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Abstract: A burgeoning Compressed Bio Gas (CBG) industry is being recognized as a transformative opportunity for mitigating climate 

change and catalyzing a paradigm shift towards sustainable energy ecosystems. However, a substantial capital outlay is required for 

establishing CBG plants, which constitutes a formidable barrier to widespread adoption. In this study, a comprehensive examination is 

undertaken of the key cost drivers, including feedstock handling and pre-treatment, anaerobic digestion, biogas upgrading and compression, 

gas storage and dispensing, and engineering, procurement, and construction (EPC) services. The impact of critical factors such as plant 

capacity, feedstock characteristics, technology selection, and location-specific considerations on the overall costs is scrutinized. Furthermore, 

strategic interventions are explored to mitigate these expenses, including economies of scale, modular design, technology optimization, public-

private partnerships, government incentives, and innovative financing models. By elucidating the challenges and opportunities in CBG 

infrastructure development, nuanced insights are provided for policymakers, industry stakeholders, and investors, enabling informed 

decision-making and strategic planning. It is anticipated that this research will accelerate the transition to a low-carbon economy by fostering 

the growth of CBG infrastructure, unlocking the industry's vast potential for reducing greenhouse gas emissions, promoting sustainable 

energy development, and contributing to a more environmentally conscious and economically viable energy future. The findings of this study 

are expected to have far-reaching implications for the CBG industry, shaping its future trajectory and informing policy initiatives that support 

its growth and development. Moreover, the insights gained from this research will facilitate the identification of best practices, optimization of 

CBG production processes, and development of targeted strategies to overcome the existing barriers to CBG adoption, ultimately contributing 

to a more sustainable and resilient energy landscape. 
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1. Introduction 
 

The Compressed Bio Gas (CBG) industry has gained 

significant attention in recent years due to its potential to 

reduce greenhouse gas emissions and promote sustainable 

energy. However, one of the major challenges hindering the 

widespread adoption of CBG technology is the high initial 

investment required to set up a CBG plant.  

 

What is Compressed Bio Gas (CBG)? 

Compressed Bio Gas (CBG) plants are facilities that convert 

organic waste into a renewable energy source, offering a 

cleaner alternative to fossil fuels. The process involves 

anaerobic digestion of organic matter like agricultural 

residues, animal dung, food waste, and municipal solid waste, 

resulting in a mixture of gases primarily composed of 

methane. This biomethane or renewable natural gas (RNG) 

can be purified, compressed, and utilized as a sustainable fuel. 

CBG plants provide numerous benefits, including reducing 

dependence on fossil fuels, mitigating climate change, and 

managing organic waste. By converting waste into valuable 

fuel, CBG production decreases landfilling and environmental 

pollution, while also enhancing energy security by providing a 

domestic source of energy. 

 

The applications of CBG are diverse, ranging from powering 

vehicles and industrial facilities to generating electricity and 

providing a clean alternative for cooking and heating. In India, 

the government has launched initiatives like the Sustainable 

Alternative Towards Affordable Transportation (SATAT) 

scheme to promote CBG adoption, including buy-back 

agreements with oil marketing companies. This push for CBG 

adoption not only supports sustainable energy development 

but also presents economic opportunities and job creation in 

the renewable energy sector. Overall, CBG plants play a 

crucial role in promoting sustainable energy, reducing waste, 

and mitigating climate change. 

 

Global Scenario of CBG 

The global scenario for Compressed Bio Gas (CBG) is rapidly 

evolving, with various countries promoting its adoption as a 

renewable energy source. Driven by the need to reduce 

greenhouse gas emissions and promote sustainable energy 

development. According to the International Energy Agency 

(IEA), biogas and biomethane production is expected to 

experience significant growth, with global demand projected 

to more than double by 2040.  

 

This growth will be led by developing countries in Asia, such 

as China and India, which are investing heavily in CBG 

production as part of their efforts to transition to cleaner 

energy sources. In the Sustainable Development Scenario 

(SDS), biogas production is expected to reach nearly double 

the production level of the Stated Policies Scenario (STEPS) 

by 2040, highlighting the potential for CBG to play a major 

role in achieving global sustainability goals. 

 

In Europe, nations like the United Kingdom, Germany, and 

Italy are investing heavily in CBG production, leveraging 

agricultural waste and municipal solid waste to generate 

energy. These countries are driven by ambitious renewable 
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energy targets and a desire to reduce greenhouse gas 

emissions.  

 

United States is also witnessing significant growth in CBG 

production, fueled by favorable policies and increasing 

demand for renewable natural gas (RNG).  

