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Preface

Pine needles are found in abundance in the Himalayan region of India. These are considered as a
major source of forest fire in the region. In order to address the issue of forest fire and to generate
livelihood options for the communities in the region, Indian Institute of Technology Roorkee &
UPES Dehradun submitted a project proposal to National Mission on Himalayan Studies
(NMHS), Ministry of Environment Forest and Climate Change, Government of India, which got
approved under the title “Socio economic value creation through forest bio-residue based

energy generation in alignment with UN’s SDG’s”.

One of its objectives of the project was to develop a technology intervention which was
accomplished by designing a manually operated briquetting and crusher machine which can
harness the forest-based bio-residue (pine needles) available in abundance in the region. This
machine is capable of converting forest bio-residue into a meaningful product in the form of

briquettes which can be used as an alternative to traditional fuel used in the region.

The usage of the developed machine required training and workshops which were conducted at
IIT Roorkee, UPES Dehradun and at the site of installation of machines that is Shyamkhet near
Bhowali and Chopra near Kathgodam in district Nainital. During the training and workshop
schedules a need to write a manual in the form of guidelines addressing all the queries that the
team faced while addressing the queries of the concerned people was strongly felt. This motivated
the team to come up with a manual of guidelines related to the machine, an effective usage and
maintenance for longer and cost-effective life of machine. Besides guidelines related to the
operation and maintenance of the briquetting and crusher machine it also addresses the post and
pre-production steps that are important in order to get the desired quality of the output/product.
The guidelines are based on the observation and information that the experts from the project team
gathered while working demonstrating the machine. Figures are also given to explain the sequence

of events in a better way.




Statement of Purpose of the Project

The Himalayan region in India gets a large quantity of forest-based biomass of pine needles with
a potential to become an immense source of renewable energy if utilized methodically. The project
has multidimensionality of purpose that primarily focuses on the development of entrepreneurial
and livelihood opportunities amongst the willing people through technological interventions with
an aim of sustainable development. Employment generation can be realized through the
intervention of portable version of bio-briquetting machine that can provide cleaner, cheaper and
accessible energy solutions to the community. The wider purpose of the project is to realize the

development of an IT enabled self-sustained value chain structure.
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1. Pre-processing of Pine Needles

Make sure that the pine needles are dry. If not, make them dry through normal sun

drying for at least one day.

Use concrete floor or some plastic sheet as shown in Fig.1 for spreading pine needles.

This will prevent the moisture coming from the ground/field.

(a) Using Plastic sheets (b) Using concrete floor

Fig.1 Pine needles are sun dried

Mix them well after every one hour of sun drying so that the entire lot gets enough

exposure to the sunlight.

It is advisable to remove the foreign particles at this stage only. Foreign particles

include wood, stone, metal, glass or plastic.

Store the dried pine needles in a plastic bag or spread them in a sheet, nicely covered

so as to prevent the exposure from moisture or rain.

Remember Pine needles are highly inflammable, therefore have to be protected from

fire by covering them with fire proof material.

There must be a fire extinguisher near the place where pine needles are stored.




2.General layout of the Crusher

Fig.2 Crusher Machine

a) Seat b) Handle

c) Switch ) d) D.C Motor (24-Volt)

e) Hopper f) Outlet

g) Chain pedal mechanism h) Pulley belt mechanism

The complete crusher setup consists of crusher machine, set of 12-volt batteries along with a

solar panel as shown in the Fig.3.

Fig.3 Crusher machine and its associated setup




3.0peration of Crusher

Crusher can be operated in two modes

1.

Manual mode: With the help of chain pedal mechanism.

2. Battery mode: With the help of battery-operated D.C motor.

Common points for both modes of operation which must be kept in mind before

using the crusher

1.

Before using pine needles on the crusher machine make sure to separate foreign
particles (wood, stone, metal, plastic) if any. Foreign particles not only degrade the

quality of the briquettes but also damage the blades of the crusher machine.

