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Abstract:  Utilization of garden wastes as an alternative material for fossil fuel is of interest 

due to its environmental friendliness. This study deals with the preparation and 

characterization of briquettes from coconut husks s. Two different sizes of coconut husks 

such as (-20) mesh size and 0.3 cm length cutting size were used in preparing coconut husks 

briquettes. In the preparation of briquette, the coconut husks were densified using potato 

starch as a binding agent by using a manual briquetting machine. The briquettes were tested 

to evaluate their physical characteristics like volatile matter content, ash content, moisture 

content, fixed carbon content, maximum density, relaxed density, and combustion 

characteristics such as calorific values, ignition time, cooking efficiency, burning rate, and 

specific fuel consumption of briquettes were determined. The characteristics of coconut husks 

briquettes have proved that it possesses good biomass fuel and are more feasible as 

comparable to firewood charcoal. 

Keywords:Briquettes; Coconut husks; Biomass; Burning rate; Renewable energy; 

Characteristics.

Introduction 

     Energy is the capacity to perform work. It can be chemical energy, electrical energy, heat 

energy, light energy, mechanical energy, and nuclear energy. Heat energy is one of the vital 

power for human life for cooking purposes and keeping warm. As an energy source, biomass 

can either be used directly via combustion to produce heat or indirectly after converting it to 

various forms of biofuel. Biomass, as a renewable energy source, has started to look much 
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more favorable again in recent years. In the many parts of the globe having tremendous 

amount of energy resources are available, but these resources are not properly exploited to 

achieve maximum benefit. In recent days, improvement has further revealed in our 

requirement on fossil fuel with their uncertainties of prices, availability, transportation and 

other difficulties.  Reserves of fossil fuel are also limited which has resulted in the universal 

recognition of the need to tap energy from non-conventional sources. Bio-coal briquettes are 

non-conventional source of energy. 

    Biomass briquettes are biofuel substitute to coal and charcoal. Briquettes are mostly used 

in the developing zone, where cooking fuels are not as easily available. There has been a 

move to use of briquettes in the developed world, where it has been used to heat industrial 

boilers in order to produce electricity form steam [1]. Biomass briquettes, mostly made of 

green waste and other organic materials, are commonly used for electricity generation, heat, 

and cooking fuel. These compressed compounds contain various organic materials, including 

rice husks, bagasse, ground nut shells, municipal solid waste, agricultural waste.  The raw 

materials are gathered and compressed into briquette in order to burn longer and make 

transportation of the goods easier. 

    Industrial crop diversification is one of the most promising strategies for reviving 

agriculture’s flagging fortunes. Application on a large scale includes the use of coconut husks 

for the production of cellulosic ethanol as a transportation fuel and indirect combustion for 

space and processing heat. An efficient method to compact coconut husks  may be the 

missing link in the development of economical non-wood combustion systems for rural 

energy supply [2]. Therefore, this study puts light on the production of the coconut husks 

briquettes. Herein, the coconut husks have converted into coconut husks briquettes, and 

analyzes the physical and combustion characteristics of produced coconut husks briquettes. 

1.1 Coconut Husks  

    Coconut husks are found between the hard internal shell and the outer coat of a coconut. 

The individual fiber cells are narrow and hollow, with thick walls made of cellulose. These 

are pale when immature, but later become hardened and yellowed as a layer of lignin is 

deposited on their walls. Each cell is about 1 mm (0.04 in) long and 10 to 20 m (0.0004 to 

0.0008 in) in diameter. Fibers are typically 10 to 30 centimeters (4 to 12 in) long. The two 

varieties of coir are brown and white. Brown coir harvested from fully ripened coconuts 

which is thick, durable and has high abrasion resistance. It is typically used in mats, brushes 

and sacking. Mature brown coir fibers contain more lignin and less cellulose than fibers such 

as flax and cotton, so are stronger but less flexible. White coir fibers harvested from coconuts 
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before they are ripe are white or light brown in color and are smoother and finer, but also 

weaker. They are generally spun to make yarn used in mats or rope. The coir fiber is 

relatively waterproof, and is one of the few natural fibers resistant to damage by saltwater. 

