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The global transition toward sustainable energy paradigms has positioned biomass densification as a critical pillar

for industrial decarbonization, particularly in agrarian economies like India. Biomass briquetting—the process of

converting loose agricultural residues into high-density solid biofuels—offers a viable solution to the dual

challenges of waste management and energy security. This technical analysis explores the intricate landscape of

the Indian briquetting industry, drawing on longitudinal survey data, engineering principles of densification, and the

socio-economic implications of the bioenergy sector.

1. Theoretical Framework: The Mechanics of Biomass Densification

At its core, biomass briquetting is an engineering process of densification. Raw agricultural residues typically

possess a low bulk density (often ranging from 40 to 200 kg/m³), which makes transportation and storage

economically inefficient. Through the application of high pressure and temperature, these materials are

compressed into briquettes with a density exceeding 1,000 kg/m³.

The Role of Lignin as a Natural Binder

During the densification process, the physical properties of the biomass undergo significant transformation. When 

biomass is subjected to high pressure, the internal temperature rises due to friction. Once the temperature reaches 

the glass transition point (approximately 140°C to 160°C), the lignin—a natural polymer found in plant cell walls

—softens and acts as a self-generated thermoplastic binder. This eliminates the need for external chemical

adhesives in many high-pressure systems, resulting in a "green" product that is chemically stable and

environmentally benign.

Key Physical Parameters in Briquetting

To ensure high-quality output, several technical parameters must be optimized:

•  Moisture Content: Ideally between 8% and 12%. Excessive moisture leads to steam pockets and briquette 

explosion upon exit from the die, while insufficient moisture prevents the necessary heat transfer for lignin softening.

•  Particle Size: A distribution of particle sizes (typically 6mm to 10mm) is required to ensure proper interlocking 

of fibers during compression.

•  Pressure: Depending on the technology (piston vs. screw press), pressures can exceed 100 MPa to achieve 

the desired durability.

2. Raw Material Analysis and Feedstock Characterization

India’s biomass potential is rooted in its vast agricultural sector. However, not all residues are created equal. The 

selection of raw materials depends on their proximate analysis—specifically calorific value, ash content, and

volatile matter.



Raw Material Type Calorific Value 
(kcal/kg)

Ash Content (%) Volatile Matter (%) Fixed Carbon (%)

Sawdust 4,200 - 4,700 0.5 - 1.5 75 - 80 15 - 20

Rice Husk 3,200 - 3,500 15 - 22 60 - 65 15 - 18

Mustard Stalk 3,800 - 4,100 3 - 7 70 - 75 18 - 22

Coffee Husk 4,000 - 4,400 2 - 5 75 - 80 16 - 20

Groundnut Shell 4,300 - 4,600 2 - 4 70 - 75 20 - 25

As illustrated in the table above, materials like sawdust and groundnut shells are highly prized for their high calorific

value and low ash content. Conversely, rice husk, despite its abundance, presents challenges due to high silica

(ash) content, which acts as an abrasive, leading to accelerated wear and tear on machine components.

3. Engineering Overview: Briquetting Technologies in India

The Indian market predominantly utilizes two types of briquetting technologies: the Ram or Piston Press and the 

Screw Extrusion Press. Each has distinct mechanical advantages and operational costs.

The Piston Press (Die and Punch)

This is the most common technology in India. It operates on the principle of a reciprocating ram that hits the

biomass into a die. The pressure is intermittent, and the resulting briquettes are usually solid and cylindrical. Its

main advantage is its ability to handle a wider range of particle sizes and its lower electricity consumption

compared to screw presses.

The Screw Extrusion Press

This technology uses a screw to continuously force biomass through a heated die. The friction and external heaters

generate the necessary thermal energy for lignin melting. Screw-pressed briquettes often feature a central hole to

improve combustion efficiency (increasing the surface area to volume ratio) and have a higher density. However,

they are more susceptible to wear from abrasive materials like rice husk.

4. Longitudinal Study Analysis: Survey of Briquetting Plants in India

Technical surveys, notably the foundational work by AK Tripathi, Iyer, and Kandpal (2000) , provide critical insights

into the operational lifespan and maintenance requirements of Indian briquetting facilities. These studies highlight

that while the potential for 61,000 MW of energy exists, the realization of this potential is hindered by mechanical

downtime and component failure.

Operational Life and Component Wear

Based on questionnaire-based surveys of plant owners, the maintenance schedule of a briquetting plant is

intensive. The high-friction environment necessitates frequent replacement of core components. The following table

summarizes the average working life of major components as identified in technical surveys:



Component Average Working Life 
(Hours)

Primary Cause of Failure Maintenance Strategy

Piston / Ram 400 - 800 Frictional Wear / Fatigue Resurfacing / Replacement

Main Die 200 - 500 High Pressure Deformation Precision Regrinding

Screw (Extruder) 100 - 300 Abrasive Wear Hard-facing Welding

Collet / Taper Die 300 - 600 Thermal Stress Thermal Treatment Analysis

The survey data suggests that the profitability of a briquetting unit is heavily dependent on the efficiency of the 

repair and replacement cycle. Plants that utilize hard-facing alloysfor their screws and pistons report a 30-50%

increase in component longevity, though at a higher initial capital expenditure.

