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The global transition toward sustainable energy sources has repositioned biogas as a cornerstone of the circular 

economy. Biogas, primarily composed of methane and carbon dioxide, is produced through the biological 

breakdown of organic matter in the absence of oxygen—a process known as anaerobic digestion. From small-scale 

rural Gobar gas plants to massive industrial compressed biogas (CBG) facilities, the technology offers a dual 

solution to waste management and renewable energy production. As nations like India commit significant 

budgetary resources—evidenced by the 10,000 crore investment for 500 plants in the 2023-24 budget—

understanding the technical nuances of biogas constructionand design becomes imperative for engineers,

policymakers, and environmental stakeholders.

Theoretical Framework of Anaerobic Digestion

To design an efficient biogas plant, one must first master the biochemical stages that govern gas production.

Anaerobic digestion is not a single reaction but a complex four-stage sequence involving distinct groups of

microorganisms.

1. Hydrolysis

In the initial stage, complex organic polymers such as proteins, fats, and carbohydrates are broken down into

soluble monomers like amino acids, fatty acids, and sugars. This stage is often the rate-limiting step, particularly

when dealing with lignocellulosic biomass (agricultural residues).

2. Acidogenesis

The soluble monomers are further degraded by acidogenic bacteria into volatile fatty acids (VFAs), alcohols,

hydrogen, and carbon dioxide. During this phase, the pH of the digester can drop significantly if not monitored,

potentially inhibiting the later stages of the process.

3. Acetogenesis

Acetogenic bacteria convert the VFAs and alcohols into acetic acid, along with additional hydrogen and carbon

dioxide. This stage serves as a bridge, preparing the substrate for the final conversion into methane.

4. Methanogenesis

The final and most sensitive stage involves methanogenic archaea. These organisms convert acetic acid or

hydrogen and carbon dioxide into methane (CH4). Methanogens are highly sensitive to pH levels (ideally 6.5 to 8.0)

and temperature fluctuations. Any imbalance in the preceding stages can lead to an accumulation of acids, which

“sours” the digester and halts methane production.

Technical Classification of Biogas Plant Designs

The construction of a biogas facility varies based on the feedstock type, climate, and intended scale. Historically,

two primary designs have dominated the landscape, but modern innovations are introducing flexible and high-



efficiency alternatives.

Fixed-Dome Biogas Plants

Commonly referred to as the “Chinese Model,” the fixed-dome plant consists of a closed, underground digester with

a fixed, non-movable gas storage dome. As gas is produced, it displaces the slurry into a compensation tank. The

pressure generated by the displaced slurry pushes the gas through the supply lines.

•  Advantages: Low maintenance (no moving parts), high durability (can last 20+ years), and excellent insulation 

due to underground placement.

•  Disadvantages: Requires highly skilled masonry to ensure the dome is gas-tight; gas pressure fluctuates 

based on the amount of gas stored.

Floating-Drum Biogas Plants

Often called the “KVIC Model” (pioneered by India's Khadi and Village Industries Commission), this design features

a movable inverted drum that sits on the slurry. The drum rises and falls based on the volume of gas produced,

providing constant gas pressure.

•  Advantages: Constant gas pressure, visual indication of gas storage levels, and easier to construct than gas-

tight masonry domes.

•  Disadvantages: Higher initial costs due to the steel drum, susceptibility to corrosion (requiring regular spray 

paint or anti-corrosive coatings), and heat loss through the exposed drum.

Modern Portable and Modular Systems

Recent technical advancements, such as the Konstruksi Biogas 2.0mm or Biogas Bergerak(movable biogas),

utilize high-density polyethylene (HDPE) or reinforced PVC membranes. These systems are pre-fabricated,

allowing for rapid deployment and scalability.



Feature Fixed-Dome Plant Floating-Drum Plant Modular HDPE/PVC Plant

Construction Material Bricks, Cement, Concrete Mild Steel or Fiberglass Reinforced Polymers 
(2.0mm+)

Life Span 20-25 Years 5-15 Years (Drum 
dependent)

10-15 Years

Gas Pressure Variable Constant Low to Moderate

Maintenance Very Low High (Corrosion control) Low

Installation Time 2-4 Weeks 1-2 Weeks 1-3 Days

Engineering Parameters for Biogas Construction

Designing a Gobar gas plantor an industrial facility requires precise mathematical modeling of several key

variables to ensure operational stability and maximum yield.

Hydraulic Retention Time (HRT)

HRT is the average time the organic matter stays inside the digester. It is calculated as:

HRT (days) = V / Q

Where V is the volume of the digester and Qis the daily volume of influent (feedstock + water). In tropical climates

like Maharashtra, India, HRT is typically 30-40 days, whereas in colder regions, it may extend to 60-100 days.

