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ABSTRACT 

The making of coffee grounds briquettes was carried out at the Rena briquette house which 

was followed several tests then are done with the objectives of (i) to determining out the 

compressive strength and calorific value with the DSC (Differential Scanning Calorimetry) 

test. (ii) To find out if there are differences in the characteristics of the briquettes due to the 

influence of combustion temperature. (iii) To determine whether there are differences in 

briquette morphology due to the effect of temperature analyzed by SEM test. Briquette 

research made from coffee grounds waste with briquette combustion temperature using a 

furnace of 150˚C and 250˚C, tapioca adhesive at 10% for both different temperature 

variations. Molding using a hydraulic press with a pressure of 1900 psi. Drying temperature 

of coffee grounds and briquettes using sunlight. The heating value at 150˚C was highest at 

the third peak point at 154.52 cal/g, and lowest at the second point at 3.86 cal/g. At 250˚C, 

the highest was 12.86 cal/g at the second peak, and the lowest was 8.39 cal/g at the first peak. 

The compressive strength at 150˚C was 1.98 - 3.44 kg/cm2, while at 250˚C it was 0.89 - 3.19 

kg/cm2. SEM analysis of the morphological structure of the briquettes at 150˚C showed 

carbon particles that were closer than other carbon particle structures with small pores. The 

distance between the particles is tenuous with other particles not yet perfectly bonded so 

that there is a void of space. Whereas at 250˚C seen from SEM analysis the morphological 

structure has a smooth surface and shows the distance between some carbon particles that 

are connected to tenuous carbon particles may be caused by cracks so that they are not 

bound together. 

 

Keywords: Coffe Dregs, Charcoal Briquettes, DSC, Calorific Value. 

 

INTRODUCTION 

Indonesia is one of the developed 

countries with potential resources to develop 

renewable energy sources, but only a small 

portion has been utilized. Biomass is an 

organic material produced from 

photosynthesis, consisting of waste such as 

plants, trees, grass, sweet potatoes, agricultural 

waste, and animal manure. Biomass is 

classified as a renewable energy source with a 

high potential of 146.7 million tons per year. 

Meanwhile, the potential of biomass from 

waste reached 53.7 million tons in 2020 

(Parinduri, 2020). 

One type of waste utilized as biomass is 

coffee grounds. After brewing, it is usually 

discarded, which contributes to soil pollution. 

A small portion of coffee grounds is used to 

feed animals. However, in various regions, it is 

often burned in open land, leading to air and 



 
 

EINSTEIN (e-Journal): Jurnal Hasil Penelitian Bidang Fisika 12 (3) (2024) : 58 - 65 

59 
 

soil pollution, and it has become a major 

concern as biomass waste (Hachicha et al., 

2012). 

The amount of coffee grounds waste is 

increasing along with the growing popularity 

of coffee in Indonesia. Coffee grounds waste is 

solid biomass obtained during coffee 

production. Coffee grounds contain substances 

such as protein, carbohydrates, caffeine, 

tannins, pectin, fiber, and polyphenols (Aprita, 

2016). Coffee grounds in the form of briquettes 

can be used as an alternative fuel to reduce the 

organic waste generated during coffee 

production (Jamilatun, 2008). Briquettes are 

solid fuels used as an alternative energy source, 

made from wood or plant biomass in powder 

form and mixed with a binding solution, 

which is then pressed into specific shapes, 

sizes, and densities (Silitonga, 2020). 

The low utilization of coffee grounds 

opens opportunities to explore their potential 

as an alternative fuel. On the other hand, 

efforts are needed to address the waste 

problem in the community. Briquettes 

produced with alternative fuels reach high 

combustion temperatures, resulting in high 

calorific values (Jamilatun, 2008). 

The moisture content of biomass is 

usually removed through drying. During 

pyrolysis, a vaporization process occurs that 

reduces volatile substances. However, the ash 

residue from combustion can reduce the 

carbon content bound in charcoal combustion. 