To collect the fine particles coming out of the crusher, place the plastic sheet below

the outlet provided in the machine.

3.1 Manual Mode

1.

Before operating the crusher on manual mode, make sure that the belt connected to

the dc motor is loose or removed.

All the electric connections must be removed from the crusher prior to running it with

pedal mechanism.

Take around 150 gm of pine needles at a time and put them inside the crushing

chamber by using a hopper provided in the machine.

Sit on the seat provided in the machine and start pedalling.

Make sure that the raw material fed in step 3 has been cut completely (pedalling

becomes light once the lot is crushed completely).

Feed the machine with the new lot of pine needles after the first lot is completely out.

Rest the pedalling once the fine particles stop coming out from the machine.

Collect the fine particles from the outlet provided in the machine.




3.2 Battery mode

1. Prior to running crusher on battery mode, make sure that all the electrical connections

are well connected with the battery.

2. Connect the belt provided with the motor and tight the nut provided in the mounting.

3. Remove the belt connected to the chain pedal mechanism.

4. To start the motor provided in the machine, turn on the switch provided with the crusher

as shown in the figure given below.

Fig.4 Switch is provided to turn on the motor in crusher

5. Take around 150 gm of pine needles at a time and put them inside the crushing

chamber by using a hopper provided in the machine as shown in the Fig.5




Listen to the sound coming from the crusher machine, the sound of the crusher
machine changes as the pine needles gets into the cutting chamber and it comes to

normal sound as the previous lot gets completely crushed.

Make sure that the raw material fed in step 5 has been crushed completely only then
feed the machine with the new lot of pine needles.

Collect the fine particles from the outlet.




4. Maintenance of Crusher

1. Basic Tool kit is provided with the given machines as shown in the figure below. Given

set of tools are capable enough for the primary maintenance of the machine.

Fig.6 Basic tool kit

a) L shaped key
b) 12-13 No key
c) 14-15 No key
d) 28-42 No key
e) Plier

f) Washer

2. In case of jamming of blades in crusher, open the crushing chamber with key no 13

from the direction as shown in Fig.7.

Open from this
side

Fig.7 Opening of Crushing chamber




It is advisable to apply oil and grease to chain pulley mechanism present in the crusher

at regular intervals.

Check regularly the electric connections provided in the crusher machine. If any cut

appears in the connecting wire, immediately replace it with the 4mm new electric wire.

It is advisable to clean the surface of solar panel provided with the crusher setup.

It is mandatory to charge the battery of crusher machine on regular intervals even if
the machine is not in use. Avoiding this, could result in damage of battery.

If battery is down for several days. Avoid using same with the crusher until it is charged

fully.




8.

9.

5. General precautions while using Crusher

Place the crusher machine on a plane surface to avoid falling from the machine.

Before sitting and starting to pedal, make sure that the chain pulley mechanism is

working well.
Avoid using moist pine needles as they may jam the rotation of blades.

Do not overfeed the machine. This may result in jamming of blades or damage the

motor of the machine (when machine is working on the motor mode).

When the crusher is working on the motor do not sit on the seat provided. It may hurt

the person.
Keep the crusher away from rain. It is advisable to cover it with sheet when not in use.

Before running the crusher on dc motor, make sure that battery is charged enough to

provide the necessary power to the motor.
While making electric connections, keep a closer look at the polarity of the terminals.

Keep the battery away from the reach of minors.

10. Keep the battery away from the rain and water.




6.General layout of Briquetting machine

Hopper

Metallic plate
Cavity/chamber
Movable block with die
Piston

Ejector
Lever1/arm1
Lever2/arm2
Hydraulic cylinder
Pressure Knob
Metallic Base

Oil knob

Pedal

Fig.8 Briquetting Machine




7.0peration of Briquetting machine

1. Before starting to work on the machine make sure to wear the gloves and mask as dry

particles may pinch and one may inhale pine dust while breathing.