Fresh water is used to process brown coir, while seawater and fresh water are both used in the 

production of white coir. 

1.2 Briquette 

    Briquette is a chunk of combustible material that is commonly used in igniting and 

maintaining a fire, either in a boiler, grill or in an open space such as a fire pit. It is 

commonly in the shape of a square or rectangle, but can also be found in lump form or 

molded shapes. The size of the briquette is dictated by how it will be used. Larger briquettes 

are often used in the manufacturing environment, and smaller versions are mostly used in 

fireplaces and for outdoor food grilling purposes. The most popular briquettes are biomass 

and charcoal varieties [3].  

1.3 Biomass Briquettes 

    Biomass briquettes are biofuel substitute for coal and charcoal. Briquettes are mostly used 

in the developing world, where cooking fuels are not as easily available. There has been a 

drawn wide attention to the use of briquettes even in the developed nations as an alternative 

energy resource, where it has been used to heat industrial boilers in order to produce 

electricity from steam. The briquettes are co-fired with coal in order to create the heat 

supplier to the furnace or boiler. 

    Biomass briquettes, mostly made up of green waste and other organic materials, are 

commonly used for electricity generation, heat and cooking fuel. These compressed 

compounds contain various organic materials, including rice husks, bagasse, ground nut 

shells, municipal solid waste, agricultural waste. The composition of briquettes varies by area 

due to the availability of raw materials. The raw materials are gathered and compressed into 

briquette in order to burn longer and make transportation of the goods more accessible. 

Biomass briquettes are very different from charcoal because it does not have large 

concentrations of carbonaceous substances and added materials. As Compared to fossil fuels, 

the briquettes produce low net total greenhouse gas emissions because the material which has 

been used to make, are already a part of the carbon cycle [4]. 

2. Materials and methods 

2.1 Raw Materials 

    In the preparation of coconut husks briquettes, coconut husks were collected from 

Hmawbe, Yangon Region.  
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    Two different sizes of coconut husks such as (-20) mesh size, and 0.3 cm length cutting 

size were used in preparing coconut husks briquettes.  The raw materials are shown in  

 

 

2.2 Preparation of Raw Materials 

    The collected coconut husks were torn by hand and were cut by using scissors into small 

pieces of about 0.3 cm length size. After that, the coconut husks were placed under the sun 

(Figure 2). After drying for about one week, half of the coconut husks were collected for 0.3 

cm length cutting size and half were grind by using the grinder. The grind coconut husks 

were screened by using (-20) mesh sieve. 

 

 

 

 

 

 

 

 

Figure 2. Coconut Husks s 

2.3 Preparation of Coconut husks Briquettes   

     Firstly, the binder paste was prepared by mixing 20 gm of potato starch and 200 ml of 

water in a stainless steel container and let it boiled for 10 min. During boiling, the starch 

solution was stirred continuously with a steel spoon until thick syrup of suitable consistency 

was obtained. Then, the container was removed from the stove and 100 gm of raw materials 

(-20) mesh size particle (0.3 cm) length cutting 

Figure 1. Raw materials 
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(-20) mesh size were added into the starch paste. They were mixed thoroughly by hand until a 

homogeneous mixture was obtained. Then the mixture was filled into the mould, and the 

mould was put on the hydraulic briquetting machine. The mixture in mould was compacted 

by pressing handle to get the pressure of 60 kg/cm
2
 (6MPa). The cylindrical shape briquette 

was pushed out from the mould. The briquettes obtained were placed on the perforated tray 

for sun drying (Figure 3). The same procedure was repeated for 0.3 cm length cutting size 

briquettes. The simplified schematic diagram for the preparation of briquettes from coconut 

husks shown in Figure 4. The quantity of raw materials used for the preparation of coconut 

husks briquettes are shown in Table 1. 

 

 

2.4 Determination of Physical Characteristics  

2.4.1 Volatile Matter Content 

    The Percentage Volatile Matter (VMC) was determined by pulverizing 2 gm of the 

briquette sample in a crucible and placing it in an oven until a constant weight was obtained. 

