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ABSTRACT:
Briquetting of biomass can address 
the problem of energy crisis.  The 
main objective of this study was to 
compare the heat value of the 
d i f ferent  types  of  b iomass  
briquettes prepared differently. 
Many agricultural residues like 
cotton stalk, Leguminous plants 
(dried), coconut shell and  fiber, 
te a k  l e ave s ,  g u ava  l e ave s ,  
chrysanthemum stalks, gum waste, 
dried and hardened guava, lady’s 
finger, Bamboo leaves, ordinary 

grass and cow dung etc. were densified using binder materials  like clay, cow dung, waste wheat flour 
and Tamarind seed paste.   Briquettes were prepared manually and were sun dried. Briquettes were 
prepared by two methods, one by pre-charring the raw material and mixing with  a binder material, 
while in second method, raw biomass were directly mixed with binder material.  Mixing ratio was 1:3, 1 
part charred biomass plus 3 parts of binder material .Special charring stove used for charring the 
biomass is also discussed in detail in this article. Routine parameters like total solids, volatile solids, 
moisture content, ash content and calorific value were analyzed. Results clearly indicated that the 
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BRIQUETTES – A COST EFFECTIVE, SUSTAINABLE, ECOFRIENDLY, ENERGY SOURCE FOR RURAL COMMUNITY

agricultural residues pre-charred in a special stove gave more heat value in the range of 3110-4667 K 
cal/Kg than briquettes prepared without charring. 

Briquettes, charring, sustainable, energy, biomass, ecofriendly.

The need for alternate energy sources is increasingly apparent. Our fossil fuel resources are 
gradually depleting due to enormous growth in vehicular traffic along with fast industrialization.  It is 
not very far when our fossil fuel reserves will be exhausted.  It is high time that enough measures are 
taken to contain this unscrupulous demand of fuel. Cost of transport of fossil fuel limits its use in rural 
India.  At this juncture of energy crisis brings forth to attention the biogas technology and briquetting as 
an alternate energy sources, i.e. it is economically viable, sustainable, eco-friendly and unlimited in 
potential.   Biogas plants are a viable solution in rural areas but initial cost becomes limiting factor for 
the poor. But briquetting is most viable solution for the poor wherein raw material is available free of 
cost. In briquetting dual advantage of waste disposal along with value added product fuel is obtained. 
Compared to different sources of renewable energy, biomass residue holds special promise due to their 
inherent capability to store solar energy and easy preparation of briquettes.  Moreover, waste biomass 
production is more than a billion tones/year making it difficult to dispose, so its use in briquetting has 
many advantages.   Realizing the importance of the slogan “conservation” in every field has become the 
gospel truth. In environmental field, conservation is of utmost importance.  Realizing the importance of 
agricultural production on national economy efforts have been mooted to increase agricultural 
products.   But along with this, agricultural residue generation also increases many folds posing 
disposal problems.  A small quantum of this residue is used as an animal feed, bedding material for 
poultry keeping, packing material and as a fuel for industrial sector. But lack of proper burning in ill 
designed furnaces leads to air pollution. Briquettes can be burnt clean and therefore are ecofriendly, 
and also those advantages that are associated with the use of biomass are present in the briquettes (1). 

At this crucial period, briquetting of biomass / agricultural residue is the answer.  Briquetting is 
an age old practice but was not followed regularly.  Briquetting is more over an eco-friendly technique 
and sustainable in nature.  Common types of briquettes were charcoal and biomass briquettes. 
Briquetted fuel was equivalent to coal in energy content and at the same time pollution free. Briquettes 
of saw dust and paddy husk were used for Tobacco curing and reported (2).   It is reported in literature 
that Municipal solid waste is used in briquette preparation through compacting the waste.  This 
compacting has increased the calorific value of the briquettes than the loose material (3).

Studies have been reported on the use of different materials for briquetting and their 
comparative advantages (4,5). Briquettes were prepared from saw dust with different binder material 
and reported (6). Water hyacinth has been successfully utilized for biogas production (7). Now its 
utilization for briquettes is also elaborated in literature (8).

A review on the manufacture of briquettes is reported in literature (9).  Different forest residues 
have also been successfully employed in the briquette production (10) .  Feasibility of using Banana 
plant for briquette making has been tried but it has its limitations as banana fibers contain numerous 
capillary tubes which allow it to absorb and release liquid soon. It has further been concluded that the 
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briquettes prepared using banana waste is not worth the effort (11) .  Anthracite fines have been 
recycled by briquetting with pitch binder and report says that they are capable for use in smelting 
ilmenite (12). A report says that paddy straw can be compacted and made into briquettes (13) .In China, 
briquetting is followed very vigorously using forest woody biomass and its importance has been 
analyzed in detail (14, 15) .

