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Briquetting of biomass as fuel

Biomass briquettes are a biofuel substitute made of biodegradable green waste with lower
emissions of greenhouses gases and carbon dioxide then traditional fuel sources. This fuel
source is used as an alternative for harmful biofuels. Briquettes are used for heating, cooking
fuel, and electricity generation usually in developing countries that do not have access to more
modern fuel sources. Biomass briquettes have become popular in developed countries due to
the accessibility, and eco-friendly impact. The briquettes can be used in the developed

countries for producing electricity from steam power by heating water in boilers.

The briquettes are fired with coal in order to create the heat supplied to the boiler. Biomass
briquettes are built from recycled green waste, producing less greenhouse gas admissions

because the matter has already completed part of the carbon cycle.

Briquette made by a Ruf briquetter
out of hay

The history of biomass briquetting

Briquette was first developed by the British mechanical engineering research institute. Their
raw material is peat. Then the technology was used to process lignite and clean coal, and was
gradually  developed to use for the waste in the paper mills.
In the 1930s, the United States began to design the screw type briquette machine. At the same
time, modern piston briquetting machines were invented and promoted in Sweden and
Germany, the piston briquette with sawdust as raw materials were competitive in the market

all along the time.

The screw type biomass briquetting machine was developed in Japan in the 1950s and

gradually extended to East Asia, Southeast Asia, and Europe and America, etc.

After the 1950s, biomass briquetting equipment powered by oil pressure and water pressure,

and small particle pelletizing equipment powered by machinery were successively invented.
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In the 1980s, biomass briquetting technology was developed on a large scale.

Affected by the background of the times, the energy crisis has caused oil prices to rise.

Wood processing plants in Western European countries and the United States have proposed
the use of wood for energy self-sufficiency. Therefore, biomass compressed fuels have
developed rapidly and have become an industry in countries such as Western Europe and
Japan. Some countries in India and Southeast Asia also had paid considerable attention to the
research and application of this technology. By 1984, 172 factories in Japan had produced
biomass briquettes with a total output of 260,000 tons/year.

Procedure

Principle of biomass briquetting

The biomass material structure is relatively loose and the density is small, which is

determined by the physiological characteristics of the plant.

The loose biomass material, when subjected to a certain external pressure, will decrease the
volume and increase the density. The raw material particles undergo successive stages of

rearranging position, mechanical deformation and plastic rheology.

In general, in the presence of moisture, the cellulose can be formed into a certain shape with a

small force.

When the water content is about 10%, although it is necessary to apply a large pressure to
form it, since the non-elastic or viscoelastic fiber molecules are entangled and twisted
together, after removing the external pressure, it is generally impossible to restore the

original shape and it becomes a firm structure briquette.

For raw materials with a high content of viscoelastic components, such as lignin, etc.

Take the lignin as an example, when the briquetting temperature reaches its softening point,
plastic deformation occurs, thereby bonding the raw fibers closely together and maintaining

the established shape.
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After cooling, the strength of the shaped fuel (briquette) is increased, in this way we get a

biomass briquette that is similar to wood burning performance.

When the lignin content of the raw material is low, it is necessary to add an appropriate
proportion of binder, such as clay, starch, waste paper, etc.,, in order to make the briquette

with a dense structure and fixed shape.

After adding the binder, there will be an adsorption layer on the surface of the biological
particles, which will cause a gravitational force between the particles by the van der Waals
force. When the external force is applied, the particles can also generate an electrostatic

attraction between the particles, resulting in particles a chain structure.

Cellulose

Hemicellulose,

The biomass briquetting process and equipment

Biomass collection

Biomass collection is one of the important processes in biomass briquetting.
Biomass needs to be concentrated in the briquetting plant. There are two problems to be

considered:

1. The service radius of the briquetting plant;
2. The moisture of the raw biomass. That is, the degree of dehydration of the raw material

in the natural state. If it is not harvested by machinery, the moisture should be lower. In
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addition, special attention should be paid to the entrainment of soil as little as possible
during the collection process. The soil is easy to form slag during combustion.

Mechanized collection can solve this problem.

Crushing

Crushing is the basic treatment of the material before briquetting. The quality of the crushed

material directly affects the performance and product quality of the briquetting machine.