Organic Loading Rate (OLR)

OLR measures the amount of volatile solids (VS) fed into the digester per unit volume per day. Overloading the

system can lead to VFA accumulation and process failure. A typical OLR for farm-scale plants ranges from 1.0 to

3.0 kg VS/m³/day.

Carbon-to-Nitrogen (C:N) Ratio

Microorganisms require carbon for energy and nitrogen for cell growth. The ideal C:N ratio for anaerobic digestion

is between 20:1 and 30:1. Cattle manure (Gobar) naturally sits around 25:1, making it an ideal substrate. However,

mixing it with high-carbon materials like straw or high-nitrogen materials like poultry litter requires careful balancing.

Practical Implementation: A Step-by-Step Field Guide

Successful biogas implementation, whether in Pune or Hanoi, follows a rigorous engineering workflow. Failure to

adhere to these steps often results in the “abandoned plant” syndrome noted in recent Indian statistical reports.

Step 1: Site Selection and Feasibility

The plant should be located near the feedstock source (e.g., cattle shed) to minimize transport costs and near the 

point of gas use. The soil must be stable and the site must not be prone to flooding. For off-grid thermalprograms,

proximity to the kitchen or boiler room is critical.

Step 2: Sizing the Digester

Determine gas demand. A typical family of five requires approximately 1.5 to 2.0 m³ of biogas daily for cooking.



Since 1 kg of cattle dung produces roughly 0.04 m³ of gas, the daily requirement is ~50 kg of dung (the output of

2-3 cows).

Step 3: Excavation and Foundation

For fixed-dome plants, excavation must match the spherical or ellipsoidal design of the digester. The foundation

must be reinforced to prevent cracking, which would lead to gas leaks.

Step 4: Masonry and Sealing

The interior of the gas holder must be plastered with multiple layers of cement and a sealant (like bitumen or 

specialized cat semprot/spray coatings) to ensure it is airtight. In modern Bio Gas Construction, this involves the

heat-welding of 2.0mm polymer liners.

Step 5: Commissioning

The plant is first filled with a “seed” or inoculum (active slurry from another plant) to jumpstart the microbial

population. Initial gas produced will be high in CO2 and should be vented until the methane content reaches

flammable levels (~50-60%).

Operational Challenges and Technical Solutions

Biogas plants are living biological systems. Maintaining their health requires proactive troubleshooting. The

following table highlights common failure modes and engineering solutions.



Symptom Potential Cause Technical Solution

Low Gas Production Low Temperature; Underfeeding; pH 
imbalance

Insulate digester; increase feedstock; 
add lime to raise pH.

Gas Smells Like Rotten Eggs High Hydrogen Sulfide (H2S) content Install an iron-oxide (rust) scrubber in 
the gas line.

Scum Formation (Crust) High fiber content; lack of agitation Install a mechanical stirrer or 
recirculate the slurry.

Gas Leakage Cracks in dome; faulty valves Apply epoxy resin or 2.0mm polymer 
patches to leaks.

The Economic and Environmental Impact in the Indian Context

India is currently witnessing a massive scale-up in biogas infrastructure. The Budget 2023-24 allocation of Rs 

10,000 crore for 500 compressed biogas (CBG) plants signifies a shift from local waste management to national 

energy security. These plants are designed to treat urban waste (as seen in the Pune biogas projects) and

agricultural residues, converting them into fuel for transportation and industrial use.

Furthermore, the Gobar Gas initiative has evolved. Modern plants are no longer just about gas; they are 

biorefineries. As noted in recent reports from ABP Majha and Vikaspedia, new technologies allow for the

production of one thousand to one lakh liters of water and high-quality organic fertilizer (digestate) from large-scale

plants. This digestate is rich in nitrogen, phosphorus, and potassium (NPK), providing an eco-friendly alternative to

chemical fertilizers.

Future Horizons: Digital Integration and Advanced Materials

The future of biogas construction lies in the integration of IoT (Internet of Things) for real-time monitoring. Sensors 

can now track pH levels, methane concentration, and temperature, sending alerts to operators' smartphones to 

prevent system crashes. Additionally, the use of N2O Balloon Biogas Plant Projecttechnologies and advanced

N2O management indicates a broadening of the scope to include greenhouse gas mitigation beyond methane.

The shift toward Biogas Thermal (off-grid)solutions in states like Maharashtra highlights the importance of

decentralized energy. By empowering local communities to process their own organic waste, the reliance on

centralized fossil fuel grids is reduced, carbon footprints are minimized, and local economies are bolstered through

the “waste-to-wealth” paradigm.

In summary, the engineering of biogas systems requires a multidisciplinary approach combining microbiology, civil

engineering, and thermodynamics. From the precise thickness of construction membranes (2.0mm) to the strategic

implementation of national policies like GOBAR-dhan, every technical detail contributes to the reliability and

efficiency of the system. As we move toward 2030, the refinement of these technologies will play a pivotal role in

achieving global net-zero targets and ensuring energy sovereignty for developing and developed nations alike.
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