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Abstract— This paper presents the study of processing wood 

husk, cow dung, paper waste with and without binders into 

biomass briquettes for heating purposes. Briquettes were 

produced by handmade mold using ingredients that were 

available in vicinity using little to no money. Briquettes are 

handy to use. They do not take too much to store and burn 

rate is extra stable and contained than loose biomass. This 

analysis focuses on to understand some of their combustion 

characteristics and the relationship to the briquette design and 

manufacture process. These results indicate that briquettes 

with sufficient physical and mechanical characteristics could 

be produced from all biomass available at room temperature 

with and without a binder but without binder it is more fragile. 

If fresh cow dung is used it works as binder and you hardly 

need any extra binder. This could enhance the existing 

technology for recycling agricultural residues such as wood 

husk, cow dung, millet straws etc especially in rural areas. 

The production process for converting all biomass ingredients 

to briquettes begins with harvesting, then chopping and lastly 

drying all done manually. This followed by two separate 

processes; carbonization and semi decomposition. The 

decision by the community to use any biomass as fuel 

depends on its abundance and not on cost or amount of heat 

generated, thus the choice of biomass as alternative energy 

could be based on its abundance and not its calorific value. 
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I. INTRODUCTION 

In the briquette manufacturing process we convert the wastes 

that belongs to agriculture into evenly shaped briquettes that 

are handy to use and also simple for transportation and for 

storage. Prior coal was majorly used in burning processes but 

coal combustion is hazard for environment. Coal combustion 

mainly emits sulphur dioxide(SO2) and nitrogen 

dioxide(NOx) .Sulphur dioxide causes acid rain and 

respiratory illness and nitrogen dioxide also causes smog and 

respiratory illness. Coal combustion for domestic purposes is 

also not a safe idea, the gas emitted by coal combustion 

contains numerous number of harmful chemicals, for instance 

benzene, carbon monoxide, formaldehyde, polycyclic 

aromatic hydrocarbons etc. Coal combustion causes haze, 

smog, respiratory illness and many types of lung disease. 

Now we badly need to cut down on the fuels that create 

hazards for our environment and for us, this is why we need 

to apply new sustainable eco friendly methods. 

 The method of binding together different kind of 

combustible biomass materials such as coal dust, sawdust, 

leaves, forest waste, sugarcane waste, bamboo waste, cow 

dung, paper waste, husk from the crops( All the components 

differs with the area) which is used for fuel, kindling to start 

a fire is called Briquetting. The terms comes from brique 

which means brick in french. The Briquettes are eco-friendly 

because they do not produce smoke, carbon deposits, little to 

no fly-ash(depending on the base material) and also do not 

emit any toxic gases or chemicals that are hazardous for 

environment. 

 Nowadays developed countries are using briquettes 

in major amount because of easy availability, renewability, 

not costly at all. Briquettes provide more concentrated 

amount of energy than firewood or charcoal. Briquettes are 

block of compressed biomass materials and due to this 

compression process they burn prolong compared to their 

original condition when it was loose. Also briquettes are more 

efficient than any other fuel, they have the high calorific value 

(around 4000-4600), so clearly it can produce more extreme 

heat than any other fuel. Briquette contains higher practical 

thermal value and lower ash content compared to firewood, 

and longer lasting, hotter, 40% more efficient. 

 So, there will be a worldwide necessity of biomass 

briquettes to fulfill the alternate source of other fuels. In the 

production of briquettes, the materials can be compressed 

without adhesive, while in others adhesive materials(binders) 

are added to assist in holding the particles of the material 

together it depends  on the type of raw material used for the 

production. Depending on the material of interest, briquetting 

can be used to provide fuel source, as a preventive measure 

to many ecological problem. 

