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Abstract  

Indonesia's energy demand continues to increase, but energy fulfillment still relies on coal, which has a 

negative impact on the environment. Seeing the potential of biomass as fuel, this study is intended to 

analyze the potential use of soybean dregs from soy sauce factories and sugarcane bagasse as fuel and to 

evaluate the characteristics of biomass briquettes according to the composition and particle size of the 

materials. Sugarcane bagasse and soy sauce bagasse were varied with a ratio of 63%:27%, 45%:45%, and 

27%:63%, respectively with a mixture of 10% adhesive from cassava flour and molasses. The mesh size 

was chosen at 80 (177 μm) and 150 (99 μm) to compare the effect of particles <100 μm and >100 μm. 

Briquettes with characteristics that meet almost all aspect standards are briquettes with a composition of 

27% soy sauce dregs and 63% sugarcane dregs with a mesh size of 150. The results of the water content 

are 4.20%, ash content 7.46%, volatile matter content 23.73%, and calorific value 5948 calories/gram. 

However, the results of the CO emission test in the early minutes of combustion (1287 ppm) did not meet 

the quality standard. This study proves that soy sauce dregs and sugarcane dregs waste can be an  

environmentally friendly alternative fuel with further emission control. 
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Abstrak 

Kebutuhan energi di Indonesia terus meningkat, tetapi pemenuhan energi masih mengandalkan batubara 

yang memberikan dampak negatif ke lingkungan. Melihat adanya potensi biomassa sebagai bahan bakar, 

penelitian ini dimaksudkan untuk menganalisis potensi pemanfaatan ampas kedelai pabrik kecap dan ampas 

tebu sebagai bahan bakar dan melakukan evaluasi karakteristik hasil briket biomassa sesuai dengan 

komposisi dan ukuran partikel bahan. Ampas tebu dan ampas kecap divariasikan dengan perbandingan 

masing-masing 63%:27%, 45%:45%, dan 27%:63% dengan campuran 10% perekat dari tepung singkong 

dan molase. Ukuran mesh dipilih 80 (177 μm) dan 150 (99 μm)  untuk membandingkan pengaruh partikel 

< 100 μm dan >100 μm. Briket dengan karakteristik yang memenuhi hampir semua standar aspek adalah 

briket dengan komposisi ampas kecap 27% dan ampas tebu 63% dengan ukuran mesh 150. Hasil kadar air 

sebesar 4,20%, kadar abu 7,46%, kadar zat terbang 23,73%, nilai kalori 5948 kalori/gram Namun, hasil uji 

emisi CO pada menit awal pembakaran (1287 ppm) tidak memenuhi standar baku mutu. Penelitian ini 

membuktikan bahwa limbah ampas kecap dan ampas tebu dapat menjadi bahan bakar alternatif ramah 

lingkungan dengan pengendalian emisi lebih lanjut. 

Kata Kunci: briket biomassa; ampas kecap; ampas tebu; nilai kalor; emisi co 

 

1. Introduction  

The use of coal as an energy source is still massive in Indonesia. In 2022, approximately 165 million 

tons of coal were utilized as fuel. It is projected that by 2025, coal demand will increase to 208.5 million 

tons [1]. However, the growing population will continue to drive up energy demands, making coal an 

unsustainable solution. According to [2], coal is a non-renewable energy source that is not sustainable; in 

fact, the closure of coal mines in Western Europe has led to significantly cleaner air. Moreover, coal mining 

contributes up to 90% to climate change. Therefore, alternative renewable energy sources are urgently 

needed [3]. 

Indonesia has fertile land rich in biomass potential. Soybean residue and sugarcane bagasse are 

common and underutilized waste materials. Sugarcane bagasse is a by-product of sugar production, while 

soybean residue is a fermentation by-product from soy sauce factories. These residues are often discarded 

in large amounts, leading to potential decomposition and disruption of surrounding ecosystems [4]. 

