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ABSTRACT 

Making briquettes with agricultural waste raw materials is effective alternative energy for fuel. This study 

describes the effect of the composition of coconut shell charcoal and durian skin, molasses adhesive and starch 

on the characteristics of bio briquettes through proximate analysis to obtain the ideal composition. In this study, 

briquettes were made with a mixture of coconut shell charcoal and durian shell charcoal which were varied (i.e. 

the ratio of coconut shell charcoal and durian skin charcoal was 65:30, 60:35,55:40,50:45,45:50). Briquettes 

production is carried out using a furnace at a temperature of 400oC. The resulting charcoal is mixed with different 

mass ratios and added molasses adhesive. The bio briquettes were analyzed to evaluate the moisture content, ash 

content, volatile matter, fixed carbon content, burn time, calorific value and morphology. Proximate analysis 

shows that solid fuel products have almost the same quality as coal, namely the calorific value of 5710.43 cal/g 

for molasses adhesive. The resulting proximate analysis shows that the resulting bio briquettes have great potential 

to become a viable fuel source. 
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INTRODUCTION 

In meeting the growing demand for fossil fuels which has decreased, alternative renewable energy sources are 

needed that can meet the needs of fossil fuel reserves[1]. Several alternative renewable energy sources, abundantly 

available biomass, can contribute approximately 10% of annual energy needs and reduce waste disposal generated 

from agriculture[2], [3]. Biomass energy sources are classified as clean energy, the richest carbon stocks [4], 

environmentally friendly and potentially sustainable [5], [6]. Biomass conversion technology that is generally 

used is the pyrolysis process, the gasification process[7]. Pyrolysis is a technology that is widely used for the 

biomass conversion process[8]. This conversion technology can improve the combustion quality of biomass and 

combustion characteristics[9]. In addition to the choice of technology, the raw materials also affect the mixture 

of materials and the binder[10]. Utilization of agricultural and plantation waste as raw material for briquettes has 

been carried out such as bagasse[11], rice husks [12], durian skin[13] and coconut shells. 

Durian peel has the potential to be used as a source of alternative energy raw materials, as he has done[10] namely 

making briquettes from durian skin with starch adhesive, concluded that the briquettes produced already meet the 

SNI standard (SNI 01-6235-2000) and the addition of adhesive 3 % obtained the best quality briquettes. Besides 

durian skin, the most widely used biomass as raw material for briquettes is coconut shell. [14] he made briquettes 

from coconut shells mixed with peanut shells, it was concluded that this briquette is one solution to help overcome 

the reduced energy supply and has great potential. Another important thing that affects the quality of briquettes 

is the type of adhesive used. Commonly used adhesives are molasses and starch. This study focuses on the effect 

of composition between durian shell charcoal and coconut shell charcoal as raw material for briquettes. The 

purpose of this study was to obtain briquettes according to national standards through proximate analysis by 
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looking at the effect of composition between durian shell charcoal and coconut shell charcoal. Parameters to be 

analyzed include water content, ash, Volatile Matter content, calorific value, and long burning time. The adhesive 

used is molasses. 

METHODS 

Raw materials 

The durian skin used in this study was obtained from a shop that sells processed durian and durian fruit. Coconut 

shells are obtained from coconut shell waste from coconut sellers in traditional markets. While the molasses used 

is obtained from a sugar industry in Sidoarjo – East Java – Indonesia. 

Sample preparation 

The moisture content of the sample to be made into charcoal is determined at 10%, both durian shell and coconut 

shell. The drying method used is oven drying. To speed up the drying process, the durian shell is reduced in size. 

Figure 1. It is durian shell and coconut shell which are used as raw materials. 

 

Figure 1. Durian Shell 

Carbonization Process 

The carbonization process is carried out separately between durian shell and coconut shell. Durian is carbonized 

at a low temperature and the time required is not long, namely 30 minutes at a temperature of 400oC[15]. while 

for coconut shell, carbonization process is carried out at a temperature of 450oC for 1 hour. 

