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ABSTRACT
The study presents a detailed design study of the new briquetting machine called
hybrid biomass briquetting machine. Briquetting of the saw dust represents one of the
possible solutions to the local energy shortages in many developing countries. Briquetting of
the saw dust represents one of the possible solutions to the local energy shortages in many
developing countries. It constitutes a positive solution to the problem of increasing rates of
desertification in many areas worldwide.
The production cost was found to be lower due to the lower binder requirement
for the new machine, which is lower by about 65%. The initial moisture content of the feed
stock required for this machine is lower by about 30 % compared to the best alternative,
which results in shorter drying time for the fuel briquettes produced. The quality of the
produced briquettes was found to be better and of lower smoke generation when burned due
to the lower binder content . The device is simple and comfortable. Basic calculation,
drawing, designing is included in the project . The salient features of our machine can be
listed as the mechanism used is very simple, easy for operation; no skill is required to operate
the machine.
Keywords:Agro Waste, Biomass, Briquetting, Binders, Hybrid biomass briquetting machine.
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CHAPTER 1

INTRODUCTION
Utilization of agricultural residues is often difficult due to their uneven and
troublesome characteristics. The process of compaction of residues into a product of higher
density than the original raw material is known as densification or briquetting. The briquette
machine can be used in producing high quality wood shaft with low cost sawdust, corn cob
and peanut shell, cotton stalk, tree branch, etc. The final stick is with high density for the fuel.
It is one of the newest energy recycle machine, which has important use for the energy
Industry. This machine is used for making the briquette from the sawdust, straw, hulls, etc. its
products density is 900 -1100 kg/m3. It is best fuel and the feedstuff of animal. The briquette
can be used as the burning material for the boiler or fire place for house warming.
Many of the developing countries produce huge quantities of agro residues but they
are used inefficiently causing extensive pollution to the environment. The major residues are
rice husk, coffee husk, coir pith, jute sticks, bagasse, groundnut shells, mustard stalks and
cotton stalks, sawdust, a milling residue is also available in huge quantity. Apart from the
problems of transportation, storage, and handling, the direct burning of loose biomass in
conventional grates Is associated with very low thermal efficiency and widespread air
pollution.The conversion efficiencies are as low as 40% with particulate emissions in the flue
gases in addition, a large percentage of unburnt carbonaceous ash has to be disposed of. In
The case of rice husk, this amounts to more than 40% of the feed burnt. As a typical example,
About 800 tonnes of rice husk ash are generated every day in Ludhiana (Punjab) as a result of
Burning 2000 tonnes of husk. Briquetting of the husk could mitigate these pollution problems
while at the same time making use of this important industrial /domestic energy resource. The
screw press briquettes are also homogeneous and do not disintegrate easily. Having a high
combustion rate, these can substitute for coal in most applications and in boilers. Briquettes
can be produced with a density of 1200 kg/m3 from loose biomass of bulk density 100 to 200
kg /m3 these can be burnt clean and therefore are eco-friendly. Due to their heterogeneous
nature, biomass materials possess inherently low bulk densities, and uneven and troublesome
characteristics thus, it is difficult to efficiently handle large quantities of most feed stocks.
The process of compaction of residues into a product of higher density than the original raw
material is known as densification or briquetting. By briquetting, voluminous biomasses are
compacted and given a definite shape and size. Densification has aroused a great deal of
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interest in developing countries all over the world lately as a technique for upgrading of
residues as energy sources.

.

Fig1.1 The basic process of briquetting
There are various ways by which biomass can be converted into sources of energy. Some of
them are:
(1) Direct combustion of woody biomass to produce heat, steam and electricity.
(2) Pyrolysis to produce oils, fuel gas, char and chemical feed stock.
(3) Thermo chemical process to produce gaseous and liquid fuel.
(4) Briquetting the biomass and its combustion to produce heat, steam and electricity.
Due to the present world’s energy crisis and its related environmental issues as well as
increasing trend of fossil fuel prices, renewable energy source is an essential matter. Biomass
briquettes are a renewable source of energy and they avoid adding fossil carbon to the
atmosphere. They are made from agricultural waste and are a replacement for fossil fuels, and
can be used to heat boilers in manufacturing plants, and also have applications in developing
countries. To survive in competitive environment, biomass briquette entrepreneurs should be
provided an appropriate technology which helps to reduce production cost and time, and
improve productivity. Therefore, we provide a compact biomass briquetting machine which
combines three functions including crushing, mixing and briquetting in a single unit. By
eliminating individual machines such as crushing, mixing and briquetting machine, the great
savings in space and efficiency can be realized while maintaining an output quality with low
cost.
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1.1 Biomass Densification/Briquetting Technologies
The production of a compacted solid out of loose granular material on an industrial scale is a
nineteenth century technique first used to make a solid fuel out of peat. It has since become a
widespread technology in many fields, for example animal feedstuffs, fertilizers and iron
making. Fuel briquetting of peat and, particularly, brown coal is still practiced on a large
scale. The application of briquetting to biomass residues from agriculture or forestry is of
later origin, being used on a widespread scale in USA during the depression, 1930s, and in
central European countries suffering from fuel shortages during the Second World War. The
briquetting of wood wastes using screw presses was pioneered in the late 1940s in Japan as a
wood substitute. In the era of cheap oil in the 1950s and 1960s, biomass fuel briquetting was
little used but it revived again after 1974 when there was a general search for alternative fuels
for oil. Historically, biomass briquetting technology has been developed in two distinct
directions. Europe and the United States have pursued and perfected the reciprocating
ram/piston press while Japan has independently invented and developed the screw press
technology. Although both technologies have their merits and demerits, it is universally
accepted that the screw pressed briquettes are far superior to the ram pressed solid briquettes
in terms of their storability and combustibility. Japanese machines are now being
manufactured in Europe under licensing agreement but no information has been reported
about the manufacturing of European machines in Japan. Worldwide, both technologies are
being used for briquetting of sawdust and locally available agro-residues. Although the
importance of biomass briquettes as a substitute fuel for wood, coal and lignite is well
recognized, the numerous failures of briquetting machines in almost all developing countries
have inhibited their extensive exploitation. (Biomass briquetting technology and practices)
Biomass densification represents a set of technologies for the conversion of biomass residues
into a convenient fuel. The technology is also known as briquetting or agglomeration.
Based on operating conditions it could be classified into two categories:
- Hot and high pressure densification
- Cold and low pressure densification
Based on mode of operation it falls into two categories:
- Batch densification
- Continuous densification
Depending on the types of equipment used, it could be categorized into five main types:
- Piston press densification
15