For example, in the particle briquetting process, if the particles of the raw material are too
large, the material must be crushed in the briquetting machine before entering the forming

hole, so that the briquetting machine consumes a large amount of power.

In the briquetting process, the briquetting machine can also perform a certain crushing
operation, but it is not as efficient as a crusher. So it is much important to crush the raw

material in a crusher.

[t is not necessary to crush all the materials when briquetting. For example, when hot
briquetting is carried out using sawdust or rice husk as raw materials, foreign matter of a
large size is often removed from the raw materials, and briquetting can be performed without

crushing.

However, for large-scale agricultural and forestry wastes such as wood chips, bark, and plant
straws, crushing operations are required. Crushing is often performed twice or more, and a
drying process can be inserted in the middle of the crushing process to increase the crushing

effect.

Drying

Moisture content in briquetting (fuel or feed) is important. The empirical data is used around

the world, not theoretical calculations.

When the moisture content exceeds the upper limit of experience, during the processing, the
temperature rises, the volume suddenly expands, and it is easy to cause an explosion, lead to

an accident.
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If the moisture content is too low, the van der Waals force is lowered and it is difficult to make

the briquette.

Therefore, after the biomass is crushed, a drying process is required, the optimum humidity
usually is 10% to 15, and the piston type briquetting machine can be appropriately higher

(16% to 20%) because the processing process is intermittent.

By the drying operation, the water content of the raw material is reduced to the extent
required for briquetting. The dryers used in conjunction with the biomass briquetting

machine mainly are rotary drum dryer and vertical type air flow dryer.

Briquetting

“Briquetting mold” is a key component of biomass molding. Its inner wall is tapered from front

to back.

After the material enters the mold, it is subjected to three kinds of forces, namely the main
driving force of the machine, the friction force, and the centripetal reaction pressure of the

mold wall.

The main driving force of the machine is affected by the friction force and the density and
diameter of the briquette. The influence of the friction is the angle (half the opening angle of
the mold) and the mold temperature. The larger the angle, the greater the friction, the higher
the density of the material, and the greater the total power. Therefore, the design of the angle

is a key factor. It has different requirements depending on the diameter, density and material

type.
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In order to facilitate the adjustment of the “mold”, the inner mold and the outer mold are

designed, the outer mold is constant, and the inner mold can be exchanged.

Heating

When the biomass is briquetting, it needs to be heated.

By heating, the lignin in the raw material can be softened to function as a binder; the heating

action can also make the raw material itself soft and easy to briquette.

The heating temperature will affect the working efficiency differently of the briquetting

machines.

For example, a screw briquetting machine, the structural size is relatively determined, and the
heating temperature should be based on the structure of the machine so that the temperature
is kept within a reasonable range. If the temperature is too low, the raw material is difficult to
briquette, and the energy consumption will be increased. When the temperature is increased,
the energy consumption of the motor is reduced, but the briquetting pressure is also reduced,
so that the briquette density becomes small, which will cause crackle or even fracture. When
the heating system works on this type of briquetter, the temperature is usually controlled
between 150°C to 300°C, and the corresponding adjustments are made depending on the raw

materials.

ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY



Al 3010 WASTE AND BY PRODUCT UTILIZATION

In the briquetting process, the raw material also can be used without the external heat source,
on the pistion briquetting process, due to the mutual friction between the raw material and
the machine parts, the raw material is also heated, and reaches a temperature of about 100 °

C, the lignin contained in the raw material can also be softened then and acts as a binder.

Binder

There are two purposes for adding additives:

1. Increase the calorific value of the briquettes, while increasing the bonding force. For
example, adding 0~20% coal powder or carbon powder can achieve the purpose, but
we need to pay attention to the uniformity of the mixed raw material. Uneven
coalescence can be caused due to different relative density;

2. Increase the bonding force and reduce the power input, which requires the biomass
particles to be small, small particle facilitates uniform contact of the binder. It is

generally added during the conveying process before pre-pressing to facilitate mixing.

Shape retention

The shape retention can only be carried out after the biomass has been briquetted.

The inner diameter of the sleeve for shape retention must be slightly larger than the diameter
of the smallest part of the briquetting molding, in order to eliminate the partial stress of the

finished biomass briquette.

Shapes can only be fixed after the temperature has been lowered.

