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Abstract  

This study aims to analyze the characteristics of biopellets made from the raw material of dried cow 

dung waste with cassava peel starch as an adhesive. The research method was carried out 

experimentally through several stages: raw material preparation, drying of cow dung under 
sunlight for 14 days, mixing with variations of cassava peel starch adhesive of 10%, 30%, and 50%, 

molding using a hydraulic press with pressures of 50, 60, and 70 kg, and testing the characteristics 

of the biopellets. The parameters tested included calorific value, moisture content, combustion rate, 

and ash content. The results showed that variations in adhesive levels and molding pressure affected 

the quality of the biopellets. The calorific value obtained ranged from 2,795.4 to 3,595.9 cal/g, 

moisture content 9.5–12.5%, combustion rate 0.74–1.71 g/min, and ash content 0.90–1.20%. In 

conclusion, biopellets from cow dung with the addition of cassava peel starch adhesive have 

characteristics that are feasible to be developed as an environmentally friendly alternative fuel. 
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INTRODUCTION  
Global energy needs continue to increase in line with population growth and 

industrialization, while dependence on fossil fuels such as oil, coal, and natural gas still 

dominates up to 80% of global energy consumption (IEA, 2022) [1]. This dependence 

causes environmental problems in the form of increased carbon emissions and climate 

change. Renewable energy currently contributes only about 13%, while nuclear energy 
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contributes around 7% of global energy consumption [1]. One potential renewable energy 

source is biomass, including organic waste from livestock.  

In the village of Mojomalang, which has a large population of beef cattle, produces 

quite abundant cow dung. until now, Its use is limited as manure, while the implementation 

of biogas technology has been hampered by costs and skill limitations. One potential 

alternative solution is to process cattle manure into biopellets. Biopellets have several 

advantages, such as high calorific value, good energy density, high combustion efficiency, 

and lower pollutant emissions compared to fossil fuels [2].  
To improve biopellet quality, an adhesive is needed to strengthen the bonds between 

particles. Cassava peel starch has potential as a natural binder due to its amylose and 

amylopectin content, which can enhance mechanical strength without compromising 

combustion efficiency [3]. In addition to reducing waste and increasing farmers' income, 

biopellet production relies on pellet machines. These machines compress a mixture of cow 

manure and natural binders into uniform pellets, increasing energy density, mechanical 

strength, and facilitating storage and transportation. Machine parameters, such as pressure, 

roller speed, and temperature, greatly influence the final quality of biopellets, making proper 

selection and operation essential for successful production [4], [5]. However, to date, limited 

research has been conducted on the adhesive properties of cassava starch in improving biopellet 

quality, presenting an opportunity for this study to address that gap [6]. 

A number of studies have examined the use of cow manure as a raw material for 

biopellet production. Sohail et al. [7] tested biopellets made from cow manure mixed with 

agricultural waste, which produced higher calorific values, but their mechanical properties 

were still weak without a binding agent. Other studies [8] also show that cow manure 

biopellets have the potential to be used as renewable solid fuel, but their quality is highly 

dependent on the processing method and the presence of binders. Regarding natural 

binders, Damayanti et al. [9] found that adding tapioca to cocoa husk biopellets can 

increase density and mechanical strength, although the water content of the product is 

still relatively high. In addition, there is also research confirming that the use of starch 

binders affects the calorific value and water content, although the energy efficiency 

produced is still lower than coal [10]. 

To date, there has been no research specifically evaluating the use of cassava peel 

starch as a biopellet binder. This study has proven that flour extracted from cassava peel 

waste has the potential to be an environmentally friendly and effective biopellet binder. 

For example, research by Rudiyanto et al. [11] examined the use of cassava peel as a 

binder in the manufacture of coconut shell briquettes. Therefore, this study aims to fill 

this gap by examining the use of cassava peel starch as a binder in biopellets made from 

cow manure waste, as well as analyzing the effect of variations in binder content (10%, 

30%, and 50%) and compression pressure (50, 60, and 70 kg) on the properties of the 

resulting biopellets. This research is expected to support the development of biomass-

based renewable energy while providing practical solutions for livestock waste 

management at the community level [12]. 