- Screw press densification
- Roll press densification
- Pelletizing
- Low pressure or manual presses
On the basis of compaction pressure, the densification technologies can be divided into:
- High pressure compaction
- Medium pressure compaction with a heating device
- Low pressure compaction with a binder
High compaction technology or binder less technology consists of the piston press,
the screw press and pelletizing. In all these compaction techniques, solid particles are the
starting point. The first two techniques use raw biomass materials, while the last two
techniques could be used for both raw and carbonized biomass materials. Low pressure
compaction includes manually operated briquetting presses of different types. Depending on
the type of equipment used, densified biomass can be categorized into two main types:
briquettes and pellets. Briquettes are of relatively large sizes, typically 5 - 6 cm in diameter
and 30 - 40 cm in length. Pellets are small in size, about 1 cm in diameter and 2 cm in length.
Because of small and uniform size, pellets are particularly suitable for automatic auger fed
combustions.

1.1.1 Piston Presses
There are two types of piston press:
1) The die and punch technology.
2) Hydraulic press.
In the die and punch technology, which is also known as ram and die technology, biomass is
punched into a die by a reciprocating ram with a very high pressure thereby compressing the
mass to obtain a compacted product. The standard size of the briquette produced using this
machine is 60 mm, diameter. The power required by a machine of capacity 700 kg/hr is 25
kW. The ram moves approximately 270 times per minute in this process. The hydraulic press
process consists of first compacting the biomass in the vertical direction and then again in the
horizontal direction. The standard briquette weight is 5 kg. The power required is 37 kW for
1800 kg/h of briquetting. This technology can accept raw material with moisture content up
to 22%. The process of oil hydraulics allows a speed of 7 cycles/minute (cpm) against 270
cpm for the die and punch process. The slowness of operation helps to reduce the wear rate of
the parts Further, the relative movement of the material within the die is only for a limited
16

length. The wear and tear of the machine will be lower than those currently available
machines in the Indian market.

1.1.2 Screw Presses
There are basically two types of screw presses:
1) Conical Screw press.
2) Screw press with heated die.
The compaction ratio of screw presses ranges from 2.5:1 to 6:1 or even more. In this process,
the biomass is extruded continuously by one or more screws through a taper die which is
heated externally to reduce the friction. Here also, due to the application of high pressures,
the temperature rises fluidizing the lignin present in the biomass which acts as a binder. The
outer surface of the briquettes obtained through this process is carbonized and has a hole in
the centre which promotes better combustion. Standard size of the briquette is 60 mm
diameter.

1.1.3 Comparison between Screw and Piston presses
Table 1.1 shows a technical comparison between the piston and screw presses, which are the
biomass densification technologies widely in use worldwide. In the piston press the wear of
the contact parts e.g., the ram and die is less compared to the wear of the screw and die in a
screw extruder press. The power consumption in the former is less than that of the latter. But
in terms of briquette quality and production procedure the screw press is definitely superior to
the piston press technology. The central hole incorporated into the briquettes produced by a
screw extruder helps to achieve uniform and efficient combustion and, also, these briquettes
can be carbonized.
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Table 1.1: Comparison between Screw and Piston presses

Properties
Optimum moisture content

Piston press

Screw extruder

10 – 15%

8–9%

Low in case of ram and

High in case of screw

of raw material
Wear of contact parts

Die
Output from the machine

In strokes

Continuous

Power consumption

50 kwh/tone

60 kwh/tone

Density of briquette

1 – 1.2 gm/cm³

1 – 1.4 gm/cm³

Maintenance

High

Low

Combustion performance

Inclined to crumble on

Burns well with minimum

of briquettes

grate, smoky

Smoke

Carbonization to charcoal

Not possible

Possible

Suitability in gasifiers

Not suitable

Suitable

Homogeneity of briquettes

Non-homogeneous

Homogeneous

Particle size

Variable

Particular particle size

Cost

High

Less than piston press
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CHAPTER 2

LITERATURE SURVEY
The following literatures are studied and the summary is as follows
[1] Maninder et al. Every year millions of tons of agricultural wastes are generated which are
either destroyed or burnt inefficiently in loose form causing air pollution. These wastes can
be recycled & can provide a renewable source of energy by converting biomass waste into
high density - fuel briquettes without addition of any binder. This recycled fuel is beneficial
for the environment as it conserves natural resources. For this the biomass briquetting is the
main renewable energy resource. In this paper the raw material including rice husk, coffee
husk, saw dust, ground nutshell and cotton stalks etc. were densified into briquettes at high
temperature and pressure using different technologies. We discuss the various advantages,
factors that affecting the biomass briquetting and comparison between coal and biomass
briquetting.
[2]S. H. Sengar et al. This search focuses on the development of the newly-patented
structure of a screw briquetting machine for compacting biomass into a solid biofuel. The
design of the machine is based on the results of a comprehensive study of the complicated
process of biomass compaction. The patented structure meets two main goals: the elimination
of axial forces, leading to increased lifetime of the bearings, and the new modular design of a
pressing chamber and tools with their geometry based on the application of a mathematical
model.
[3] Aries Roda D. Romallosa et al. A technical and socio-economic feasibility study of
biomass briquette production was performed in Iloilo City, Philippines, by integrating a
registered group of the informal sector.The study has shown that the simulated production of
biomass briquettes obtained from the municipal waste stream could lead to a feasible on-site
fuel production line after determining its usability, quality and applicability to the would-be
users. The technology utilized for briquetting is not complicated when operated due to its
simple, yet sturdy design with suggestive results in terms of production rate, bulk density and
heating value of the briquettes produced. Quality briquettes were created from mixtures of
waste paper, sawdust and carbonized rice husk, making these material flows a renewable
source of cost-effective fuels. An informal sector that would venture into briquette production
can be considered profitable for small business enterprising, as demonstrated in the study.
The informal sector from other parts of the world, having similar conditionality with that of
19

