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Abstract: Compressed Biogas (CBG) manufacturing in India faces significant technological hurdles, impeding the country's transition 

to renewable energy.  Microbial strains and process control issues, including strain selection, process instability, and inhibitor compounds, 

further exacerbate production challenges. Gas cleaning and upgradation technologies, such as scrubbing, adsorption, and membrane 

separation, require optimization to ensure CBG meets quality standards. Automation and monitoring systems, including PLC-based 

control, SCADA systems, and IoT integration, are essential for real-time monitoring and improved efficiency. To address the existing 

challenges, several key recommendations emerge.  Developing region-specific feedstock management strategies is crucial to ensure 

consistent supply and quality of feedstocks. This can be achieved through rigorous research and analysis of regional feedstock availability, 

quality, and variability. Also designing and optimizing digesters tailored to Indian conditions is vital to enhance CBG production efficiency. 

This involves considering factors such as climate, temperature, and feedstock composition to create digester designs that maximize biogas 

yield. Another critical area of focus is identifying and cultivating suitable microbial strains capable of thriving in Indian conditions. This 

requires collaborative research between academia, industry, and research institutions to develop microbial strains that can optimize biogas 

production. Furthermore, improving gas cleaning and upgradation technologies is essential to ensure CBG meets quality standards. This 

involves developing and implementing efficient gas cleaning systems, compression technologies, and bottling solutions. 
 

Keywords: Compressed Biogas (CBG), technological challenges, feedstock variability, digester design, microbial strains, gas cleaning, 

automation, monitoring, India, renewable energy.  

 

1. Introduction 
 

This Paper provides a comprehensive review of the 

technological challenges hindering CBG production in India, 

highlighting the complexities and interdependencies of 

various factors. India's diverse topography, climate, and 

weather conditions pose significant technological challenges 

in Compressed Biogas (CBG) manufacturing. The study 

identifies feedstock variability and quality, digester design 

and optimization, microbial strains and process control, gas 

cleaning and upgradation, and automation and monitoring as 

critical areas of concern. Seasonal fluctuations, inconsistent 

quality, and contamination of feedstocks affect biogas yield, 

maintenance costs, and plant efficiency. Digester design 

limitations, inadequate mixing, and insufficient heat transfer 

reduce CBG production efficiency. 

 

2. Challenges 
 

Feedstock Variability: Different feedstocks (agricultural 

waste, municipal waste, sewage sludge) require tailored 

technologies -- Compressed Biogas (CBG) production faces 

significant challenges due to feedstock variability. Different 

feedstocks, such as agricultural waste, municipal waste, and 

sewage sludge, require tailored technologies to optimize 

biogas production. For instance, agricultural waste from rice 

straw and bagasse requires specific digesters and microbial 

strains to break down lignin and cellulose. Similarly, 

municipal waste with high organic content demands advanced 

gas cleaning systems to remove contaminants. 

Municipal waste, on the other hand, has high organic content 

requiring specialized digesters, presence of non-

biodegradable materials like plastics and metals, variable 

particle size affecting digestion efficiency, and pathogen and 

contaminant risks. Sewage sludge has high water content 

increasing digestion time, presence of toxic compounds like 

heavy metals and pathogens, variable nutrient content 

affecting microbial growth, and requirements for specialized 

digesters and treatment processes.  

 

 
Figure 1: Overview of anaerobic digestion 
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Other feedstocks like food waste, yard trimmings, and animal 

manure also pose unique challenges. Food waste has high 

organic content and potential contamination, while yard 

trimmings have variable particle size and seasonal 

fluctuations. Animal manure has high ammonia content and 

pathogen risks. 

 

These variations significantly impact CBG plant operations, 

leading to biogas yield and quality fluctuations, digestion 

efficiency and retention time variability, increased 

maintenance and repair costs, potential plant shutdowns or 

downtime, and challenges in meeting quality standards for 

CBG. 

 

To mitigate these challenges, CBG plants must conduct 

thorough feedstock analysis and characterization, implement 

flexible digester designs and operating conditions, develop 

and utilize specialized microbial strains, invest in efficient gas 

cleaning and upgradation technologies, and implement robust 

monitoring and control systems. 

 

Non-Segregation of Municipal Waste:  

Municipal waste, a potential feedstock for Compressed 

Biogas (CBG) production, poses a significant challenge due 

to non-segregation. The lack of segregation leads to 

contamination and inefficiencies, resulting in mixed waste 

streams that are difficult to separate and process. This, in turn, 

reduces digestion efficiency and biogas yield. 