Biomass refers to organic material derived from living organisms, either plants or animals, that can be used 
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as an energy source. Studies by [5] and [6] have shown that briquettes made from sugarcane bagasse and 

soybean residue have relatively high calorific values, making them a promising alternative to reduce coal 

dependency. This energy is generated from the carbon content in the biomass. Although briquettes have 

been developed for a long time, their production, particularly regarding energy and emissions, has been 

further optimized following concerns over a potential energy crisis due to excessive exploitation. According 

to the International Energy Agency's World Energy Outlook (2021) in [7], biomass energy is one of the 

renewable solutions to address dependence on fossil fuels. 

There are various types of briquettes based on their raw material. According to [8], briquettes can 

be made from agricultural waste such as rice husks, corn cobs, and fruit or vegetable peels. Additionally, 

briquettes can be produced from organic solid waste (such as animal manure and kitchen waste) or wood 

industry waste. In Indonesia, the feasibility of briquettes is regulated by the National Standardization 

Agency (BSN) under the Indonesian National Standard (SNI) No. 4931 of 2010. This regulation sets 

minimum calorific values and maximum allowable moisture content, ash content, and volatile matter for 

both coal and biomass briquettes. These characteristics are crucial as they are interrelated and affect the 

energy and emissions produced. Energy optimization of briquettes can be achieved through proper 

processing and technology. Before the raw material is converted into briquettes, a carbonization process is 

needed to increase the carbon content, thereby enhancing the calorific value. According to [9], several 

carbonization technologies, such as pyrolysis, torrefaction, and hydrothermal carbonization, can be 

employed to enhance energy yield.  

Furthermore, [10] states that briquettes produced using torrefaction technology can reach energy 

values comparable to coal briquettes, though they still fall short of high-grade coal. Additionally, [11] notes 

that preprocessing methods like sieving and the addition of binders can reduce ash content and smoke 

generation. Initial testing is essential to determine the characteristics of sugarcane bagasse and soybean 

residue, as these directly influence the properties of the resulting briquettes, even after processing [12]. 

Therefore, this study aims to analyze the potential and determine the optimal composition for biomass 

briquettes using soybean and sugarcane residues. Mesh sizes of 80 (177 μm) and 150 (99 μm) were chosen 

based on [13], which found that mesh sizes <100 μm result in better briquette characteristics compared to 

those >100 μm. 

 

2. Material and Methods 

2.1 Raw Material Preparation 

The soybean residue used in this study is a by-product of the soy sauce fermentation process, 

obtained from the Jeruk Pecel Tulen Soy Sauce Factory, while the sugarcane bagasse is derived from the 

leftover fiber after sugarcane juice extraction. Both of these materials are readily available and abundant. 

Raw material preparation includes collection and cleaning to remove small waste contaminants such as 

plastic and sand. The binders used in the briquette production are cassava starch and molasses, mixed in 

equal proportions, making up a total of 10% of the briquette’s weight. To assess the potential of these two 

types of residue, an initial characterization test was conducted.  

 
Table 1. Characteristics of soybean dregs 

Parameter   Unit 

Fixed Carbon 26,9 % 

Calorific Value 3105,5 cal/gr 

Moisture Content 10,303 % 

Ash Content 17,009 % 

Volatile Matter 28,277 % 

Source : Analysis results (2025) 

 

Table 2. Characteristics of sugarcane bagasse 

Parameter   Unit 

Fixed Carbon 29,88 % 

Calorific Value 3880,8 cal/gr 

Moisture Content 3,333 % 

Ash Content 5,062 % 

Volatile Matter 32,336 % 

Source : Analysis results (2025) 
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2.2 Carbonization 

The initial raw material characteristics still did not meet many requirements, such as having a low 

calorific value. As stated by [9], the carbonization technology used in this study was the pyrolysis technique. 

Soybean residue and sugarcane bagasse were burned at a temperature of 500°C for 60 minutes in a pyrolysis 

reactor. This combustion process aimed to increase the carbon content as the raw material undergoes 

charring. It also helps to evaporate moisture and volatile matter, resulting in lower levels of both, while 

burning residual minerals or organic substances that leave behind ash residue. 

2.3 Briquetting 

After carbonization, the raw materials were crushed into granules to facilitate the sieving process. 

