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The global transition toward sustainable energy systems has placed biomass at the center of the renewable energy
discourse. While loose biomass residues—such as agricultural waste, forest residues, and industrial wood waste—
are abundant, their inherent physical properties often limit their utility as a primary fuel source. High moisture
content, low bulk density, and irregular shapes make transportation, storage, and combustion inefficient. To
overcome these logistical and thermal hurdles, biomass briquetting, or densification, has emerged as a critical
technological intervention. This process transforms loose, low-density organic matter into high-density, energy-
concentrated fuel units known as briquettes.

The Fundamental Role of Densification in Bioenergy

Biomass densification is a thermomechanical process that involves the application of pressure to loose organic
materials, often in the presence of heat. The primary objective is to increase the volumetric calorific value of the
fuel. When loose residues are compressed, the air trapped between the particles is forced out, and the material
undergoes physical and chemical changes that result in a solid, cohesive block. Based on the seminal work of P.D.
Grover and S.K. Mishra (1996), the success of briquetting depends on the interplay between the raw material's
characteristics and the mechanical force applied.

The significance of this technology extends beyond mere fuel production. It addresses the circular economyby
converting waste into wealth, reduces the pressure on forest resources by providing an alternative to traditional
firewood, and significantly lowers the carbon footprint of industrial thermal applications. In many developing
regions, biomass briquettes serve as a direct substitute for coal and charcoal, offering a cleaner combustion profile
and improved thermal efficiency.

The Science of Binding: Lignin and Thermal Transitions

One of the most critical aspects of biomass briquetting is the binding mechanism. Biomass is composed primarily
of cellulose, hemicellulose, and lignin. Lignin is a complex organic polymer that acts as the "glue" within the plant's
cell walls. Under high pressure and temperatures ranging from 140&deg;C to 200&deg;C, lignin reaches its glass
transition temperature. At this point, it softens and flows, acting as a natural binder that coats the cellulose fibers.
Once the pressure is released and the material cools, the lignin solidifies, creating a high-strength physical bond
that maintains the briquette's structural integrity without the need for external chemical additives.

Technical Specifications and Raw Material Requirements

Not all biomass is immediately suitable for briquetting. The physical and chemical properties of the feedstock
determine the quality of the final product and the energy required for the densification process. Key parameters
include:

¢ Moisture Content: Ideally, the moisture content of the feedstock should be between 8% and 15%. If the
moisture is too high, steam pockets form during compression, causing the briquettes to explode or crumble. If it is
too low, the lignin will not soften sufficiently, resulting in poor binding.

« Particle Size: Uniformity in particle size (typically 6mm to 8mm) is essential for consistent densification. Larger



particles may create structural weaknesses, while overly fine dust can increase friction and wear on machine
components.

¢ Ash Content: Higher ash content (e.g., in rice husks) can lead to slagging in boilers and increased wear on
the briquetting dies.

¢ Bulk Density: The initial density of the feedstock dictates the compression ratio required to achieve the
desired final density of 1,000 to 1,200 kg/mé&sup3;.

Comparison of Common Biomass Feedstocks

The following table illustrates the variation in properties across common agricultural and forest residues used in the
briquetting process:



Feedstock Type Calorific Value Ash Content (%) Moisture Content Suitability

(kcal/kg) (Initial %)

Sawdust 4,200 - 4,700 1.0-2.0 25-50 Excellent (Low Ash)

Rice Husk 3,000 - 3,500 15.0-20.0 10-15 Moderate (High
Abrasiveness)

Groundnut Shell 4,300 - 4,500 3.0-45 8-12 Excellent (Natural
Oil content)

Coffee Husk 3,800 - 4,100 2.0-4.0 10-12 Good

Wheat Straw 3,500 - 3,900 5.0-8.0 15-30 Requires Pre-
processing

Classification of Briquetting Technologies

The engineering behind briquetting has evolved into several distinct categories, each suited for different scales of
production and feedstock types. The two most dominant industrial methods are Screw Press Extrusion and
Piston Press Compaction.

1. Screw Press Extrusion Technology

In a screw press, the biomass is continuously fed into a hopper and conveyed by a rotating screw through a heated
tapered die. The combination of the screw's mechanical force and the external heat applied to the die causes the
lignin to flow and bond the material. This method produces a hollow-core briquette, which provides a larger
surface area for more efficient combustion.

* Advantages: High-quality, uniform density; high calorific value per unit volume; the hollow center facilitates
better airflow during burning.

¢ Disadvantages: High power consumption and significant wear on the screw (requiring frequent maintenance/
re-building).

2. Piston Press Compaction (Mechanical and Hydraulic)

This technology uses a reciprocating piston to ram the biomass into a die. In mechanical piston presses, a
flywheel provides the momentum, while hydraulic pressesuse fluid pressure. This is a "punching" process rather
than a continuous extrusion.

¢ Advantages: Capable of handling larger capacities; lower maintenance costs compared to screw presses;
produces solid "log-style" briquettes.

¢ Disadvantages: The density may be slightly lower than screw-pressed briquettes; the exterior is not charred,
making it more susceptible to moisture absorption if not stored correctly.
3. Roller Press (Pelletizing)

While often used for pellet production, larger roller presses can produce pillow-shaped briquettes. This is typically
used for charcoal dust or inorganic materials where high binding pressure is less critical than throughput.

The Industrial Briguetting Workflow: A Step-by-Step Analysis

Producing high-quality biomass briquettes requires a synchronized sequence of mechanical operations. Failure at



any stage of the pre-treatment can compromise the quality of the final fuel.

