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Coconut shell charcoal briquettes offer a green and productive energy option. 
However, past studies have looked at single factors without exploring how water levels 
in raw material mixes affect briquette performance. This research aims to fill this gap 
by looking at how different water contents in the raw material mixture (44.9%, 46.5%, 
49%, and 52.5% for Specimens A, B, C, and D) impact the quality of briquettes made 
with a screw extruder machine. To produce briquettes, the process involves several 
steps: preparing coconut shell charcoal powder, mixing this powder with a binder (5% 
tapioca), adjusting water content to reach the desired levels, blending the mixture 
thoroughly, forming the mixture using a screw extruder machine, and drying the 
resulting briquettes. The study used established techniques to assess proximate 
properties, physical characteristics, and mechanical performance (compressive 
strength and friability). The findings demonstrate that Specimen C, displaying a water 
content of 49%, showed the most favourable overall performance. The data indicates 
the highest fixed carbon content at 71.80%, a calorific value of 7,102 Cal/g, and a 
density of 0.57 g/cm³ while also showing the minimum friability at 9.43%. Conversely, 
Specimen D, exhibiting the highest water content at 52.5%, showed the lowest 
friability at 40.19% and a compressive strength of 14.58 kg/cm². The results of this 
study indicate that the water content of 49% significantly improves briquette quality, 
achieving a balance between structural integrity and combustion efficiency. This study 
offers essential findings on enhancing briquette production processes, creating high-
quality briquettes for domestic and international markets, and supporting the 
sustainable use of coconut shell waste. 
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1. Introduction 
 

Energy concerns are a primary issue for nearly every nation due to their significant economic 
impact. Nonetheless, despite the restrictions of conventional fuel resources, the desire for energy to 
achieve economic growth complicates the issues further [1]. Biomass acts as a feasible substitute for 
traditional energy sources. It relates to organic substances generated via photosynthesis, including 
primary products and byproducts. Biomass encompasses plants, grasses, trees, agricultural 
byproducts, tubers like yams, and animal excrement. Biomass is frequently employed as an 
alternative energy source, mainly from materials of negligible economic value or those deemed 
waste after extracting primary products [2]. Briquettes from biomass represent a growing alternative 
energy source, presenting numerous advantages compared to fossil fuels. They are more cost-
effective, lighter, and simpler to manufacture while delivering substantial economic benefits [3–7]. 
The primary raw materials for briquettes are organic materials and consist of lignocellulose, a high 
molecular weight natural polymer with significant energy potential. This adaptability enables the use 
of diverse resources, as organic waste is abundantly accessible across Indonesia. Sources comprise 
industrial and processing byproducts and domestic trash, rendering them suitable for briquette 
manufacturing [8,9]. 

Coconut shell charcoal is widely utilized in briquette form due to its recognition as a more 
environmentally sustainable fuel source. The conversion of carbonized coconut shells into briquettes 
has been a prevalent practice for many years. Researchers have extensively examined this material 
because of its distinctive features and possibilities [10]. Coconut shell is the best material for 
producing high-quality briquettes due to its composition of K2O, Na2O, CaO, MgO, Fe2O3, Al2O3, P2O3, 
SO3, and SiO2, which are present at 45.01%, 15.42%, 6.26%, 1.32%, 1.39%, 4.64%, 5.75%, and 4.64%, 
respectively [11]. In addition, the coconut shells contained cellulose, lignin, pentosan, and ash at 
concentrations of 33.61%, 36.51%, 29.27%, and 0.61%, respectively [12]. Indonesia has exported 
163,178.266 tons of coconut shell briquettes by 2022 [13]. This demonstrates the substantial profit 
potential of coconut shell briquette products. Moreover, this substantial export volume illustrates 
the economic feasibility of coconut shell briquettes and effectively manages coconut shell waste. 
According to their elevated energy density, less smoke emission, and reduced ash residue, coconut 
shell charcoal briquettes are utilized for home and industrial purposes. With the progression of 
international initiatives aimed at promoting renewable energy sources and mitigating environmental 
impacts, it has become imperative to tackle enhancing the quality and efficiency of coconut shell 
charcoal briquettes [14–18].  