Mixing and Gluing 

The durian shell charcoal and coconut shell charcoal resulting from the carbonization process were reduced to 

100 mesh in size. The process of mixing coconut shell charcoal and durian skin charcoal based on the mass ratio 

is 65:30, 60:35,55:40,50:45,45:50. Then proceed with gluing, adding molasses as an adhesive requires initial 

experiments, so that molasses can unite the two types of charcoal. Molasses was added to this mixture at 5%w. 

Characteristics of briquettes 

The glued briquettes were dried at a temperature of 100oC for 3 hours [16]. The characteristics of the briquettes 

were analyzed based on proximate analysis, namely water content[17], ash content[18], volatile matter[19], 

calorific value[11], and length of combustion time. Proximate analysis was carried out based on American 

standards, namely the American Society of Testing and Standard Materials (ASTM). The briquette manufacturing 

process procedure from sample preparation to mixing and glueing is summarized in Figure 2.  

 

Figure 2. Research Process 
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RESULTS AND DISCUSSION 

Briquettes made from durian skin and coconut shell with molasses adhesive have been successfully created. The 

product of durian shell charcoal briquettes and coconut shell charcoal briquettes with molasses adhesive is 

presented in Figure 3. The resulting briquettes have length, diameter, and diameter of 10 cm, 2 cm, and 10 g.  

 

Figure 3. Durian Shell Charcoal Briquettes and Coconut Shell Charcoal 

Water content 

The water content test was carried out based on ASTM D-3173. The effect of the composition of the mass ratio 

of durian shell charcoal and coconut shell charcoal is presented in Figure 4. The test results show that the 

maximum standard of SNI 01-6235-2000 is 8%. The water content obtained ranged from 4.2 to 7.7%. The value 

of high water content in briquettes can reduce the calorific value[20] and is hygroscopic [21]. Figure 4 shows that 

the mass ratio affects the water content, and also, the more charcoal content of the durian skin increases the water 

content of the briquettes.  

 

Figure 4. Water Content 

Ash content 

One of the parameters to show the quality of briquettes other than water content is ash content. This ash is an 

inorganic mineral that cannot be burned after the combustion process is complete[22]. High ash content indicates 

that the quality of the briquettes is low[20] and can reduce the calorific value[23]. Figure 5 shows that it is still in 

the range according to the quality standard of SNI 01-6235-2000 briquettes. According to the test results shown 

in Figure 5. The ash content has decreased. This is caused by the carbon content in coconut shell charcoal being 

greater than the carbon content in durian shell charcoal.   
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Figure 5. Ash Content 

Volatile Matter Content 

Based on Figure 6, it can be concluded that the mixture of raw materials significantly affects the level of volatile 

matter produced, and the volatile matter content in durian shells is more significant than coconut shells. This 

indicates that highly volatile materials produce volatile matter levels[24], [25]. In addition, what affects the 

volatile matter content is the particle size[26]. The levels of volatile matter produced still meet SNI 01-6235-

2000, which is around 4.04 – 10.83%, with the standard limit being at 15%. The value of high volatile matter 

content can extensively reduce the char produced after the combustion process[27].     

 

Figure 6. Volatile matter content 

Calorific Value 

The results obtained in this study indicate that bio-briquettes from durian peel and coconut shell waste can 

compete profitably with coal as a renewable energy source[28]. The calorific value of the briquettes produced in 

this research is 4966.68 – 5710.43 cal/g, shown in Figure 7. Based on the variation of the mass ratio, the calorific 

value of the briquettes is in the standard calorific value range of SNI 01-6235-2000. The greater the composition 

of coconut shell charcoal, the greater the calorific value produced, while the greater the composition of durian 

shell charcoal, the smaller the calorific value produced. The fixed carbon content influences the calorific value in 

bio briquettes. A low fixed carbon content will have a low calorific value and conversely a high fixed carbon 

content will have a high calorific value as well[29]. 
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Figure 7. Calorific Value 

