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Abstract 

Indonesia faces challenges in managing renewable energy as an alternative to fossil fuels. This study 

aims to compare commercially available briquettes with experimental briquettes produced from a mixture of 

rubber seed shells and palm shells using tapioca flour as a binder. The raw material composition variations 

between rubber seed shells and palm shells used were 80:20, 50:50, and 20:80, with 10% tapioca flour binder, 
and dried at a temperature of 100°C for 3 hours. The purpose of this research is to compare the produced 

briquettes with those already marketed. Based on the experiments and tests carried out, the results show that the 

20:80 variation produced briquettes most comparable to the market samples, with a density of 0.7438 g/cm³, 

moisture content of 3.43%, calorific value of 6849.46 cal/gram, combustion rate of 0.1117 g/minute, and a drop 

test value of 4.7672%. 
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1. Introduction 

Indonesia is an agrarian country with 

enormous biomass resource potential, 

particularly from the plantation sector. In the 

midst of the energy crisis challenges and the 

increase in carbon emissions from fossil 

fuels, the utilization of biomass waste as an 

alternative energy source becomes a 

strategic step toward sustainability [1]. 

Plantation waste such as palm shell and 

rubber seed shell is an abundant by-product, 

but it has not been optimally utilized [2]. 

Lampung Province, as one of the production 

centers of palm oil and rubber in Indonesia, 

generates a significant amount of waste 

every year [3], which, if properly managed, 

can become a promising renewable energy 

source. 

Several previous studies have shown 

the potential of biomass as an alternative 

fuel in the form of briquettes. Research by 

Antonius Paulus Tueng Ruing and Dady 

Sulaiman (2022) showed that a mixture of 

palm shells and rice husks with a ratio of 

60:40 provided the highest calorific value 

and the lowest moisture content [4]. 

Nurhamida et al. (2023) studied coconut 

shells and palm shells with variations of 

adhesive, and found that the 0:100 

composition produced the highest calorific 

value [5]. Research by Eykel Sura Bema et 

al. (2021) using palm leaf charcoal and 

rubber seed shell showed the best results at 

a 10:90 ratio, with the characteristics of high 

calorific value and low ash content [6]. 

Nevertheless, there is still very limited 

research that specifically evaluates the 

combination of rubber seed shell and palm 

shell in varying proportions. 

Based on this, there is a research gap 

that has not been widely explored, namely 

the utilization of the combination of rubber 

seed shell waste and palm shell waste as raw 

materials for briquettes. This research 

focuses on the use of natural adhesive in the 

form of tapioca flour, the use of a 60-mesh 

sieve for particle size homogenization, as 

well as briquette molding using a continuous 

molding machine with a speed of 40 RPM to 

ensure optimal briquette density and 

strength. This becomes both a distinction 
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and a new contribution offered by this 

research to the development of renewable 

energy based on local waste. 

The purpose of this research is to 

examine the effect of variations in the raw 

material ratio of rubber seed shell (RSS) and 

palm shell (PS) (80:20, 50:50, and 20:80) on 

the characteristics of the resulting 

briquettes, which include moisture content, 

calorific value, combustion rate, density, 

and physical strength through the drop test. 

In addition, this research also aims to 

compare the obtained briquette results with 

the quality of commercial briquettes or 

quality standards as a reference to determine 

the most optimal formulation composition 

that is feasible to be developed as an 

efficient and environmentally friendly 

alternative energy. 

 

2. Method 

The main raw materials used in this 

study are rubber seed shell and palm shell, 

which serve as the primary sources of 

biomass. These agricultural by-products are 

selected due to their abundance, low cost, 

and potential to be converted into renewable 

energy. To bind the particles together and 

improve the mechanical strength of the 

briquettes, tapioca flour is used as a natural 

adhesive with a composition of 10% of the 

total mass. The use of tapioca flour not only 

ensures that the briquettes maintain their 

shape during handling and storage but also 

contributes to environmentally friendly 

production, as it is biodegradable and non-

toxic. 

The research stages begin with 

material preparation, namely cleaning and 

drying the shells for three days under 

sunlight. Next, a carbonization process is 

carried out at a temperature of ±400 °C for 

three hours using a pyrolyzer. The 

carbonized product is then ground with a 

grinder and sieved using a 60-mesh sieve. 

The charcoal powder is then mixed with 

tapioca flour adhesive and water according 

to the material ratio variations, namely 

80:20, 50:50, and 20:80 (rubber seed shell : 

palm shell). 