The water content of the raw material.is one of the main factors that significantly influence the 
quality of briquettes. The water content in the coconut shell charcoal before processing affects many 
essential properties of the obtained briquettes. These properties include proximate, physical and 
mechanical properties. Excessive water can compromise the binding process, leading to brittle 
briquettes with diminished energy efficiency. However, insufficient water content can diminish the 
material's flexibility, hindering successful briquette formation [19–22]. Several studies have been 
conducted to ascertain the impact of water content in raw materials on the quality of briquettes. 
Nurek et al., [19] indicated that biomass's 10% water content produces briquettes with the best 
durability coefficient. Aal et al., [22] indicated that an 8% water content in Ficus nitida tree can 
produce high-quality briquettes. Saeed et al., [23] discovered that agricultural waste with a water 
content of 14% could generate briquettes with the highest calorific value of 17.688 MJ/kg. The results 
of the study conducted by Tumuluru et al., [24] showed that varying the water content of the 
feedstock can affect the characteristics of the briquettes produced. Using particle sizes of 4.8 and 
12.7 mm and water contents of 12% and 15% can produce briquettes with better density and 
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durability. Demirel et al., [25] explained that for a given compression force, the density of briquettes 
made from ground sunflower stalks and hazelnut shells tends to decrease as the particle size or water 
content increases. Larger particles create more void space, while high water content generates vapor 
during compression, which can interfere with compaction. In addition, the higher water content in 
the feedstock reduces the energy efficiency of the compaction process. This is due to the vapor 
generated by water, which can interfere with the compaction process and cause energy loss. Nurek 
et al., [19] in their research, indicated that various water contents in biomass have been examined 
for briquette manufacture, specifically 5-10%, 8-12%, and 15-20%. The water content of raw 
materials for briquette manufacturing’s can vary according to the biomass type and the selected 
production method. 

The manufacturing of briquettes from coconut shell charcoal normally includes a few phases, 
including the transformation of coconut shell charcoal into powder, mixing (which comprises the mix 
of coconut shell charcoal powder, water, and adhesive), homogenizing the mixture (blending), 
moulding, cutting, and drying. Most investigation focuses on the adhesive type, grain size and water 
content of coconut shell charcoal powder on the strength and nature of the resultant briquettes. 
However, research specifically examining the influence of water content in the raw material mixture 
during the mixing phase on briquette quality is still few. This study aims to determine the water 
concentration in the raw material mixture during the optimal mixing process to manufacture high-
quality briquettes. This study aims to examine the influence of water content in the raw material 
mixture during the mixing process on the quality and durability of coconut shell charcoal briquettes 
manufactured using a screw extruder machine. The anticipated result of this research is the delivery 
of theoretical advantages through scientific contributions regarding the influence of water content 
in raw material composition on briquette quality, alongside a reference for other studies. In practice, 
the findings of this investigation can function as a technical manual for enhancing the quality of 
briquettes, including their combustion efficiency and compressive strength. Increasing the 
competitiveness of products in the market, these discoveries have the potential to support 
renewable energy-based enterprises from an economic perspective. In addition, this research 
promotes using coconut shell waste as an environmentally benign alternative energy source, which 
has environmental benefits. 
 
2. Material and Method 
2.1 Materials  
 

The coconut shell charcoal utilized in this study was obtained from a charcoal maker in Tuntang, 
Semarang, Jawa Tengah, Indonesia. This coconut shell charcoal's calorific value, fixed carbon, water 
content, and ash content are 7,744 kcal/kg, 73%, 15%, and 3%, respectively [26]. We used a disc mill 
machine to crush the charcoal into a 40-mesh powder, which served as the main ingredient for 
briquette production. In this study, tapioca flour acted as a binder because it produced high-quality 
briquettes [26,27]. Water was added until it reached the desired water content. 
 
2.2 Specimen Fabrication and Testing 
 

In this study, Figure 1 illustrates the briquette-fabricating procedure. The amounts of coconut 
shell charcoal powder and tapioca flour are 4 kg and 200 g. The deliberate coconut shell charcoal 
powder and tapioca flour were then positioned into a compartment, and 500 mL of water was added. 
The mixing method was directed using a Tekiro Hand Devices blender machine (Yogyakarta, 
Indonesia) at 900 rpm for 15 minutes. During the mixing, water was slowly added until the mixture 
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achieved the predetermined water content varieties of 44.9% (Specimen A), 46.5% (Specimen B), 
49% (Specimen C), and 52.5% (Specimen D). We used a digital moisture meter AR991 series, to 
measure the water content in the raw material mixture. 

