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Abstract: The production of Compressed Biogas (CBG) from Municipal Solid Waste (MSW) has emerged as a promising approach to 

manage waste sustainably while generating a clean and renewable energy source. This innovative solution addresses two critical 

challenges facing urban areas: waste management and energy production. By harnessing the potential of MSW, CBG production offers 

a win-win situation, reducing the environmental and health impacts of waste disposal while generating a valuable energy resource. The 

potential benefits of CBG production from MSW are substantial. Not only does it provide a renewable energy source, but it also reduces 

dependence on fossil fuels, mitigates climate change, and promotes sustainable waste management. In India, where waste management is 

a significant challenge, CBG production from MSW offers a promising solution. However, the implementation of CBG production from 

MSW in India faces several challenges, including high capital costs, technological complexities, and regulatory hurdles. In India, where 

waste management is a significant challenge, CBG production from MSW offers a promising solution. The country generates a substantial 

amount of MSW, which can be leveraged to produce CBG. Moreover, India's growing energy demand and government initiatives to 

promote renewable energy and sustainable waste management create a favorable environment for CBG production from MSW. By 

leveraging the potential of MSW and addressing the challenges, India can promote sustainable development, reduce its environmental 

footprint, and create a cleaner and healthier environment for its citizens. With the right policies and technologies in place, CBG production 

from MSW can play a significant role in India's transition to a more sustainable and renewable energy-based economy. 
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1. Introduction 
 

Municipal Solid Waste (MSW) management is a significant 

challenge in urban areas, with the increasing population and 

urbanization leading to a substantial rise in waste generation. 

The conventional methods of waste disposal, such as 

landfilling and incineration, have several limitations, 

including environmental concerns and health risks. However, 

MSW can be a valuable resource for energy production, 

particularly through the production of Compressed Biogas 

(CBG). 

 

Municipal Solid Waste (MSW) management has become a 

pressing concern in urban areas, driven by the rapid pace of 

urbanization and population growth. The increasing volume 

of waste generated poses significant challenges for waste 

management, including environmental degradation, health 

risks, and economic burdens. Conventional methods of waste 

disposal, such as landfilling and incineration, are no longer 

sustainable and have several limitations. These methods can 

contaminate soil and groundwater, release toxic pollutants 

into the air, and lead to the spread of diseases and other health 

issues. 

 

MSW can be a valuable resource for energy production, 

particularly through the production of Compressed Biogas 

(CBG). CBG is a clean and renewable energy source that can 

be used as a substitute for fossil fuels, reducing greenhouse 

gas emissions and dependence on non-renewable energy 

sources. By leveraging the potential of MSW, cities can 

reduce their waste management challenges while generating a 

valuable energy resource. CBG production from MSW 

provides a sustainable solution for waste management, 

reducing the environmental and health impacts of waste 

disposal while promoting energy independence. 

The benefits of CBG production from MSW are multifaceted. 

It provides a renewable energy source, reduces greenhouse gas 

emissions from waste disposal, and promotes energy 

independence. Additionally, CBG production from MSW can 

create jobs and stimulate local economies, contributing to 

sustainable development. By adopting CBG production from 

MSW, cities can move towards a more sustainable and 

environmentally friendly waste management system, reducing 

their reliance on conventional methods and promoting a 

cleaner and healthier environment. 

 

Overall, CBG production from MSW offers a promising 

solution for sustainable waste management and renewable 

energy production. By harnessing the potential of MSW, cities 

can reduce their waste management challenges while 

generating a valuable energy resource. With the right policies 

and technologies in place, CBG production from MSW can 

play a significant role in promoting sustainable development 

and reducing the environmental footprint of urban areas. 

 

CBG is a renewable energy source that can be used as a 

substitute for fossil fuels, reducing greenhouse gas emissions 

and dependence on non-renewable energy sources. The 

production of CBG from MSW involves the anaerobic 

digestion of organic waste, followed by gas purification and 

compression. 

 

2. Technical Overview 
 

The production of CBG from MSW involves several steps, 

from waste collection and segregation to biogas upgradation 

and utilization. By adopting these steps, we can better 

appreciate the technical complexities involved in CBG 

production and the potential benefits of this technology. The 

key steps are as follows: 
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1) Waste Collection and Segregation 

The first step in CBG production from MSW is waste 

collection and segregation. MSW is collected from 

households, commercial establishments, and institutions, and 

then segregated into organic and inorganic fractions. The 

organic fraction, which includes food waste, yard trimmings, 

and other biodegradable materials, is used for CBG 

production. Segregation is critical to ensure that only 

biodegradable waste is fed into the anaerobic digester. 