 

Canada is another country making strides in CBG adoption, 

with several projects underway to utilize organic waste for 

energy generation. 

 

Indian government has launched the Sustainable Alternative 

Towards Affordable Transportation (SATAT) scheme, aiming 

to establish 5,000 CBG plants by 2024. This initiative has 

sparked remarkable growth, with 74 operational plants and 

432 more in the pipeline.  

 

China's vast agricultural waste resources have also made it an 

attractive location for CBG production, with the country 

investing in initiatives to generate renewable energy from 

organic waste. 

 

Africa, in particular, has significant potential for CBG 

production, with the continent able to provide nearly 50 Mtoe 

of locally produced low-carbon biogas, largely through 

household-scale biodigesters. Crop residues and animal 

manure account for most of this potential, highlighting the 

importance of agriculture and livestock in CBG production 

 

 
 

Components of CBG 

The Compressed Bio Gas (CBG) plant is a complex facility 

that comprises several critical components working in tandem 

to produce high-quality CBG. A detailed examination of these 

components reveals their significance in the overall operation 

of the plant. 

 

The feedstock handling and pre-treatment system is a vital 

component, responsible for managing the organic waste that 

serves as the raw material for CBG production. This system 

encompasses storage facilities, pre-treatment processes, and 

feeding systems that ensure a consistent and efficient supply 

of feedstock to the anaerobic digester. The feedstock handling 

system is designed to handle various types of organic waste, 

including agricultural residues, food waste, and animal 

manure, and prepares them for optimal digestion. 

 

The anaerobic digester is the heart of the CBG plant, where 

microorganisms break down the organic waste to produce 

biogas. The design, construction, and materials used for the 

digester are crucial for optimizing biogas production and 

ensuring the durability and safety of the plant. Anaerobic 

digesters can be designed to operate under various conditions, 

including mesophilic or thermophilic temperatures, and can be 

configured to handle different types and quantities of 

feedstock. 

 

The biogas upgrading and compression system is another vital 

component of the CBG plant. This system purifies and 

compresses the biogas to meet the required standards for 

CBG, using technologies such as membrane separation, 

pressure swing adsorption (PSA), or chemical scrubbing. 

Biogas upgrading involves removing impurities such as 

carbon dioxide, hydrogen sulfide, and water vapor, which can 

affect the quality and energy content of the CBG. 

Compression is also essential to enable the efficient storage 

and transportation of CBG. 

 

The gas storage and dispensing system is an essential 

component, which includes storage tanks, dispensers, and 

associated infrastructure that enable the safe and efficient 

storage and distribution of CBG. The storage tanks are 

designed to hold the compressed CBG, while the dispensers 

are used to fill vehicles or other containers with CBG. The gas 

storage and dispensing system must be designed and 

constructed to meet strict safety standards to prevent accidents 

and ensure reliable operation. 

 

Land acquisition and preparation are critical steps in 

establishing a CBG plant, involving the securing of suitable 

land, obtaining necessary permits, and preparing the site for 

construction. The location of the plant must be carefully 

selected to ensure proximity to feedstock sources, markets, 

and transportation infrastructure. The permitting process 

involves obtaining approvals from regulatory authorities, 

ensuring compliance with environmental and safety 

regulations. 

 

The engineering, procurement, and construction (EPC) 

services play a vital role in designing, procuring, and 

constructing the CBG plant, ensuring that it is built to the 

required specifications and standards. EPC contractors are 

responsible for designing the plant layout, procuring 

equipment and materials, and constructing the facility. They 

must have expertise in CBG technology and ensure that the 

plant is designed and constructed to operate efficiently and 

safely. 

 

Finally, the technology and equipment used in the CBG plant, 

such as pumps, mixers, and monitoring systems, are essential 

for its efficient operation and performance. These components 

work together to ensure that the CBG plant produces high-

quality CBG that meets the required standards. Advanced 

technologies and equipment can help optimize plant 

performance, reduce energy consumption, and minimize 

environmental impacts. By understanding the complexities of 

these components, CBG plant operators can optimize their 

operations and contribute to a more sustainable energy future. 

 

2. Challenges faced 
 

Despite the progress, the CBG industry faces challenges such 

as ensuring consistent and reliable feedstock supply, adopting 

cost-effective and efficient technologies, and developing 

robust infrastructure for transportation and distribution.  
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The CBG industry faces several challenges that hinder its 

growth and development. One of the primary concerns is 

ensuring a consistent and reliable feedstock supply. Organic 

waste, such as agricultural residues, food waste, and animal 

manure, is crucial for CBG production. However, feedstock 

availability can be affected by factors like seasonal variations, 

crop yields, and waste management practices. Moreover, the 

quality of feedstock is critical for efficient CBG production, 

and contamination can significantly impact biogas yields. 