 

 
Fig. 1. Briquette fabrication process 

 
The obtained mixture of raw materials is subsequently placed into the screw extruder machine 

for blending. This operation guaranteed the homogenous mix of coconut shell charcoal powder, 
tapioca flour, and water. The blending operation was conducted with the diesel engine running at 
1650 rpm. The blending procedure is performed with three passes to ensure the raw materials are 
entirely homogenous. After blending, the mixed materials were formed using a screw extruder 
machine with a single nozzle. The diesel engine works at 1650 rpm on the moulding stage. After 
moulding, the briquettes were cut to desired dimensions (25 mm x 25 mm x 25 mm). The briquettes 
were dried for 3 hours in an oven at 110°C. The briquettes which were obtained in this study are 
illustrated in Figure 2. 

 

  
Fig. 2. Coconut shell charcoal briquette specimens 
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This study utilized proximate (water content, volatile matter, fixed carbon, and ash content), 
density, calorific value, compressive, and drop tests to determine how the water content of the raw 
material mixtures influenced their briquette quality. In this study, the specimen's water content was 
tested by ASTM D-3173-17. Ash content testing was performed according to ASTM D-3174-12. The 
specimens were tested according to ASTM D-3175-17 for volatile matter content analysis. The fixed 
carbon content was evaluated according to ASTM D-3172-13. Moreover, the caloric value was 
determined according to ASTM D-240. The briquettes were subjected to density testing with ASTM 
B-311-17. The drop test was performed by dropping from 1.83 m height of coconut shell charcoal 
briquettes to a hard surface. Briquettes produced were subjected to a drop test to ascertain their 
dimensional stability. This examination corresponds to ASTM D-440-07 R02. The compressive test 
assesses the material's strength capacity under applied pressure. Compressive testing is conducted 
by positioning the specimen on a universal testing machine and applying pressure until deformation 
occurs on the briquette, maintaining a steady pressure within the range of 4 kg/cm² per second. We 
performed each test three times and subsequently calculated the average. Subsequently, the 
Indonesian standard (SNI 01-6235-2000) was employed to evaluate the result of each test. It is crucial 
to guarantee that the coconut shell charcoal briquettes obtained in this investigation align with the 
applicable regulations. 
 
3. Results and Discussion 
3.1 Proximate Analysis of Coconut Shell Charcoal Briquettes 

 
The results of water content measurement for the briquette specimens are shown in Figure 3. A, 

B, C and D specimens have 3.83%, 4.68%, 2.91% and 3.18% water contents, respectively. The results 
generated claim that all the specimens meet the SNI 01-6235-2000, with the provisions that the 
water content in briquettes be less than 8%. On the other hand, this research study concluded that 
increasing the amount of water in the raw material mixture would not significantly affect the 
briquettes' water content. The water content directly impacts the quality of the produced briquettes. 
Briquettes with a lower water content possess a higher calorific value and are combustible, 
conversely. 

 

 
Fig. 3. Water content of the briquette specimens 
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 The water content achieved in this study is lower than that reported by Sunardi et al., [28]. They 
found that the water content of agricultural waste-derived charcoal briquettes was between 6% and 
8.9%. They determined that a decreased water content makes the briquettes more combustible 
while an increased water content makes them less flammable. These results are similar to our study, 
in which briquettes made with low water content tend to have high calorific values and better 
combustibility. In comparison, those with elevated water content demonstrate lower calorific values 
and reduced combustibility. The water content of durian skin briquettes produced by Sitogasa et al., 
was higher than that obtained in the present study. Specifically, Sitogasa et al. [29], reported a 5% to 
9% water content range for briquettes made solely from durian skin. On the other hand, briquettes 
made from mixed durian skin and coconut shell had moisture content between 4.2% and 7.7%. 
Researchers explain that the water content of briquettes has a key impact on their quality; 
optimizing this content increases their calorific value and combustibility. High moisture levels in these 
briquettes can lead to longer ignition and lower combustion temperature. 
 According to Nurba et al., [30], the water content of briquettes plays a significant role in their 
heating value; the lower the water content in briquettes, the higher the heating value. In their study, 
the water content of wood charcoal briquettes was lower than that of corncob briquettes, 
documented as 3.4% and 3.8%, respectively. The difference between the recovery is that, during the 
drying process, the water contents within the corncob particles are not eliminated altogether. The 
water content affects the ease of combustion of the briquette since a lower water content makes it 
easy to burn due to its higher calorific value, which is inversely proportional to the moisture content. 
 The ash content measurement results for the briquette specimens are demonstrated in Fig. 4. 
The ash content of specimens A, B, C, and D was 5.43%, 1.61%, 2.17%, and 1.70%, respectively. 
Specimen B exhibited the lowest ash content at 1.61%, whereas Specimen A recorded the highest at 
5.43%. Specimen B exhibited the lowest ash content at 1.61%, whereas Specimen A reported the 
highest at 5.43%. All specimens obtained in this study fit the SNI 01-6235-2000 standard for ash 
content, which requires that ash levels remain below 8%. Ash content represents the unburned 
minerals that persist after the combustion of briquettes. Elevated ash content can adversely affect 
briquette quality by reducing its calorific value, decreasing energy efficiency and impairing 
combustion performance [31]. 
 