 

2) Pre-treatment 

The organic waste is pre-treated to enhance the anaerobic 

digestion process. Pre-treatment of organic waste is a crucial 

step in the production of Compressed Biogas (CBG) from 

Municipal Solid Waste (MSW). This process involves several 

key activities, including shredding, grinding, and mixing with 

water.  

 

Shredding reduces the size of the waste, increasing the surface 

area available for microbial action. This helps to break down 

the complex organic matter into simpler compounds, making 

it easier for microorganisms to digest.  

 

Grinding further reduces the particle size of the waste, 

creating a uniform consistency that facilitates mixing and 

digestion. By grinding the waste into a uniform particle size, 

the microorganisms can access the organic matter more easily, 

leading to more efficient digestion and biogas production. 

 

Mixing the waste with water is also an essential step in pre-

treatment. This helps to create a uniform feedstock that can be 

easily fed into the anaerobic digester. The water helps to break 

down the organic matter, making it more accessible to 

microorganisms and increasing the efficiency of the digestion 

process.  

 

A uniform feedstock also ensures that the anaerobic digestion 

process is consistent and predictable, leading to more reliable 

biogas production. By combining shredding, grinding, and 

mixing with water, the pre-treatment process helps to optimize 

the anaerobic digestion process, leading to increased biogas 

production and improved efficiency. 

 

3) Anaerobic Digestion 

The pre-treated waste is fed into an anaerobic digester, where 

microorganisms break down the organic matter in the absence 

of oxygen, producing biogas (a mixture of methane and 

carbon dioxide). Anaerobic digestion is a complex process 

that involves the breakdown of organic matter by 

microorganisms in the absence of oxygen. This process occurs 

in several stages, each with its own unique characteristics and 

microbial communities.  

 

The first stage is hydrolysis, where complex organic 

molecules such as carbohydrates, proteins, and fats are broken 

down into simpler compounds like sugars, amino acids, and 

fatty acids. This stage is critical in making the organic matter 

accessible to microorganisms, allowing them to further break 

it down and produce biogas. 

 

The next stage is acidogenesis, where the simpler compounds 

produced during hydrolysis are converted into volatile fatty 

acids (VFAs) such as acetic acid, propionic acid, and butyric 

acid. This stage is characterized by the presence of acidogenic 

microorganisms that thrive in environments with low pH 

levels. The VFAs produced during this stage are then 

converted into acetic acid during the acetogenesis stage. 

Acetogenic microorganisms play a crucial role in this stage, 

converting the VFAs into acetic acid, which is a key precursor 

to biogas production. 

 

The final stage of anaerobic digestion is methanogenesis, 

where acetic acid is converted into methane and carbon 

dioxide by methanogenic microorganisms. These 

microorganisms are strict anaerobes that thrive in 

environments with low redox potentials. During 

methanogenesis, the acetic acid is split into methane and 

carbon dioxide, producing biogas that can be harnessed as a 

renewable energy source. The methane produced during this 

stage is the primary component of biogas, making it a valuable 

energy source for power generation, heating, and 

transportation. 

 

4) Biogas Upgradation 

The biogas produced in the anaerobic digester is upgraded to 

CBG through a series of processes. After anaerobic digestion, 

the biogas produced needs to be upgraded to Compressed 

Biogas (CBG) through a series of processes. The first step in 

this process is gas purification, where impurities such as 

hydrogen sulfide, carbon dioxide, and water vapor are 

removed from the biogas. This is necessary to improve the 

quality and energy content of the biogas, making it suitable for 

use as a fuel. Gas purification involves various technologies, 

including scrubbing, adsorption, and membrane separation, 

which effectively remove impurities and contaminants from 

the biogas. 

 

Once the biogas is purified, it is compressed to a high pressure 

to facilitate storage and transportation. Compression is a 

critical step in the production of CBG, as it enables the biogas 

to be stored and transported efficiently. The compressed 

biogas is then stored in cylinders or tanks, which are designed 

to withstand the high pressure. This allows the CBG to be 

transported to various locations, including fueling stations, 

industrial facilities, and households, where it can be used as a 

clean and renewable energy source. 

 

The storage of compressed biogas requires careful 

consideration of safety and handling protocols. The cylinders 

or tanks used for storage must be designed and constructed to 

withstand the high pressure and prevent any leaks or 

accidents. Additionally, the storage facilities must be 

equipped with safety features such as pressure relief valves 

and emergency shutdown systems to prevent accidents and 

ensure safe handling. By compressing and storing biogas, 

CBG production can provide a reliable and efficient source of 

renewable energy for various applications. 