Step 1. Collection and Sorting

The raw material is gathered and screened to remove contaminants such as stones, metal fragments, and plastics.
Foreign objects can cause catastrophic failure in high-speed hammers or extrusion screws.

Step 2: Size Reduction (Crushing/Grinding)

Most residues, like corn stalks or large wood chips, are too bulky for the briquetting die. Hammer millsare used to
grind the material into a consistent particle size, typically 3mm to 10mm. This increases the surface area for lignin
bonding.

Step 3: Drying

As mentioned previously, moisture is the enemy of densification. Flash dryers or rotary drum dryersuse hot air
(often generated by burning a small portion of the biomass) to reduce the moisture content to the 10-12%
threshold. This is often the most energy-intensive part of the entire process.

Step 4: Densification

The conditioned material is fed into the briquetting machine. In a screw press, the material is heated to
approximately 160&deg;C. The friction and pressure increase the density from roughly 150 kg/mé&sup3; (loose) to
over 1,100 kg/m&sup3; (densified).

Step 5: Cooling and Packaging

Emerging briquettes are extremely hot and slightly plastic. They must be transported along a cooling conveyorto
allow the lignin to set and the internal steam to dissipate. Once cooled, they are cut to length and packaged in
moisture-proof bags for distribution.

Engineering Comparison: Screw Press vs. Piston Press

Choosing the right technology depends on the intended end-use and the available capital expenditure. The
following matrix provides a technical comparison:



Feature Screw Press (High Pressure) Piston Press (Mechanical)

Briquette Shape Cylindrical with center hole Solid cylindrical / Log
Briquette Density 1.2 - 1.4 g/lcm&sups; 1.0 - 1.2 g/cm&sup3;
Combustion Quality Excellent (Hollow center) Good

Maintenance Frequency High (Screw wear) Low to Medium
Operating Mode Continuous Extrusion Intermittent/Ramming
External Heat Required Yes (Die heating) No (Frictional heat only)

Economic and Environmental Impact Analysis

The adoption of biomass briquetting offers significant macro-economic benefits, particularly in agrarian economies.
By densifying residues, the logistics costsassociated with biomass are reduced by up to 80% due to the
improved volume-to-weight ratio. This makes it feasible to transport biomass over longer distances to reach
industrial hubs.

From an environmental perspective, briquettes are carbon neutral. The carbon dioxide emitted during combustion
is equivalent to the amount absorbed by the plant during its growth cycle. Furthermore, replacing coal with biomass
briquettes significantly reduces sulfur dioxide (SO2) and nitrogen oxide (NOx) emissions, which are primary
contributors to acid rain and respiratory issues.

Mathematical Formula for Energy Density Improvement

The efficiency of the briquetting process can be quantified by the Energy Density Ratio (EDR):

EDR =(D_b *CV_b)/(D_I *CV_I)

Where:D_b = Density of the briquette (kg/m&sup3;)CV_b = Calorific value of the briquette (MJ/kg)D_| = Density of

the loose biomass (kg/m&sup3;)CV_I| = Calorific value of the loose biomass (MJ/kg)

Typically, the EDR for sawdust-to-briquette conversion is between 7 and 10, indicating a massive increase in
energy concentration per cubic meter of storage space.

Common Operational Challenges and Solutions

Operating a biomass briquetting plant requires constant monitoring of variables. Below are common failure modes
and their engineering solutions:

1. Jamming of the Die

Cause: Moisture content is too low or the feedstock contains too much silica (sand).Solution:Introduce a steam
conditioning step or implement a rigorous screening process to remove mineral contaminants.

2. Briquettes Cracking (Honeycomb Effect)

Cause: High moisture content or insufficient pressure.Solution:Recalibrate the dryer settings or inspect the screw/
piston for wear that may be reducing the compression force.



3. Excessive Smoke During Combustion

Cause: Incomplete carbonization or high moisture in the center of the briquette.Solution:Ensure a longer cooling
time and check the temperature of the extrusion die to ensure proper thermal transition of the surface lignin.

Future Horizons: Advanced Densification and Torrefaction

The next frontier in biomass briquetting is the integration of torrefaction. Torrefaction is a mild pyrolysis process
(200&deg;C - 300&deg;C) performed in an oxygen-free environment. When biomass is torrefied before briquetting,
the resulting "black briquettes” have properties very similar to coal. They are hydrophobic (water-resistant), have an
even higher calorific value, and are easier to grind. This technology is currently being scaled for co-firing in large-
scale coal power plants to meet carbon reduction targets.

Furthermore, research is expanding into hybrid briquettes, where sewage sludge or charcoal fines are mixed with
agricultural residues. This not only solves a waste disposal problem but also creates a fuel with customized
combustion characteristics tailored for specific industrial boilers.

The transition from traditional, inefficient biomass use to modern briquetting technology represents a pivotal shift in
renewable energy management. By applying the principles of engineering and thermodynamics to organic waste,
societies can create a reliable, high-energy fuel source that supports industrial growth while adhering to
environmental safeguards. As documented by researchers like P.D. Grover, the technical path is clear: through
proper pre-treatment, the right choice of machinery, and a deep understanding of the material science behind lignin
binding, biomass briquetting stands as a cornerstone of the global bioeconomy.

Ultimately, the success of a briquetting enterprise relies on the balance between technical precision and local
resource availability. As energy prices fluctuate and carbon taxes become more prevalent, the economic viability of
densified biomass continues to strengthen, making it an indispensable component of the 21st-century energy mix.
The evolution from loose, difficult-to-handle residues to uniform, high-performance briquettes is not just a change in
form, but a transformation in energy potential.
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