 Briquetting is one of the compaction methods for 

densification of all the waste materials and converts them into 

something useful product which we call briquette. Some of 

the raw materials used in preparing Briquetting consist of 

coal, charcoal, wood; sawdust, biogas, stalks, paper, water 

hyacinth and phytoplankton scum etc. Also the raw material 

suitable for Briquetting are rice straws, wheat straws, cotton 

stalks, corn stalks, sugar cane waste or baggage, fruit 

branches, etc and the process starts with the collection of 

wastes following by size reduction, drying and compaction 

by extruder or by the press. The high pressure involved in the 

process ensures that the biomass particles are sandwiched and 

adhere together, as a result they do not separate during 

transportation, storage and combustion. 

 All these raw materials used in preparing Briquettes 

which is compressed in particular briquette press machine to 

generate uniform shaped briquette that can be used to ignite a 

fire and generate energy. The idea of Briquetting is using raw 

materials that are not usable due to lack of density, 

compressing them into a solid fuel of a convenient shape that 

can be burned like wood or charcoal. The briquettes have 

improved physical and combustion characteristics that the 

initial waste. Briquettes will develop combustion efficiency 

using the existing traditional furnaces. In addition Briquettes 

to killing all insects and diseases as well as reducing the 

destructive fires risk in the countryside. 

II. MATERIALS AND METHODS 

A. Materials and Material Preparation 

Millet straws, cow dung, paper waste, wood husk and binders 

were obtained from rural area and some were collected from 

vicinity at little to no cost. Four varieties of finger millet: 
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pearl millet, foxtail millet, finger millet and sorghum millet 

were collected. The straws were milled in an electric hammer 

mill of circular sieve size openings; the hammer mill was 

finally cleaned before putting another to avoid species 

contamination and other sample were collected and sun dried 

for seven days to reduce any kind of moisture content, broken 

into smaller sizes using a hammer. 

B. Preparation of the Briquette Samples 

The briquettes were produced using a handmade briquetting 

mould. Briquettes of all biomass of different compositions 

were produced with a specific amount based on the quantity 

and wheat flour paste formed with normal water was added 

as binder. Specific quantity of water was added and mixed 

evenly. The pressure was maintained for 15 minutes and was 

allowed to stand for 5 minutes before removal from the 

mould. After production, the briquettes were sun dried for 

10days in direct sun before analysis. 

 
Fig. 1: Briquettes Samples 

C. Proximate Analysis and Physical Properties of Samples 

Total 5 samples were made and proximate analysis was 

performed to determine the following combustion related 

properties: ash content, percentage fixed carbon, percentage 

volatile matter and calorific/heating values of the produced 

briquettes. 

1) Moisture Content:  

The moisture content of the briquettes determined on sun dry 

basis. Five samples of each variety of briquettes each 

weighing 200g. The moisture content of the specimen as 

following:   

Moisture content, % = 
𝑀2−𝑀1

𝑀1
 𝑥 100 

Where  

M1 = Mass of briquette before drying(g) 

M2 = Mass of briquette after dying (g) 

2) Ash Content:  

The ash content of specimen was determined and this 

involved furnace heating at a temperature of 500ºC for 

1hours, followed by cooling and weighing. The ash content 

was determined as:  

Percentage ash content, % = (W2/W1) × 100. 

Where W1 = Original weight of dry sample, W2 = Weight of 

ash after cooling. 

3) Volatile Matter:  

The volatile matter of the briquettes were also determined. A 

portion (2g) of the sample was heated to about 300ºC for 

10minutes in a partially closed furnace. The content were 

recovered and cooled. The difference in weight was recorded 

and the volatile matter was calculated thus: 

Volatile matter, % = 
𝑊1−𝑊2

𝑊1
 𝑥 100 

WhereW1= Original weight of the sample. W2 = Weight of 

sample after cooling. 

4) Fixed Carbon:  

The fixed carbon of the briquettes determined. The fixed 

carbon determined using the formula calculated by 

subtracting the sum of percentage volatile matters, percentage 

moisture content and percentage ash content from 100% 

Fixed carbon (%) = 100 – (%VM + %AC + %MC) 

Where VM = Volatile matter, AC = Ash content, MC = 

Moisture content. 