The port of the sleeve is designed to adjust the shape retention capacity. If the briquetting
diameter is much smaller than the shape of the sleeve mold, the biomass will expand rapidly
and cause cracks. On the contrary, if it is too small, the stress will not be eliminated, after the
briquette output from the sleeve, it will suddenly crack or smash because of the sudden drop

in temperature.
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Composition and production

Biomass briquettes, mostly made of green waste and other organic materials, are commonly
used for electricity generation, heat, and cooking fuel. These compressed compounds contain
various organic materials, including rice husk, bagasse, ground nut shells, municipal solid
waste, agricultural waste. The composition of the briquettes varies by area due to the
availability of raw materials. The raw materials are gathered and compressed into briquette in
order to burn longer and make transportation of the goods easier. These briquettes are very
different from charcoal because they do not have Ilarge concentrations
of carbonaceous substances and added materials. Compared to fossil fuels, the briquettes
produce low net total greenhouse gas emissions because the materials used are already a part

of the carbon cycle.

One of the most common variables of the biomass briquette production process is the way the
biomass is dried out. Manufacturers can use torrefaction, carbonization, or varying degrees
of pyrolysis. Researchers concluded that torrefaction and carbonization are the most efficient
forms of drying out biomass, but the use of the briquette determines which method should be

used.

Compaction is another factor affecting production. Some materials burn more efficiently if
compacted at low pressures, such as corn stover grind. Other materials such as wheat and
barley-straw require high amounts of pressure to produce heat. There are also different press
technologies that can be used. A piston press is used to create solid briquettes for a wide array
of purposes. Screw extrusion is used to compact biomass into loose, homogeneous briquettes
that are substituted for coal in cofiring. This technology creates a toroidal, or doughnut-like,
briquette. The hole in the center of the briquette allows for a larger surface area, creating a

higher combustion rate.

Fuel briquettes generated by the low-pressure compaction of paper, sawdust,
agricultural or yard waste, etc. currently serve as an alternative to firewood, wood pellets and
charcoal in developing countries in Africa, Asia and South America. Research at Boise State
University in Idaho, explored both the caloric content and shape to optimize burn efficiency of

the biobriquettes. The energy content of briquettes ranged from 4.48 to 5.95 kilojoule per
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gram (kJ/g) depending on composition, whereas the energy content of sawdust, charcoal and
wood pellets ranged from 7.24 to 8.25 kJ/g. Biobriquettes molded into a hollow-core
cylindrical form exhibited energy output comparable to that of traditional fuels. The study
demonstrates that low-energy content feedstocks can be composted, pressed and combusted

to produce heat output commensurate with higher energy content fuels.
Calometric Analysis

A Parr oxygen bomb calorimeter interfaced to a Vernier Logger Pro thermocouple was used to
determine the caloric content of the biobriquette materials relative to traditional fuel sources.
Bomb (or constant volume) calorimetry experiments were performed by traditional methods.
Briefly, the sample to be tested was grated, filtered with a 20-mesh sieve and then pressed
into a 1 gram (g) pellet. Ignition of material under 2.533 megapascal oxygen (MPa 02)
resulted in an observed temperature increase of the steel bomb vessel. The caloric content of
the material was then calculated while taking into account corrections for unoxidized fuse
wire. The heat capacity of the calorimeter was calibrated with benzoic acid and naphthalene

standards
Comparison to coal

The use of biomass briquettes has been steadily increasing as industries realize the benefits of
decreasing pollution through the wuse of biomass briquettes. Briquettes provide
higher calorific value per dollar than coal when used for firing industrial boilers. Along with
higher calorific value, biomass briquettes on average saved 30-40% of boiler fuel cost. But
other sources suggest that cofiring is more expensive due to the widespread availability of
coal and its low cost. However, in the long run, briquettes can only limit the use of coal to a
small extent, but it is increasingly being pursued by industries and factories all over the world.
Both raw materials can be produced or mined domestically in the United States, creating a fuel
source that is free from foreign dependence and less polluting than raw fossil fuel

incineration.
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Advantages of Biomass Briquettes

Briquettes are fair substitutes for black coal and have several advantages over it:

¢ More economical than coal

e Unlike coal, briquettes are renewable sources of energy
e Much more environmentally friendly when compared to coal
e No residue or waste while burning briquettes

e The burning of briquettes is more uniform as briquettes are more volatile as compared

to other traditional fuels
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