize the
pyrolysis process.

 Monitor key parameters and adjust process conditions as needed.
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Energy Recovery Systems:

1. Steam Turbines or Engines:

 Install steam turbines or engines to convert thermal energy into mechanical
energy.

 Connect the mechanical energy to generators for electricity production.

2. Combined Heat and Power (CHP) Systems:

 Consider combined heat and power systems to maximize the use of thermal
energy.

 Use excess heat for district heating, industrial processes, or other applications.

3. Grid Connection:

 Connect the energy recovery system to the electrical grid for the distribution
of generated electricity.

 Ensure compliance with grid connection standards and regulations.

4. Efficiency Optimization:

 Continuously monitor and optimize the efficiency of energy recovery systems.

 Adjust operating conditions based on the energy demand and waste input.

5. Waste Heat Utilization:

 Explore opportunities to utilize waste heat for additional industrial processes
or heating applications.

 Maximize the overall energy efficiency of the system.

Both incineration and pyrolysis, when integrated with energy recovery systems, can
contribute to sustainable waste management practices and the generation of renewable energy.
Careful design and operational considerations are essential to ensure efficiency,
environmental compliance, and safety.
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Overview of solid waste management practices in India:
Solid waste management in India faces numerous challenges due to the country's large and
diverse population, rapid urbanization, and inadequate infrastructure. The management of
solid waste is crucial to maintain environmental sustainability, public health, and overall
quality of life. Here's an overview of solid waste management practices in India:

1. Generation of Solid Waste:

 India generates a significant amount of solid waste daily, primarily from
households, commercial establishments, industries, and construction activities.

 The composition of solid waste varies across regions, with organic waste,
plastics, paper, glass, and metals being common components.

2. Municipal Solid Waste (MSW) Management:

 Municipal corporations and local bodies are responsible for managing solid
waste in urban areas. However, the capacity and efficiency of waste
management vary widely between different cities and towns.

 Collection systems often face challenges such as inadequate infrastructure,
insufficient personnel, and irregular waste collection schedules.

3. Waste Segregation:

 Proper waste segregation at the source is a critical aspect of effective solid
waste management. However, the adoption of segregation practices by the
public is often limited.

 The lack of awareness and infrastructure for segregated waste collection
hinders the recycling and treatment processes.

4. Waste Treatment and Disposal:

 Open dumping of waste is a common practice, leading to environmental
pollution and health hazards. Landfills often lack proper lining and leachate
management, contributing to soil and water contamination.

 Limited adoption of waste-to-energy technologies and composting facilities
hampers efforts to reduce the environmental impact of solid waste disposal.

5. Recycling and Resource Recovery:

 The recycling sector in India is growing, but it faces challenges such as
inadequate recycling infrastructure, low awareness, and the presence of
informal waste pickers.

 Efforts are being made to promote the recycling of materials like paper, plastic,
glass, and metals to reduce the burden on landfills and conserve resources.
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6. Government Initiatives:

 The Indian government has launched initiatives like the Swachh Bharat
Abhiyan (Clean India Mission) to promote cleanliness and proper waste
management practices.

 Various policies and regulations are in place to address solid waste
management, but effective implementation remains a challenge.

7. Challenges:

 Rapid urbanization, population growth, and changing consumption patterns
pose ongoing challenges to solid waste management.

 Insufficient financial resources, technological gaps, and the need for
community participation are hurdles that need to be addressed.

8. Future Prospects:

 There is an increasing focus on sustainable waste management practices,
including waste-to-energy projects, decentralized waste processing units, and
extended producer responsibility (EPR) frameworks.

 Public awareness campaigns and educational programs are essential to
promoting responsible waste disposal habits and improving overall solid waste
management.

In conclusion, while India faces significant challenges in solid waste management, ongoing
initiatives and future strategies aim to address these issues and promote sustainable practices
across the country.