Briquettes were produced from varieties of feedstock to compare their physical and chemical 
properties.   Pretreatment like different particle size studies, have also been studied and reported (16). 
Likewise durability of pellets / briquettes has also been studied and reported in detail (10).

General briquetting technology has been in use in Scotland, Indonesia, Sri Lanka, Pakistan, 
Nepal, Philippines, Bangkok, Bangladesh, India, Myanmar, Malawi etc.  But it was also reported that 
special stoves are needed to use the pellets / briquettes.  Even in densification of the biomass high 
pressure is needed to be applied, which increases the energy consumption. At this juncture, even 
simple briquetting can be of great importance as an eco-friendly and sustainable fuel for rural 
community.

Few cost effective and sustainable wastes were identified and used for briquette 
manufacturing. Different waste biomass which were used for this study were viz. dried leaves, sticks of 
leguminous plants, cotton stalks, dried unripe guava, hardened lady’s finger etc. Production of 
leguminous biomass is very huge in India. This dried biomass cannot be used as cattle feed due to its 
sharpness which cuts the throat and tongue of animals.  Animals do not feed on this biomass.  At such a 
situation briquetting of leguminous stalks is of immense use.

The above mentioned biomasses were collected and cut into required sizes and subjected to 
charring in a special stove. Briquettes were prepared by using charred and uncharred biomass in a 1:3 
ratio of charred material with binder at “Centre of Science for villages” a NGO at Wardha, India (17 ) . 
These different types of briquettes were subjected to few important parameters like total solids, total 
volatile solids, ash, carbon content, moisture content and calorific value.  All the analyses were carried 
out as per the standard methods (18) and the results are indicated in table  1 and 2.

In the present study the briquettes were manually prepared to suit the pockets of rural 
community.  Major study in the production of briquette which was looked into, was to increase the 
calorific value of the briquettes.  To increase the calorific value of the briquettes special eco-friendly 
charring method of the raw biomass was used and discussed in this article. Charring was done in a 
specialized stove (19) . Details of the charring (not burning) stove are described below.  Fig-1 shows the 
schematics of the stove.

All biomass waste was collected and initially  while filling the stove it is turned upside down.  A 
conical grating is placed at the bottom of the inner cylinder and the annular space is filled with loose 
biomass.  This stove can be filled with 2-3 Kg of biomass in each charge. Filling is done by shaking the 
stove for effective and proper filling. Biomass should not be pressed /compacted but care should be 
taken that there is no unfilled sections.   After filling biomass, it is covered with a lid and the stove is 

II.    MATERIALS & METHODS

CHARRING PROCESS:
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turned back to upright position.  Inner cylinder to a level of 3/4th volume is packed with 1 Kg of hard 
woody biomass. Before packing with wooden pieces, one layer of stones of 25-30 mm size is kept in the 
cylinder.  The tar generated during gasification cracks and burns when it strikes the hot stove.  This 
reduces pollution and improves combustion. 

Wood pieces in the central cylinder are lit from the top using waste cotton cloth dipped in 
kerosene as a starter fuel.  It is allowed to burn for 5-10 minutes.  Gas trapped between the loose 
biomass starts generating and sustains the process of smokeless combustion for a period of 1 hour in 
the gassifier mode.

When this wood sticks burn, heat is generated and this can be used for cooking for one hour. If 
cooking needs to be continued after one hour, then it is possible to kindle the heat in the centre cylinder 
by addition of further woody biomass, for another half an hour time period.  The stove will remain hot 
for about an hour after the burning stops.

After the stove cools down, it is turned upside down, by removing the lid which is fitted by nuts 
and bolts.   Biomass is recovered which has been charred.  When 3 Kg of biomass is filled, about 2 Kg of 
charr is obtained. This charr can be powdered and used for making briquettes and it can be directly 
used in a simple sawdust based stove for cooking and heating water etc.

Briquettes were produced from variety of biomass residues by different methods.  One method 
used for briquetting the biomass was as such (raw) while in the second method, biomass was charred in 
a special stove and the charr was powdered and used for briquetting. Cattle dung as a binder was used. 
In terms of calorific value both types of briquettes were compared and discussed.