 

5) CBG Utilization 

The CBG is utilized as a fuel for vehicles, power generation, 

or industrial applications. CBG can be used as a substitute for 

fossil fuels, reducing greenhouse gas emissions and 

dependence on non-renewable energy sources. CBG can also 

be used as a fuel for cooking, heating, and power generation 

in industries and households. 
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Technological Considerations 

The production of Compressed Biogas (CBG) from Municipal 

Solid Waste (MSW) requires careful consideration of several 

technological factors to ensure efficient and safe production. 

One of the critical factors is digester design. The anaerobic 

digester is the heart of the CBG production process, and its 

design plays a crucial role in determining the efficiency of 

biogas production. A well-designed digester should have the 

right size, shape, and mixing mechanisms to ensure that the 

microorganisms have the best possible environment to break 

down the organic matter and produce biogas. The digester size 

should be optimized to handle the required amount of organic 

waste, and the shape should facilitate mixing and flow of the 

organic matter. 

 

The biogas upgradation technology is another critical factor in 

CBG production. The choice of technology depends on the 

desired purity of CBG and the scale of production. Common 

technologies include water scrubbing, pressure swing 

adsorption, and membrane separation. Water scrubbing uses 

water to remove impurities such as carbon dioxide and 

hydrogen sulfide from the biogas, while pressure swing 

adsorption uses adsorbent materials to remove impurities. 

Membrane separation, on the other hand, uses membranes to 

separate the methane from the impurities in the biogas. The 

choice of technology will depend on the specific requirements 

of the CBG production facility and the quality of the biogas 

produced. 

 

In addition to digester design and biogas upgradation 

technology, CBG production also requires specialized storage 

and handling facilities to ensure safety and efficiency. The 

storage facilities need to be designed to withstand the high 

pressure of the compressed biogas, and the handling systems 

need to be designed to prevent accidents and ensure safe 

transportation. The storage tanks should be equipped with 

safety features such as pressure relief valves and emergency 

shutdown systems to prevent accidents and ensure safe 

handling. By carefully considering these technological 

factors, CBG production from MSW can be optimized to 

ensure efficient and safe production of this renewable energy 

source. 

 

Overall, the production of CBG from MSW is a complex 

process that requires careful consideration of several 

technological factors. By optimizing digester design, biogas 

upgradation technology, and storage and handling facilities, 

CBG production can be made more efficient and safe. This 

can help to increase the adoption of CBG as a renewable 

energy source, reducing dependence on fossil fuels and 

mitigating climate change. 

 

Mixed Waste? 

The production of Compressed Biogas (CBG) from Municipal 

Solid Waste (MSW) is significantly impacted by the fact that 

all the waste is mixed, with biodegradable waste combined 

with other types of waste. This mixing of waste poses a major 

challenge for CBG production, as it can lead to contamination, 

reduced biogas yield, and increased processing costs. When 

biodegradable waste is mixed with non-biodegradable waste, 

it can be difficult to produce high-quality biogas, and the 

presence of contaminants can cause operational issues. 

The mixing of waste can also reduce the efficiency of the 

biogas production process. Non-biodegradable waste, such as 

plastics and metals, does not break down during the anaerobic 

digestion process and can take up valuable space in the 

digester. This can lead to reduced biogas yields and increased 

costs associated with waste disposal. Furthermore, the 

presence of contaminants in the biogas can also affect its 

quality, making it more difficult to purify and compress. 

 

To overcome these challenges, it is essential to implement 

effective waste management strategies, such as source 

segregation and waste sorting. By separating biodegradable 

waste from other types of waste, the quality of the feedstock 

for biogas production can be improved, leading to increased 

biogas yields and reduced processing costs. Additionally, 

designing robust systems that can handle mixed waste can also 

help mitigate some of the challenges associated with mixed 

waste. 

 

Overall, the mixed nature of MSW poses significant 

challenges for CBG production, but with effective waste 

management strategies and robust system design, these 

challenges can be overcome, and CBG production can be 

made more efficient and effective. By addressing the issue of 

mixed waste, we can unlock the potential of MSW as a 

renewable energy source and contribute to a more sustainable 

future. 

 

Collection of the segregated waste is must 

The collection of segregated waste is a crucial step in the 

production of Compressed Biogas (CBG) from Municipal 

Solid Waste (MSW). Segregation of waste at source is 

essential to ensure that biodegradable waste is separated from 

non-biodegradable waste, and collection of segregated waste 

is necessary to ensure that the biodegradable waste is collected 

and transported to the CBG production facility. When 

biodegradable waste is collected separately, it can be 

processed more efficiently, and the quality of the biogas 

produced can be improved. 