Sourcing feedstock from diverse locations can also be 

logistically challenging, especially in rural areas where 

transportation infrastructure may be limited. 

 

Technological challenges are another significant hurdle for the 

CBG industry. Optimizing anaerobic digestion processes to 

maximize biogas yields and minimize costs is a complex task. 

Additionally, removing impurities from biogas, such as carbon 

dioxide and hydrogen sulfide, is essential for producing high-

quality CBG. Developing cost-effective and efficient biogas 

purification technologies is crucial for the industry's growth. 

Furthermore, CBG production facilities need to be scalable 

and flexible to accommodate varying feedstock quantities and 

qualities, which can be a technological challenge in itself. 

 

Infrastructure development is also a critical challenge for the 

CBG industry. Building robust infrastructure for transporting 

and distributing CBG is essential for its widespread adoption. 

This includes constructing pipeline networks, storage 

facilities, and refueling stations. Moreover, CBG requires 

specialized storage and handling facilities to ensure safety and 

prevent losses. Integrating CBG into existing natural gas grids 

can also be complex, requiring modifications to infrastructure 

and regulatory frameworks. 

 

Economic and financial challenges are also significant barriers 

to the growth of the CBG industry. Establishing a CBG 

production facility requires substantial upfront investment in 

infrastructure, equipment, and technology. Achieving 

economies of scale is crucial for CBG production to be 

economically viable, but this can be challenging, especially 

for small-scale producers. Furthermore, CBG producers need 

to navigate fluctuating market demand and pricing for their 

product, which can affect profitability. 

 

Regulatory and policy challenges also play a significant role in 

shaping the CBG industry. Supportive policies and regulations 

are essential for promoting the growth of CBG production and 

adoption. However, regulatory frameworks can be complex 

and vary across regions, creating uncertainty for industry 

players. Governments can provide incentives and subsidies to 

encourage CBG production and adoption, but these can be 

subject to change, affecting industry viability. Additionally, 

CBG producers need to comply with environmental 

regulations, such as emissions standards and waste 

management guidelines, which can add to operational costs. 

 

Benefits of CBG 

The benefits of CBG production are numerous. Not only can it 

provide clean cooking solutions, especially in rural areas, but 

it can also contribute to decarbonizing parts of the energy 

system that low-carbon electricity cannot reach, such as high-

temperature heating and heavy-duty transport.  

 

Substantial benefits include reducing dependence on fossil 

fuels, mitigating climate change, and managing organic waste. 

By converting waste into valuable fuel, CBG production 

decreases landfilling and environmental pollution while 

enhancing energy security and presenting economic 

opportunities. 

 

As the world continues to transition towards a low-carbon 

economy, CBG is poised to play a crucial role in reducing 

greenhouse gas emissions and promoting sustainable energy 

development. With the right policies and investments in place, 

the CBG industry can continue to grow and contribute to a 

more sustainable energy future. 

 

The growth of the CBG sector also creates exciting job 

opportunities in areas like plant operation, waste collection, 

and transportation. As the world continues to transition 

towards a low-carbon economy, CBG is poised to play a 

crucial role in reducing greenhouse gas emissions and 

promoting sustainable energy development. With supportive 

policies, technological advancements, and increasing 

investment, the CBG industry is expected to continue its rapid 

growth, contributing to a more sustainable energy future. 

 

Investment 

The high initial investment required for a Compressed Bio Gas 

(CBG) plant is further compounded by the complexity and 

specificity of its various components. Feedstock handling and 

pre-treatment systems, for instance, not only require 

substantial capital expenditure but also demand precise 

engineering to ensure efficient processing and minimize 

waste. The anaerobic digester, being the heart of the CBG 

plant, necessitates careful design and construction to optimize 

biogas production while maintaining structural integrity and 

operational safety. 

 

 
 

Biogas upgrading and compression systems are equally 

critical, as they directly impact the quality and quantity of the 

final CBG product. The choice of technology for biogas 

upgrading—whether membrane separation, pressure swing 

adsorption (PSA), or chemical scrubbing—significantly 

influences both the initial investment and the ongoing 

operational costs. Each technology has its own set of 

advantages and challenges, and selecting the most appropriate 

one for a specific plant requires a thorough understanding of 

the feedstock characteristics, plant capacity, and end-use 

requirements. 