From the combustion test, the amount of ash produced from the combustion of different 
briquettes is as indicated in Table 1. Ash content varied between 16 – 43.51%.  Chrysanthemum plant 
sticks gave minimum ash content of 16.0% while maximum ash content was observed in case of guava 
leaf of 43.51%. All the briquettes contained more or less constant moisture content in the range of 3.94 
– 7.60 %.

Most of the briquettes were prepared out of the charred material of the biomass while few 
biomass samples were randomly selected and directly used for briquetting (Table 2). All the briquettes 
were analyzed for calorific value. It is very clear from the results that the charred biomass resulted in 
more calorific value than the raw biomass as such. It can be inferred from the results that the same 
biomass gives different calorific value on charring i.e. leguminous plant plus cotton sticks when charred 
gave a calorific value of 4655 and 4534 Kcal/Kg respectively while the same biomass without charring 
when briquetted resulted in 1896 and 1890 Kcal/Kg respectively. Another 19 holed briquette prepared 
by charring gave calorific value of 8679 Kcal/Kg MGIRI, Wardha, India (20). It is hence clear that charring 
the biomass is more beneficial.  Moreover briquetting reduces carbon emission thus preventing air 
pollution. Among the biomasses studied charred waste gum briquettes were also found to be efficient 
in terms of calorific value which was around 3650 Kcal/Kg waste.

Briquettes made from materials that cost nothing or only a little money to procure such as dry 
leaves, grasses, decomposed plant waste, excelsior (wood shavings), saw dust etc. can be easily used as 
an alternative source of energy for both domestic and industrial purposes in place of fossil fuel, 
charcoal or electricity. Today, the major source of energy to the rural community is fire wood, which is 

III. RESULTS AND DISCUSSION
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easily available to them.  Moreover, electricity, gas and kerosene are either not available or the supply is 
very limited.  In such a situation briquette is the answer. Briquettes burn cleaner than charcoal and fire 
wood.  Moreover, carbon emission is reduced considerably. Briquetting technology turns waste 
materials in to an efficient fuel source and also achieves waste disposal. It is clear from the results 
shown in table  1 that briquetting is very attractive and is very eco-friendly and sustainable in nature. 
Charring results in more heat value. Literature reports that briquettes made from charcoal and sawdust 
is a desirable fuel because it produces a long lasting hot and virtually smokeless fire (4) .  Carbonization 
of dried biomass is most suitable substrate for briquetting. This has been amply proved in the present 
study. Collected biomass was charred in specialized stove. In this stove as detailed in the materials and 
method section, 3.0Kg of biomass filled in the stove results in 2.0Kg of charr.  

Production of briquettes from dry plant sticks, leaves and stems exemplifies the potential of 
appropriate technology for wood waste utilization very fruitfully. It is seen from the results that cotton 
stalk when briquetted had given a calorific value of 1890 Kcal/Kg while charred cotton stalk resulted in a 
heat value of 4534 Kcal/Kg. This trend was observed in case of leguminous plant stalks also wherein raw 
stalk resulted in a heat value of 1896 Kcal/Kg while charred one resulted in 4655 Kcal/Kg. This may be 
due to the reduction of moisture content of the biomass. Besides, briquettes have the advantage over 
fuel wood in terms of greater heat intensity cleanliness, convenience in use and relatively minimal 
space requirement for storage and reduced gas emission. 

It is seen from the results that Guava leaf briquette had highest volatile matter to the tune of 
91.61%. But there appeared no correlation between the calorific value and volatile solids content.

Coconut fiber after charring resulted in a heat value of 3510 Kcal/Kg. Moreover all the 
briquettes were prepared using charred biomass which was finely powdered of less than 4-5 mesh. This 
correlates very well with reported values in literature also. Plant volatile matter in the briquettes were 
between 74.31% and 91.61% in major briquettes while bamboo leaves briquette has minimum of 
57.61% followed by Grass briquette 59.93% and Teak leaves briquette had 64.77% . But there appeared 
no trend between the volatile solids content and heat value. Literature has reported carbon content in 
the range of 19.42% and 42.10 %. In our study, the carbon content ranged between 3.07% and 46.77% 
in the briquettes. Heat value of the briquettes studied in this experiment ranged between 3110 – 4667 
Kcal/Kg for pretreated biomass by charring and between 1130 - 2900 Kcal/Kg for uncharred biomass. 
Briquette prepared by charring the biomass has been proved to be better option and results in more 
heat value. This has also been reported by Mahatma Gandhi Industrial and Rural Institute (20) . It has 
been further reported that briquettes prepared from leguminous plant sticks and mixture of dried 
guava and coconut shell, Lady’s finger (dried) and dry leaves resulted in efficient calorific value of 
6350Kcal/Kg and 5950Kcal/Kg of waste respectively (20) .

