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ABSTRACT 

Energy demands are increasing although fossil fuel resources are decreasing. 
Charcoal briquettes are used as an alternative renewable energy source, 
producing heat from biomass derived from agricultural waste. This study is 
aimed at a) determine the composition ratio of a waste combination 
including coffee grounds and rice husk charcoal as a carbon source, and b) 
evaluate the amount of molasses applied as an adhesive in briquette 
production to yield briquettes of optimal quality. The briquette production 
process consists of three stages: the preparation of materials by drying, 
followed by carbonization, then briquetting, and finally, the analytical testing 
of the resulting briquette products. The best briquettes produced in 
accordance with SNI standards from this study contain 3% adhesive, 
comprising 40 grams of coffee grounds charcoal and 60 grams of rice husk 
charcoal, with an ash content of 0.18%, a moisture content of 5%, a density 
of 0.97 g/cm³, and a calorific value of 5335.80 Cal/gram. 
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1. INTRODUCTION 

Energy demands persistently increase; 
however, the availability of fossil raw resources 
is limited. Diverse initiatives and regulations are 
implemented to ensure the continual 
fulfillment of energy requirements. It is 
essential to identify and regulate alternate 
energy sources, particularly renewable ones. 
Alternative energy must be abundant, 
sustainable, and environmentally friendly. 
Indonesia is a tropical nation with substantial 
agricultural yield; of its potential energy 
capacity of 50,000 MW, only 320 MW is now 
exploited [1]. Biomass is a primary resource 
that can be converted into alternative energy.  
Briquettes, a regularly utilized biomass for 
alternative energy, are produced from 
processed organic waste and serve as an 

alternative fuel for both industrial and dwelling 
uses [2]. The production of briquettes is 
straightforward, facilitated by the Indonesian 
geographical conditions that yield abundant 
agricultural organic waste, including rice husks 
and coffee grounds. Research indicates that 
rice husks converted into briquettes provide 
fewer emissions of CO, NO, and SO compared 
to the combustion of rice husks that are only 
chopped [3]. 

Rice husk is a primary component in the 
production of widely utilized briquettes, 
consisting of 42.2% cellulose, 18.47% 
hemicellulose, and 19.4% lignin [4]. The 
chemical composition of rice husk includes an 
ash content of approximately 55.7% and a silica 
concentration of around 51% [5]. Increased 
amounts of cellulose and lignin can affect the 
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calorific value and moisture content, 
specifically resulting in a high calorific value and 
low moisture content [6]. 

Coffee grounds are used as 
complementary raw materials, with the large 
consumption of coffee beverages in Indonesia 
leading to an ample supply of coffee grounds. 
Unprocessed coffee grounds, when burned 
contribute to air and soil pollution [7]; 
therefore, it is essential to reuse coffee grounds 
by combining them with rice husks to produce 
briquettes. 

The cellulose content of coffee grounds is 
around 12.4%, lignin 23.9%, hemicellulose 
39.1%, and ash content 1.3% [8]. Compared to 
rice husk, coffee grounds have a relatively low 
ash level. If combined, the briquette will exhibit 
a relatively low ash level. The calorific value of 
coffee grounds is substantial, specifically 20.9 
MJ/kg in dry conditions and 14.6 MJ/kg in wet 
ones [9]. When combined with rice husks, 
which possess a calorific value of 1.167 MJ/kg 
[10], it is anticipated that briquettes will be 
produced that meet SNI criteria. 

Adhesives are crucial in influencing the 
quality of briquettes, because they facilitate the 
binding of biomass charcoal particles, resulting 
in solid briquettes that are homogeneous, 
without voids, and durable to hardness [11]. 
Adhesives typically integrate flour to bond 
biomass charcoal; in addition to flour, they can 
additionally use other high-viscosity substances 
such as molasses and wood sap. The selection 
of adhesive affects the quality of briquettes, 
including calorific value, moisture content, and 
ash content. The formulation of flour-based 
adhesives consistently incorporates moisture 
to create a viscous gel; when used as a 
briquette adhesive, it elevates the moisture 
content despite subsequent drying procedures. 