 

METHODS AND ANALYSIS 
Biomass Energy 

Biomass is organic material derived from living organisms or biological activity, 

such as agricultural waste, forestry waste, and livestock waste. The main components of 

biomass are cellulose, hemicellulose, and lignin, which function as components of plant 

cell walls [13]. Biomass is classified as renewable energy because it comes from organic 
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materials that can be naturally replenished. Biomass can be utilized directly through 

combustion or processed into other forms of energy such as briquettes, biopellets, 
bioethanol, or biogas [14]. 

Biopellets as an Alternative Fuel 
Biopellets are biomass-based solid fuels produced through a densification process. 

They are typically small cylinders measuring 20–30 mm in length and approximately 8–

12 mm in diameter [15]. Compared to raw biomass, biopellets offer several advantages, 

including higher calorific value, uniform size, low moisture content, ease of storage and 

transportation, and improved combustion efficiency. Additionally, they produce lower 

greenhouse gas emissions than fossil fuels, making them more environmentally friendly 

[16]. The biopellet produced is shown in Figure 1. 

Cow Dung Waste 
Cow dung is a type of solid biomass that is widely available in rural areas, especially 

in regions with high livestock populations. A cow can produce 8–10 kg of manure per day 

[17]. The main components of cow manure include organic matter, crude fiber, protein, 

and minerals, making it a potential feedstock for bioenergy. However, if not managed 

properly, this waste can cause environmental pollution, unpleasant odors, and increase 

greenhouse gas emissions such as methane (CH₄) and carbon dioxide (CO₂) [18]. The 

calorific value of cow dung as a fuel depends on its moisture content and processing. Dried 

cow dung typically has a calorific value of 15–17 MJ/kg, whereas fresh manure with 50–60% 

moisture content only has 6–8 MJ/kg. Incorporating cow dung into fuel pellets or blending it 

with agricultural residues can further increase its calorific value to around 18–19 MJ/kg. 

Compared to conventional fossil fuels, cow dung-based fuels are renewable, reduce waste, and 

emit lower levels of greenhouse gases. Utilizing cow dung for bioenergy can reduce reliance 

on coal, oil, and gas, contributing to a more sustainable and environmentally friendly energy 

mix, particularly in rural areas with abundant livestock [19]. 

Cassava Peel Starch as a biopellet adhesive 
Cassava peel is an agricultural waste product that is typically underutilized, despite 

containing starch that can be used as a natural adhesive in biopellet production. Starch 

has good adhesive properties because it forms a gel when heated with water, thereby 

increasing the density and strength of biopellet adhesives [20]. The use of cassava peel 

starch as an adhesive can improve the mechanical strength and density of biopellets 

without reducing combustion efficiency [21]. 

 
Figure 1. Biopellet Form 
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Biopellet Quality Standards 
According to the Indonesian National Standard (SNI 8021-2014) [22], biopellets as 

solid fuel must meet several quality parameters, including maximum moisture content of 

12%, ash content <8%, minimum calorific value of 4,000 cal/g, and density ≥0.8 g/cm³. 

This standard aims to ensure the efficiency, safety, and suitability of biopellets as an 

alternative fuel. Testing of biopellet characteristics generally includes moisture content, 

ash content, calorific value, bound carbon, and combustion rate [23]. 

Cow dung-based biopellets, when properly dried and processed, can achieve a calorific 

value of 15–19 MJ/kg, moisture content below 12%, and ash content under 8%, thereby meeting 

the SNI 8021-2014 standard. This makes them a viable and environmentally friendly alternative 

to conventional fossil fuels like coal or wood. Additionally, utilizing cow dung biopellets can 

reduce greenhouse gas emissions, optimize waste utilization, and support energy sustainability, 

particularly in rural areas with abundant livestock populations [24]. 