Briquette molding is carried out 

using a molding machine with a speed of 40 

RPM, then dried in an oven at a temperature 

of 100 °C for 3 hours. The resulting 

briquettes are tested for their characteristics, 

including moisture content, calorific value, 

density, combustion rate, and physical 

durability through a drop test. Moisture 

content testing is conducted using an oven, 

calorific value with a bomb calorimeter, 

density using a digital caliper and an 

analytical balance, combustion rate with the 

direct burning method, while durability is 

tested by dropping the briquettes from a 

height of 1.8 meters. 

The test results of each briquette 

variation are then analyzed with reference to 

the briquette quality standard SNI 1683-

2021 and compared with the characteristics 

of commercial briquettes available in the 

market, in order to assess the feasibility and 

competitiveness of the produced product. 
 

3. Result and Discussion 

3.1  Research Data 

   
(a)  (b) (c) 

Figure 1. Briquettes of rubber seed shell and palm 
shell with variations in raw material ratios (a) 

Variation A (80%:20%), (b) Variation B 

(50%:50%), (c) Variation C (20%:80%) 

Biomass briquettes made from a 

mixture of rubber seed shell (RSS) and palm 

shell (PS) with tapioca flour adhesive were 

produced in three composition variations: 

composition A (80%:20%), composition B 

(50%:50%), and composition C (20%:80%). 

The resulting briquettes had relatively 

uniform dimensions with an average length 

of 2.7 cm, width of 2.6 cm, and height of 2.9 

cm. Visually, the variations in raw material 

composition showed differences in surface 

texture, where briquettes dominated by RSS 

tended to be smoother and denser, while an 

increased proportion of PS resulted in a 

rougher surface. This indicates that the raw 
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material composition affects the physical 

characteristics of the briquettes. 

3.2 Density 

Density is an important factor that 

significantly influences the compressive 

strength and combustion performance of 

briquettes, while also serving as the main 

parameter that determines mechanical 

strength and combustion efficiency [7]. The 

density values obtained were 0.6920 g/cm³ 

for variation A, 0.7423 g/cm³ for variation 

B, and 0.7438 g/cm³ for variation C. The 

results showed that all briquette variations 

had lower density values compared to 

commercial briquettes, which reached 

1.2224 g/cm³. This difference is suspected to 

be influenced by the variation of molding 

pressure used in the production process, 

resulting in different levels of compactness 

compared to commercial briquettes. 

The increase in density is influenced 

by the molding method, where the 

compaction and pressing process helps 

charcoal particles bond more tightly, 

thereby increasing the compactness and 

strength of the briquettes [8]. Briquettes 

with high density have advantages in terms 

of mechanical durability as well as energy 

content per unit volume, making them more 

efficient when used [9]. 

Figure 2. Effect of ratio variation on density 

3.3 Moisture Content 

Moisture content analysis was 

conducted to determine the amount of water 

contained in the briquettes [10]. The 

moisture content obtained in this study was 

5.18% for variation A, 3.94% for variation 

B, and 3.43% for variation C. These values 

are still within the SNI standard limit (≤ 

8%). When compared to commercial 

briquettes, which have a moisture content of 

7.33%, all variations of the briquettes in this 

study showed lower moisture content. This 

condition indicates that briquettes made 

from a mixture of rubber seed shell and palm 

shell have better quality in terms of dryness 

compared to similar products in the market. 

The higher the PS content, the lower 

the briquette moisture content. This is 

related to the structure of PS, which has 

smaller porosity, allowing it to retain less 

water [11]. Low moisture content is 

important to increase storage durability and 

accelerate the combustion process [12]. In 

addition, low moisture content contributes 

to a higher calorific value because energy is 

not wasted to evaporate water [13]. 

 

Figure 3. Effect of ratio variation on moisture 

content 

3.4 Calorific Value 

The calorific value is the maximum 

amount of heat energy of a fuel through 

complete combustion per unit volume [14]. 

Based on the results of calorific value 

testing, all briquette variations met the 

minimum standard of SNI 1683-2021 of 

6,000 cal/g. Variation A produced a calorific 

value of 6,302.39 cal/g, variation B of 

6,367.16 cal/g, and variation C reached 

6,849.46 cal/g. The differences among the 

variations were not too significant, but there 
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was a tendency for an increase in calorific 

value along with the higher proportion of 

palm shell in the briquette composition. 