Burn Time 

Burn time is one type of test to determine the performance of the resulting briquettes. Burn time is when it takes 

for the briquettes to burn until the fire is extinguished[21]. Based on Figure 8, the burn time obtained is 57 – 83 

minutes. The length of the burning time on the briquettes affects the calorific value produced. The higher the 

calorific value created, the longer the burning time required. According to him[30], the higher the ash content of 

the briquettes, the more complex the burning process due to the low volatile matter content. So it can be concluded 

that briquettes have a high calorific value, low water content, resulting in a longer burning time[31].  

 

Figure 8. Burning Time 

CONCLUSION 

Based on the results of this study, it can be concluded that compositional variations affect moisture content, ash 

content, volatile matter, calorific value and burning time of durian skin and coconut shell bio briquettes. The best 

composition for making bio briquettes from durian skin and coconut shell is 65: 35 with a heating value of 5710.43 

cal/g, 4.2% water content, 7.37% ash content, 4.06% volatile matter content and carbon content. 75.4% meets the 

standardization of biochar briquettes (SNI 016235-2000). This briquette with durian skin and coconut shell raw 

materials can recommend as alternative renewable energy to replace coal. 

ACKNOWLEDGMENTS 

The authors would like to thank the Indonesian Ministry of Research and Higher Education for financial support 

through the PDUPT (2021) research scheme. Author too recognized the Adhi Tama Institute of Technology 

Surabaya (ITATS) to provide the necessary laboratory equipment and facilities for this work. 

 

 

0

1000

2000

3000

4000

5000

6000

65 : 30 60 : 35 55 : 40 50 : 45 45 : 50
C

a
lo

ri
fi

c 
V

a
lu

e 
(c

a
l/

g
)

coconut shell charcoal : durian shell charcoal

0

10

20

30

40

50

60

70

80

90

65 : 30 60 : 35 55 : 40 50 : 45 45 : 50

B
u

rn
in

g
 T

im
e 

(M
in

u
te

s)

coconut shell charcoal: durian shell charcoal



113 

Production and Quality Analysis of Coconut Shell Charcoal Briquettes and Durian Shell in Terms of Composition 

 

 

REFERENCES 

[1] M. Höök and X. Tang, “Depletion of fossil fuels and anthropogenic climate change-A review,” Energy 

Policy, vol. 52, pp. 797–809, 2013, doi: 10.1016/j.enpol.2012.10.046. 

[2] J. X. Sun, X. F. Sun, R. C. Sun, P. Fowler, and M. S. Baird, “Inhomogeneities in the Chemical Structure of 

Sugarcane Bagasse Lignin,” J. Agric. Food Chem., vol. 51, no. 23, pp. 6719–6725, 2003, doi: 

10.1021/jf034633j. 

[3] N. A. Rashidi and S. Yusup, “Biochar as potential precursors for activated carbon production: parametric 

analysis and multi-response optimization,” Environ. Sci. Pollut. Res., vol. 27, no. 22, pp. 27480–27490, 2020, 

doi: 10.1007/s11356-019-07448-1. 

[4] L. Shen and D. K. Zhang, “Low-temperature pyrolysis of sewage sludge and putrescible garbage for fuel oil 

production,” Fuel, vol. 84, no. 7–8, pp. 809–815, 2005, doi: 10.1016/j.fuel.2004.11.024. 

[5] B. Lela, M. Barišić, and S. Nižetić, “Cardboard/sawdust briquettes as biomass fuel: Physical-mechanical and 

thermal characteristics,” Waste Manag., vol. 47, pp. 236–245, 2016, doi: 10.1016/j.wasman.2015.10.035. 

[6] S. Suttibak and W. Loengbudnark, “Production of charcoal briquettes from biomass for community use,” 

IOP Conf. Ser. Mater. Sci. Eng., vol. 297, no. 1, 2018, doi: 10.1088/1757-899X/297/1/012001. 