 
Fig. 4. Ash content of the briquette specimens 
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The ash content identified in this study is inferior to that recorded by Ajimotokan et al., [32] who 
generated fuel briquettes from charcoal particles and sawdust agglomerates, exhibiting ash 
contents between 1.4% and 6.0%. Their findings reveal that increased ash content in fuel briquettes 
correlates with a higher quantity of combustion leftovers yet leads to a diminished heating value. 
Solid fuels' ash content substantially impacts the diffusion of oxygen and heat to the fuel surface 
during combustion. Consequently, an inordinate amount of ash in solid fuels is detrimental to the 
proper combustion process. This study aligns the findings of Kipngetich et al., [33] who assert that 
increased ash contents lower the calorific value of fuels and impair combustibility due to enhanced 
thermal resistance, resulting in decreased heat transmission within the fuel bed. The ash content of 
briquettes derived from tannery solid waste by Oyelaran et al., [34] varied between 2.41% and 5.01%. 
Their investigation indicates that ash content significantly affects briquettes' burning rate and 
ignition time. An increased ash concentration in fuel is associated with a diminished calorific value, 
as it obstructs the combustion rate by reducing heat transmission to the fuel's interior and impeding 
oxygen diffusion to the briquette surface during burning. Furthermore, Oyelaran et al., [34] asserted 
that the allowable ash content in solid fuels must be below 4%. 

Figure 5 presents the volatile matter content of the briquette specimens. The volatile matter 
content in specimens A, B, C, and D was 26.72%, 24.79%, 23.12%, and 22.06%, respectively. Specimen 
D exhibited the lowest volatile matter content at 22.06%, whereas Specimen A demonstrated the 
highest at 26.72%. The results demonstrate that all briquette specimens higher than the SNI 01-6235-
2000 standard for volatile matter, which states that volatile content must not exceed 15%. According 
to Inegbedion, Francis, [35] briquettes with 10% to 25% volatile matter are deemed high quality. 
Furthermore, a study by Anis et al., [26] revealed that commercial coconut charcoal briquettes 
designed for international commerce contain a volatile matter level of only 17.25%. Moreover, they 
indicated that the criteria set by Japan and the United States allow volatile matter contents of 15% 
to 30% and 19% to 28%, respectively. 

 

 
Fig. 5. Volatile matter of the briquette specimens 

 
 The results obtained in this study are consistent with those reported by Yuliah et al., [36]. They 
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was achieved in briquettes composed of a balanced mixture. In comparison, the highest volatile 
matter content of 25.61% was observed in briquettes with a composition of 20% rice husk and 80% 
coconut shell charcoal. Elevated volatile matter content might adversely affect the combustion 
characteristics and overall energy efficiency of briquettes. Elevated volatile content may cause 
incomplete combustion, resulting in diminished calorific values and increased emissions of volatile 
organic compounds [37].  
 Specimens A, B, C, and D have a fixed carbon content of 64.02%, 68.85%, 71.80%, and 73.06% 
respectively as shown in Figure 6. Specimen A shows the lowest fixed carbon content, while the 
highest fixed carbon content was found in Specimen D. The results demonstrate that all briquette 
samples meet the Japanese criteria for fixed carbon content, which requires a minimum of 60% [26]. 
The fixed carbon content is essential in assessing the heating value of briquettes during combustion. 
Increased fixed carbon content is directly associated with enhanced calorific values, improving the 
briquettes' energy generation and overall performance. The fixed carbon content obtained in this 
study is higher than the research conducted by Sundari et al., [38] and Lestari et al., [39]. Specifically, 
in their studies, briquettes produced from Kenari’s Charcoal exhibited fixed carbon contents ranging 
from 55.90% to 67.50% [38]. In contrast, briquettes made from Corncob Charcoal and Sago Stem 
demonstrated between 70% and 73% fixed carbon contents [39]. Furthermore, the fixed carbon 
levels achieved in this study are consistent with previous research findings [26], where coconut shell 
charcoal briquettes exhibited fixed carbon contents in the 69% to 78% range. However, compared to 
commercial coconut shell charcoal briquettes intended for global trade, the fixed carbon content 
achieved in this study is relatively lower. Commercial briquettes for the worldwide market possess 
fixed carbon levels exceeding 80% [26].  