5) DENSITY:  

A fabricated cylindrical container was used for the estimation 

of destiny. The cylinder was packed with the samples and 

compacted. The density calculated as follows: 

Density (g/cm³) = 
Mass (g)

Volume (cm³)
 

6) Water Absorbance or Porosity Index:  

The porosity of the briquettes was determined based on the 

amount of water each sample was able to absorb for certain 

duration of time and weight of the samples as taken at certain 

time intervals. 

7) Burning Time (mins):  

The time taken by each briquette sample to burn completely 

to ashes is  burning time. By subtracting the time that is taken 

change into ashes totally from the ignition time gives the 

burning rate. 

Burning rate = Ashing time – Ignition time. 

8) Ignition Time (secs):  

The various samples were ignited with a burner. The time 

taken for each briquette to catch fire was recorded as the 

ignition time using a stopwatch. 

9) Water Boiling Test (mins):  

This test was performed test the cooking efficiency of the 

briquettes .It measures the time taken for each set of 

briquettes to boil an equal volume of water under similar 

conditions. Various grams of each briquette sample was used 

to boil 500ml of water using small stainless cups and 

domestic briquette stove. 

D. Briquetting Process:  

A cylindrical handmade mould measuring 76mm internal 

diameter and 110mm height was used in the making of 

briquettes. Mould was completely filled with briquette 

sample. By using handmade piston sample was pressed, the 

biomass materials with and without a binder were 

compressed to form briquettes (fig. 2). To allow escape of 

trapped air and extra water, several holes were designed in 

the mould. The samples were then pressed about 20 minutes. 
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Fig. 2: Cylindrical Mould to make briquette samples 

III. RESULT AND DISCUSSION 

Results of the performance study were discussed below 

according to the objectives. Biomass is becoming key fuel in 

many countries, especially for domestic purposes and for 

heating in developing countries. The use of biomass fuels for 

transportation and for electricity generation is increasing in 

many developed countries as means of avoiding carbon 

dioxide emissions from fossil fuel use. Because of the 

increasing rate of the population, alternative sources of 

energy instead of firewood are required that can last longer 

and produce more heat less harmful gases. Biomass briquette 

is prominent alternative. 

A. Proximate Analysis:- 

The proximate analysis (fixed carbon, volatile matter, 

moisture content and ash content) of biomass briquettes is 

presented in Table 1 

Samples 

Moisture 

Content 

(%) 

Volatile 

Matter 

(%) 

Ash 

Content 

(%) 

Fixed 

Carbon 

(%) 

Sample 

1 
5.6 28.20 29.3 36.9 

Sample 

2 
5.8 30.2 32.9 31.1 

Sample 

3 
7.40 42.8 28.14 21.66 

Sample 

4 
8.14 48 28.6 15.26 

Sample 

5 
6.9 32.8 27.7 32.6 

Table 1: The results of proximate analysis of the various 

biomass briquettes samples. 

 
Fig. 3: Proximate analysis of various composition of 

briquette samples 

 The properties of briquette were illustrated in 

Table1. The moister content of briquettes as sample I, II, III, 

IV and V were 5.6%, 5.8%, 7.40, 8.14 and 6.9% respectively. 

The density of briquettes were measured as 0.90 gm/cm³, 0.92 

gm/cm³, 0.85 gm/cm³, 1.04gm/cm³ and 0.79gm/cm³ 

respectively  as given below in Table3 which were increased 

with the increasing of moister content.  