The briquettes were then kept in a furnace at a temperature of 550°C for 10 min and weighed 

after cooling in a desiccator. VMC was calculated by the following equation and the results 

are tabulated in Table 2. 

 

Where, A is the weight of the sample and B is the weight of the sample after heating in the 

furnace at 550°C for 10 minutes [5]. 

2.4.2  Ash Content 

    The Percentage Ash Content (AC) was also determined by heating 2 gm of the briquette 

sample in the furnace at a temperature of 550°C for 4 hour and weighed after cooling in a 

desiccator to obtain the weight of ash (C). AC was calculated by the following equation and 

the results are tabulated in Table 2 . 

Table 1. Amount of Raw Materials Used for the Preparation of Coconut husks Briquettes 

Samples Particles Sizes 

Coconut 

husks  

(gm) 

Potato Starch 

(gm) 

Water 

(ml) 

Sample I (-20) mesh size 100 20 200 

Sample II (0.3cm) length cutting size 100 20 200 
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Figure 3. Preparation stages of Coconut husks Briquettes 

 

Where, A is the weight of the sample and C is the weight of the sample after heating in the 

furnace at 550°C for 4 hours [5]. 

2.4.3 Moisture Content 

    The Percentage Moisture Content (MC) was obtained by weighing 2 gm of the briquette 

sample (A) and oven drying it at 105°C until the mass of the sample became constant. The 

change in weight (D) after 60 min was then used to determine the moisture content.  MC was 

calculated by the following equation and the results are tabulated in Table 2.   
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where, A is the weight of the sample and D is the change in weight of the sample after 

heating in the oven at105°C until the weight of sample became constant [5]. 

 

Figure 4. Process flow diagram for the preparation of (-20) mesh size and (0.3) cm length 

cutting size coconut husks Briquettes 

   

2.4.4 Fixed Carbon Content 

  The Percentage Fixed Carbon (FCC) was computed by subtracting the sum of volatile 

matter content (VMC), ash content (AC) and moisture content (MC) from 100. The following 

equation [5] calculated FCC and the results are tabulated in Table 2.  

 

2.4.5 Density 

    Density is an essential property of the solid fuel. High density products are desirable in 

terms of transportation, storage, and handling. ASAE , S269.4 [6] determined the maximum 

and relaxed densities. and the results are tabulated in Table 2.  
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    The maximum density of briquettes for each residue was determined immediately after 

ejection from the mould and this was calculated from the ratio of the mass to the volume of 

briquette. The mass was obtained by using an electronic balance, while the volume was 

calculated by taking the dimensions (length and diameter) of the briquette. The relaxed 

density of the briquettes for each residue was determined in the dry condition after nineteen 

days. It was calculated simply as the ratio of the briquette’s weight to the new volume. 

Relaxed density can be defined as the density of the briquette obtained after the briquette has 

remained stable. It is also known as spring back density. 

2.4.6 Density Ratio and Relaxation Ratio 

    The density ratio was calculated by dividing relaxed density to the maximum density of the 

briquettes, and relaxation ratio was calculated by dividing maximum density to relaxed 

density of the briquettes [6]. The results are tabulated in Table 2. 

2.4.7 Shattering Index  

    The shattering index (durability index) of briquette was measured by Drop test (Figure 5) 

and the results are tabulated in Table 2. The test was conducted after two weeks of briquettes 

samples formation. A briquette sample was held six feet above the concrete floor, and the 

sample was dropped onto the floor. The briquette on the floor regains its initial position and 

dropped again. The shattering index was calculated by dividing the weight of the dropped 

briquette to the weight of the original briquette. 

                       

 

 

 

 

2.4.8 Porosity Index 

    The porosity index of briquette was measured by Immersion test (Figure 6) [7] and the 

results are tabulated in Table 2. In this test, each briquette sample was immersed in a separate 

beaker containing a known volume of water for 20 minutes after which they seemed to have 

absorbed water to their full capacity. The porosity of the briquette was determined based on 

Figure 6. Immersion Test Figure 5. Drop Test 
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the amount of water each briquette was able to absorb. The porosity index was calculated as 

the ratio of the weight of water absorbed to the weight of the sample immersed in the water. 