 

  
Fig. 6. Fixed carbon content of the briquette specimens 

 
 The outcomes of this research show that as the water content level in the raw material mixture 
increases, the briquettes' fixed carbon content also increases. This condition occurs because the level 
of volatile matter has decreased due to the addition of water content. Reduced volatile matter 
typically correlates with increased fixed carbon, as these components are proportionally interrelated 
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in briquette composition [26]. An increased fixed carbon content indicates enhanced briquette 
quality, as fixed carbon directly influences calorific value and combustion efficiency. Briquettes with 
elevated fixed carbon content generate more energy during combustion, have extended burning 
durations, and produce less ash residue than those with lower fixed carbon content [40,41]. 
 
3.2 Calorific Value Analysis of Coconut Shell Charcoal Briquettes 
 
 The calorific values of specimens A, B, C, and D are 6,192 cal/g, 7,034 cal/g, 7,102 cal/g, and 7,103 
cal/g, respectively (Figure 7). Specimen A showed the lowest calorific value, while the highest calorific 
value was found in Specimen D. All briquette specimens produced in this study produced calorific 
values that exceeded the SNI 01-6235-2000 standard (minimum calorific value of 5,000 cal/g). In 
addition, the calorific values derived in this study are comparable to those reported by Hersztek et 
al., [42] who noted that the compositions of raw materials influence fluctuations in calorific values. 
The study's findings demonstrate that increased water content in the raw material mixture from 
Specimen A to Specimen C resulted in an elevation of calorific value. This increase is primarily due to 
the rise in fixed carbon content, which is crucial in determining the energy production of briquettes 
by directly influencing their calorific value. Nevertheless, as the moisture content in the raw material 
mixture escalated from Specimen C to Specimen D, the calorific value stayed comparatively constant. 
The observed stability is probably attributable to the carbon content in Specimens C and D, which 
exhibit no significant differences. This study corroborates the findings of Arellano et al., [43] who 
indicated a favourable correlation between fixed carbon content and calorific value. An elevated 
fixed carbon concentration directly enhances calorific value, as fixed carbon is the principal energy 
source during combustion.  
 

 
Fig. 7. Calorific value of the briquette specimens 

 
 The calorific value established in this study is less than the findings of Prihatin et al., [44], which 
reported a maximum calorific value of 7,158.9 cal/g for briquettes manufactured from coconut shell 
as raw material and Styrofoam as binder. However, the calorific value obtained from this study is 
higher than that of briquettes made from rice husk and jatropha pulp. According to Suryaningsih et 
al., [45], the caloric value of briquettes made using rice husk and jatropha pulp ranges from 4,776 to 
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5,650 cal/g. The calorific values obtained from this study, particularly concerning Specimens B, C, and 
D, also correlate with previous research, which posits that the calorific value of coconut shell charcoal 
briquettes would range from 7000 to 7200 cal/g [26]. 
 
3.3 Physical and Mechanical Properties of Coconut Shell Charcoal Briquettes 
 

The density test results are presented in Figure 8. In terms of density measurement, specimens 
A, B, C and D measured at 0.55 g cm³, 0.54 g cm³, 0.57 g cm³, and 0.55 g cm³, respectively. Specimen 
B was recorded to have the least density at 0.54 g/cm3, whereas the greatest density at 0.57 g/cm3 
was recorded with specimen C. It can be concluded, that all briquette samples have passed SNI 01-
6235-2000 with the requirement of having a minimum of 0.44 g/cm³ density. The combustion 
characteristics of briquette specimens are affected based on density. In addition, higher density 
causes the briquettes to burn better, and last longer [46]. The findings of this study demonstrate that 
Specimen C possesses the lowest water content among the briquette specimens, yielding the 
maximum density relative to the others. This result underscores the correlation between water 
content and briquette density, wherein reduced water content facilitates superior particle 
compaction, resulting in enhanced density. Increased density improves briquette quality by 
enhancing structural integrity and combustion efficiency, rendering it a more effective and 
dependable fuel source. Nurek et al., [19] found that the maximum briquette density of 1215 kg/m³ 
was attained by compressing material with 10% water content at a temperature of 73°C. On the other 
hand, material with 20% water content compacted at 22°C had the lowest density, 799 kg/m³. The 
researchers determined that maximum briquette densities were consistently achieved, with 
materials exhibiting a minimal water content of 10%. This finding corresponds with the study's 
results, indicating that reduced water content in the briquette correlates with increased briquette 
density. According to Cabrales et al., [47] moisture content influences briquette density 2.8 times 
more than fiber length. Moisture content directly influences the intensity of bonding structures 
among biomass fibers, particularly by activating lignin and facilitating the plasticization of densified 
biomass. Lignin functions as a natural binder in the densification process, with optimal moisture 
levels facilitating its activation, resulting in enhanced bonding between fibers and increased 
briquette density. 