Once sufficiently fine, the materials were sieved using mesh sizes 80 and 150 to ensure uniform particle 

size, which improves the resulting briquette characteristics. All materials were then mixed according to the 

following compositions: soybean residue 63% : sugarcane bagasse 27%, soybean residue 45% : sugarcane 

bagasse 45%, and soybean residue 27% : sugarcane bagasse 63%, with cassava starch binder (5%) and 

molasses (5%) added based on the total weight of the briquette. The next stage was molding. Molding was 

carried out manually using a hydraulic press with mold dimensions of 5 cm in diameter and 5 cm in height, 

followed by oven drying for 2 hours at 105°C. 

2.3 Analysis 

The analyses conducted included moisture content, ash content, volatile matter, calorific value, and 

CO concentration during combustion. Table 3 shows the testing methods used to evaluate the 

characteristics of the biomass briquettes. 

 
Table 3. Testing Methods for Biomass Briquette Characteristics 

Parameter  Metode Uji Unit 

Calorific Value Bomb Calorimeter cal/gr 

Moisture Content SNI 13-3478-1994 % 

Ash Content  SNI 13-3481- 1994 % 

Volatile Matter SNI 13-3999-1995 % 

 CO Concentration Gas Analyzer Testo 350 ppm 

Source : Analysis results (2025) 

 

3. Results and Discussion 

3.1 Moisture Content 

Moisture content was tested to determine the amount of water contained in the briquette samples, 

using the SNI 13-3478-1994 method [14], which involves heating in an oven at 105°C for 1 hour. One of 

the factors contributing to high moisture content is the hydrophilic nature of the raw materials (which absorb 

moisture from the surroundings, thus increasing moisture levels), leading to a reduction in calorific value 

[7]. The calorific value decreases because the heat energy produced by the briquette is first used to 

evaporate the moisture [8]. The analysis results, shown in Table 4, indicate that the moisture content in the 

briquette samples ranges from 4% to 7%. 

 
Table 4. Results of moisture content analysis 

Parameter   Unit 

AK63% : AT27% 80 mesh 7.39 % 

AK45% : AT45% 80 mesh 6,77  % 

AK27% : AT63% 80 mesh 6,21  % 

AK63% : AT27% 150 mesh 6,10  % 

AK45% : AT45% 150 mesh 5,00  % 

AK27% : AT63% 150 mesh 4,20  % 

Source : Analysis results (2025) 

 

This moisture content is still below the maximum limit set by the National Standardization Agency 

in SNI 4931:2010, which is a maximum of 12%. The lowest moisture content was found in the briquette 

sample with 27% soybean residue and 63% sugarcane bagasse at mesh size 150, which was 4.20%. 

Meanwhile, the highest moisture content was found in the briquette sample with 63% sugarcane bagasse 

and 27% soybean residue at mesh size 80, which was 7.39%. Smaller mesh sizes facilitate easier 
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evaporation of water because the particles are smaller and the density increases, leaving no space for water 

within the briquette [15]. 

Figure 1 shows the moisture content graph results, indicating that the higher the proportion of 

soybean residue used, the higher the moisture content, even with different mesh sizes. This corresponds 

with the initial characteristic test of soybean residue, which contains a high sugar content. The sugar content 

affects the hydrophilic properties of the material, thus increasing its moisture retention [16]. 

 

 
Figure 1. Graph of Moisture Content (%) 

Source : Analysis results, (2025) 

 

3.2 Ash Content  

The ash content of the briquettes was tested using a furnace according to SNI 13-3481-1994. The 

ash content test must be conducted after the moisture content test to ensure accuracy, so that the weighed 

ash is not mixed with moisture. The samples were initially heated at 500°C for 30 minutes, followed by 

heating at 815°C for 1 hour to ensure complete combustion of the briquettes, leaving only ash or incomplete 

combustion residues. Ash content indicates the effectiveness of combustion; the higher the ash content, the 

more inorganic substances or unburned organic residues remain from the carbonization process [17]. 

However, ash content can also originate from binders that do not burn optimally during oven drying. The 

National Standardization Agency sets the maximum ash content limit at 15%. The analysis results show 

that the ash content of the briquette samples ranges from 7% to 13%, which meets the standards set in SNI 

4931:2010. 