the Uswag Calajunan Livelihood Association, Inc. (UCLA), could play a significant role in
the recovery of these reusable waste materials from the waste stream and can add value to
them as alternative fuels and raw materials (AFR) for household energy supply using
appropriate technologies.
[4] Patrick E. Imoisili et al. Agricultural residues are not attractive as a household fuel
source for urban areas because they are very bulky and have low energy intensity. Also, to
eliminate the smoke generation when burning agricultural residues requires processing it by
carbonization before being used as a house-hold indoor fuel. The study puts forward a
machine of simple design which could be manufactured locally and of much higher
productivity. The local Sudanese briquetting experience was overviewed, studying all the
alternative available options and the market potential. The study presents a detailed design
study of the briquetting machine. The initial moisture content of the feed stock required for
this machine is lower by about 12 % compared to the best alternative, which results in shorter
drying time for the fuel briquettes produced. The quality of the produced briquettes will be
better and of lower smoke generation when burned due to densification. Utilization of
agricultural residues is often difficult due to their uneven and troublesome characteristics.
The process of compaction of residues into a product of higher density than the original raw
material is known as densification. Densification has aroused a great deal of interest in
developing countries all over the world lately as a technique for upgrading residues as an
energy source. Energy is the key factor in economic development of a country. Global
energy use is rising very rapidly, and as emerging markets continue to grow, build-out their
vital infrastructure and create the consumers of tomorrow, the world will continue to see
energy demand skyrocket. To that end, both investors and governments have been exploring
solutions, such as efficiency measures and renewable energy generation as a way to satiate
that exploding demand. The use of biomass residues and wastes for chemical and energy
production was first seriously investigated during the 1970s. Households in rural India are
highly dependent on firewood as their main source of energy, partly because non-biofuels
tend to be expensive, and access to affordable fuel alternatives to coal, gas, kerosene and
electricity for cooking and heating is limited. 6Approximately 96% of rural households are
estimated to be using biofuels .These fuels dominate the domestic sector and are primarily
used for cooking. Fuel wood is the primary energy source for cooking used by rural
households In actual volumes as well, fuel wood ranks first, at 252.1 million tones, followed
by dung-cakes, at 106.9 million tones and agricultural residue, at 99.2 million tones of annual
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consumption. Similarly, the per capita consumption figures are also high for fuel wood at 250
kg, 50 kg for animal dung and 134 kg for crop residues. Production and consumption of
almost any type of energy have environmental impacts. Harvesting of fuel wood, in
particular, contributes to deforestation, soil erosion, and desertification. Use of fuel wood as
an energy source can also contribute to the accumulation of CO2, the main greenhouse gas,
both because burning fuel wood produces CO2, and because deforestation destroys an
important CO2 sink. The use of such unprocessed bio fuels results in several hardships
especially for women. In the case of bio fuel use, time spent and hardship suffered in fuel
collection, health impact suffered from air pollution, increased burden of cleaning utensils,
walls, floors and clothes, and ecological changes are severe negative consequences. Mostly
women and children transport wood and other biomass fuels as head loads. The wood fuel
and other biomass are burnt in inefficient traditional mud stoves in poorly ventilated kitchens.
Also, use of biomass in traditional stoves exposes the users, mainly women and children, to
high levels of indoor air pollution. Smoke-induced respiratory problems in communities
cause substantial economic and social constraints and an increasing financial health-cost
burden. Unavailability of clean energy sources leads to many such problems that are not
sufficiently highlighted or analyzed. Decentralized solutions offering cheap access to rural
energy, employment and income generating opportunities to the rural population are scarce.
While a number of technological approaches and implementation proposals exist, a
sustainable introduction of renewable energy solutions into rural communities hinges on
appropriate business models that include a long-term commitment from a commercially
interested and socially aware partner. Models for such a sustainable approach to renewable
energy introduction have not yet been developed. This paper begins with a short description
of the status of biomass energy both global as well as local, and attempts to study Briquetting
as a means for off grid source of energy for heating and lighting, thereby offering a viable
and sustainable solution to many of these issues. Biomass energy currently plays a major role
in meeting the present energy needs of developing countries. A number of studies, have also
expressed the view that biomass has the potential to meet the additional energy demands of
urban and industrial sectors, thereby making a significant contribution to the economic
advancement of developing countries. Biomass can also offer an immediate solution for the
reduction of the CO2 content in the atmosphere. It has three other main advantages: firstly its
availability can be nearly unlimited, secondly it is locally produced and thirdly the fact that it
can be used essentially without damage to the environment.
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CHAPTER 3

OBJECTIVES OF PROJECT
 To produce biomass briquettes of diameter 70 mm-30mm with a calorific value of
around 3700 – 4600 kcal/kg.
 To utilize the man power to produce biomass briquettes.
 To produce biomass briquettes with a lower ash content of around 0.7 – 18 % as
compared to that of coal which is around 20- 40 %.
 To produce biomass briquettes of density 1000 – 1200 kg/m3 depending upon the raw
materials fed into the system.
 To produce solid briquettes which would burn for longer period of time as compared
to that classical densified biomass.
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CHAPTER 4

COMPONENTS OF HYBRID BIOMASS BRIQUETTE
MACHINE

Fig 4.1: Isometric view of hybrid biomass briquette machine system
The Hybrid Bio Mass Briquette Machine Consists of Following Elements
 Cone die:A cone die is a specialized tool used in manufacturing industries to cut or
shape material using a press. Like molds, dies are generally customized to the item
they are used to create. In this system a screw press is being used.