 

` 
Fig. 8. Density of the briquette specimens 
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In Figure 9, the compressive strength of the briquette specimens prepared from the raw materials 
with different water content can be observed. The compressive strength of Specimens A, B, C and D 
was 13.66, 24.88, 19.06 and 14.58 kg/cm², respectively.  

 

 
Fig. 9. Compressive strength of the briquette specimens 

 
Compared to the other specimens, Specimen A compressive strength was lowest at 13.66 

kgf/cm², in contrast, Specimen B was the highest at 24.88 kgf/cm². The results show that all 
specimens do not meet the standard compressive strength of 32 kgf/cm² required for commercial 
briquettes traded in the world [26]. The findings of this study reveal that only Specimen B exhibits 
compressive strength approaching that of commercial products. On the other hand, the compressive 
strength obtained in this investigation surpasses that of Pramudia et al., [48], Nasbey et al., [49], and 
Ansar et al., [50]. For instance, the compressive strength of briquettes composed of a blend of teak 
leaf and maize cob was the highest at 135.82 N/cm² (13.85 kgf/cm²) [48]. Likewise, coconut shell 
briquettes that used tapioca flour as a bonding adhesive reached a maximum compressive strength 
of 16.62 kgf cm² [49] while other coconut shell briquettes had a compressive strength of 12 kgf cm² 
[50]. 

The drop test results on the briquette specimens in completely burned conditions are presented 
in Figure 10. The drop test method and friability calculations for the briquette specimens were 
conducted based on the methodology outlined in a previous study. The friability values of specimens 
A, B, C, and D were 16.95%, 35.8%, 9.43%, and 40.19%, respectively. Specimen C exhibited the lowest 
friability, with a friability value of 9.43%, whereas Specimen D showed the highest friability at 
40.19%. These findings indicate that Specimen C surpasses the friability standards for commercial 
briquettes (15.05%), showcasing excellent durability [26]. In contrast, Specimens A, B, and D did not 
fulfil the commercial product standards. Friability is a critical quality parameter, as it directly impacts 
the briquettes' durability during handling, transportation, and combustion. A lower friability value 
reflects better quality, indicating stronger resistance to mechanical stress and reduced risk of 
fragmentation [51]. The results of this study demonstrate that Specimen C exhibited the best friability 
performance, attributed to its low water content compared to the other specimens. A lower water 
content in briquettes enhances the Impact Resistance Index (IRI), reducing friability. These findings 
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are consistent with the study conducted by Mkini et al., [51] which highlighted the significant 
influence of moisture content on the friability and combustion properties of briquettes. Their 
research reported that briquettes with higher moisture content exhibited an IRI range of 55 to 71, 
whereas briquettes with lower moisture content achieved a much higher IRI, ranging from 80 to 160. 
The friability test performed by Gebresas et al., [52] indicated that 85.2% of the briquettes remained 
intact, whereas 14.8% were observed as flakes and powder. The test was conducted by placing 250 
g of briquettes into a plastic bag and releasing them from a height of 2 meters onto a concrete 
surface, with five repetitions performed. The friability of briquettes derived from Kenyan biomass 
was measured at 48% using the same testing method. Similarly, the friability of briquettes produced 
from Macadamia nut shells was evaluated. Seventy-six per cent of the Macadamia nut shell 
briquettes maintained their integrity, representing the highest value achieved in the study. 