INDIA SOLIDWASTE MANAGEMENT

The solid waste management sector in India has witnessed significant growth in recent years
due to the government’s push towards cleanliness and sanitation. Increasing population and
rapid urbanization have resulted in a substantial increase in the amount of waste generated,
leading to the need for efficient and sustainable waste management practices. The
government’s Swachh Bharat Abhiyan (Clean India Mission) has provided a boost to the
sector, resulting in a surge in demand for waste management solutions. The market for solid
waste management in India is expected to grow at a CAGR of 7.5% during the forecast
period (2021-2026), driven by factors such as increasing urbanization, rising awareness of
waste management, and growing investments in waste management infrastructure.

Market Overview:
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Due to rapid urbanization, economic growth and higher rates of urban consumption, India is
among the world’s top 10 countries generating municipal solid waste (MSW). According to a
report by The Energy and Resources Institute (TERI), India generates over 62 million tons
(MT) of waste in a year. Only 43 MT of total waste generated gets collected, with 12 MT
being treated before disposal, and the remaining 31 MT simply discarded in wasteyards. Most
of the waste generated remains untreated and even unaccounted for. Inadequate waste
collection, transport, treatment, and disposal have become major causes for environmental
and public health concerns in the country.

A study featured in the Journal of Urban Management (December 2021) reports that the 62
MT of waste generated annually includes 7.9 MT of hazardous waste, 5.6 MT of plastic
waste, 1.5 MT of e-waste, and 0.17 MT of biomedical waste. The Indian Central Pollution
Control Board (CPCB) recently projected that annual waste generation in India will increase
to 165 MT by 2030. Hazardous, plastic, e-waste, and bio-medical waste generated is expected
to increase proportionately, as well.

The market for solid waste management in India can be segmented into various categories,
such as collection, transportation, treatment, and disposal. The collection and transportation
segments account for the largest share of the market due to the lack of proper collection and
transportation infrastructure. The treatment and disposal segments are expected to witness
significant growth during the forecast period due to the increasing focus on sustainable waste
management practices.

In India solid waste management (SWM) has been traditionally viewed as the responsibility
of local municipal authorities or urban local bodies (ULBs). However, very few municipal
authorities have set up proper waste processing centers, while even fewer have adequate
waste disposal facilities in place. For reasons ranging from poor financial resources to lack of
scientific and technical knowledge of waste management, municipal governments in most
Indian cities struggle to manage the solid waste generated in their respective cities.

Over the past decade the government of India, in collaboration with state governments and
union territories (UTs), has initiated projects such as the Swachh Bharat mission in 2014 and
the development of 100 smart cities across the country, initiated in 2015. With the three basic
principles of circular economy (i.e., reduce, reuse, and recycle) in mind, the Ministry of
Environment, Forest, and Climate Change also amended India’s SWM rules in 2016. These
initiatives, combined with strict enforcement of the updated SWM rules by the CPCB,
encourage every ULB in India to develop integrated waste management systems, wet and dry
segregation, source-specific collection, home composting/biomethanation, and material and
energy recovery from waste.

However, there is substantial variation in technologies adopted for SWM across different
states and UTs in India. For example, composting as a technology for solid waste processing
has been adopted by all 28 states and 8 UTs, but waste-to-energy (W2E) plants have been set
up in only 10 states/UTs and biomethanation can only be found in 22 states/UTs in the
country.
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Conclusion:

The solid waste management sector in India is expected to witness significant growth in the
coming years, driven by factors such as increasing urbanization, rising awareness of waste
management, and growing investments in waste management infrastructure.

U.S. companies offering innovative technologies, equipment, and cost-efficient waste
handling systems and solutions - especially for waste sorting; recycling of plastic, tire, e-
waste, and batteries; construction waste management, landfill design and technologies; and
solutions generating energy from waste - will find multiple opportunities in India.

For entry into the Indian market, U.S. companies are advised to identify quality partners who
understand the market and are well-versed in procurement issues. Strategic planning, due
diligence, and consistent follow-ups are required for doing business successfully in India.