2. Make sure that the pressure knob (j) is tight (if not rotate the pressure knob in the
direction as shown in Fig.9).

Rotate
this way

Fig.9 Rotate Pressure knob in clockwise direction

3. Feed the machine using hopper provided in the setup as shown in the Fig.10.

b

Fig.10 Feed the machine with the help of hopper

4. It must be noted that larger particle size may block the exit passage in the hopper and

therefore size of the particle must be small.

—
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(a) Do not use big pine needles b) Use only crushed pine needles

Fig.11 Use of correct size pine needles

5. Start with arm1 to provide initial push that can be applied by moving the lever in up and
down direction. Once the pressure is reached to its maximum level, it is advisable to
switch to the arm2 and pedal in order to provide final pressure. Stop when the

maximum pressure is reached i.e. piston ceases to move further.

6. Release the pressure by rotating the pressure knob(j) provided on the side of hydraulic
cylinder, piston will come back to its initial position.

Rotate
this way

Fig.12 Rotate Pressure knob in the mentioned direction

7. Move the metallic block containing the die by 90 ° in upward direction.

8. Use ejector lever(f) for taking briquette out of the die. Make sure that the briquette is

ejected, only then feed the machine with new material.

—

]
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8.Maintenance of Briguetting machine

1. Basic Tool kit is provided with the given machines as shown in the figure below. Given set

of tools are capable enough for the primary maintenance of the machine.

f
Fig 13 Basic tools kit

a) L shaped key

b) 12-13 No key

c) 14-15 No key

d) 28-42 No key

e) Plier

f) Washer

2. If jamming of piston occurs, briquetting machine can be disassembled easily into various
parts. Use key No. 13 to disassembled the piston from hydraulic mechanism and try to
move the jammed piston with hands.

Fig .14 Separation of piston from hydraulic

—

]
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If piston moves, Take the piston out of chamber and clean it with some cloth and again

assemble it with the hydraulics using same key.

If it is impossible to move piston even after its disassembling, then try to disassemble the
chamber as well using L shaped key. Doing this will make jammed piston to its initial state.

Assemble the machine again.

It has been observed that after running machine continuously for several months, washer
of the hydraulic usually gets damaged. In such condition hydraulic stops generating
pressure. It is advisable to change the old washer with the new one. Washer can be

changed by opening the seal present at the left corner of the hydraulic as shown in Fig
15.

a) Opening of seal in hydraulic b) Seal diassembled from the hydraulic

c) Damaged washer removed and replaced

Fig.15 Change of washer in the hydraulic machine

—
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U Seal (10X16X8)

O ring (10x 2.5) O ring (20x3)

Fig.16 Different types of washers used in the seal

—
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9. General precaution while using Briquetting machine

Make sure that there is no oil leakage from the hydraulic cylinder. If spilling of oil occurs

clean the same using a cloth.

. Avoid using wet pine needles as it may jam the piston and moving of die block.
Before rotating the die block, make sure that there are no particles or dust beneath the
same. If not done this may result is misalignment of metallic block with the ejector and
thus can damage the ejector mechanism.

Store the briquette preferably in a carton which is nicely packed as open air may
expose briquettes to moisture thereby severely reducing their binding strength and
thus the lifetime.

If machine is not in use, tight the oil knob (L) so as to avoid spill over of oil.

For proper functioning of machine, it is advisable to clean the machine after its usage

on daily basis.

——

]
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10.Packaging of Briguettes

1. For supplying briquettes in the market it is advisable to stack 4-5 briquettes properly

taped or tied together with the help of a thread as shown in the figure given below.

Fig.16 Stacked Briquettes

2. The stacked briquettes must be placed one above another in a carton. Packing

briquettes in this fashion avoids crumbling of briquettes during transportation.

——

Fig.17 Stacked briquettes placed one over another

3. Briquettes produced from the machine can be utilized as it is for self-use in house hold

cooking.

Fig.18 Loose briquettes

—
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11.Photo feature of project
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