 

 
Fig. 10. Friability of the briquette specimens 

 
4.  Conclusion 
 

The study examines the influence different levels of water content in raw material mixtures have 
on the proximate, physical, and mechanical properties as well as the calorific value of coconut shell 
charcoal briquettes made with a screw extruder machine. In this study, the amount of water in the 
raw material mixture of Samples A, B, C, and D are set to 44.9%, 46.5%, 49% and 52.5%, respectively. 
The results provide important insights into the effects of water content on briquette quality, 
establishing groundwork for briquette production confined to commercial and international 
specifications. The findings indicated that all specimens complied with the SNI 01-6235-2000 
standard for water content, with Specimen C exhibiting the lowest moisture level at 2.91%. The 
findings indicated a positive relationship with enhanced briquette quality, showcasing an increased 
fixed carbon content of 71.80% and a reduced volatile matter level of 23.12%, which conforms to 
global standards for high quality briquettes. 

Furthermore, Specimen C demonstrated exceptional characteristics, with a calorific value of 
7,102 cal/g and a density of 0.57 g/cm³, exceeding the established minimum standards. Moreover, 
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Specimen C demonstrated outstanding friability, achieving a value of 9.43% that surpassed 
commercial standards for coconut shell charcoal briquettes. Specimen B exhibited the highest 
compressive strength at 24.88 kg/cm², while Specimen C also showed notable mechanical durability 
with a 19.06 kg/cm² compressive strength.  Specimen C, exhibiting a 49% water content in the raw 
material mixture, showcased the most favourable overall performance, establishing it as a standard 
for sustainable energy solutions and the effective use of coconut shell waste in briquette production. 
 
Acknowledgement 
The authors would like to express their gratitude to the Universitas Negeri Semarang (UNNES) for 
allocating funds under the Penelitian Terapan Kepakaran Scheme in 2024 with contract number 
244.26.2/UN37/PPK.10/2024.  
 
References 
[1] Gielen, Dolf, Francisco Boshell, Deger Saygin, Morgan D. Bazilian, Nicholas Wagner, and Ricardo Gorini. "The role of 

renewable energy in the global energy transformation." Energy strategy reviews 24 (2019): 38-50. 
https://doi.org/10.1016/j.esr.2019.01.006 

[2] Kalak, Tomasz. "Potential use of industrial biomass waste as a sustainable energy source in the future." Energies 16, 
no. 4 (2023): 1783. https://doi.org/10.3390/en16041783 

[3] Ismail, Ras Izzati, Mohd Iqbal Usamah, Abdul Razak Shaari, Khor Chu Yee, Alina Rahayu Mohamed, Mohd Riduan 
Jamalludin, Norawanis Abdul Razak, Lee Yit Leng, Nur Lailina Makhtar, and Mohd Uzair Mohd Rosli. "The Effect of 
Different Khaya Senegalensis Raw Feedstock Particle Sizes On Solid Fuel Pellet Quality." In IOP Conference Series: 
Materials Science and Engineering, vol. 864, no. 1, p. 012101. IOP Publishing, 2020. https://doi.org/10.1088/1757-
899X/864/1/012101   

[4] Asri Gani, Muhammad Faisal, Erdiwansyah Mahidin, and Hera Desvita Muhammad Nizar. "The Effect of Lignin and 
Cellulose on Combustion Characteristics of Biocoke." Journal of Advanced Research in Applied Sciences and 
Engineering Technology.  

[5] Fuad, Muhammad Ariff Hanaffi Mohd, Mohamad Muslihuddin Razali, Zaitul Nadiah Mohamad Izal, Hasan Mohd 
Faizal, Norhayati Ahmad, Mohd Rosdzimin Abdul Rahman, and Md Mizanur Rahman. "Torrefaction of briquettes 
made of palm kernel shell with mixture of starch and water as binder." Journal of Advanced Research in Fluid 
Mechanics and Thermal Sciences 70, no. 2 (2020): 21-36. https://doi.org/10.37934/arfmts.70.2.2136 

[6] Faizal, Hasan Mohd, Abdul Halim Mohd Salleh, Hielfarith Suffri Shamsuddin, Zulkarnain Abdul Latiff, Muhammad 
Ariff Hanaffi Mohd Fuad, and Mohd Rosdzimin Abdul Rahman. "Torrefaction of pulverized empty fruit bunch and 
polyethylene plastics waste mixture." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 29, 
no. 1 (2017): 1-9.  