Variations of alternative fuels based on 

their source and production process are 

produced sustainably and cleanly without 

carbon dioxide (CO2) emissions (Abolhosseini 

et al., 2021). Alternative energy is a substitute 

for conventional fuels aimed at reducing the 

use of hydrocarbon fuels that cause 

environmental damage due to high carbon 

dioxide emissions, which contribute to global 

warming (Gielen et al., 2019). 

 

RESEARCH METHOD 

In this study, coffee grounds waste from 

a café were used and sun-dried for 

approximately 7 days. The combustion 

synthesis temperatures varied at 150°C and 

250°C using a combustion furnace for 60 

minutes. The mixture was then sieved through 

a 50 mesh screen until it was fine. Charcoal 

was mixed with 10% tapioca binder. It was 

molded using a hydraulic press and dried 

under sunlight. Calorific value testing was 

conducted using a DSC device, compressive 

strength testing was performed with a 

Universal Testing Machine, and Scanning 

Electron Microscope (SEM) testing was used to 

examine the surface morphology of the 

briquettes to ensure they meet the Indonesian 

National Standard (SNI). 

Here is the research diagram 

 

Figure 1. Research flow diagram 

 

RESULT AND DISCUSSION 

Result 

1. Formation of Coffee Grounds Waste 

Briquettes with Variations of 150°C and 

250°C 

Coffee with Variations of 150°C and 

250°C: The results of the briquette research are 

shown as follows: At a temperature of 150°C, 

the charcoal particles from the briquettes with 

10% tapioca binder appeared to be not mixed 

with a coarse texture, making the briquettes 

more prone to breaking, as shown in Figure 2, 

which is light brown in color.  
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Figure 2. Briquettes at 150°C with 10% Binder 

Meanwhile, at a temperature of 250°C, 

the charcoal particles obtained from the 

briquettes with 10% tapioca binder appeared 

to be unevenly mixed, exhibiting a smooth 

texture with slight cracks, making the 

briquettes prone to breaking and resulting in a 

dark brown color, as shown in Figure 3.  

 
Figure 3. Briquettes at 250°C with 10% Binder 

 

2. Calorific Value of Coffee Grounds 

Briquettes Using DSC 

Based on the research conducted using a 

DSC device for testing the calorific value of 

coffee grounds briquettes, as shown in Figure 

4, the DSC test results for briquettes at the 

thermopressing temperature variation of 

150°C exhibited an exothermic reaction 

(releasing heat) with three peaks: (1) at a 

temperature of 350.27°C with a calorific value 

of 29.17 cal/g, (2) at a temperature of 465.28°C 

with a calorific value of 154.52 cal/g, while the 

lowest value at the second peak was 3.86 cal/g, 

and (3) at a temperature of 538.47°C with a 

calorific value of 154.52 cal/g. The highest 

peak is at the third peak, measuring 154.52 

cal/g, while the lowest value is at the second 

peak, measuring 3.86 cal/g 

Meanwhile, in Figure 5, the 

thermopressing temperature of 250°C 

exhibited an exothermic reaction (releasing 

heat) with two peaks: (1) at a temperature of 

482.70°C with a calorific value of 8.39 cal/g, 

and (2) at a temperature of 557.36°C with a 

calorific value of 12.86 cal/g. The highest point 

is at the second peak, measuring 12.86 cal/g, 

while the first peak is the lowest at 8.39 cal/g. 

This indicates that the higher the calorific 

value, the better the quality of the produced 

briquettes. The calorific value of the briquettes 

depends on their moisture content. 

 
Figure 4. Graph of calorific value of briquettes 

at 150˚C 

 
Figure 5. Graph of calorific value of briquettes 

at 250˚C 

3. Compressive Strength of Coffee Grounds 

Briquettes 

Compressive strength indicates the 

resistance of briquettes to pressure that causes 

them to crack or break. In this study, 

compressive strength tests were conducted 

using 10% tapioca adhesive, with two different 

temperature variations: at 150˚C, as shown in 

Table 1, and at 250˚C, as shown in Table 1. 