Literature has reported a heat value of 3421 Kcal/Kg (14372.93 KJ/Kg) and 3084 Kcal/Kg (12953 
KJ/Kg) for cowpea and soya bean husks (21) . Groundnut shells resulted in 3000 Kcal/Kg (12600 KJ/Kg) 
(22) . Compared to all these values, the briquettes prepared and studied in the present study, resulted 
in better heat value which may be due to charring.

Average heat value and percent volatile matter of 3359 Kcal/Kg and 91.61% respectively, for 
briquettes made from charred Guava leaf are marginally higher than the reported value in literature. 

The energy value and combustion qualities of the briquettes produced and studied in this 
experiment are sufficient enough to produce enough heat for routine cooking meals and also for 
industrial application, particularly in fulfilling energy needs of the small scale industries.  Minimal 
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quantity of carbon emission make them environmental friendly and very safe for the users.  There is a 
less risk of lung infection compared to normal fire wood.  Briquetting also reduces the carbon emission 
along with green house gas effects. 

Clean energy along with disposal of huge quantity of waste biomass is achieved.

It is inferred from the studies that charring of raw biomass before briquetting results in more 
heat value than raw biomass.  All the biomass materials used in this study are suitable for briquette 
production for rural, urban and industrial sectors. They burn slowly and give more heat.  Use of these 
briquettes is environmental friendly, less carbon emission, reduces the health problems associated 
with the use of fuel wood. 

Briquetting results in dual advantage of waste biomass disposal in an eco-friendly way and at 
the same time it is a value added proposal.
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*All the values are average of two sets of readings and results are expressed in percent, calorific value is 
in kcal/kg.

Table no.1
Characteristics of different briquettes (charred)

7

Sample Calorific 
Value 

(kcal/kg) 

Total 
Solids 
(%) 

Volatil
e 

Solids 
(%) 

Carbon 
Content 

(%) 

Ash 
Content 

(%) 

Moistur
e 

Content 
(%) 

Cotton stalk 4534 95.13 78.26 45.40 16.67 4.87 
Tur stalk 
(leguminose) 

4655 96.0 80.65 46.77 16.0 4.0 

Teak leaf 3812 96.05 64.77 37.56 32.54 3.94 
Guava leaf 3359 95.83 91.61 33.13 43.51 4.17 
Chrysanthemu
m sticks  

4401 93.87 78.78 45.69 16.07 6.13 

Tarota Plant 
waste (Cassia 
Tora) 

4667 95.13 79.40 46.05 16.53 4.87 

Grass 3361 94.45 59.93 34.76 36.76 5.55 
Bamboo leaves 3110 94.54 57.01 33.07 39.69 5.46 
Cow dung 3803 92.40 74.31 43.10 19.57 7.6 
Coconut fiber 3510 96.82 58.20 48.20 33.2 3.18 
Waste Gum 3650 88.0 64.0 52.0 36.0 12.0 
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Fig 1: Schematics of the special stove used for charring the biomass

Table no.2
Characteristics of different briquettes (uncharred)

(Randomly selected biomass)

* All values are the average of two sets of readings. Results are expressed in percent except calorific 
value which is in kcal/kg
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Sample Calorific 
Value 

(kcal/kg) 

Total 
Solids 
(%) 

Volatile 
solids 
(%) 

Carbon 
content 

(%) 

Ash 
content 

(%) 

Moisture 
content 

(%) 
Cotton stalk 1890 93.12 76.5 47.6 14.9 6.88 
Leguminous 
plant 

1896 93.24 78.32 45.8 16.7 6.76 

Mixture of dried 
leaves + Rice 
husk 

2621 92.8 75.2 50.6 18.6 7.2 

Mixture of 
different plant 
leaves 

1130 92.0 74.4 51.2 19.60 8.0 

Coconut fiber 2900 93.1 75.9 47.2 41.6 6.9 
Bamboo leaves 1560 92.4 74.8 40.7 40.1 7.6 
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