 
Table 5. Results of ash content analysis 

Parameter   Unit 

AK63% : AT27% 80 mesh 13,29 % 

AK45% : AT45% 80 mesh 9,47  % 

AK27% : AT63% 80 mesh 8,16 % 

AK63% : AT27% 150 mesh 11,52  % 

AK45% : AT45% 150 mesh 8,44  % 

AK27% : AT63% 150 mesh 7,46  % 

Source : Analysis results, (2025) 

 

The highest ash content was found in the briquette sample with 63% sugarcane bagasse and 27% 

soybean residue at mesh size 80, which was 13.29%, while the lowest ash content was from the briquette 

sample with 27% soybean residue and 63% sugarcane bagasse at mesh size 150, which was 7.46%. Smaller 

particle sizes consistently result in lower ash content because smaller particles enable more complete 

combustion and have a larger surface area due to tighter compaction between particles, which enhances 

oxygen interaction and allows residues to burn thoroughly [15]. 
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Figure 2. Graph of Ash Content (%) 

Source : Analysis results, (2025) 

 

Composition also affects ash content; briquettes with higher soybean residue content have higher 

ash content, consistent with the initial characteristics of soybean residue, which has a higher ash content 

compared to sugarcane bagasse. This means soybean residue contains more organic and inorganic residues. 

This issue can be addressed by applying high pressure during molding so that the ash is bound within the 

briquette structure and burns completely during combustion [18]. 

3.3 Volatile Matter 

Another important characteristic tested is the volatile matter content. Volatile matter indicates the 

amount of substances that easily evaporate during briquette combustion. These volatile substances result 

from the decomposition of organic compounds remaining in the briquette after production. The volatile 

matter test must be conducted after the moisture content test to ensure accurate results. The volatile matter 

analysis was performed according to SNI 13-3999-1995 by heating the sample in a furnace at 950°C for 7 

minutes, then weighing it to determine the mass ratio of the sample. High volatile matter content will result 

in higher smoke emissions during combustion. According to [11], carbonization of the material can reduce 

volatile matter because it evaporates during the carbonization process. The analysis results show that the 

volatile matter content of the briquette samples nearly meets the maximum standard of 22% set by SNI 

4931:2010, except for the briquette sample with 63% soybean residue and 27% sugarcane bagasse at mesh 

size 150, which has the highest volatile matter content of 23.73%, as shown in Table 6. 

 
Table 6. Results of volatile matter analysis 

Parameter   Unit 

AK63% : AT27% 80 mesh 12,82  % 

AK45% : AT45% 80 mesh 15,55 % 

AK27% : AT63% 80 mesh 17,19  % 

AK63% : AT27% 150 mesh 15,52  % 

AK45% : AT45% 150 mesh 19,58 % 

 AK27% : AT63% 150 mesh  23,73   % 

Source : Analysis results, (2025) 

 

The lowest volatile matter content was found in the briquette with 63% soybean residue and 27% 

sugarcane bagasse at mesh size 80, measuring 12.82%. From this study, it can be concluded that the higher 

the sugarcane bagasse content, the higher the volatile matter content. This corresponds to the initial analysis, 

where sugarcane bagasse has a higher volatile matter content than soybean residue. Previous research by 

[19], showed volatile matter content reaching 30% with 100% sugarcane bagasse composition. 

Additionally, smaller mesh sizes result in higher volatile matter content, as illustrated in Figure 3. Mesh 

size 150 consistently produces higher volatile matter content compared to mesh size 80. According to [20], 

smaller particle sizes make it difficult for organic compounds to decompose due to the tight bonding 

between briquette particles.  
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Figure 3. Graph of  Volatile Matter (%) 

Source : Analysis results, 2025 

 

3.4 Calorific Value 

Calorific value is the amount of energy contained in the briquette and serves as the main parameter 

for energy procurement from biomass. The calorific value represents the amount of heat energy produced 

only during complete combustion. Incomplete combustion reduces the calorific value and results in high 

ash content and volatile matter. The calorific value measurement is conducted using a bomb calorimeter, 

which calculates the value based on the temperature increase in the calorimeter medium. The calorific value 

is greatly influenced by moisture content, ash content, and volatile matter content. According to [21], the 

carbon content, which is the source of combustion energy, decreases if moisture, ash, and volatile matter 

contents are high. 