Table 1. Data Results of Compressive Strength 

Analysis of Briquettes at 150˚C 

 
Table 1. Data Results of Compressive Strength 

Analysis of Briquettes at 250˚C 
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The two tables above show that the 

compressive strength of briquettes at 150˚C 

ranges from 1.98 to 3.44 kg/cm². Sample A5 has 

the highest compressive strength, while sample 

A1 has the lowest. For the compressive strength 

of briquettes produced at 250˚C, it ranges from 

0.89 to 3.19 kg/cm². Sample A3 has the highest 

compressive strength, while sample A4 has the 

lowest.  

 
Figure 6. Compressive Strength Test at 

Temperature Variations of 150˚C and 250˚C 

 

It can be seen from Figure 6 that the 

compressive strength graph is higher and 

increases along with the testing of the 150˚C 

sample, where the adhesive used bonds well 

even though the moisture content in the 

particles is still high. According to previous 

research by Nugraha (2017), increasing the 

pressure of the briquettes during combustion 

involves shortening the flame duration, 

extending the time, and raising the combustion 

temperature of the briquettes. 

 

 

4. SEM analysis results of coffee grounds 

briquettes. 

Based on the research conducted in the 

tests, the morphology of the coffee grounds 

briquettes was examined using an SEM device. 

4.1. SEM Analysis Results of Coffee Grounds 

Briquettes at 150˚C 

 
Figure 7(a). Temperature 150˚C (mag 2.00 kx) 

 
Figure 7(b). Temperature 150˚C (mag 1.00 kx) 

 
Figure 7(c). Temperature 150˚C (mag 500 kx) 

From Figure 7 above, the SEM results 

show that the morphological structure of the 
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briquette forms pores with greater depth. (a) 

shows a carbon particle closer to the carbon 

particle structure with small pores. In (b), the 

distance between particles is loose, creating 

empty spaces. (c) shows the distance between 

several carbon particles and other bonded 

carbon particles, but the distance between 

particles is large, resulting in an increase in 

calorific value. 

 

4.2. SEM Analysis Results of Coffee Grounds 

Briquettes at 250˚C 

 
Figure 8(a). Temperature 250˚C (mag 2.00 kx) 

 
Figure 8(b). Temperature 250˚C (mag 1.00 kx) 

 
Figure 8(c). Temperature 250˚C (mag 500 kx) 

From Figure 8 above, the SEM results 

show that the morphological structure of the 

briquette forms pores with smaller depth 

compared to the 150˚C sample. (a) shows the 

distance between a carbon particle and the 

nearest other carbon particle. (b) shows that 

some carbon particles are close to others, while 

some appear loosely spaced. (c) shows the 

distance between several carbon particles 

connected to other particles, but the loose 

spacing may be caused by cracks. As a result, 

the calorific value obtained will remain stable 

with each temperature increase. 

According to previous research by 

Haryanti (2020), particle structure is crucial in 

determining the bonding quality of materials. 

The lower the particle binder, the better the 

bonding quality, as the surface contact 

between particles is greater. Particle structure 

influences the distribution of particles; the 

more even the distribution, the smaller the 

particles, resulting in a homogeneous 

distribution during the mixing process. 

 

Discussion  

Based on the research results, the 

comparison of briquette tests shows that the 

coffee grounds charcoal briquettes did not 

meet the SNI (Indonesian National Standard) 

criteria for calorific value (> 5000 cal/g). 

However, the compressive strength test met 

the SNI requirements, as there is no specific 

standard for compressive strength in the SNI. 