 

In addition to these technical components, land acquisition and 

preparation involve more than just purchasing a site. It 
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includes ensuring that the land is zoned for industrial use, 

meets environmental regulations, and is logistically suitable 

for the plant's operation. This process can be both time-

consuming and costly, particularly in regions with stringent 

regulatory frameworks or where suitable land is scarce. 

 

The engineering, procurement, and construction (EPC) phase 

of a CBG plant also plays a pivotal role in determining the 

overall cost. EPC contractors must possess specialized 

knowledge of CBG technology, and their ability to deliver the 

project on time and within budget is crucial. The complexity 

of integrating various systems, ensuring compliance with 

safety and environmental standards, and managing the 

construction process adds to the challenge and cost. 

 

The technology and equipment used in a CBG plant are highly 

specialized, contributing to the high upfront costs. Pumps, 

mixers, and monitoring systems are just a few examples of the 

equipment that requires significant investment. These 

components must be durable, efficient, and capable of 

operating under the specific conditions of a CBG plant, which 

often involves harsh environments and continuous operation. 

 

Factors Influencing the Cost of CBG Plants 

 

The cost of Compressed Bio Gas (CBG) plants is influenced 

by several key factors that can significantly impact the overall 

investment required. Understanding these factors is essential 

for developers, investors, and policymakers seeking to 

promote the growth of the CBG industry. 

 

1) Plant Capacity 

Plant capacity is a critical factor that affects the cost of CBG 

plants. Larger plants typically require more substantial 

investments due to the need for more extensive infrastructure, 

equipment, and personnel. However, economies of scale can 

also come into play, reducing costs per unit of production as 

the plant size increases. This is because larger plants can take 

advantage of: 

• Bulk purchasing: Larger plants can negotiate better prices 

for equipment and materials, reducing costs. 

• Optimized process design: Larger plants can be designed 

to optimize process efficiency, reducing energy 

consumption and improving productivity. 

• More efficient use of resources: Larger plants can make 

more efficient use of resources, such as labor and 

equipment, reducing waste and improving productivity. 

 

While larger plants may require more significant investments, 

the economies of scale can lead to lower production costs and 

improved profitability. 

 

2) Feedstock Type and Quality 

The type and quality of feedstock used in the CBG plant can 

significantly impact costs. Different feedstocks may require: 

• Specialized handling and pre-treatment systems: 

Certain feedstocks, such as agricultural waste or food 

waste, may require specialized equipment to process and 

prepare the material for anaerobic digestion. 

• Additional storage and handling infrastructure: 

Feedstocks with specific storage requirements, such as 

silage or manure, may require additional infrastructure to 

ensure proper handling and storage. 

• Feedstock preparation and processing: The quality of 

the feedstock can impact the efficiency and output of the 

plant, with higher-quality feedstocks potentially leading to 

more consistent and reliable biogas production. 

 

The choice of feedstock can also impact the plant's revenue 

streams, with some feedstocks generating additional income 

through tipping fees or other incentives. 

 

3) Technology Selection 

The choice of technology and equipment can significantly 

influence the overall cost of the CBG plant. Advanced 

technologies, such as: 

• More efficient anaerobic digesters: Can improve biogas 

production and reduce energy consumption. 

• Biogas upgrading systems: Can improve the quality of 

the biogas, increasing its energy content and value. 

• Automation and control systems: Can improve plant 

efficiency, reduce labor costs, and optimize process 

performance. 

 

However, these advanced technologies may require higher 

upfront costs, which can impact the plant's economics. The 

choice of technology will depend on the specific requirements 

of the plant, including the type and quality of feedstock, plant 

capacity, and desired output. 

 

4) Location and Site-Specific Factors 

Location and site-specific factors can also impact the cost of 

CBG plants. Site-specific factors, such as: 

• Terrain: Plants built in areas with challenging terrain may 

require additional infrastructure or specialized equipment 

to mitigate these factors. 

• Climate: Plants built in areas with extreme climates may 

require additional design considerations, such as insulation 

or cooling systems, to ensure optimal performance. 

• Local regulations: Plants must comply with local 

regulations and permitting requirements, which can impact 

costs and plant design. 

 

Understanding these site-specific factors is essential for 

accurately estimating costs and ensuring the successful 

operation of the CBG plant. By carefully considering these 

factors, developers and investors can make informed decisions 

and optimize the design and operation of CBG plants to 

achieve their goals. 