 
Table 7. Results of calorific value analysis 

Parameter   Unit 

AK63% : AT27% 80 mesh 5538,2956 Kal/gr 

AK45% : AT45% 80 mesh 5691,4518 Kal/gr 

AK27% : AT63% 80 mesh 5839,2130 Kal/gr 

AK63% : AT27% 150 mesh 5591,0440 Kal/gr 

AK45% : AT45% 150 mesh 5809,0393 Kal/gr 

AK27% : AT63% 150 mesh 5948,3372 Kal/gr 

Source : Analysis results, (2025) 

 

In this study, the calorific value of the briquettes ranged from 5500 to 5900 cal/g, meeting the SNI 

4931:2010 standard for bio-coal briquettes classified as Class A, the highest grade, which requires a 

calorific value between 5000 and 6000 cal/g. The lowest calorific value was produced by the briquette 

sample with 63% soybean residue and 27% sugarcane bagasse at mesh size 80, which was 5538.30 cal/g. 

The highest calorific value was produced by the briquette composition of 27% soybean residue and 63% 

sugarcane bagasse at a mesh size of 150. According to [22], proximate analysis is important to determine 

the characteristics of materials such as soybean residue, which has higher moisture, ash, and volatile matter 

contents compared to sugarcane bagasse, resulting in a lower calorific value. Meanwhile, smaller particle 

sizes, such as mesh 150, increase briquette density, allowing more optimal and uniform combustion, thereby 

producing higher energy output [23]. 
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Figure 4. Graph of  Calorific Value (%) 

Source : Analysis results, (2025) 

 

3.5 CO Concentration 

Although the briquettes have a high calorific value, the combustion process has the potential to be 

incomplete. Therefore, an analysis of CO concentration produced during briquette combustion over 60 

minutes was conducted. The analysis was carried out using a furnace equipped with a testo 350 gas analyzer 

sensor at the sampling port. The test was performed on briquettes with a composition of 27% soybean 

residue and 63% sugarcane bagasse at mesh size 150, as this composition yielded the best results in almost 

all tests except for volatile matter content, which exceeded the standard. The maximum allowable CO 

concentration in briquette combustion is regulated by the Ministry of Energy and Mineral Resources 

Regulation No. 47 of 2006 at 726 mg/Nm³, or equivalent to 633.67 ppm. 

The analysis results showed that CO emissions during the first 40 minutes of combustion did not 

meet the established quality standards. However, as combustion progressed and the fuel amount decreased, 

the CO concentration dropped and complied with the standards. According to [24], high CO levels can be 

caused by uneven air distribution during combustion or insufficient oxygen supply in the combustion 

chamber. This is supported by research indicating that ash content can block briquette pores, making it 

difficult for released carbon to fully bond with oxygen [25]. Compared to the study conducted by [26], CO 

concentrations from class 1-4 wood briquettes were higher at the beginning of combustion, ranging from 

2100 to 4200 ppm. 
 

Table 8. Results of CO concentration analysis 

Parameter   Unit 

10 minutes 1287 ppm 

20 minutes 1018 ppm 

30 minutes 815 ppm 

40 minutes 651 ppm 

50 minutes 512 ppm 

60 minutes 396 ppm 

Source : Analysis results, (2025) 

 

4. Conclusion  

The analysis results showed that the briquette composition with 27% soybean residue and 63% 

sugarcane bagasse at mesh size 150 produced briquettes with the following characteristics: moisture content 

of 4.1986%, ash content of 7.4591%, volatile matter content of 23.4873%, calorific value of 5954.3629 

cal/g, and CO concentration ranging from 396 to 1218 ppm, which decreased over the combustion period. 