Molasses adhesives, with a moisture 
level of approximately 20% [12], will increase 
the moisture content somewhat, approaching 

the number of flour-based adhesives [13]. In 
contrast to wood SAP glue, despite its minimal 
moisture content, combustion will generate 
significant smoke and a strong stench [11].  

The combination of rice husks and coffee 
grounds into briquettes using molasses as an 
adhesive not only reduces environmental 
waste but is also expected to serve as an 
alternative solid fuel with comparable calorific 
value to other solid fuels. This study evaluates 
the impact of varying ratios of waste coffee 
grounds and rice husk charcoal as carbon 
sources (20%:80%; 30%:70%; 40%:60%; 
50%:50%) and evaluates the influence of 
molasses as an adhesive (3% and 5%) on the 
quality of the produced briquettes. 

 
2. MATERIALS AND METHODS 

2.1 Materials 

The investigation into the production of 
briquettes from a blend of coffee grounds and 
rice husks conducted on a small scale 
encompasses the computation of the 
proportions of raw materials and the ratio of 
molasses binder to charcoal. This study 
employs several tools: a carbonization furnace 
for the carbonization of raw materials at 200 ℃, 
a disc mill for reducing charcoal size, a sieve 
shaker to ensure uniform particle size, a digital 
balance for weighing raw materials and 
products, printing equipment for briquette 
formation and compaction, a bomb calorimeter 
for calorific value measurement, a desiccator 
for sample cooling, and an oven for evaporating 
moisture from briquettes. The raw materials 
utilized include rice husks, coffee ground waste, 
and molasses glue. 
2.2 Experimental procedure 

The initial phase involves the preparation 
of raw materials. Biomass waste, specifically 
rice husks and coffee grounds, is subjected to 
drying in an oven at 105° for 2 hours to diminish 
the moisture content in the coffee grounds and 
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the moisture content in the rice husks. 
Following oven drying, rice husks and coffee 
grounds are incinerated in a carbonation 
furnace. The carbonation process occurs 
independently; rice husks are incinerated at 
200 °C for 2 hours, whilst coffee grounds are 
incinerated at 200 °C for 1 h. Subsequently, rice 
husk charcoal and coffee grinds are subjected 
to sieving through a 60-mesh screen. 

The second stage involves the production 
of briquettes, utilizing a mixture of rice husk 
charcoal and sifted coffee grounds in varying 
proportions, resulting in a total mass of 100 
grams of briquettes. The composition ratios of 
coffee grounds to rice husks are 20:80, 30:70, 
40:60, and 50:50. The raw material mixture is 
combined with a molasses adhesive, 
comprising 3% to 5% of the molasses mass per 
100 g of raw material. The dough is 
subsequently printed and compressed with a 
tool to increase the briquette's density, 
followed by drying in an oven at 105 °C for 2 
hours. 
2.3 Methods of analysis 

According to SNI 01-6235-2000, briquette 
testing, which includes assessing moisture 
content, ash content, and calorific value, is 
essential for determining the quality and 
efficiency of briquettes as a fuel source. The 
analysis of ash content involves drying a 
porcelain cup at 105 ℃ for 1 h, followed by 
cooling it in a desiccator for 15 min, after which 
the mass of the porcelain cup is recorded. The 
porcelain cup and the sample were subjected 
to a furnace at 600 ℃ for 3 h, after which they 
were weighed to determine ash concentration. 

ash content (%) = ௠యି௠భ

௠మି௠భ
 × 100%      (1) 

The subsequent study pertains to the 
moisture content, utilizing porcelain cup 
apparatus and same procedure to ascertain the 
mass of the empty cup. Moreover, the dishes 
and samples were placed in the oven at 105 ℃ 
for 3 h and thereafter transferred to a 

desiccator for 15 min to determine the 
moisture content. 

moisture content (%) = ௠మି௠ర

௠మି௠భ
 × 100%      (2) 

Additionally, the last analysis involves 
determining the calorific value; 1 g of briquette 
samples are placed into the bomb calorimeter, 
and the calorific value is then displayed on the 
device. The calorific value was determined 
using the ASTM D-2015 technique. 