 

Strategies to Mitigate High Initial Investment Costs 

The high initial investment costs associated with Compressed 

Bio Gas (CBG) plants can be a significant barrier to their 

development. However, several strategies can be employed to 

mitigate these costs and make CBG plants more economically 

viable. 

 

1) Economies of Scale 

One of the most effective ways to reduce costs is to take 

advantage of economies of scale. Larger plants can benefit 

from: 

• Reduced costs per unit of production: By spreading 

fixed costs over a larger production volume, costs per unit 

can be significantly reduced. 
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• Improved efficiency: Larger plants can optimize their 

processes and equipment to achieve better efficiency and 

productivity. 

• Bulk purchasing: Larger plants can negotiate better prices 

for equipment and materials, reducing costs. 

 

By building larger plants, developers can reduce costs per unit 

of production, making CBG more competitive with other 

forms of energy. 

 

2) Modular Design 

Modular design is another strategy that can help reduce 

upfront costs and allow for phased expansion. Modular 

designs involve: 

• Standardized components: Using standardized 

components can reduce design and engineering costs. 

• Phased construction: Modular designs can be built in 

phases, allowing developers to expand capacity as needed. 

• Flexibility: Modular designs can be easily adapted to 

changing market conditions or feedstock availability. 

 

By adopting modular designs, developers can reduce the 

financial risk associated with building large-scale CBG plants. 

 

3) Technology Optimization 

Selecting the most efficient and cost-effective technologies is 

critical to minimizing costs. This can involve: 

• Process optimization: Optimizing process conditions and 

equipment can improve efficiency and reduce costs. 

• Technology selection: Selecting the most suitable 

technology for the specific application can minimize costs 

and improve performance. 

• Innovative solutions: Exploring innovative solutions, such 

as new membrane technologies or advanced digestion 

systems, can improve efficiency and reduce costs. 

 

By optimizing technology, developers can reduce costs and 

improve the overall efficiency of CBG plants. 

 

4) Public-Private Partnerships 

Public-private partnerships (PPPs) can help share the financial 

burden of developing CBG infrastructure. PPPs involve: 

• Collaboration between public and private entities: 

Governments, private companies, and other stakeholders 

can work together to develop CBG projects. 

• Risk sharing: PPPs can help share the financial risk 

associated with CBG development, making it more 

attractive to private investors. 

• Access to funding: PPPs can provide access to funding 

and financing options that might not be available 

otherwise. 

 

By partnering with public entities, private developers can 

reduce the financial risk associated with CBG development 

and access new funding sources. 

 

5) Government Incentives 

Governments can play a crucial role in supporting the 

development of CBG infrastructure by offering incentives, 

such as: 

• Tax credits: Tax credits can help reduce the financial 

burden of developing CBG projects. 

• Grants: Grants can provide funding for specific projects or 

initiatives. 

• Subsidies: Subsidies can help support the development of 

CBG infrastructure, making it more economically viable. 

 

Government incentives can help bridge the financial gap 

associated with CBG development and encourage private 

investment. 

 

6) Innovative Financing Models 

Exploring alternative financing models can help attract new 

investors and reduce the financial burden of CBG 

development. Some examples include: 

• Crowdfunding: Crowdfunding platforms can provide 

access to new funding sources and help raise awareness 

about CBG projects. 

• Green bonds: Green bonds can provide funding for 

environmentally friendly projects, such as CBG 

development. 

• Impact investing: Impact investing can provide funding 

for projects that have a positive social or environmental 

impact. 

 

By exploring innovative financing models, developers can 

access new funding sources and reduce the financial risk 

associated with CBG development. 

 

3. Conclusion 
 

Addressing the challenges will be crucial for the growth and 

development of the CBG industry. Collaboration among 

stakeholders, including governments, industry players, and 

researchers, can help overcome these challenges and unlock 

the full potential of CBG as a renewable energy source. By 

working together, the industry can develop innovative 

solutions, improve efficiency, and reduce costs, ultimately 

contributing to a more sustainable energy future. 

 

Given the substantial initial investment required for a CBG 

plant, it is essential for developers to conduct thorough 

feasibility studies, engage experienced EPC contractors, and 

implement robust project management practices. By doing so, 

they can mitigate risks, optimize costs, and ensure the long-

term sustainability and profitability of the CBG project. 

 

While the high initial investment required to set up a CBG 

plant can be a significant barrier, there are opportunities to 

mitigate these costs. By understanding the components 

contributing to the high upfront costs and exploring strategies 

to reduce expenses, we can make CBG technology more 

accessible and promote sustainable energy development. 

Thank you for your attention. 
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