The volatile matter content parameter did not meet the SNI 4931:2010 standard, and the CO concentration 

exceeded the limit set by the Ministry of Energy and Mineral Resources Regulation No. 047 of 2006, with 

a maximum allowable CO level of 633.67 ppm. The briquette characteristics correspond to the initial 
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characteristics of the raw materials, emphasizing the importance of raw material selection in improving 

biomass briquette energy quality.  
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6. Abbreviations 

ESDM Ministry of Energy and Mineral Resources of the Republic of Indonesia 

% Percentage 

CO reduce, reuse, and recycle 

AK Soybean dregs 

AT Sugarcane bagasse 

 
7. References 
[1] P. Guitarra, “Kebutuhan Batu Bara Dalam Negeri Bisa 208,5 Juta Ton di 2025.,” Artikel CNBC 

Indonesia, 2022. https://www.cnbcindonesia.com/news/20220217173759-4-316265/kebutuhan-

batu-bara-dalam-negeri-bisa-2085-juta-ton-di-2025 

[2] R. B. Finkelman, A. Wolfe, and M. S. Hendryx, “The future environmental and health impacts of 

coal,” Energy Geosci., vol. 2, no. 2, 2021, doi: 10.1016/j.engeos.2020.11.001. 

[3] M. Tao, W. Cheng, K. Nie, X. Zhang, and W. Cao, “Science of the Total Environment Life cycle 

assessment of underground coal mining in China,” vol. 805, no. 2022, 2025. 

[4] R. M. R. Rangkuti, Erna Septiandini, and Adhi Purnomo, “Analisis Pemanfaatan Limbah Kertas 

Bekas dan Ampas Tebu sebagai Material Alternatif Pembuatan Dinding Partisi Ramah 

Lingkungan,” J. TESLINK  Tek. Sipil dan Lingkung., vol. 6, no. 1, pp. 45–49, 2024, doi: 

10.52005/teslink.v6i1.307. 

[5] A. Abyaz, E. Afra, and A. Saraeyan, “Improving technical parameters of biofuel briquettes using 

cellulosic binders,” Energy Sources, Part A Recover. Util. Environ. Eff., 2020, doi: 

10.1080/15567036.2020.1806955. 

[6] M. Kunta, M. Syamsiro, and I. Wahyu, “Utilization of Soybean Dregs for Solid Fuel Production 

Through Hydrothermal Carbonization,” vol. 25, no. 6, pp. 4797–4803, 2021. 

[7] O. F. Obi, R. Pecenka, and M. J. Clifford, “A Review of Biomass Briquette Binders and Quality 

Parameters,” Energies, vol. 15, no. 7. 2022. doi: 10.3390/en15072426. 

[8] P. Donald, C. Sanchez, M. Me, T. Aspe, and K. N. Sindol, “An Overview on the Production of Bio-

briquettes from Agricultural Wastes: Methods, Processes, and Quality,” J. Agric. Food Eng., vol. 3, 

no. 1, pp. 1–17, 2022, doi: 10.37865/jafe.2022.0036. 

[9] F. Güleç, O. Williams, E. T. Kostas, A. Samson, and E. Lester, “A comprehensive comparative 

study on the energy application of chars produced from different biomass feedstocks via 

hydrothermal conversion, pyrolysis, and torrefaction,” Energy Convers. Manag., vol. 270, 2022, 

doi: 10.1016/j.enconman.2022.116260. 

[10] A. A. Adekunle et al., “A comprehensive review on the similarity and disparity of torrefied biomass 

and coal properties,” Renew. Sustain. Energy Rev., vol. 199, 2024, [Online]. Available: 

https://doi.org/10.1016/j.rser.2024.114502. 

[11] J. A. Kumar, K. V. Kumar, M. Petchimuthu, S. Iyahraja, and D. V. Kumar, “Comparative analysis 

of briquettes obtained from biomass and charcoal,” in Materials Today: Proceedings, 2021, vol. 45. 

doi: 10.1016/j.matpr.2020.02.918. 

[12] X. Wang, H. Firouzkouhi, J. C. Chow, J. G. Watson, W. Carter, and A. S. M. De Vos, 

“Characterization of gas and particle emissions from open burning of household solid waste from 

South Africa,” Atmos. Chem. Phys., vol. 23, no. 15, 2023, doi: 10.5194/acp-23-8921-2023. 

[13] S. Anggraeni, S. N. Hofifah, A. B. D. Nandiyanto, and M. R. Bilad, “Effects of particle size and 

composition of cassava peels and rice husk on the briquette performance,” J. Eng. Sci. Technol., 

vol. 16, no. 1, 2021. 