The test results of the coffee grounds 

briquettes indicate that the calorific value of 
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this study does not meet the SNI (Indonesian 

National Standard). This is due to the high 

moisture content in the briquettes, which 

affects the quality determination, making it 

difficult for them to ignite and resulting in a 

short storage life that does not last long. The 

burning duration of the coffee grounds during 

the production process should be further 

increased, as briquettes produced from a 1-

hour burning period do not meet the 

standards. According to research by 

Widyawati (2006), the efficiency of briquette 

combustion affects the calorific value. The 

higher the calorific value, the better the 

quality of the briquettes with more effective 

combustion. 

Based on the investigation, the 

measuring instrument used in the SNI is 

unknown. So far, the equipment that 

researchers can use is DSC, which yields values 

below the SNI. If possible, it would be better 

to use a bomb calorimeter to determine the 

comparative results of both instruments. 

The compressive strength test results 

obtained from the coffee grounds briquettes 

show that the compressive strength values at 

temperature variations of 150˚C and 250˚C, 

with a tapioca adhesive content of 10%, meet 

the SNI (Indonesian National Standard). 

According to Japanese standards (minimum 

60–65 kg/cm²), British standards (minimum 

12.7 kg/cm²), and American standards 

(minimum 62 kg/cm²), the compressive 

strength does not meet the standards. This is 

due to the factor of rapid burning duration, 

where the coffee grounds have not yet turned 

into charcoal and retain high moisture 

content. The addition of adhesive to coffee 

grounds that have already been burned makes 

it difficult to bind, resulting in brittle briquette 

formations. The greater the amount of tapioca 

adhesive, the better the charcoal particles 

adhere to each other, resulting in longer shelf 

life and higher compressive strength. 

The results of the SEM analysis indicate 

that the surface morphology of the coffee 

grounds briquettes differs. The morphology at 

150˚C forms pores with greater depth. The 

characteristics of the briquettes show that 

some carbon particles are closer within the 

carbon particle structure, with small pores 

present. The distance between loosely spaced 

particles creates empty spaces, and some 

carbon particles are connected to others, but 

the large gaps between them lead to an 

increase in calorific value. 

Meanwhile, at 250˚C, the morphological 

structure of the briquettes shows that they 

form pores with shallower depth. The 

characteristics of the briquettes indicate that 

some carbon particles are connected to other 

particles, but the loose spacing occurs due to 

cracks, resulting in a calorific value that 

remains stable with each temperature increase. 

 

CONCLUSION AND SUGGESTION 

Coffee grounds charcoal briquettes with 

10% tapioca adhesive produced the highest 

calorific value measurement at 150˚C, 

reaching a peak of 154.52 cal/g at the third 

peak, and the lowest at the second peak, which 

was 3.86 cal/g. Meanwhile, the calorific value 

measurement at 250˚C had the highest at the 

second peak, which was 12.86 cal/g, and the 

lowest at the first peak, which was 8.39 cal/g. 

The results of the compressive strength 

measurements at 150˚C were 1.98 – 3.44 

kg/cm², with the highest value in sample A5 

and the lowest in sample A1. At 250˚C, the 

measurements were 0.89 – 3.19 kg/cm², with 

the highest value in sample A3 and the lowest 

in sample A4. From the data obtained, the 

calorific value does not meet the SNI 

(Indonesian National Standard), while the 

compressive strength values do meet the SNI. 

The results of the SEM analysis indicate 

that the surface morphology of the coffee 

grounds briquettes differs. The morphology at 

150˚C forms pores with greater depth. 

Meanwhile, at 250˚C, the morphological 

structure of the briquettes shows that they 

form pores with shallower depth. 

 

 

ACKNOWLEDGMENT 

Thank you is expressed to all parties 

who have assisted in this initial research, 

especially to the Construction Materials and 

Corrosion Laboratory, the Electron 



 
 

Noraliza Hasanah Nasution and Rugaya; The Effect of  Temperature on the Calorific Value of  

Briquettes from Coffee Grounds Waste as an Alternative Fuel  

64 
 

Microscopy Laboratory of the Polytechnic of 

Chemical Industrial Technology, and the 

Physics Laboratory of the State University of 

Medan. 