 

The presence of non-biodegradable materials such as plastics, 

metals, and glass in municipal waste further exacerbates the 

problem. These contaminants harm microbial health, affect 

biogas quality, and increase the risk of plant shutdowns. 

Moreover, frequent plant shutdowns and equipment damage 

due to contamination lead to increased maintenance costs and 

reduced plant lifespan. 

 

The reasons for non-segregation are multifaceted. Lack of 

infrastructure, limited public awareness about waste 

segregation, economic constraints, and ineffective waste 

management policies and regulations all contribute to this 

issue. To address these challenges, implementing waste 

segregation programs, investing in waste sorting 

technologies, developing waste management infrastructure, 

strengthening regulations and policies, and fostering public-

private partnerships are essential. 

 

Technological innovations can also play a crucial role in 

overcoming non-segregation challenges. Advanced sorting 

technologies, biological treatment processes such as 

anaerobic digestion and composting, thermal treatment 

processes like gasification and pyrolysis, and integrated waste 

management systems combining biological and thermal 

treatments can enhance CBG production efficiency. 

 

By addressing non-segregation of municipal waste, CBG 

plants can improve feedstock quality, increase biogas yield, 

reduce contamination risks, enhance plant efficiency, and 

contribute to sustainable waste management practices. 

Effective waste segregation and management are critical for 

unlocking the full potential of CBG production from 

municipal waste. 

 

Implementing sustainable waste management practices 

requires a collaborative effort from governments, private 

sectors, and individuals. By working together, we can 

mitigate the challenges posed by non-segregation of 

municipal waste and harness its potential for clean energy 

production. 

 

Agricultural Residue Challenges in CBG Production 

Agricultural residue, a promising feedstock for Compressed 

Biogas (CBG) production, faces significant challenges. One 

major issue is that a substantial portion of agricultural residue 

is utilized as fodder for cattle, leaving limited quantities 

available for CBG production. This competition for residue 

reduces the potential supply of feedstock. 

 

Furthermore, the quality of agricultural residue can be 

inconsistent. Often, it contains sand, dirt, or other impurities 

that can damage digestion equipment and reduce biogas yield. 

The presence of sand, in particular, can cause abrasive wear 

on machinery, leading to increased maintenance costs. 

 

Weather conditions also significantly impact agricultural 

residue quality. Heavy rainfall can lead to rotting and 

degradation, reducing the energy content of the residue. 

Conversely, droughts can result in dry, brittle residue that is 

difficult to digest. Poor cultivation practices, such as 

inadequate irrigation or fertilization, can also compromise 

residue quality. 

 

 
Figure 2: Flowcharts of different agriculture 

 

Additionally, agricultural residue is often exposed to the 

elements, leading to moisture content fluctuations. High 

moisture levels can result in reduced biogas production, while 

low moisture levels can cause difficulties in digestion. These 

variations in moisture content can also lead to inconsistencies 

in biogas quality. 

 

Regional and seasonal variations in agricultural practices and 

crop types further exacerbate these challenges. Different 

crops produce residues with distinct characteristics, affecting 

digestion efficiency and biogas yield. For instance, rice straw 

and wheat straw have different lignin content, requiring 

adjusted digestion parameters 

 

2. Climate and Weather: Extreme temperatures, humidity, and 

rainfall affect biogas production and digester efficiency -- 

Extreme temperatures, humidity, and rainfall significantly 

affect biogas production and digester efficiency. In India's 

tropical climate, temperatures above 40°C can inhibit 

microbial activity, reducing biogas yield. Conversely, 

temperatures below 10°C can slow down digestion. For 
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example, CBG plants in Rajasthan's arid regions require 

specialized cooling systems to maintain optimal 

temperatures. 

 

Climate and weather conditions significantly impact biogas 

production in India, posing challenges to consistent and 

efficient operation. The country's diverse topography and 

regional climates exacerbate these challenges. Temperature, 

humidity, rainfall, and seasonal variations affect biogas yield, 

digestion efficiency, and plant performance. 

 

Seasonal variations compound these regional challenges. In 

northern India, harsh winters reduce biogas production, while 

sweltering summers increase maintenance costs. The 

northeastern states face heavy rainfall, potentially flooding 

digesters, whereas drought-prone regions like Maharashtra 

struggle with water scarcity. 

 

To overcome these challenges, biogas producers must 

implement climate-resilient strategies, including insulation, 

temperature regulation, water management, and digestion 

tank design adaptations. Feedstock diversification, storage, 

and regular maintenance also enhance plant resilience. 

 

 
Figure 3: Schematic diagram 

 

By addressing climate and weather-related challenges, India's 

biogas industry can optimize digestion efficiency, improve 

biogas yield and quality, reduce maintenance costs, ensure 

consistent plant operation, and contribute to sustainable 

energy production. 