When compared to commercial briquettes 

(6,852.19 cal/g), all briquette variations 

from this study showed competitive 

performance, with variation C having the 

calorific value closest to market products. 

These results indicate an increase in 

calorific value with the rising proportion of 

PS [5]. The higher lignin content in PS plays 

an important role in generating greater heat 

energy [15]. According to the SNI standard, 

a calorific value above 6,500 cal/g is 

categorized as good quality. Thus, variation 

C not only meets the standard but also 

provides a higher calorific value compared 

to the average commercial briquettes. The 

calorific value serves as a key indicator of 

briquette quality and determines its 

feasibility as a fuel [16]. 

 

Figure 4. Effect of ratio variation on calorific value 

3.5 Combustion Rate 

Based on the combustion rate test 

results, variation B showed the highest value 

of 0.1140 g/min, followed by variation C at 

0.1117 g/min, and variation A at 0.1072 

g/min. These results indicate differences in 

combustion speed among the variations, 

with a tendency for the rate to increase along 

with the differences in raw material 

proportions used. When compared to 

commercial briquettes, which have a 

combustion rate of 0.1064 g/min, briquettes 

with a higher proportion of RSS tend to burn 

faster but have a shorter burning time [17]. 

The combustion rate test was conducted to 

determine the efficiency level of briquette 

utilization as a fuel [18]. 

 
Figure 5. Effect of ratio variation on combustion 

rate 

Table 1. Briquette combustion process 

 

3.6 Drop Test 

The drop test aims to assess the 

durability of briquettes when subjected to 

impact with hard objects, thereby providing 

an overview of their resistance [19]. The 

physical durability of the briquettes was 

tested by dropping the samples from a height 

of 1.8 meters [20]. Based on the impact 

resistance test results, briquette variation A 

showed a damage percentage of 0.44% and 

variation B of 0.60%. In contrast, variation 

C had a higher damage percentage of 4.77%, 
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indicating lower mechanical durability 

compared to the other two variations. When 

compared to commercial briquettes, which 

only experienced 0.32% damage, variations 

A and B showed performance relatively 

close to market products. Briquettes 

dominated by RSS are more resistant to 

impact because they have good particle 

density, making them less prone to breaking. 

This physical durability is also influenced by 

the amount of adhesive and compaction 

pressure applied [21][22]. 

 

Figure 6. Effect of ratio variation on drop test 

3.7 Comparison with Commercial 

Briquettes 

Table 2. Comparison of briquette results with 

commercial briquettes [24][25]. 

 

When compared to commercial 

briquettes in the market, variation C shows 

the closest quality and even exceeds the 

standard. Its high density, low moisture 

content, calorific value of more than 6800 

cal/g, stable combustion rate, and good drop 

test results make this variation the most 

optimal. Overall, the use of a 20% RSS : 

80% PS composition produces briquettes 

with the best characteristics according to 

SNI 1683-2021, while also demonstrating 

the potential of utilizing plantation waste as 

an environmentally friendly alternative 

energy source [23]. 

Table 3. Comparison of briquette results with 

commercial briquettes [26] 

 
 

4. Conclusion 
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calorific value was not as high as variation 

C. 

Variation C (20% RSS : 80% PS) 

gave the best results with a density of 0.7438 

g/cm³, the lowest moisture content of 3.43%, 

the highest calorific value of 6849.46 cal/g, 

the most stable combustion rate of 0.1117 

g/min, and a drop test resistance of 4.77%. 

This combination produced briquettes with 

optimal density, low moisture content, high 

heat energy, and good mechanical 

durability. These values not only meet the 

briquette quality standards according to SNI 

01-6235-2000 and SNI 1683-2021 but also 

approach and even exceed the quality of 

commercial briquettes on the market. 

Overall, it can be concluded that the 

higher the proportion of PS in the mixture, 

the better the quality of the resulting 

briquettes. This is due to the physical 

properties of PS, which have high lignin 

content, low moisture content, and produce 

charcoal with higher density. This study 

confirms that the utilization of RSS and PS 

waste has great potential as raw materials for 

renewable energy. 

Thus, the use of rubber seed shell and 

palm shell in briquette production not only 

contributes to the supply of environmentally 

friendly alternative energy but also supports 

the reduction of plantation waste and the 

development of sustainable biomass energy 

in Indonesia. 
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