 

REFERENCE 

Aprita, I.R. (2016). Produksi Biopelet Dan 

Biobriket Ampas Seduhan Dan 

Cangkang Biji Kopi Dengan Dan Tanpa 

Pra Perlakuan Bahan Pada 

  

Berbagai Komposisi Perekat. Bogor Agricultural 

University. 

Brades, A.C dan Tobing, F.S. (2007). Pembuatan 

Briket Arang Dari Enceng Gondok 

(Eichornia Crasipess Solm) Dengan 

Sagu Sebagai Pengikat. Jurusan Teknik 

Kimia UNSRI. Inderalaya. 

D. Gielen, F. Boshell, D. Saygin, M. D. Bazilian, 

N. Wagner, and R. Gorini, “The role of 

renewable energy in the global energy 

transformation,” Energy Strateg. Rev., 

vol. 24, no. January, pp. 38-50, 2019. 

Djafar, Romi, et al. (2017). Analisis Performa 

Kompor Gasifikasi Biomassa Tipe 

Forced Draft Menggunakan Variasi 

Jumlah Bahan Bakar Tongkol Jagung. 

Jurnal Technopreneur (Jtech). 5(2), 90-

96. 

H. Prasetia, N. Annisa, and L. F. Santosa. (2018). 

“Biomass Convertion For Renewable 

Alternative Energy”. 1(1), 6-9. 

Hachicha, R, Rekik, O., Hachicha, S., Ferchichi, 

M., Woodward, S., Moncef, N., ... 

Mechichi, T. (2012). Co-composting of 

spent coffe ground with olive mill 

wastewater sludge and poultry manure 

and effecr of Trametes versicolor 

inoculation on the compost maturity. 

Chemosphere, 88(6), 677-682. 

Haryanti, N.H., Wardhana, H., Suryajaya. 

(2020). Pengaruh Tekanan pada Briket 

Arang Alaban Ukuran Partikel Kecil. 

4(1). 19-26. 

Malik, Usman. (2012). Penelitian Berbagai Jenis 

Kayu Limbah Pengolahan untuk 

Pemilihan Bahan Baku Briket Arang. 

Jurnal Ilmiah Edu Research. 1(2), 21-

32. 

Masthura., Daulay A.H., Desgira, H.W. (2022). 

Pengaruh Variasi Perekat terhadap 

Nilai Kalor Briket dari Serbuk Daun 

Teh. JISTech (Journak of Islamic 

Science and Technology). 7(1). 15-23. 

Moeksin, Rosdiana, et al., (2017). Pembuatan 

Briket Biorang dari Campuran 

  

Limbah Tempurung Kelapa Sawit dan Cangkang 

Biji Karet. Jurnal Teknik Kimia. 3(23), 

146-156. 

Nugraha, S. (2008). Briket Arang Sekam sebagai 

Bahan Bakar Alternatif. Balai Besar 

Penelitian dan Pengembangan Pasca 

Panen Pertanian Bogor. Informasi

 Ringkas, Bank 

Pengetahuan Padi Indonesia. 

Parinduri, L., & Parinduri, T. (2020). Konversi 

Biomassa Sebagai Sumber Energi 

Terbarukan. JET (Journal of Electrical 

Technology), 5(2). 88-92. 

Patabang, Daud. (2013). Karakteristik Termal 

Briket Arang Serbuk Gergaji Kayu 

Meranti. Jurnal Mekanikal. 4(2), 410- 

415. 

Pratama, Unggul. R., Suwandi, S., & Qurthobi, 

A. (2021). Pengaruh Suhu Sintesis 

Terhadap Nilai Kalor Briket Ampas 

Kopi. eProceedings of Engineering, 

8(2). 

Purba, D. G. D., Ginting, A. P., & Sinuhaji, T. 