Time 

(mins) 

Sample 

1 

(Weight 

in 

grams) 

Sample 

2 

(Weight 

in 

grams) 

Sample 

3 

(Weight 

in 

grams) 

Sample 

4 

(Weight 

in 

grams) 

Sample 

5 

(Weight 

in 

grams) 

00.00 266 291 270 307 216 

01.00 270 310 280 315 235 

02.00 275 315 285 320 250 

03.00 282 317 292 350 255 

05.00 296 330 301 355 272 

Table 2: Weight of different samples under water with time 

B. Physical Properties:- 

1) Density 
Sample 

1 

Sample 

2 

Sample 

3 

Sample 

4 

Sample 

5 
Average 

0.90 

gm/cm3 

0.92 

gm/cm3 

0.85 

gm/cm3 

1.04 

gm/cm3 

0.79 

gm/cm3 

1.12 

gm/cm3 

Table 3: Density of initial different samples 
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Briquettes 

Samples 

Water 

boiling test 

(mins) 

Burning 

time 

(mins) 

Ignition 

test 

(secs) 

Sample 1 2.35 27.11 56 

Sample 2 2.27 25.15 58 

Sample 3 2.34 20.35 41 

Sample 4 2.15 16.15 33 

Sample 5 3.56 15 23 

Table 4: The result of boiling test, burning time and ignition 

time 

IV. DISCUSSIONS 

The results conducted from the study that briquettes that are 

made of complete wood husk or any millets had the highest 

values of moisture content when compared to other 

compositions of briquettes such as pure coal because wood 

husk or millets absorb more water than coal. The results also 

showed that the briquetting of coal, cow dung, wood husk 

reduces the moisture content of the briquettes. Wood husk has 

more coarse loose particles unlike coal dust particles, as such 

the briquettes from mixture of coal and wood husk or any mix 

compositions will have pores that will help in the passage of 

oxygen that is needed for combustion to take place. The 

calorific value or heating value is the basic standard measure 

of the energy content of any fuel. It is defined as the amount 

of heat evolved when a unit weight of fuel is completely burnt 

and the combustion products are cooled to 298k. The ignition 

time of the briquettes shows that not only complete wood 

husk briquettes but the composition of all these substance 

such as cow dung, coal, millets, paper waste or any other bio 

residual are easily ignited unlike 100% coal briquettes and 

with the composition of all biomass the combustion property 

can be enhanced. The blending of cow dung, coal, paper 

waste, millets and wood husk produces briquette that ignites 

very fast, thereby solving the slow ignitability problem of 

coal briquettes. The water boiling test accomplished on the 

briquettes showed that the briquettes made from blends of all 

biomass material burned faster than 100% coal briquettes and 

100%wood husk briquettes. The differences in burning time 

for briquettes of 100% coal or 100% wood are not much, 

therefore blending will not only make the briquettes ignite 

very fast but will allow them for last longer. 

V. CONCLUSION 

This study examined the combustion characteristics as well 

requirement of an alternate source of effective bio-fuel that 

has appreciable physical and fuel qualities and burns with 

good efficiency. These biomass briquettes are very efficient 

since the quality of solid fuel depends on the following 

factors; providing sufficient heat as at time necessary, 

igniting easily without danger, generating less smoke and 

gases that are harmful for environment, produce less fly ash, 

as these constitute nuisance during cooking. It’s cheap rate, 

high availability and impressive fuel characteristics gained it 

high acceptance in a short time. Another reason for its quick 

expansion is the profit gain from its production thus more and 

more people are attracted to the business and raises its 

availability. 

 From the study, it can be concluded that the 

proximate analysis of biomass briquettes showed a high 

volatile matter upto 50% with low moisture and ash content 

upto 30%. This shows that these briquettes are potential 

sources of renewable energy. During combustion, the burning 

time increased when particle size was decreased while the 

burning rate increased with increase in particle size. Physical 

characteristics such as density were evaluated. 

 This study therefore, reveals that all millet straws, 

wood husk, coal and like most agricultural residues can be 

used as a source of renewable energy which minimizing 

overdependence on fossil fuels which are non-renewability 

source causes pollution, respiratory illness, high and 

fluctuating prices in the world markets. 
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