calorific value= ୼୘୶ ୛ ି (େ୚୘ ାେ୚୛)

ெ
      (3) 

 

3. RESULTS AND DISCUSSION 

3.1. The effect of adding charcoal derived from 
coffee grounds on moisture levels 

The results of the briquette moisture 
content test, concerning the variations in the 
addition of coffee peel charcoal and the 
quantity of adhesive, are shown in Figure 1. The 
moisture content in briquettes impacts their 
calorific value and density. A decreased 
moisture content in the briquette correlates 
with an increased calorific value and density.  If 
the moisture content increases, a significant 
amount of energy is utilized to evaporate the 
moisture, resulting in a decreased calorific 
value  [14-16]. 

The test findings in Figure 1 indicate an 
increase in moisture content with the addition 
of adhesives and charcoal coffee grounds. The 
percentage of adhesive significantly affects the 
moisture content produced in briquettes [17-
19]. The addition of a higher amount of 
adhesive causes the moisture contained in the 
adhesive will enter and bind in the pores of the 
charcoal. The larger the surface area of the 
coffee grounds powder particles cause many 
pores in the briquettes that easily bind 
moisture present in the air [20]. 

Figure 1 indicates that an increase in 
adhesive content correlates with a rise in 
moisture content, as the adhesive, in the form 
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of molasses, possesses a high moisture content. 
The data presented by standard SNI 01-6235-
2000 consists entirely of briquettes with 
adhesive concentrations of 3% or 5%, except 
for those containing 50% coffee grounds and 
50% rice husk. 

 

 

 

 

 

 

 

 

 

Figure 1. The effect of adding coffee grounds charcoal on 
the moisture content at adhesive concentrations of 3% 

and 5% at briquettes 

 

3.2. The Effect of Adding Coffee Grounds 
Charcoal on Ash Content 

The ash content value, according to SNI, is 
a maximum of 8. Ash content values over 8 are 
deemed indicative of inferior briquette quality. 
All samples of briquette already comply with 
the Indonesian national standard 01-6235-
2000. Figure 2 indicates that the highest ash 
level was observed in briquettes composed of 
5% adhesive and the greatest proportion of rice 
husk. An increase in the adhesive content of a 
briquette correlates with a rise in ash content 
and a decrease in calorific value [17-19]. 

The adhesive content in briquettes is 
challenging to ignite due to its lack of carbon. 
Carbon is derived from raw materials subjected 
to pyrolysis. Briquettes that have transformed 
into ashes because of charcoal combustion. The 
study's results indicate that ash content is 
inversely correlated with calorific value; hence, 
a lower ash content corresponds to a higher 
calorific value. Increased ash content correlates 

with a decreasing calorific value [17][18][21-
23]. 

The brewing process of coffee grounds can 
lead to the dissolution of minerals such as 
calcium and magnesium into the solution, 
resulting in a lower ash content value for coffee 
compared to rice husks. The lower the ash 
content, the greater the proportion of charcoal 
in coffee grounds, as coffee grounds possess 
higher organic constituents that result in waste 
characterized by low mineral content [24]. 

The addition of the number of coffee 
grounds charcoal was also accompanied by a 
drop in the quantity of rice husk charcoal so 
that the ash content value that fell could not be 
established from the addition of the amount of 
coffee grounds charcoal. Figure 2 demonstrates 
that there is an increase in ash content in the 
addition of adhesive in the form of molasses. 
The adhesive % significantly affects the ash 
content of the briquette, as molasses possesses 
a high moisture content that increases 
moisture levels, causing increased ash 
production [25][26]. 

 

 

 

 

 

 

 

 

 

 

Figure 2. The effect of adding charcoal into the ash 
content of coffee grounds on the quantity of adhesive at 

3% and 5% wt/wt at briquettes 

3.3. The Effect of Adding Coffee Grounds 
Charcoal on Density 

The results of the briquette density test 
relating the variations in the addition of coffee 
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skin charcoal and the quantity of adhesive are 
illustrated in Figure 2. The density affects the 
calorific value. The density of the briquette 
increases with its density; nevertheless, the 
moisture content also rises, resulting in a larger 
calorific value [27][28]. 