R. F. (2021). Perancangan Design “CO 

Filter” Teknologi Penyisihan Gas CO 

pada Kendaraan Bermotor di Kota 

Medan (Berbasis Filtrasi- Adsorpsi 

Menggunaan Karbon Aktif dari Ampas 

Kopi). Jurnal Pembangunan Perkotaan. 

9(1), 15- 20. 

Purnama, R., Ahmad, C., Abdullah, S. (2012). 

Pemanfaatan Limbah Cair CPO sebagai 

Perekat pada Pembuatan Briket dari 

Arang Tandan Kosong Kelapa Sawit. 

Jurnal Teknik Kimia. 3(18), 43-53. 

Romeiro GA, Salgado EC, Silva RVS, Figueiredo 

PA, Pinto RN, Damascen. (2012). A 

Study of pyrolysis oil from soluble coffe 

ground using low temperature 

conversion (LTC) process. Journal of 

Analytical and Applied Pyrolysis. 

93(2012):47-51. 



 
 

EINSTEIN (e-Journal): Jurnal Hasil Penelitian Bidang Fisika 12 (3) (2024) : 58 - 65 

65 
 

S. Abolhosseini, A. Heshmati, and J. 

Altmann. (2014). “A Review of 

Renewable Energy Supply and Energy 

Efficiency Technologies,” IZA Discuss. 

Pap. No. 8145, no. 81- 45. 

  

S. Jamilatun. (2015). “Sifat-Sifat Penyalaan dan 

Pembakaran Briket Biomassa, Briket 

Batubara dan Arang Kayu,” Jurnal 

Rekayasa Proses. 1(2), 247- 260. 

Saleh, Anang Supriadi. (2018). Energi dan 

Elektrifikasi Pertanian. Yogyakarta: 

Deepublish 

Setiawan, A., Andrio, O., dan Conuwanti, P. 

(2013). Pengaruh Komposisi 

Pembuatan Biobriket Dari Campuran 

Kulit Kacang Dan Serbuk Gergaji 

Terhadap Nilai Pembakaran. Jurnal 

Teknik Kimia¸ 18(2), 9-16. 

Sudrajat R, Soleh S. (1994). Petunjuk Teknis 

Pembuatan Arang Aktif. Badan Peneliti 

dan Pengembangan Kehutanan Bogor 

Sudrajat, R. (1983). Pengaruh Bahan Baku, Jenis 

Perekat dan Keteguhan Kempa 

terhadap Kualitas Briket Arang. 

Laporan No. 165. Bogor : Pusat 

Penelitian dan Pengembangan Hasil 

Hutan 

Tazi, Imam, dan Sulistiana. (2011). Uji Kalor 

Bakar Bahan Bakar Campuran 

Bioetanol dan Minyak Goreng Bekas. 

Jurnal Neutrino. 3(2), 163-174. 

Triono, A. (2006). Karakteristik Briket Arang 

dari Campuran Serbuk Gergajian Kayu 

Afrika (Maesopsis enrinnii) dan Sengon 

(Paraserianthes falcutaria L, Nielsen) 

dengan Penambahan Tempurung 

Kelapa (Cocos nucifera L). Skripsi 

Fakultas Kehutanan. IPB 

Tsai TW, Sii-Chew L, Ching-Hsiang H. (2013). 

Preparation and fuel properties of 

biochars from the pyrolysis of 

exhausted coffe residue. Journal of 

Analytical and Applied Pyrolysis. 

93:63-67. 

Wijayanti, Hesti. (2009). Karbon Aktif dari 

Sekam Padi : Pembuatan dan 

Kapasitasnya untuk Adsorpsi Larutan 

Asam Asetat. Jurnal Info Teknik. 10(1), 

61-67. 

Silitonga, Arridina Susan., Ibrahim Husin. 

(2020). Energi Baru dan Terbarukan. 

Yogyakarta: Deepublish. 

 