 

3. Regional Topography: Mountainous, coastal, or desert 

regions demand customized plant designs -- India's diverse 

topography demands customized CBG plant designs. 

Mountainous regions, such as the Himalayas, require compact 

and portable plants to navigate challenging terrain. Coastal 

regions, like Mumbai, need corrosion-resistant materials to 

withstand saline environments. Desert regions, such as 

Gujarat, require specialized cooling systems to prevent 

overheating. 

In tropical regions like southern India, high temperatures and 

humidity require specialized cooling systems, while arid 

regions like Rajasthan necessitate efficient water 

management. Coastal regions along the Arabian Sea and Bay 

of Bengal demand corrosion-resistant materials and designs 

to mitigate saltwater damage. The Himalayan and Western 

Ghat mountain ranges experience extreme temperature 

fluctuations, requiring insulated digesters. 

 

India's diverse climate zones – tropical, subtropical, 

temperate, and alpine – demand region-specific biogas plant 

designs. The Thar Desert's extreme heat requires specialized 

digestion technologies, whereas the Indo-Gangetic Plain's 

fertile soil benefits from anaerobic digestion. 

 

 
Figure 4: Biogas plant storage 

 

4. Scalability and Flexibility: CBG plants must adapt to 

varying feedstock quantities and qualities -- CBG plants must 

adapt to varying feedstock quantities and qualities to ensure 

consistent production. This requires scalable and flexible 

designs, enabling plants to adjust to changes in feedstock 

supply. For instance, a CBG plant in Punjab's agricultural belt 

may need to adjust its digester capacity during harvest 

seasons. 

 

Scalability and flexibility are crucial for Compressed Biogas 

(CBG) production to accommodate varying feedstock 

quantities, qualities, and regional demands. CBG plants must 

be designed to scale up or down to match changing feedstock 

availability, ensuring consistent biogas production. 

 

Flexible digester designs enable CBG plants to adapt to 

different feedstock types, such as agricultural waste, 

municipal waste, or sewage sludge. Modular designs allow 

for easy expansion or contraction of plant capacity, reducing 

capital expenditures. 

 

Regional variations in feedstock availability and quality also 

necessitate flexibility. For instance, agricultural waste-

dominated regions require digesters optimized for high-fiber 

feedstocks, while urban areas necessitate systems tailored for 

municipal waste. 

 

CBG plants must also accommodate seasonal fluctuations in 

feedstock supply. During peak agricultural seasons, plants 

must scale up to process excess waste, while during off-

seasons, they must scale down to maintain efficiency. 

 

5. Digester Design: Different digesters (fixed dome, floating 

drum, continuous flow) suit specific feedstocks and climate -
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- Different digesters suit specific feedstocks and climates. 

Fixed dome digesters are ideal for small-scale agricultural 

waste processing, while floating drum digesters are better 

suited for municipal waste. Continuous flow digesters are 

effective for sewage sludge treatment. In India's varied 

climate, digester design must consider factors like 

temperature, humidity, and feedstock composition. 

 

Digester design poses significant technological challenges in 

biogas production, impacting efficiency, yield, and overall 

plant performance. One major challenge is maintaining 

optimal temperature ranges (35-40°C) inside the digester, 

regardless of external temperatures. This requires advanced 

insulation materials, heating systems, and temperature control 

mechanisms. 

 

Another challenge is managing pH levels within the optimal 

range (6.5-7.5) to support microbial growth. This demands 

sophisticated pH monitoring and control systems, as well as 

precise feeding strategies. 

 

Microbial management is also a complex technological 

challenge. Ensuring optimal microbial populations, diversity, 

and activity requires advanced monitoring tools, controlled 

feeding regimes, and strategic inoculation practices. 

 

Retention time is another critical factor, with optimal 

durations ranging from 20-30 days. Digester design must 

balance retention time with feedstock flow rates, mixing 

intensity, and gas collection efficiency. 

 

Continuous Stirred Tank Reactor (CSTR) design, while 

effective, presents technological challenges. Maintaining 

uniform temperature distribution, preventing sedimentation, 

and ensuring efficient gas collection require advanced 

engineering solutions. 

 

The Continuous Stirred Tank Reactor (CSTR) design is a 

widely employed technology in biogas production, renowned 

for its efficiency in anaerobic digestion. However, 

maintaining optimal operating conditions poses significant 

technological challenges. One major hurdle is achieving 

uniform temperature distribution throughout the digester, as 

temperature gradients can develop and impact microbial 

activity and biogas production. 