Biopellet Making Process 
The biopellet manufacturing process consists of three main stages: preparation, 

molding, and testing. In the preparation stage, dried cow dung is collected and sieved to 

remove coarse impurities. Cassava peel starch is prepared separately through cleaning, 

refining, filtering, and sedimentation to obtain the starch extract. The biopellet 

manufacturing process is shown in Figure 2. 

The composition of each treatment included varying levels of starch adhesive (10%, 

30%, and 50%) and molding pressure (50, 60, and 70 kg/cm²). After the two ingredients 

were mixed, they were molded using a hydraulic press. After molding, the biopellets were 

dried in an oven at 80°C for 1 hour until the moisture content dropped below 12% [25]. 
A 40-mesh particle size of cow dung (≈0.425 mm) was used because it provides an optimal 

balance: finer particles increase strength and density but require higher processing energy, 

while coarser particles  reduce  pellet quality. Therefore, the 40 mesh size was selected to pro- 

 

 

Figure 2. Biopellet Manufacturing and Testing Scheme 

 
Table 1. Composition Of Cow Dung and Adhesive 

Sample Comparison 
Cassava Peel Starch Cow Dung 

(%) (Grams) (%) (Grams) 

Variation 10% 1 : 9 10 % 12.6 90% 113.4 

Variation 30% 3 : 7 30 % 37.8 70% 88.2 

Variation 50% 1 : 1 50 % 63 50% 63 

Total 126 Grams 126 Grams 
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duce high-quality biopellets. Therefore, 40 mesh is considered the best particle size for 

producing high-quality biopellets [26]. The composition between variations is shown in 

Table 1. 

Characteristic Testing  
Moisture Content 

Moisture content affects combustion efficiency; the higher the water content, the 

lower the calorific value produced because energy is used first to evaporate the water 

[27]. Moisture content testing is carried out using the loss on drying method with a 

moisture analyzer at 105°C. An initial sample of 2 grams is dried until constant weight, 

then the moisture content is calculated automatically [28]. The drying time to reach the 

target moisture content depends on the method, temperature, particle size, and environmental 

conditions. There is no fixed duration, the key point is to keep the material protected from 

moisture and monitor it regularly until the moisture content is below 12%. Proper drying 

ensures optimal combustion efficiency and mechanical quality of the biopellets, making them 

suitable for storage and use as solid fuel [29] [30], moisture content is calculated using 

Equation (1): 

Moisture Content =  
𝑊𝑤𝑒𝑡−𝑊𝑑𝑟𝑦

𝑊𝑤𝑒𝑡
 × 100%  (1) 

 The parameter 𝑊𝑤𝑒𝑡  refers to the initial weight and 𝑊𝑑𝑟𝑦   represents the final 

weight. 
 
Calorific Value 

The calorific value indicates the energy content of biopellets and is tested using a 

bomb calorimeter. The sample is weighed, placed in a combustion chamber, filled with 

pressurized oxygen, and ignited. The calorimeter system records the temperature 

increase and calculates the calorific value [31]. The formula is given in Equation (2): 

Calorific Value = 
(𝐸𝑒 × ∆𝑇)−𝑒1−𝑒2−𝑒3

𝐴
 (2) 

The parameter 𝐸𝑒 represents the Equivalent Energy (cal/°C), while ∆T denotes the 

difference between the initial and final temperature (°C). In the calculation, three 

correction factors are considered: 𝑒1 for acid correction, 𝑒2 for axis correction, and 𝑒3 for 

sulfur correction. Meanwhile, A indicates the mass of the sample, measured in grams (g). 