2.5 Determination of Combustion Characteristics   

2.5.1 Calorific Value 

    The following formula calculated the higher or gross calorific value (HCV) and lower or 

net calorific value (LCV) and the results are shown in Table 3. 

 

 

Where, A = Ash content of briquette 

  M = Moisture content of briquette 

2.5.2 Ignition Time 

    Each briquette sample was ignited at the base of briquette with a burner flame, allowing 

free flow of air around the briquette as shown in Figure 7. It was also ensuring that the whole 

of the bottom surface of the briquette was ignited simultaneously. Caution was taken to avoid 

flame spreading in the transverse directions. The burner was left until the briquette was well 

ignited and entered into a steady state burning phase. By using the stopwatch, the time 

required for the flame to ignite the briquette was recorded as the ignition time, and the results 

are shown in Table 3 [8].  

2.5.3 Cooking Efficiency 

    The cooking efficiency of each briquette was determined by Water Boiling Test. In this 

test, 100 g of briquettes were used to boil 1 liter of water on the domestic briquette stove as 

shown in Figure 8 [9]. The time taken to boil the water was recorded and the results are 

shown in Table 3.  

2.5.4 Specific Fuel Consumption 

    The specific fuel consumption was also determined by the Water Boiling Test. 100 gm of 

briquettes was used to boil 1 liter of water on the domestic briquette stove [9]. The specific 

fuel consumption was calculated by the following equation and the results are tabulated in 

Table 3. 
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2.5.5 Burning Rate 

    Burning Rate of each briquette was also determined by the Water Boiling Test. 100 gm of 

briquettes were used to boil 1 liter of water on the domestic stove. The mass of fuel burned 

(in grams) and the total time taken (in minutes) to boil the water were determined [7, 10] The 

burning rate was calculated by the following equation and the results are tabulated in Table 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Coconut husks Briquettes Samples 

3. Results and discussion 

Figure 7. Determination of Ignition 

Time 
Figure 8. Determination of Cooking 

Efficiency 
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   Coconut husks briquettes produced from two types of raw coconut husks such as (-20) 

mesh size and 0.3 cm length cutting size and are shown in Figure 9. The number of briquettes 

produced from 100 gm of raw material, and their dimensions are shown in Table 4. In each 

experiment, ten numbers of (-20) mesh size briquettes and ten numbers of 0.3 cm length 

cutting size were produced from 100 gm of raw materials. The diameter and length of each 

briquette was 3.4 cm and 4.4 cm respectively. The weights of briquettes were 20±1 gm and 

18±1 gm. The results are shown in Table 4.  

Table 2. Physical Characteristics of Coconut husks Briquettes 

Parameter Unit 

 

Sample I 

 

Sample II 

Rice 

Husks  

Briquettes˟ 

Literatur

e Value 

Volatile matter content %w/w 66.8 67 67.1 - 

Ash content  %w/w 8.8 8.6 12.4 - 

Moisture content %w/w 8.9 8.8 8.5 5-15* 

Fixed carbon content %w/w 15.5 15.6 12.0 10-20* 

Maximum density kg/m
3
 629.2 620.4 648.2 400-800

+

  

Relaxed density kg/m
3
 560.5 548.3 594.7 400-800

+

  

Density ratio - 0.92 0.95 0.93 - 

Relaxation ratio - 1.07 1.05 1.09 - 

Shattering index - 0.95 0.95 0.95 0.5-1.0
#

  

Porosity index - 0.83 0.85 0.86 0.5-4.0
#

  

    In the preparation of two types of particle sizes of coconut husks briquettes, physical 

characteristics of coconut husks briquettes were studied. The results are shown in Table 2. 

The result shows that the (-20) mesh size coconut husks briquette sample has high moisture 

content, low ash content, low volatile matter content, low density, and low relaxation ratio.  