 

To address this issue, advanced engineering solutions such as 

jacketed or insulated digesters, immersion heaters, heat 

exchangers, and temperature monitoring systems are 

necessary to ensure consistent temperatures. Moreover, 

sedimentation of solids can reduce digester efficiency and 

lead to downtime, necessitating mechanical, pneumatic, or 

hydraulic mixing systems to maintain suspension and prevent 

settling. 

 

Efficient gas collection is another critical aspect, where 

challenges include gas bubble formation and entrapment, 

foam formation and stability, and gas-liquid separation. 

Advanced solutions such as gas collection domes or hoods, 

foam breakers or anti-foaming agents, and gas-liquid 

separators enhance gas collection efficiency. 

 

Beyond these primary challenges, CSTR design must also 

contend with corrosion resistance and material selection, 

scaling and fouling prevention, maintenance accessibility, and 

energy efficiency optimization. To overcome these hurdles, 

innovative CSTR designs and operational strategies are being 

developed, incorporating novel mixing technologies, 

advanced materials, real-time monitoring and control 

systems, and artificial intelligence (AI) and machine learning 

(ML) applications. 

 

 
Figure 5: Biogas upgradation system 

 

Optimizing CSTR design and operation requires careful 

consideration of these technological challenges. By 

addressing these issues, biogas producers can enhance 

efficiency, yield, and sustainability, ultimately contributing to 

a cleaner and more renewable energy future. The ongoing 

evolution of CSTR technology will play a vital role in 

meeting increasing global energy demands. 

 

Effective CSTR design must balance multiple factors, 

including digester geometry, mixing intensity, feedstock flow 

rates, and gas collection efficiency. Advanced computational 

modeling and simulation tools facilitate optimized design and 

operational parameter identification. 

 

The integration of CSTR technology with other renewable 

energy systems, such as solar, wind, or hydroelectric power, 

offers promising opportunities for hybrid energy solutions. 

Furthermore, CSTR design must adapt to diverse feedstock 

types, including agricultural waste, municipal waste, and 

sewage sludge. 

 

Materials of construction also pose technological challenges. 

Selecting materials that withstand corrosive environments, 

extreme temperatures, and mechanical stresses while 

ensuring durability and low maintenance is crucial. 

 

6. Microbial Strains: Climate-sensitive microbial strains 

impact biogas production -- Microbial strains play a crucial 

role in biogas production, but climate-sensitive strains can 

impact efficiency. In India's tropical climate, thermophilic 

microbial strains thrive, but require specialized cooling 

systems. Psychrophilic strains, suitable for colder climates, 

are less effective in India's warmer regions. 

 

7. Gas Cleaning and Upgradation: Technologies for gas 

cleaning, drying, and compression vary -- Technologies for 

gas cleaning, drying, and compression vary depending on 
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feedstock type and quality. For example, gas cleaning systems 

using activated carbon or zeolites are effective for removing 

hydrogen sulfide from biogas produced from agricultural 

waste. 

 

Compressed Biogas (CBG) production faces significant 

technological challenges in gas cleaning and upgradation. 

Effective gas cleaning is crucial to remove harmful 

contaminants, including hydrogen sulfide (H2S), siloxanes, 

volatile organic compounds (VOCs), water vapor, particulate 

matter, and ammonia (NH3). Hydrogen sulfide, in particular, 

poses a significant challenge due to its toxicity and 

corrosiveness, requiring advanced scrubbing systems. 

 

Upgradation processes also present challenges, primarily in 

enriching methane content to meet natural gas standards, 

removing carbon dioxide (CO2), nitrogen (N2), and oxygen 

(O2), and drying and compressing the gas. Methane 

enrichment is critical to enhance the energy density of the gas. 

 

To overcome these challenges, various technological 

solutions are employed, including chemical scrubbing, 

physical absorption, adsorption, membrane separation, 

cryogenic distillation, and pressure swing adsorption (PSA). 

Gas permeation membranes have also shown promise in 

improving gas separation efficiency. 

 

When selecting gas cleaning and upgradation technologies, 

key considerations include cost-effectiveness, energy 

efficiency, maintenance requirements, scalability, and 

flexibility for varying gas compositions. Innovative solutions, 

such as advanced materials (e.g., zeolites, metal-organic 

frameworks) and biotechnological approaches (e.g., 

bioreactors for H2S removal), offer improved performance 

and efficiency. 

 

The integration of hybrid systems, combining multiple 

technologies, and real-time monitoring and control systems 

further enhances gas cleaning and upgradation efficiency. 

Artificial intelligence (AI) and machine learning (ML) 

applications also hold potential for optimizing gas processing 

operations. 