Burning Rate 
The combustion rate is defined as the weight loss per unit time during burning. The 

initial sample is weighed and burned in a porcelain cup, with the time measured using a 

stopwatch [32]. The burning rate is calculated using Equation (3): 

Burning Rate (g/min) =  
𝑚1−𝑚2

𝑡
 (3) 

The parameter 𝑚1  represents the initial weight of the sample before combustion 

(grams),  𝑚2 denotes the difference between the initial and final weights (grams), and 𝑡 

indicates the burning time (minutes). 

Ash Content 
Ash content is the residue after combustion. A higher ash content reduces the coloric 
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value. The sample is dried in an oven at 105°C for 1–3 hours to reduce water content, then 

burned in a muffle furnace at 600°C until only inorganic ash remains [33]. The ash content 

is calculated using Equation (4): 

Ash Content = 
𝑤𝐴𝑠ℎ

𝑤𝐷𝑟𝑦 𝐿𝑒𝑣𝑒𝑙
 × 100%  (4) 

The parameter 𝑤𝐴𝑠ℎ is ash weight after combustion (grams) and 𝑤𝐷𝑟𝑦 𝐿𝑒𝑣𝑒𝑙 is sample 

weight after drying (grams). 

Each test (moisture content, calorific value, combustion rate, and ash content) was 

conducted once for each treatment without repetition. The results presented in this study 

are single test data. For further research, it is recommended that repetitions and 

statistical analysis (e.g., three tests with standard deviation) be conducted to improve the 

accuracy and reliability of the results. 

 

RESULTS AND DISCUSSIONS 
Biopellet Characteristics 

This study was conducted to analyze the characteristics of biopellets made from 

dried cow dung waste with the addition of cassava peel starch adhesive. Testing focused 

on the calorific value, moisture content, combustion rate, and ash content of the biopellets 

produced with varying cassava peel starch adhesive and molding pressure. The test 

results are shown in Table 2. 

Moisture Content 
Moisture content testing was conducted to determine the water content of the 

biopellets. Moisture content affects the combustion quality of the biopellets. The test was 

conducted using the loss-on-drying method using a moisture analyzer at a drying 

temperature of 105°C and an initial weight of 2 grams. The test results are presented in 

Figure 3. 

Based on Figure 3, it shows that the higher the cassava peel starch adhesive content 

and the higher the molding pressure, the lower the water content of the biopellets, from 

12.50% to 8.50%. A low water content indicates that the biopellets are denser and more 

flammable because less heat energy is wasted on water evaporation. A low water content 

 

Table 2. Biopellet characteristic test results 
 

No Sample 
Sample 

Code 

Calorific 

Value 

(cal/grams) 

Moisture 

Content 

(%) 

Burning 

Rate 

(gr/minute) 

Ash 

Content 

(%) 

1 Variation 10% 

T 1.1 2795.4 12.50 % 1.71 1.20 % 

T 1.2 2811.7 12.30 % 1.54 1.15 % 

T 1.3 2830.3 12.00 % 1.40 1.17 % 

2 Variation 30% 

T 2.1 3195.3 11.00 % 1.20 1.04 % 

T 2.2 3222.8 10.80 % 1.09 1.02 % 

T 2.3 3245.5 10.50 % 1.00 1.01 % 

3 Variation 50% 

T 3.1 3552.1 9.50 % 0.88 0.92 % 

T 3.2 3572.4 8.75 % 0.81 0.91 % 

T 3.3 3595.9 8.50 % 0.74 0.90 % 
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Figure 3. Graph of Moisture Content Testing Results 

 

 
Figure 4. Graph of Calorific Value Test Results 

 
also supports a higher calorific value and a more stable combustion rate. With a lower 

water content, the biopellets can produce an even flame and better combustion efficiency. 

These results are consistent with the research of Jasinkas [34], which shows that water 

content has a negative relationship with the calorific value and thermal efficiency of 

biopellets. 