The Length (0.3 cm) cutting size coconut husks briquette sample has also high moisture 

content, low ash content, low volatile matter content, low density, and low relaxation ratio., 

The physical characteristics of two different particle sizes of coconut husks  briquettes were 

compared with that of rice husks  briquettes as shown in Table 2. 

     Combustion characteristics of coconut husks briquettes such as calorific value, ignition 

time, cooking efficiency, specific fuel consumption, and burning rate were also studied. The 

results are shown in Table 3. The result indicates that two types of coconut husks briquette 
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samples are high calorific value, short ignition time, low cooking efficiency, low burning 

rate, and low fuel consumption. 

    When comparing the coconut husks briquettes with rice husks briquettes, it was found that 

the cooking efficiency and specific fuel consumption were effectively reduced although the 

burning rate was not apparently decreased. 

    Therefore, it can be concluded that different particles size does not significantly affect the 

characteristic of briquettes. The two different types of coconut husks briquette sample were 

efficient to use as cooking fuel. But in respect of density, the most suitable size is (-20) mesh 

size.  

Table 3. Combustion Characteristics of coconut husks Briquettes 

Parameter Unit 
 

Sample I 

 

Sample II 
Rice Husks  

Briquettes˟ 

Literature 

Value 

Higher calorific value MJ/kg 16.3 16.4 15.82 12-22
#

  

Lower calorific value MJ/kg 15.18 15.2 12.67 10-20
#

  

Ignition Time sec 30 30 32  20-80* 

Cooking Efficiency min 18 18 18  10-20* 

Burning Rate gm/min 4.5 4.6 4.4  2-5* 

Specific Fuel 

Consumption 

gm/liter 76 76.6 79.2 60-90*  

   Weight of briquette used = 100 g 

   Weight of water to be boiled = 1 liter

Table 4. Number of coconut husk Briquettes Products from 100 g of Raw Materials 

Samples 

Diameter of 

Briquettes 

(cm) 

Length of 

Briquettes 

(cm) 

Weight of 

Briquettes  

(gm) 

No. of 

Briquettes 

Produced 

Sample  I 3.4 3.4 20±1 10 

Sample  II 4.4 4.4 18±1 10 

 

4. Application of Biomass Briquettes 

    Briquettes are known as bio-coal, and can be used by the industrial, commercial and 

household domestic sectors. The fossils fuel has not been fully exploited in the past decades, 

so there had not been a scarcity of fuel at that time. However, with the current fuel shortage 
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and everrising prices, consumers are looking for affordable alternative fuels, and briquettes 

fill this gap. It is used in the following areas to generate the energy. 

1. It is used in boilers of sugar mills, chemical plants, paper mills, drying houses, food 

processing units, oil extraction units, etc. to generate steam and also for heating 

purposes. 

2. It is used in foundries and forging units for metal heating and melting. 

3. It is used in brick kilns and ceramic units for the firing of furnaces. 

4. It is used in residential and commercial heating as in domestic kitchens, restaurants, 

and canteen etc. 

5. Bio-coal is used as fuel for biogas generation which has shown very encouraging 

results and can be used to drive engines, generating sets and may eventually replace 

coal-based producer gas systems and oil firing in furnaces [11]. 

5. Conclusion 

   Briquettes were successfully prepared from the coconut husks of -20 mesh size and 0.3 cm 

length cutting size. As synthesized briquettes can produce efficiently sufficient amount of 

heat to ignite easily and generate less ash content. The study has also shown that the 

briquettes produced by two types of particle sizes were not significantly affected by the 

quality of briquettes. The result shows that coconut husks briquettes are high moisture 

content, low ash content, low volatile matter content, low density, and low relaxation ratio. 

The combustion characteristic of coconut husks briquettes sample was shorter ignition time. 

The cooking efficiency and burning rate fall within the literature value. Moreover, the 

characteristics of coconut husks briquettes have proved that it can act as a good and reliable 

biomass fuel, and are also more feasible as comparable to firewood charcoal. Therefore, 

coconut husks briquettes are acceptable for domestic cooking and industrial heating as 

renewable source of energy.  
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