This corresponds to Figure 1, which 
illustrates that density is exactly related to 
moisture content; as density increases, it also 
increases moisture content.  The results of the 
briquette density test shown in Figure 3 
indicate a consistent increase in density, 
correlating positively with the rising 
composition of coffee grounds charcoal and the 
quantity of adhesive used. 

The data indicates that all samples 
conform to the Indonesian national standard 
01-6235-2000.  The research data indicate that 
an increased concentration of adhesive 
molasses and charcoal coffee grounds in 
briquettes results in a higher density value. 
Increased molasses adhesives can result in 
increased densities. This is attributable to the 
correlation between increased molasses and 
increased moisture content. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Effect of adding coffee grounds charcoal to the 
density of the adhesive amount of 3% and 5 % at 

briquettes 

3.4. The Effect of Adding Coffee Grounds on 
Calorific Value 

The result of the briquette ash content 
test, relating the variations in the addition of 
coffee skin charcoal and the quantity of 
adhesive, is shown in Figure 2. The calorific 
value is the maximum heat energy produced by 
a briquette during complete combustion per 
unit mass of the briquette [29][30]. 

The calorific value data, derived from 
varying adhesive concentrations and the ratio 
of coffee grounds to rice husks in charcoal 
briquettes, indicates a consistent increase in 
calorific value with a greater percentage of 
coffee grounds. However, this value decreases 
with an increase in adhesive quantity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The effect of adding coffee grounds to the 
calorific value of the amount of adhesive 3% and 5 % at 

briquettes 

Figure 4 illustrates that briquettes with a 
3% adhesive concentration exhibit a higher 
calorific value relative to those with a 5% 
adhesive concentration.  A briquette with 
increased adhesive content leads to elevated 
moisture content, resulting in a decreased 
calorific value. The addition of coffee grounds 
charcoal into a rice husk briquette combination 
enhances the briquettes' heat result, as shown 
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by a rise in the calorific value corresponding to 
the increasing quantity of coffee grounds 
charcoal and a decrease in rice husk charcoal 
content.  The calorific value of coffee grounds 
charcoal is significantly higher than that of rice 
husks [15][31]. 

The addition of coffee grounds charcoal is 
directly proportional to the calorific value, 
indicating that an increased quantity of coffee 
grounds charcoal results in a higher calorific 
value. However, as illustrated in the prior 
graph, the sample with a 50% coffee grounds 
mixture exhibits the highest calorific value yet 
possesses a significant moisture content that 
surpasses the established SNI standard of a 
maximum of 8%. 

Although the moisture content increases, 
the calorific value also rises concurrently. The 
addition of charcoal coffee grounds is 
important because it can absorb moisture, 
leading to a high moisture content, and it also 
has a high calorific value of 7550 Cal/gram. 

 
4. CONCLUSION 

The addition of coffee ground charcoal is 
directly related to the moisture content, 
density, and calorific value of rice husk 
briquettes. An increase in the proportion of 
coffee ground charcoal in briquettes correlates 
with increased moisture content, density, and 
calorific value; nevertheless, the quantity of 
coffee grounds is inversely related to ash 
content, such that a greater amount of coffee 
grounds results in reduced ash content in the 
briquettes. 

The quantity of adhesive added is directly 
correlated to the ash concentration, moisture 
content, and density. The increased use of 
adhesives results in higher moisture content, 
ash content, and density. The quantity of 
adhesives is inversely related to the calorific 
value, as the adhesive content increases, the 
calorific value of the briquette decreases. 

The highest quality briquettes produced 
by SNI standards from this study consist of 3% 
adhesive, comprising 40 grams of coffee 
grounds charcoal and 60 grams of rice husk 
charcoal, with an ash content of 0.18%, 
moisture content of 5%, density of 0.97 g/cm³, 
and a calorific value of 5335.80 Cal/gram. 
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