 

Ultimately, addressing technological challenges in gas 

cleaning and upgradation ensures high-quality CBG, reduces 

maintenance, and increases efficiency. Ongoing innovation 

and research will continue to improve gas cleaning and 

upgradation technologies, contributing to a more sustainable 

and renewable energy future. 

 

Effective gas cleaning and upgradation are critical to CBG 

production, influencing the overall efficiency, reliability, and 

environmental sustainability of the process. By leveraging 

advanced technologies and innovative solutions, CBG 

producers can overcome technological challenges and 

contribute to a cleaner energy landscape. 

 

8. Automation and Monitoring: Remote monitoring and 

automation systems require adaptation -- Remote monitoring 

and automation systems require adaptation to India's diverse 

regions. CBG plants in rural areas require reliable and low-

maintenance automation systems, while urban plants benefit 

from advanced monitoring systems integrating IoT 

technologies. 

 

 
Figure 6: Circular 

 

Technological Solutions 

Several technological solutions can help address feedstock 

variability challenges. Advanced digestion technologies like 

anaerobic and aerobic processes, feedstock pretreatment 

processes like grinding and sorting, microbial strain 

development and optimization, real-time monitoring and 

control systems, and artificial intelligence and machine 

learning applications can enhance CBG production efficiency 

and sustainability. 

 

3. Suggestions 
 

Technological Solutions for Compressed Biogas (CBG) 

Production 

To overcome the challenges facing CBG production, 

innovative technological solutions are essential. One key 

solution is modular designs, which enable CBG plants to 

adapt to changing feedstock quantities and qualities. These 

flexible, prefabricated modules can be easily assembled, 

expanded, or reconfigured. For instance, containerized 

digesters can be used for small-scale CBG production, while 

skid-mounted gas cleaning systems facilitate easy 

installation. 

 

Climate-resilient materials are another crucial solution, 

ensuring CBG plant durability and efficiency in extreme 

temperatures, humidity, and corrosion. High-temperature-

resistant steel can be used for digesters, while corrosion-

resistant coatings protect equipment in coastal regions. 

Insulation materials also help maintain optimal temperatures 

in cold climates. 

 

Advanced digester designs optimize biogas production 

efficiency, reduce retention time, and improve microbial 

health. Continuous flow digesters, for example, provide 

optimized mixing, while fixed dome digesters with improved 

gas collection enhance biogas yield. Hybrid digesters 

combining anaerobic and aerobic processes also offer 

improved efficiency. 

 

Microbial strain development focuses on creating climate-

resilient strains for optimal biogas production. Thermophilic 

strains thrive in high-temperature digestion, while 

psychrophilic strains excel in low-temperature digestion. 
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Genetically engineered strains can also improve methane 

production. 

 

Gas cleaning technologies ensure efficient gas cleaning, 

drying, and compression. Activated carbon filtration removes 

hydrogen sulfide, membrane separation eliminates carbon 

dioxide, and gas drying systems utilizing silica gel or 

molecular sieves maintain optimal gas quality. 

 

IoT-based monitoring enables real-time monitoring, 

automation, and predictive maintenance. Remote monitoring 

of digester temperature and pH, automated gas cleaning 

system control, and predictive maintenance using machine 

learning algorithms optimize CBG production. 

 

Artificial intelligence (AI) takes optimization further, 

predicting maintenance needs, detecting faults, and 

optimizing performance. AI-powered predictive maintenance 

scheduling, real-time optimization of digester operating 

conditions, and fault detection using machine learning 

algorithms ensure efficient CBG production. 

 

4. Conclusion 
 

Addressing technological challenges in CBG manufacturing 

is crucial for India's renewable energy transition. 

Collaborative research, industry innovation, and government 

support can overcome these hurdles, enhancing CBG 

production efficiency, reducing costs, and promoting 

sustainable energy. 

 

Gas cleaning and upgradation are crucial steps in CBG 

production. Addressing technological challenges ensures 

high-quality gas, reduces maintenance, and increases 

efficiency. Ongoing innovation and research will continue to 

improve gas cleaning and upgradation technologies. 

 

Implementing automation and monitoring systems is 

necessary to enhance CBG plant efficiency, reduce 

downtime, and ensure real-time monitoring. This can be 

achieved through the integration of IoT-based technologies, 

PLC-based control systems, and SCADA systems. 

Addressing these challenges can enhance CBG production 

efficiency, reduce costs, and promote sustainable energy in 

India. This study contributes to the existing literature by 

providing a comprehensive analysis of technological 

challenges in CBG manufacturing, offering valuable insights 

for policymakers, industry stakeholders, and researchers. 
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