 Gears:A gears are used to transmit the power with the help of gear arrangement we
create the necessary power to produce the briquettes.
 Bearing:The purpose of a bearing is to reduce rotational friction and
support radial and axial loads. It achieves this by using at least two races to contain
the balls and transmit the loads through the balls. In most applications, one race is
stationary and the other is attached to the rotating assembly.

 Motor: The motor used in the system is a 2 Hp, 1440 rpm, 240 V,3 phase current,
inclined mounted as it is been housed on the base.

 Hopper:It acts a feeding device through which the raw various materials are fed
into the screw housing. The hopper is made by the sheet metal. Different size and
23

shape of hopper is used for the briquetting machine. Raw materials are stored in the
hopper when the machine runs. Waste biomass (husk) is feed gradually to the
machine and briquette is produced.

 Base Frame:It is used to support the total load of the system comprising of various
components like screw, barrel, screw housing etc. Frame is made by different size of
angle bar and sheet metal. In the figure below a complete frame is shown. The
function of the frame is to hold the motor. It also resists vibration during running.

 Main Pulley:A pulley is a wheel on an axle that is designed to support movement
of a cable or belt along its circumference. It is fabricated by casting it is circular in
shape. The operations of facing, turning, boring, groove cutting (V-type) are
performed step by step. Lathe and Shaper are used for doing other operations. It is the
power transmission device, which transfer power from the motor to the main power
transmission of the briquetting machine. Belt is used for transmission power from
electric motor to the main shaft. RPM of the motor is also reducing by using pulley of
different diameter. RPM of about 160 is suitable for the machine.
 Raw Materials: The various raw materials which can be fed into the system are:Groundnut-shell, Sugarcane Biogases, Caster Shells/Stalk Saw dust, Coffee Husk
Paddy Straw, Sunflower Stalk, Cotton Stalks, Tobacco waste, Mustard Stalk, Jute
waste Bamboo Dust, Tea waste, Wheat Straw, Palm husk, Soybeans husk Coir Pitch,
Barks/Straws Rice Husks, Forestry wastes, Wood Chips, Cow dung, Glycerine etc.

 Power transmission shaft:Mild steel is use for making the main power
transmission shaft. It is round in shape of length 45 cm and the diameter of 7 cm. All
operations for making this shaft are done by lathe drilling and shaper machine. Its one
end joined with the main pulley. The main power transmission shaft transfer power
from the source (electrical motor) through pulley to the screw of the briquetting
machine. This main shaft rotates with the main pulley. Two bearing are used for
decrease the frictional loss of the main shaft.

 Feed screw: The screw was made by applying various machining process in the
local workshop. The screw conveys the raw material and feed it through the barrel or
die of the briquetting machine. The screw creates pressure on the raw materials when
it passes through die. High temperature and pressure densified the raw material and
the briquette is produced. Finally it performs two main works, one is conveying and
other is densifing the raw materials.
24

 Screw housing or Feeder: Screw housing is made by casting and finished by
machining. The fuel-feeding hopper is placed above it by using nut and bolt. It is a
confined chamber. Raw materials enter the chamber through the hopper and are being
compressed by the screw within it. It consists of two parts and is fastened tighter by
nut and bolt.

Fig 4.2: Assembled CAD Model Of Briquette Machine
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CHAPTER 5
WORKING OF HYBRID BIOMASS BRIQUETTE MACHINE
The major reason for biomass residue briquetting is in most cases to increase the bulk
density of a given material. A more general term for this process is thus densification.
Briquetting is the process of densification of biomass to produce homogeneous, uniformly
sized solid pieces of high bulk density which can be conveniently used as a fuel.

Procedure:


Initially the raw material is fed through the hopper.



The volume of the material is decreased as it is transferred from the hopper to the die
exit through the screw & hence the raw material is compacted.



This is achieved by increasing the root diameter of the threaded shaft gradually
starting with a small diameter at the feeding position and increases gradually to a
maximum value at the die position.



This briquetting process consists of extrusion of the material by a screw extruder
which acts as a continuous feeder.



It is a type of direct extrusion process.



The end product is continuously drawn out a particular rate through the die exit.

Fig:5.1: Top View Of Briquette Machine
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CHAPTER 6

MECHANISM OF COMPACTION
In a screw extruder, the rotating screw takes the material from the feed port, through
the barrel, and compacts it against a die which assists the build-up of a pressure gradient
along the screw. During this process the biomass is forced into intimate and substantially
sliding contact with the barrel walls. This also causes frictional effects due to shearing and
working of biomass. The combined effects of the friction caused at the barrel wall, the heat
due to internal friction in the material and high rotational speed of the screw cause an
increase in temperature in the closed system which helps in heating the biomass. Then it is
forced through the extrusion die, where the briquette with the required shape is formed. At
this stage just before entering the die, the pressure exerted is maximum. If the die is tapered
the biomass gets further compacted.
Usually the die is heated for the smooth extrusion of the briquette. Some of the heat
of the heated die is also transmitted to the biomass and the screw surface. The important
forces that influence the compaction of biomass play their role mostly in the compression
zone. When the biomass is fed into a screw extruder and force is applied due to the restriction
in the form of a die, compaction occurs due to the following mechanism.
Before reaching the compression zone (a zone usually formed by tapering of the
barrel) the biomass gets partially compressed. This leads to closer packing and increased
density. Energy is dissipated to overcome particle friction. At the compression zone, the
biomass material becomes relatively soft due to high temperature .In the process, due to loss
of elasticity, it is pressed into void spaces and as a result, the area of inter particle contact
increases. When the particles come together they form local bridges which selectively
support and dissipate the applied pressure. Interlocking of particles may also occur. The
moisture gets evaporated to steam at this stage and helps in moistening the biomass. The
biomass gets further compressed in the tapering die to form the briquette. In this section,
removal of steam and compaction take place simultaneously; the pressure exerted transmits
throughout the material giving uniform pressure, and therefore, uniform density throughout
the briquette. In the compression zone the occluded air is pushed back to the feed section and
thermal conductivity is improved due to compaction. During its passage through the
compression zone the biomass absorbs energy from friction so that it may be heated and
mixed uniformly through its mass. Brittleness, plasticity, and abrasivity are some of the
important factors for pressure compaction. The speed of densification determines the relative
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importance of the various binding mechanisms. The aim of compaction is to bring the smaller
particles closer so that the forces acting between them become stronger which subsequently
provides more strength to the densified bulk material. The product should have sufficient
strength to withstand rough handling. If uniform pressure is not applied throughout the entire
volume of the material, it causes variations in compact density in the product.
The properties of the solids that are important to densification are:


Flowability and cohesiveness (lubricants and binders glycerine+cow dung can impart
these characteristics for compaction)



Particle size (too fine a particle means higher cohesion, causing poor flow)



Surface forces (important to agglomeration for strength)



Adhesiveness



Hardness (too hard a particle leads to difficulties in agglomeration)



Particle size distribution (sufficient fines needed to cement larger particles together
for a stronger unit).
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CHAPTER 7

BINDING MECHANISMS OF DENSIFICATION
In order to understand the suitability of biomass for briquetting, it is essential to know
the physical and chemical properties of biomass which also influence its behavior as a fuel.
Physical properties of interest include moisture content, bulk density, void volume and
thermal properties. Chemical characteristics of importance include the proximate and
ultimate analysis, and higher heating value. The physical properties are most important in any
description of the binding mechanisms of biomass densification. Densification of biomass
under high pressure brings about mechanical interlocking and increased adhesion between the
particles, forming intermolecular bonds in the contact area. In the case of biomass the binding
mechanisms under high pressure can be divided into adhesion and cohesion forces, attractive
forces between solid particles, and interlocking bonds. High viscous bonding media, such as
tar and other molecular weight organic liquids can form bonds very similar to solid bridges.
Adhesion forces at the solid-fluid interface and cohesion forces within the solid are used fully
for binding. Lignin of biomass/wood can also be assumed to help in binding in this way.
Finely divided solids easily attract free atoms or molecules from the surrounding atmosphere.
The thin adsorption layers thus formed are not freely movable. However, they can contact or
penetrate each other. The softening lignin at high temperature and pressure conditions form
the adsorption layer with the solid portion. The application of external force such as pressure
may increase the contact area causing the molecular forces to transmit high enough which
increases the strength of the bond between the adhering partners. Another important binding
mechanism is Van der Waals’ forces. They are prominent at extremely short distances
between the adhesion partners. This type of adhesion possibility is much higher for powders.
Fibers or bulky particles can interlock or fold about each other as a result forming
interlocking or form-closed bonds. To obtain this type of bond, compression and shear forces
must always act on the system. The strength of the resulting agglomerate depends only on the
type of interaction and the material characteristics.
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7.1 Factors affecting densification
The properties of the biomass materials that are important to densification process are:


Flow ability and cohesiveness (lubricants and binders can impart these characteristics
for compaction).



Particle size (too fine a particle means higher cohesion, causing poor flow).



Surface forces (important to agglomeration for strength).



Adhesiveness.



Hardness (too hard a particle leads to difficulties in agglomeration).



Particle size distribution (sufficient fines needed to cement larger particles together
stronger unit).

Other factors that greatly influence the densification process and determine briquette quality
are:

 Temperature and pressure:


It was found that the compression strength of densified biomass depended on the
temperature at which densification was carried out



Maximum strength was achieved at a temperature around 220ºC.



It was also found that at a given applied pressure, higher density of the product was
obtained at higher temperature.



It is reported that for pellets produced in a laboratory scale device in the temperature
range 130ºC to 170ºC, both strength and moisture stability increase with increasing
press temperature.

 Moisture Content:


Moisture content has an important role to play as it facilitates heat transfer.



Too high moisture causes steam formation and could result into an explosion.



Suitable moisture content could be of 8-12%.

 Particle Size and Size reduction:


The finer the particle size, the easier is the compaction process



Fine particles give a larger surface area for bonding.



It should be less that 25% of the densified product.



Could be done by means of a hammer mill.
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Wood or straw may require chopping before hammer mill.

 Energy Required for Biomass Densification:
At present a screw extruder will consume 13 kWh of electricity in producing 100 kg
of sawdust briquettes per hour. This implies a ratio between input and output of 3% (1
kg of briquette = 15 MJ).

 Compaction ratio:
The compaction ratio of screw presses ranges from 2.5:1 to 6:1.

7.2 Flow characteristics
The material should be granular and uniform so that it can flow easily in bunkers and
storage silos. Some of the appropriate agro-residues are described below:
7.2.1 Rice husk
When compared to sawdust, agro-residues have a higher ash content, higher potash content
and have poor flow characteristics. However, rice husk is an exceptional biomass. It has good
flow ability, normally available with 10 percent moisture and the ash contains fewer alkaline
minerals, thereby it has a high ash sintering temperature. In fact, it makes an excellent fuel
although its calorific value is less than wood and other agro-residues.
7.2.2 Groundnut shell
Because of low ash (2-3%) and moisture content less than 10%, it is also an excellent
material for briquetting.
7.2.3 Cotton sticks
This material is required to be chopped and then stored in dry form. It has a tendency to
degrade during storage. Also, it has a higher content of alkaline minerals and needs to be used
with caution.
7.2.4 Bagasse/bagasse pith
These residues have high moisture content of 50% after milling, hence drying is energy
intensive. They have low ash content and a correspondingly high heating value of the order of
4400 kcal/kg. Pith is the small fibrous material which has to be removed from bagasse before
bagasse is used as feedstock for making paper. Due to shortages of wood and increasing
demand for paper and pulp, an ever increasing number of paper units are switching over to
bagasse as feed material. The amount of pith available is almost equal to the tonnage of paper
produced by a paper mill. This is a potential material for briquetting.
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7.2.5 Coffee husk
An excellent material for briquetting having low ash and available with 10 percent moisture
content. The material is available in the coffee growing areas of Karnataka and Kerala.
7.2.6 Mustard stalks
Like cotton sticks, it is also an appropriate material for briquetting
7.2.7 Saw dust
Saw dust is also used for briquettes it is available huge quantity in saw mill.
7.2.8 Glycerine
It is also called as glycerol , is an odorless chemical we are using this as a binder. It is
obtained from animal fats & vegetable oils ( litre 25 Rs).
7.2.9 Cow dung
Cow dung is naturally & hugely available in rural areas we can use that as binding agent in
briquettes.
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CHAPTER 8