[7] X. Song, S. Zhang, Y. Wu, and Z. Cao, “Investigation on the properties of the bio-briquette fuel prepared 

from hydrothermal pretreated cotton stalk and wood sawdust,” Renew. Energy, vol. 151, pp. 184–191, 2020, 

doi: 10.1016/j.renene.2019.11.003. 

[8] L. Florentino-Madiedo, E. Díaz-Faes, R. García, and C. Barriocanal, “Influence of binder type on greenhouse 

gases and PAHs from the pyrolysis of biomass briquettes,” Fuel Process. Technol., vol. 171, no. December 

2017, pp. 330–338, 2018, doi: 10.1016/j.fuproc.2017.11.029. 

[9] T. Wang et al., “Evaluation of the potential of pelletized biomass from different municipal solid wastes for 

use as solid fuel,” Waste Manag., vol. 74, pp. 260–266, 2018, doi: 10.1016/j.wasman.2017.11.043. 

[10] A. D. Wirabuana and R. S. Alwi, “Influence of starch binders composition on properties of biomomass 

briquettes from Durian peel (Durio kutejensis Becc),” 4Th Int. Semin. Chem., vol. 2349, no. June, p. 020020, 

2021, doi: 10.1063/5.0051733. 

[11] E. Afra, A. Abyaz, and A. Saraeyan, “The production of bagasse biofuel briquettes and the evaluation of 

natural binders (LNFC, NFC, and lignin) effects on their technical parameters,” J. Clean. Prod., vol. 278, p. 

123543, 2021, doi: 10.1016/j.jclepro.2020.123543. 

[12] R. F. Magnago et al., “Briquettes of citrus peel and rice husk,” J. Clean. Prod., vol. 276, 2020, doi: 

10.1016/j.jclepro.2020.123820. 

[13] M. A. Y. Parama, E. Ningsih, and Y. W. Mirzayanti, “Analisa Proksimat Terhadap Pemanfaatan Limbah 

Kulit Durian dan Kulit Pisang sebagai Briket Bioarang,” pp. 333–340, 2016. 

[14] Y. K. Dalimunthe, S. Kasmungin, E. Sugiarto, L. Sugiarti, and A. Lagrama, “Making Briquettes From Waste 

of Coconut Shell and Peanut Shell,” Indones. J. Urban Environ. Technol., vol. 4, no. 2, p. 196, 2021, doi: 

10.25105/urbanenvirotech.v4i2.7417. 

[15] A. Aladin, R. S. Alwi, and T. Syarif, “Design of pyrolysis reactor for production of bio-oil and bio-char 

simultaneously,” AIP Conf. Proc., vol. 1840, pp. 1–5, 2017, doi: 10.1063/1.4982340. 

[16] Q. Zhong, Y. Yang, Q. Li, B. Xu, and T. Jiang, “Coal tar pitch and molasses blended binder for production 

of formed coal briquettes from high volatile coal,” Fuel Process. Technol., vol. 157, pp. 12–19, 2017, doi: 

10.1016/j.fuproc.2016.11.005. 

[17] S. Suryaningsih, O. Nurhilal, Y. Yuliah, and C. Mulyana, “Combustion quality analysis of briquettes from 

variety of agricultural waste as source of alternative fuels,” IOP Conf. Ser. Earth Environ. Sci., vol. 65, no. 

1, pp. 0–6, 2017, doi: 10.1088/1755-1315/65/1/012012. 

[18] S. Hariyanto, M. N. Usman, and N. Citrasari, “Briquettes of rice husk, polyethylene terephthalate (PET), and 

dried leaves as implementation of wastes recycling,” AIP Conf. Proc., vol. 1854, no. June 2017, 2017, doi: 



114 

Production and Quality Analysis of Coconut Shell Charcoal Briquettes and Durian Shell in Terms of Composition 

 

 

10.1063/1.4985404. 