Calorivic Value 
 Calorific value is a key indicator of solid fuel quality. The higher the calorific value, 

the greater the energy produced by the combustion process. Calorific value testing was 

performed using a bomb calorimeter. The test results are presented in Figure 4. 

Figure 4 shows that the calorific value of biopellets ranges from 2,795.5 cal/g to 

3,595.9 cal/g. The calorific value increases with increasing cassava peel starch adhesive 

content and molding pressure. The adhesive not only acts as a binder but also generates 

heat by burning the starch. Higher pressure makes the biopellets denser, thus reducing 

their moisture content. Low moisture content promotes more efficient combustion 

because heat is not wasted on evaporating water, thus reducing the combustion rate. 
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Increasing the adhesive and pressure affects the quality of the biopellets, resulting 

in higher density, higher calorific value, lower moisture content, stable combustion rate, 

and lower ash content. This also aligns with research by Ridjayanti [35], which shows that 

biopellets with low moisture content and optimal adhesive yield high calorific value. 

Burning Rate 
The combustion rate is used to determine the speed at which biopellets burn until 

they are completely burned. The combustion rate value is obtained by dividing the weight 

before and after combustion by the combustion time. The test results are presented in 

Figure 5. 

Figure 5 shows that the biopellet combustion rate ranges from 0.74 to 1.71 

grams/minute. The combustion rate decreases with increasing adhesive content and 

molding pressure. Biopellets with higher adhesive and pressure become denser, so the 

flame is more stable and does not burn out quickly. A lower combustion rate also supports 

combustion efficiency because heat is released slowly and evenly. This is closely related 

to the low water content and higher calorific value of denser biopellets. The denser the 

biopellet structure, the smaller the air pores, so combustion is more controlled. These 

results are consistent with research by Lokesh Kumar Meena [36], which explains that the 
addition of adhesive affects the combustion speed and flame stability of biopellets. 

Ash Content 
Ash content indicates the solid residue resulting from biopellet combustion. The ash 

content value is used to determine the purity of the raw material and the efficiency of 

biopellet combustion. The test results are presented in Figure 6. 

Figure 6 shows that the ash content of the biopellets ranges from 0.90% to 1.20%. A 

low ash content indicates a nearly complete combustion process with minimal solid 

residue. Ash content varies depending on the adhesive composition and molding 

pressure. Higher adhesive and pressure create denser biopellets, resulting in more even 

combustion and less ash production. Low ash content also contributes to biopellet quality 

because most of the organic material is burned away into heat energy. Research by 

Pecenka [37] shows that the addition of organic adhesive significantly affects the 

moisture content, ash content, and calorific value of biomass briquettes. 

 

 
Figure 5. Graph of Burning Rate Test Results 
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Figure 6. Graph of Ash Content Test Results 

 
Effect of Adhesive Variation and Printing Pressure 

Variations in the starch content of cassava peel adhesive and molding pressure have 

been shown to affect the characteristics of biopellets made from cow dung waste. The 

addition of adhesive acts as a binder for biomass particles, making the biopellets denser 

and stronger. Higher molding pressure also increases the density of the biopellets, 

reducing their water content. The calorific value of the biopellets increases because more 

solid organic material is burned, plus the starch content in the adhesive also burns, adding 

heat energy. The combustion rate tends to decrease in denser biopellets due to the limited 

air supply, making the combustion process more controlled and stable. The ash content 

of the biopellets is low because most of the organic material is burned to produce heat 
energy. 

Characteristics of the Produced Biopellets 
The characteristics of biopellets produced from cow dung waste with the addition 

of cassava peel starch adhesive indicate good quality. The resulting calorific value ranges 

from 2,795.4–3,595.9 cal/g, indicating the biopellets are capable of producing sufficient 

heat energy for alternative fuel. The moisture content is in the range of 8.50–12.50%, 

meeting biopellet quality standards, which require low moisture content for more 

efficient combustion. 