[14] Purwanto, Djoko. "Briket bahan bakar dari limbah tempurung kelapa sawit (Elaeis guineensis 

Jacq)." Indonesian Journal of Industrial Research 2.1 (2010): 27-34. 



                                              Volume X, No.3, Juli 2025        Hal 14510 - 14518   

 

14518 
 

p-ISSN : 2528-3561 

e-ISSN : 2541-1934 

[15] J. C. Abineno, J. J. S. Dethan, F. J. H. Bunga, and E. Z. Haba Bunga, “Characterization and 

performance analysis of Kesambi branch biomass briquettes: A study on particle size effects,” J. 

Ecol. Eng., vol. 26, no. 1, pp. 213–222, 2025, doi: 10.12911/22998993/195643. 

[16] A. Farahmand, S. Naji-Tabasi, and S. Shahbazizadeh, “Influence of selected salts and sugars on the 

rheological behavior of quince seed mucilage,” J. Agric. Sci. Technol., vol. 23, no. 2, pp. 333–347, 

2021. 

[17] A. A. Adeleke et al., “Ash analyses of bio-coal briquettes produced using blended binder,” Sci. Rep., 

vol. 11, no. 1, pp. 1–9, 2021, doi: 10.1038/s41598-020-79510-9. 

[18] A. Nikiforov, A. Kinzhibekova, E. Prikhodko, A. Karmanov, and S. Nurkina, “Analysis of the 

Characteristics of Bio-Coal Briquettes from Agricultural and Coal Industry Waste,” Energies, vol. 

16, no. 8, 2023, doi: 10.3390/en16083527. 

[19] M. Lubwama, V. A. Yiga, and H. N. Lubwama, “Effects and interactions of the agricultural waste 

residues and binder type on physical properties and calorific values of carbonized briquettes,” 

Biomass Convers. Biorefinery, vol. 12, no. 11, 2022, doi: 10.1007/s13399-020-01001-8. 

[20] T. Kebede, D. T. Berhe, and Y. Zergaw, “Combustion Characteristics of Briquette Fuel Produced 

from Biomass Residues and Binding Materials,” J. Energy, vol. 2022, 2022, doi: 

10.1155/2022/4222205. 

[21] R. Kabir Ahmad, S. Anwar Sulaiman, S. Yusup, S. Sham Dol, M. Inayat, and H. Aminu Umar, 

“Exploring the potential of coconut shell biomass for charcoal production,” Ain Shams Eng. J., vol. 

13, no. 1, 2022, doi: 10.1016/j.asej.2021.05.013. 

[22] E. G. Messay, A. A. Birhanu, J. M. Mulissa, T. A. Genet, W. A. Endale, and B. F. Gutema, 

“Briquette production from sugar cane bagasse and its potential as clean source of energy,” African 

J. Environ. Sci. Technol., vol. 15, no. 8, pp. 339–348, 2021, doi: 10.5897/ajest2021.3006. 

[23] S. F. Elsisi, M. N. Omar, M. M. Azam, A. H. A. Eissa, and E. M. Gomaa, “Effect of Pyrolysis 

Process on the Properties of Briquettes Produced from Different Particle Size Peanut Shells and 

Grape Pruning Residues,” Biomass and Bioenergy, vol. 193, 2025, [Online]. Available: 

https://doi.org/10.1016/j.biombioe.2024.107532 

[24] A. Nikiforov, E. Prikhodko, A. Kinzhibekova, A. Karmanov, and T. Alexiou Ivanova, “Analysis of 

the Efficiency of Burning Briquettes from Agricultural and Industrial Residues in a Layer,” Energies 

, vol. 17, no. 13, 2024, doi: 10.3390/en17133070. 

[25] G. Li et al., “CO2 and air pollutant emissions from bio-coal briquettes,” Environ. Technol. Innov., 

vol. 29, 2023, doi: 10.1016/j.eti.2022.102975. 

[26] M. A. Syuhada, “Tugas akhir analisis karakteristik asap briket dari berbagai kelas kuat kayu,” 2024. 

 