[19] S. Pandey and C. Regmi, “Analysis and Test of Biomass Briquette and Stoves,” Nepal J. Sci. Technol., vol. 

14, no. 1, pp. 115–120, 2013, doi: 10.3126/njst.v14i1.8931. 

[20] A. J. Rodrigues et al., “Converting Water Hyacinth to Briquettes: A Beach Community Based Approach The 

survey of 152 randomly sampled respondents from Beach Management Units (BMUs) in Kisumu,” Int. J. 

Sci. Basic Appl. Res. Int. J. Sci. Basic Appl. Res., vol. 15, no. 1, pp. 358–378, 2014, [Online]. Available: 

http://gssrr.org/index.php?journal=JournalOfBasicAndApplied. 

[21] A. Ansar, D. A. Setiawati, M. Murad, and B. S. Muliani, “Karakteristik Fisik Briket Tempurung Kelapa 

Menggunakan Perekat Tepung Tapioka,” J. Agritechno, vol. 13, no. 1, pp. 1–7, 2020, doi: 

10.20956/at.v13i1.227. 

[22] I. Glushankova, A. Ketov, M. Krasnovskikh, L. Rudakova, and I. Vaisman, “Rice hulls as a renewable 

complex material resource,” Resources, vol. 7, no. 2, pp. 1–11, 2018, doi: 10.3390/resources7020031. 

[23] I. E. Onukak, I. A. Mohammed-dabo, A. O. Ameh, S. I. R. O. Id, and O. O. Fasanya, “Production and 

Characterization of Biomass Briquettes from Tannery Solid Waste,” 2017, doi: 10.3390/recycling2040017. 

[24] S. Ujjinappa and L. K. Sreepathi, “Evaluation of physico-mechanical-combustion characteristics of fuel 

briquettes made from blends of areca nut husk, simarouba seed shell and black liquor,” Int. J. Renew. Energy 

Dev., vol. 7, no. 2, pp. 131–137, 2018, doi: 10.14710/ijred.7.2.131-137. 

[25] S. Wu, S. Zhang, C. Wang, C. Mu, and X. Huang, “High-strength charcoal briquette preparation from 

hydrothermal pretreated biomass wastes,” Fuel Process. Technol., vol. 171, no. December 2017, pp. 293–

300, 2018, doi: 10.1016/j.fuproc.2017.11.025. 

[26] C. Karunanithy, Y. Wang, K. Muthukumarappan, and S. Pugalendhi, “Physiochemical Characterization of 

Briquettes Made from Different Feedstocks,” Biotechnol. Res. Int., vol. 2012, pp. 1–12, 2012, doi: 

10.1155/2012/165202. 

[27] C. E. Brewer, R. Unger, K. Schmidt-Rohr, and R. C. Brown, “Criteria to Select Biochars for Field Studies 

based on Biochar Chemical Properties,” Bioenergy Res., vol. 4, no. 4, pp. 312–323, 2011, doi: 

10.1007/s12155-011-9133-7. 

[28] L. Ifa et al., “Techno-economic analysis of bio-briquette from cashew nut shell waste,” Heliyon, vol. 6, no. 

9, p. e05009, 2020, doi: 10.1016/j.heliyon.2020.e05009. 

[29] B. A. K. Badan Standardisasi Nasional, “Standar Nasional Indonesia Briket Arang Kayu,” Sni, pp. 1–4, 2000. 

[30] A. . Putra, H.H., Mokodompit, M. Kuntari, “Briket Dari Limbah Bambu Dengan Perekat Nasi,” Jurnal 

Teknologi, vol. 6, no. 2. pp. 1116–123, 2016. 

[31] J. O. Akowuah, F. Kemausuor, and S. J. Mitchual, “Physico-chemical characteristics and market.pdf,” Int. J. 

Energy Environ. Eng., vol. 3, no. 20, pp. 1–6, 2012. 