DESIGN OF BIOMASS BRIQUETTE MACHINE
8.1. Design procedure for a product
When a new product or their elements are to be designed, a designer may proceed as follows:
1. Make a detailed statement of the problems completely; it should be as clear as possible &
also the purpose for which the machine is to be designed.
2. Make selection of the possible mechanism which will give the desire motion.
3. Determine the forces acting on it and energy transmitted by each element of the Machine.
4. Select the material best suited for each element of the machine.
5. Determine the allowable or design stress considering all the factors that affect the Strength
of the machine part.
6. Identify the importance and necessary and application of the machine.
7. Problems with existing requirement of the machine productivity and demand.
8. Determine the size of each element with a view to prevent undue distortion or breakage
under the applied load.
9. Modify the machine element or parts to agree with the past experience and judgment and
to facilitate manufacture.
10. Make assembly and detail drawings of machine with complete specification for the
materials and manufacturing methods i.e. accuracy, Surface finish etc.
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8.2.Structural design methods
It describes some of the mathematical technique used by designers of complex
structures. Mathematical models and analysis are briefly describe and detail description is
given of the finite – element method of structural analysis. Solution techniques are presented
for static, dynamic & model analysis problems. As part of the design procedure the designer
must be analyses the entire structure and some of its components. To perform this analysis
the designer will develop mathematical models of structure that are approximation of the real
structure, these models are used to determine the important parameters in the design.The type
of structural model the designer uses depends on the information that is needed and the type
of analysis the designer can perform.
Three types of structural models are
1. Rigid Members: The entire structure or parts of the structure are considered to be
rigid, hence no deformation can occur in these members.
2. Flexible members : The entire structure or parts of the structure are modeled by
members that can deform, but in limited ways. Examples of this members trusses,
beams and plates.
3. Continuum : A continuum model of structure is the most general, since few if any
mathematical assumptions about the behavior of the structure need to be made prior
to making a continuum model. A continuum member is based on the full three –
dimensional equations of continuum models.In selecting a model of the structure, the
designer also must consider type of analysis to be performed. Four typical analysis
that designers perform are :
 Static equilibrium : In this analysis the designer is trying to the determine the overall
forces and moments that the design will undergo. The analysis is usually done with a
rigid members of model of structure and is the simplest analysis to perform.
 Deformation : This analysis is concerned with how much the structure will move
when operating under the design loads. This analysis is usually done with flexible
members.
 Stress : In this analysis the designers wants a very detailed picture of where and at
what level the stresses are in the design. This analysis usually done with continuum
members.
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8.3. DESIGN OF ANGLES
Here, The maximum load due to all factors = 100 kg (including friction)
F= 100kg = 100 x 9.81 = 981 N.
We know that he load on each link,
F1 = 981/4 = 245.25N.
Assuming a factor of safety as 2, the links must be designed for a buckling load of
Wcr = 245.25 x 2 = 490.5 N
Let t1= Thickness of the link
b 1= width of the link
So, cross sectional area of the link = A = t1x b1
Assuming the width of the link is three times the thickness of the link, i.e.b1= 3 x t1
Therefore
A= t1x 3 t1 = 3 t12
And moment of inertia of the cross section of the link,
I = 1/12 t1b13
= 2.25 t14
We know that I = AK2, where k = radius of gyration.
K2 = I/A = 2.25 t14 / 3 t12 = 0.75 t12
Since for the buckling of the link in the vertical plane, the ends are considered as hinged,
therefore, the equivalent length of the link
L = l = 500 mm.
And Rankin’s constant, a = 1/ 7500
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Now using the relation,
FxA
Wcr =

with usual notation,
1 + a ( L / K)2

Here f = 100 N / mm2
100 x 3 x t12
490.5 =
1 + (1 / 7500)

(5002/0.75t12)

300 t12
490.5 =
1 + 44.44 / t12
300 t14 – 490.5 t12 –44.44x 490.5 = 0
t12 = 34.567
t1 = 5.87 mm
b 1 = 3 x t1 = 3 x 5.87 = 17.638 mm.
But the standard angle available of 35x 35x 5 hence for safer side we have selected it.
This can bear the impact loading. Hence our design is safe.

8.4. Power Transmission to the conveyer
Q = 43

⁄ℎ

Power (P) =
=

× ×
× . × .

= 0.895 kW
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By converting unit to HP we get,
Power (P) = 0.895×1.36
= 1.22 HP
≈ 2 HP
8.4.1 Velocity of extruded material
Q = A1×

×δ

A1= p× Sd
= 0.02×0.006
= 1.2×10-4 m2

=

×

=

. ×

×

⁄ℎ

= 689.1

= 0.191m/s
8.4.2 Speed of shaft
Speed (N) =

d=
=

.

.

= 2.4 cm
Helix angle (∝)

= tan

∝ = tan

……Eqn 9.17 H.G. Patil

× .

= 14.8º
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a =
× .

=

. °

= 7.7 cm
.

N=

.

= 148.83
≈ 150 rpm

8.5. Design of screw
8.5.1 Torque transmitted by shaft
.

Torque (T) =

=

.

×

×

×

× .