 

The importance of segregated waste collection lies in its 

ability to improve the quality and quantity of biodegradable 

waste. When waste is segregated at source, it reduces the 

amount of contaminants in the biodegradable waste, making it 

more suitable for biogas production. This, in turn, can increase 

the efficiency of the CBG production process and reduce costs 

associated with waste sorting and processing. Furthermore, 

segregated waste collection can also help to reduce the 

environmental impacts of waste disposal, as biodegradable 

waste can be diverted from landfills and used to produce 

renewable energy. 

 

Implementing segregated waste collection can be a challenge, 

particularly in areas where waste management infrastructure 

is lacking. Public participation and awareness are critical to 

the success of segregated waste collection programs, and 

education and outreach efforts can help to increase 

participation and ensure that waste is segregated correctly. 

Additionally, adequate infrastructure, including separate 

collection systems and vehicles, is necessary to support 

segregated waste collection. 
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Segregation of the waste at the source 

Teaching about segregation of waste at the source and during 

transportation is crucial for effective waste management and 

Compressed Biogas (CBG) production. Segregating waste at 

source is essential to separate biodegradable waste from non-

biodegradable waste, which helps to prevent contamination 

and improve the quality of the biogas produced. By educating 

the public about the importance of waste segregation and 

providing clear guidelines on how to segregate waste, 

individuals can make a significant contribution to the 

production of high-quality biogas. 

 

During transportation, segregation of waste is equally 

important to prevent mixing and contamination. Using 

separate collection vehicles or containers for biodegradable 

and non-biodegradable waste can help ensure that waste is 

collected and transported correctly. Clearly labeling and 

signage can also help ensure that waste is handled correctly, 

and providing training to waste collectors and transporters on 

the importance of segregation and proper handling procedures 

can help prevent contamination. 

 

The benefits of segregation are numerous, including improved 

biogas quality, increased efficiency, and reduced costs. By 

segregating waste at source and during transportation, the 

quality of the biogas produced can be improved, and the 

efficiency of the CBG production process can be increased. 

Additionally, segregation can help reduce costs associated 

with waste sorting and processing, making the production of 

CBG more economically viable. 

 

Overall, teaching about segregation of waste at the source and 

during transportation is essential for promoting effective 

waste management and CBG production. By educating 

individuals and communities about the importance of 

segregation and providing the necessary infrastructure and 

support, we can help ensure that waste is managed in a 

sustainable and efficient manner, and that CBG production 

can be optimized. 

 

3. Benefits and Challenges 
 

The production of Compressed Biogas (CBG) from Municipal 

Solid Waste (MSW) offers several benefits, making it an 

attractive solution for sustainable waste management and 

renewable energy production. One of the primary benefits is 

that CBG is a renewable energy source that reduces 

dependence on fossil fuels and mitigates climate change. By 

harnessing the energy potential of MSW, CBG production can 

help reduce greenhouse gas emissions and contribute to a 

cleaner environment. Additionally, CBG production from 

MSW provides a sustainable solution for waste management, 

reducing the environmental and health impacts of 

conventional waste disposal methods such as landfilling and 

incineration. 

 

Moreover, CBG production can have significant economic 

benefits. The production process can create jobs and stimulate 

local economies, contributing to sustainable development. By 

generating revenue from waste, cities and municipalities can 

also reduce the economic burden of waste management and 

create new opportunities for economic growth. Furthermore, 

the use of CBG as a fuel can also reduce the costs associated 

with energy production and consumption, making it a cost-

effective alternative to fossil fuels. 

 

Overall, the benefits of CBG production from MSW are 

multifaceted, ranging from renewable energy production to 

sustainable waste management and economic benefits. By 

adopting CBG production, cities and municipalities can 

reduce their environmental footprint, create new economic 

opportunities, and contribute to a more sustainable future. As 

the world continues to urbanize and grapple with the 

challenges of waste management and climate change, CBG 

production from MSW is likely to play an increasingly 

important role in promoting sustainable development and 

reducing our reliance on fossil fuels. 

 

4. Conclusion 
 

The production of CBG from MSW is a promising approach 

to manage waste sustainably while generating a clean and 

renewable energy source. While there are technical and 

economic challenges associated with CBG production, the 

benefits of this approach make it an attractive option for waste 

management and energy production. Further research and 

development are needed to improve the efficiency and cost-

effectiveness of CBG production from MSW. 

 

Collection of segregated waste is a critical component of CBG 

production from MSW. By ensuring that biodegradable waste 

is collected separately, the quality and quantity of the waste 

can be improved, making it more suitable for biogas 

production. With effective waste management strategies and 

infrastructure in place, segregated waste collection can help to 

increase the efficiency and effectiveness of CBG production, 

contributing to a more sustainable future. 
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