5. Industrial Applications of Biomass Briquettes

Biomass briquettes, often referred to as "Bio-Coal," serve as a direct substitute for fossil fuels in various industrial

applications. Their adoption is driven by both environmental mandates and the rising cost of coal.

•  Boiler Applications: Used extensively in textile mills, chemical plants, and food processing units. Briquettes 

provide a more uniform combustion profile than loose biomass.

•  Brick Kilns: A major consumer in rural India, where briquettes replace coal and wood, reducing the emission 

of sulfur oxides (SOx).

•  Gasification: High-density briquettes are ideal for thermal gasifiers used in power generation or industrial 

heating, providing a steady syngas flow.

•  Ceramic and Metal Processing: Used in furnaces where consistent heat and low ash slagging are required.

6. Socio-Economic Impact and Employment Generation

The biomass briquetting industry is inherently decentralized, making it a powerful tool for rural development. By

establishing plants near the source of agricultural residues, the industry creates a localized circular economy.

Employment Metrics

Estimates suggest that the biomass energy sector in India can generate approximately 15.52 million man-days of 

employment. This includes:

1.  Upstream: Collection, drying, and transportation of agricultural waste by farmers and rural laborers.

2.  Midstream: Plant operations, technical maintenance, and quality control.

3.  Downstream: Distribution, marketing, and logistics.

Furthermore, briquetting provides farmers with an additional revenue stream for material that was previously

considered waste or, in many cases, burned in the fields (contributing to severe air pollution). By assigning a

monetary value to crop residues, the industry discourages open-field burning.

7. Challenges and Barriers to Market Growth

Despite the technical and environmental benefits, the Indian briquetting industry faces several systemic challenges. 

A Questionnaire Based Survey of Agriwaste Briquetting in Indiarevealed several core areas of customer and

owner dissatisfaction.



Raw Material Volatility

Biomass availability is highly seasonal. Prices for raw materials can fluctuate by over 200% between the harvest

and off-season. Large-scale plants require sophisticated storage infrastructure to maintain a consistent supply year-

round, which increases capital costs.

Marketing and Customer Dissatisfaction

Industrial consumers often cite inconsistent quality as a reason for dissatisfaction. Variations in ash content and 

moisturecan lead to clinkering in boilers, increasing maintenance costs for the end-user. The lack of standardized

testing and certification for briquettes in the early 2000s contributed to a lack of trust, though modern standards

(like those from the Bureau of Indian Standards) are beginning to address this.

Technical Skill Gaps

The operation of a briquetting plant requires specific mechanical knowledge. Survey results indicate that many

failures are due to improper pre-treatment of biomass (e.g., feeding materials with too much sand or moisture),

which destroys the dies and pistons prematurely.

8. Troubleshooting and Operational Optimization

For plant operators, maximizing the Mean Time Between Failures (MTBF) is essential for profitability. Below is a

guide for common operational challenges and their engineering solutions.

Problem: Excessive Smoke during Production

Cause: High moisture content in the feedstock (usually >15%).Solution:Implement a rotary drum dryer or extend

the sun-drying period. Ensure the feedstock is tested with a digital moisture meter before processing.

Problem: Briquettes are Brittle or Crumbling

Cause: Low lignin activation or insufficient pressure.Solution:Increase the temperature of the die heater (in screw

presses) or check for wear in the taper of the die. Ensure the particle size distribution includes enough "fines" to fill

the interstitial gaps between larger fibers.

Problem: Rapid Wear of the Screw/Piston

Cause: High silica content in the raw material or presence of foreign objects (stones/metal).Solution:Install

magnetic separators and de-stoners in the pre-processing line. Use specialized welding rods (e.g., Chromium-

Carbide) for hard-facing the wear parts.

9. The Future of Biomass Briquetting in India

The future of the industry lies in technology integration and policy support. With India's commitment to

achieving Net-Zero by 2070, the role of solid biofuels will only expand. We are seeing a shift toward "torrefied"

briquettes—biomass that is thermally treated in the absence of oxygen—to create a product that is almost identical

to coal in terms of energy density and grindability.

Strategic Implications

The integration of biomass briquetting into the National Biofuels Policyprovides financial incentives and

subsidies for new entrepreneurs. Furthermore, the mandatory co-firing of biomass with coal in thermal power

plants (a policy recently enacted by the Ministry of Power) creates a guaranteed market for high-quality briquettes

and pellets.



Ultimately, the success of the biomass briquetting sector in India depends on a transition from a "small-scale village

industry" to a standardized, technologically advanced manufacturing sector. By addressing the mechanical

vulnerabilities identified in technical surveys and optimizing the supply chain for raw materials, India can leverage

its 61,000 MW potential to become a global leader in bioenergy. The synergy between agricultural waste

management and industrial energy demand represents one of the most significant opportunities for sustainable

economic growth in the 21st century.
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