…...Eqn. 4.1(a) H.G.Patil

= 94863.34 N-mm
8.5.2 Empirical equation for diameter of shaft
×

=

…… Eqn.4.4 H.G.Patil

= 810 for torsion

=

×

= 2.2 cm
= 22 mm
Standard diameter = d = 28 mm

……Table 4.4 H.G.Patil
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8.5.3 Maximum torsional shear stress due to torsional loading
Shear stress

( )=
=

……Eqn. 4.2(a) H.G.Patil
×

.
×

= 22.008

⁄

Hence design is safe.

8.6. Design of key
Key Dimensions- from table (4.2) K. Mahadevan & K. Balaveera Reddy for ∅22 mm
Width = b = 8mm
Height = h = 7mm
Length = L = 40mm
The type of key used is parallel key.
8.6.1 Shearing stress on key

=

……Eqn. 5.17 H.G.Patil

.

d= diameter of shaft in mm

=

.
.

×

×

= 3.85 ⁄

8.7. Design of gears
No. of teeth on driving gear=27
No. of teeth on driven gear=65
Gear ratio=
Gear ratio=
Gear ratio=2.4:1
Power(P)=0.895 kw =895watt
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Speed(N)=150 RPM
We know that ,
Power(P)=
895=

∗ ∗

∗

Torque (T)=56.97 N-m
T=56970 N-mm
F=
F=
F=712.125 N
Where ‘F’ is the Tangential load

∗

Using Lewis equation . Tangential load F=

10 ∗ 10) (

=21.91 N/

∗

∗ (712.125=

∗ 0.1034 ∗

∗

)

8.8 FABRICATION
1. Screw: We took washer of diameter 80mm,(4 nos) further we have cut each washer
into 2 halves,and extruded them with the help of extrusion die then welded it on mild
steel shaft of diameter 25mm.
2. Screw housing: We took mild steel pipe of 100mm diameter and housed it on
screw.for compacting of material.
3. Base: We have purchased L channel of size (35x35x5)mm of mild steel material &
operations performed are cutting and welding, to construct the base.
4.

Gears:We have purchased two set of gears of cast iron material larger gear 65 teeths
and smaller gear 27 teeths.

5. Hopper: We purchased sheet metal cut into of size (300x300x100) 4 pieces at 45
degree angle and welded to form an hopper.
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CHAPTER 9

MANUFACTURING OF BRIQUETTES BY HYBRID
BIOMASS BRIQUETTING MACHINE
In this we are explaining the procedure to be followed for producing briquettes using saw
dust as a raw material.
9.1 Procedure
1.Initially prepared raw material (sawdust+cowdung+glycerine) is fed through hopper.
2. Switch on the motor if power supply is not available then it is operated by manually with
help of hand lever both operation produce the solid briquettes.
3. Then screw starts to rotate & takes the load from the hopper.
4.The volume of the material is decreased as it is transferred from the hopper to the die exit
through screw & hence the raw material is compacted.
5. The cone die of exit diameter 70mm is used for the compaction process.
6. This briquetting process consists of extrusion of the material by a screw extruder which
acts as a continuous feeder.
7. The end product is continuously drawn out a particular rate through the die exit.
8. The produced briquettes are dried under sun light for 7 to 15 days.
Table 9.1: Raw Materials Composition
Ram material
Saw dust
Cow dung
Glycerine

Mixture in (%)
80%
15%
5%

9.2 Other raw materials to produce briquettes
 Rice husk
When compared to sawdust, agro-residues have a higher ash content, higher potash content
and have poor flow characteristics. However, rice husk is an exceptional biomass. It has good
flow ability, normally available with 10 percent moisture and the ash contains fewer alkaline
minerals, thereby it has a high ash sintering temperature. In fact, it makes an excellent fuel
although its calorific value is less than wood and other agro-residues.
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 Groundnut shell
Because of low ash (2-3%) and moisture content less than 10%, it is also an excellent
material for briquetting.
 Bagasse/bagasse pith
These residues have high moisture content of 50% after milling, hence drying is energy
intensive. They have low ash content and a correspondingly high heating value of the order of
4400 kcal/kg. Pith is the small fibrous material which has to be removed from bagasse before
bagasse is used as feedstock for making paper. Due to shortages of wood and increasing
demand for paper and pulp, an ever increasing number of paper units are switching over to
bagasse as feed material. The amount of pith available is almost equal to the tonnage of paper
produced by a paper mill. This is a potential material for briquetting.
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CHAPTER 10

ADVANTAGES, DISADVANTAGES AND APPLICATIONS
10.1 Advantages


The output from the machine is continuous and not in strokes, and is also uniform in
size



The bulk density is higher (1500 kg/m³ against 1200 kg/m³ for the die and punch
technology).



The machine is very light due to the absence of reciprocating parts and flywheel.



They have low ash content value and nearly an average calorific value of 4,500
kcal/kg.



Densified product is easy to transport and store.



It uses man power and also electric power to produce the biomass briquettes.

10.2 Disadvantages


The power consumed by this equipment is high compared to other briquette
production systems.



The wear rate of the screw is very high.



There is a limitation on the raw material that can be compacted.

10.3 Applications
The briquettes are particularly recommended for:


Boilers.



Food processing industries.



Agro-products.



Clay products.



Domestic.



Gasification.



Charcoal.
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For steam generation.



Distilleries, bakeries, canteens, restaurants and drying etc.



Brick kilns, pot firing etc.



Cooking and water heating.



Fuel for gasifiers.
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CHAPTER 11
EXPERIMENTAL PROCEDURE TO CALCULATE CALRIFIC
VALUE OF THE PRODUCED BRIQUETTES
We can measure the amount of heat from a combustion reaction by measuring the effect the
heat produced from the reaction has on a container surrounding the reaction chamber filled
with water. This apparatus is called a bomb calorimeter. The test procedure includes the
following steps:
 The instrument was calibrated and verified using a benzoic acid tablet.


The biomass sample of 0.5 - 1.0 g was weighed on a precision balance.



The powdered sample was inserted in the capsule and the capsule was pressed to
compact the material.



The capsule was carefully placed into the holder.