The resulting combustion rate is in the range of 0.74–1.71 grams/minute, with a 

stable flame and more even combustion. The low ash content, between 0.90–1.20%, 

indicates that the raw material is almost completely burned without much solid residue. 

With these characteristics, cow dung biopellets can be used as an environmentally 
friendly alternative fuel to replace fossil fuels. 

Comparison with Conventional Fuels and Other Biopellet Studies 
The calorific values of cow dung–based biopellets in this study (2,795.4–3,595.9 

cal/g) are lower than conventional fossil fuels such as coal (5,000–7,000 cal/g) but 

comparable to other biomass fuels. For example, wood-based biopellets generally reach 

4,000–4,500 cal/g, while rice husk biopellets have values ranging from 3,000–3,500 cal/g. 

Similarly, the ash content obtained (0.90–1.20%) is relatively low and competitive with 

wood pellets (0.50–1.00%), indicating good fuel quality. These findings demonstrate that 
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cow dung biopellets, although having a slightly lower calorific value, can serve as a viable 

alternative renewable fuel source, especially when local biomass waste is abundant. 
Cost-Effectiveness Considerations for Future Research 

Although this study focused on the physical and thermal properties of biopellets, 

future work should also address cost-effectiveness. Factors such as raw material 

availability, processing cost, adhesive preparation, and energy yield per unit cost are 

crucial for practical application. A cost-benefit analysis comparing cow dung biopellets 

with conventional fuels (e.g., kerosene, coal, or LPG) will help determine economic 

feasibility. Incorporating such evaluation will provide a clearer understanding of the 
sustainability and scalability of biopellet production. 

Relationship between Compression Value, Calorific Value, Water Content, 
Combustion Rate and Ash Content 

The compression value of biopellets produced by varying the molding pressure (50, 

60, and 70 kg) and cassava peel starch adhesive (10, 30, and 50%) content influences the 

biopellet characteristics, particularly the moisture content, ash content, calorific value, 

and combustion rate. The higher the molding pressure and adhesive content, the higher 

the compression value, as the biopellet structure becomes denser and more compact. 

The relationship between compression value, ash content, moisture content, 
calorific value, and combustion rate is mutually supportive and serves as an indicator of 
biopellet quality. These results support research by Iskandar [38], which explains that 
densification pressure and the use of cassava starch adhesive significantly increase the 
density and calorific value of biopellets, while simultaneously reducing the moisture and 
ash contents. 

CONCLUSIONS 
Variations in the cassava peel starch adhesive content and molding pressure have 

been shown to affect the characteristics of biopellets made from cow dung waste. The 

addition of adhesive increased the density of the biopellets, resulting in a decrease in 

moisture content from 12.5% to 9.5%, an increase in the calorific value from 2,795.4 cal/g 

to 3,595.9 cal/g, a more stable combustion rate in the range of 1.71–0.74 g/min, and a 

decrease in the ash content from 1.20% to 0.90%.  

The resulting biopellets had a calorific value ranging from 2,795.4–3,595.9 cal/g, a 

moisture content of 12.5–9.5%, a combustion rate of 1.71–0.74 g/min, and an ash content 

of 1.20–0.90%. These characteristics approach biopellet quality standards and support 

their use as an environmentally friendly alternative fuel. The relationship between 

pressure value, moisture content, calorific value, combustion rate, and ash content is 

interrelated. The denser the biopellets, the less air cavities there are so that the water 

content decreases from 12.50% to 8.5%, then the calorific value increases from 2,795.4 

cal/gr to 3,595.9 cal/gr, the combustion rate is more stable from 1.71 gr/minute to 0.74 

gr/minute, and the ash content becomes lower from 1.20% to 0.90%. 

Based on the results of this study, it is suggested as follow: 
1. Further research could test other variables, such as different types of natural 

adhesives or varying drying temperatures. 
2. Designing a biomass stove specifically for biopellets. 
3. Testing the performance of biopellets in a biomass stove. 
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