The cotton thread was attached and the firing cotton was ensured that lies on top of
the capsule.



The bomb was lowered in the calorimeter and the cover was then closed.



The start button was pressed to begin the test.

Fig.11.1. Bomb calorimeter set up
 Recorded values of temperature(for every 10 seconds , up to six readings) are used to
calculate the calorific value of the briquettes.
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(
 Calorific value (Kcal/kg) =

)∗(

)

Where,
W = weight of water in calorimeter (kg),
w = water equivalent of apparatus
T1 = initial temperature of water (℃),
T6 = final temperature of water (℃)
X = weight of fuel sample taken (kg)
C.V =

(

.

)∗(

)∗

= 4300 Kcal/kg
 Calculated values are listed in the below results table.
 Ash content calculating procedure
 2gm of oven dried pulverized briquettes were weighed in a crucible (W2) this was
placed in the furnace for 4hrs at 550℃ to obtain the ash weight (W4). Percentage Ash
Content (%Ash Content) was calculated as:
(

%Ash =

)
(

.

=
= 8%

)

∗

 Density is calculated by
Density=

=

Kg/m
.

∗
.

=1288 kg/m
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CHAPTER 12

RESULT & DISCUSSION
In recent years, the use of biomass as a source of energy became of great interest
world-wide because of its environmental advantages. The use of biomass for energy
production (biofuels) has been increasingly proposed as a substitute for fossil fuels. Biomass
can also offer an immediate solution for the reduction of the CO2 content in the atmosphere.
It has three other main advantages: firstly its availability can be nearly unlimited, secondly it
is locally produced and thirdly it can be used essentially without damage to the environment.
In addition to its positive global effect in comparison with other sources of energy, it presents
no risk of major accidents, as do nuclear and oil energy. Due to their heterogeneous nature,
biomass materials possess inherently low bulk densities, and thus it is difficult to efficiently
handle large quantities of most feed stocks. Therefore, large expenses are incurred during
material handling (transportation, storage, etc.).
As coal is a non renewable source of energy and is on the verge of extinction .Thus
there is a immediate need of finding a substitute to it. The following table explains using of
biomass briquettes as a substitute to coal in near future. Following pictures are the briquettes
produced by hybrid biomass briquette machine.

Fig.12.1.Briquette
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Table.12.1: Results of above showed briquette

Fuel

Density Kg/m3

Calorific Value

Ash Content

Kcal/Kg

(%)

1300

3800-5300

20-40

Sawdust

1100

4600

0.7

Sawdust+ Cow

1288

4300

8

1000

3200

20

Coal
Bio Mass Briquettes From:

dung +Glycerine
Cow dung cake
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CHAPTER 13

ESTIMATION AND COSTING
Table .14.1: List of material required & equipment cost

Sl.No
1
2
3
4
5
6
7
8
9
10
11

Parts

Unit Price(Rs.)

2 HP Motor
Hopper
Base
Main pulley
Raw materials
Power transmission shaft
Gears
Feed screw
Hand lever
Screw housing or feeder
Die heater

4000
500
1000
2000
1500
3000
3000
2500
500
2000
1000

GRAND TOTAL

21000

 Labour charges & fabrication cost= 5000
 Travelling cost
= 2000
Total Cost=Material Cost+ Labour Cost+Travelling Cost
= 21000+ 5000+2000
Total Cost = 28000
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CONCLUSION
The raw material availability for the device is quite good and the handling is quite
simple. For commercial purpose one can improve the efficiency of the device effectively by
increasing the size of the device. The lowest electrical energy consumption for saw dust.
briquettes produced, without and with pre-heating respectively & It can be operated in the
absence of electricity The briquetting system used is based on a power screw concept, and is
suitable for the briquetting of the carbonized agricultural waste for household fuel
production. The system showed a very good production rate. The production rate of this
system is found to be 120 kg/hr(when operated by a motor) & 60-80 kg/hr(manually), The
binder content required by this system was lower. which means a big reduction in the total
production cost, and better quality due to the lower smoke generation. The initial moisture
content of the slurry required for the new system was reduced to 35% instead of 50% this
resulted in lower drying time of the produced briquettes.

FUTURE SCOPE
We feel the project that we have done has a good future scope in any engineering
industry. The main constraint of this device is the high initial cost but has low operating
costs. The die should be heat treated to have high strength.
Savings resulting from the use of this device will make it pay for itself with in short
period of time & it can be a great companion in any engineering industry dealing with rusted
and unused metals.
The device affords plenty of scope for modifications, further improvements &
operational efficiency, which should make it commercially available & attractive. If taken up
for commercial production and marketed properly, we are sure it will be accepted in the
industry. It has plenty of scope if the device is made larger in size.

50

BIBLIOGRAPHY
[1.] Teerapot Wessapan, Nisakorn Somsuk and Theerapong Borirak ,Design
andDevelopment of a Compact Screw-Press Biomass Briquetting Machine fo
Productivity Improvement and Cost Reduction
[2.] Dr.Nandini Shekhar,2010,Popularization of Biomass Briquettes A Mean
Sustainable Rural development, Asian Journal Of Management Research.
[3.] USAID. 1993. Advancing Cogeneration in the Indian Sugar Industry. USAI
Report No. 93-02, Winrock International, USA.
[4.] H.G.Patil, Machine Design DATA Hand Book,Shri Shashi Publications.
[5.] Balaveer Reddy, Machine Design Data Hand Book,Cbs Publications.
[6.] S.S.Rattan, Theory of Machines,2nd edition -2008,Tata McGraw Hill Publishing
company limited, New Delhi
[7.] Maninder1, Rupinderjit Singh Kathuria2, Sonia Grover3 IOSR Journal of
Electrical and Electronics Engineering (IOSRJEEE) ISSN: 2278-1676 Volume 1,
Issue 5 (July-Aug. 2012), PP 11-15

51

APPENDIX
Project Exhibition at KSCST Nodal Centre (SJBIT,Belagavi) 31 May 2017

Our Project Batchmates With Our Guide
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