[7] Simanjuntak, Janter Pangaduan, Khaled Ali Al-attab, Eka Daryanto, and Bisrul Hapis Tambunan. "Bioenergy as an 
Alternative Energy Source: Progress and Development to Meet the Energy Mix in Indonesia." Journal of Advanced 
Research in Fluid Mechanics and Thermal Sciences 97, no. 1 (2022): 85-104. 
https://doi.org/10.37934/arfmts.97.1.85104 

[8] Kpalo, Sunday Yusuf, Mohamad Faiz Zainuddin, Latifah Abd Manaf, and Ahmad Muhaimin Roslan. "A review of 
technical and economic aspects of biomass briquetting." Sustainability 12, no. 11 (2020): 4609. 
https://doi.org/10.3390/su12114609 

[9] Wulandari, Asri Peni, Nia Rossiana, Farrel Radhysa Muhammad Zahdi, Renasya Nuraulia, Reni Nur’anifah, Chairanisa 
Intan Kartika, Lulu Aulia Rahmah, Joko Kusmoro, Madihah, and Yusnaidar. "Formulation and Characterization of Bio-
Briquettes and Bio-Pellets from Ramie (Boehmeria nivea) Biomass as Renewable Fuel." Sustainability 16, no. 24 
(2024): 10930. https://doi.org/10.3390/su162410930 

[10] Ahmad, Rabi Kabir, Shaharin Anwar Sulaiman, Suzana Yusup, Sharul Sham Dol, Muddasser Inayat, and Hadiza Aminu 
Umar. "Exploring the potential of coconut shell biomass for charcoal production." Ain Shams Engineering Journal 13, 
no. 1 (2022): 101499. https://doi.org/10.1016/j.asej.2021.05.013 

[11] Yuliet, Rina, and Dwiki Permana. "Utilization of coconut shell charcoal to improve bearing capacity of clay as 
subgrade for road pavement." In IOP Conference Series: Earth and Environmental Science, vol. 832, no. 1, p. 012041. 
IOP Publishing, 2021. https://doi.org/10.1088/1755-1315/832/1/012041 

[12] Sanchaya, M., M. Harikaran, K. Cheran, M. Varoon, P. Jayaprakash, and G. Navin. "Experimental investigation on rice 
husk ash and coconut shell used in building materials." Materials Today: Proceedings 68 (2022): 1697-1702. 
https://doi.org/10.1016/j.matpr.2022.08.264 

https://doi.org/10.1016/j.esr.2019.01.006
https://doi.org/10.3390/en16041783
https://doi.org/10.1088/1757-899X/864/1/012101
https://doi.org/10.1088/1757-899X/864/1/012101
https://doi.org/10.37934/arfmts.70.2.2136
https://doi.org/10.37934/arfmts.97.1.85104
https://doi.org/10.3390/su12114609
https://doi.org/10.3390/su162410930
https://doi.org/10.1016/j.asej.2021.05.013
https://doi.org/10.1088/1755-1315/832/1/012041
https://doi.org/10.1016/j.matpr.2022.08.264


Malaysian Journal on Composite Science and Manufacturing 
Volume 16, Issue 1 (2025) 258-273 

271 
 

[13] Badan Pusat Statistik (BPS). “EKSPOR DAN IMPOR,” 2023. https://www.bps.go.id/exim/. 
[14] Putri, Erni Puspanantasari. "Renewable Energy: Charcoal Briquettes from Coconut Shells." In International 

Conference on Physics and Mechanics of New Materials and Their Applications, pp. 541-548. Cham: Springer Nature 
Switzerland, 2023. https://doi.org/10.1007/978-3-031-52239-0_50 

[15] Nurhidayati, Ely, Erni Yuniarti, Nana Novita Pratiwi, Agustiah Wulandari, and Firsta Rekayasa Hernovianty. 
"Utilization of coconut shell waste into charcoal briquettes in Sungai Kupah Village, Kubu Raya Regency." Abdimas: 
Jurnal Pengabdian Masyarakat Universitas Merdeka Malang 7, no. 2 (2022): 197-206. 
https://doi.org/10.26905/abdimas.v7i2.6783 

[16] Yirijor, John, and Alice Abigail Tatenda Bere. "Production and characterization of coconut shell charcoal-based bio-
briquettes as an alternative energy source for rural communities." Heliyon 10, no. 16 (2024). 
https://doi.org/10.1016/j.heliyon.2024.e35717 

[17] Jelonek, Zbigniew, Agnieszka Drobniak, Maria Mastalerz, and Iwona Jelonek. "Environmental implications of the 
quality of charcoal briquettes and lump charcoal used for grilling." Science of the Total Environment 747 (2020): 
141267. https://doi.org/10.1016/j.scitotenv.2020.141267 

[18] Njenga, Mary, A. Yonemitsu, N. K. Karanja, M. Iiyama, J. Kithinji, M. Dubbeling, C. Sundberg, and R. Jamnadass. 
"Implications of charcoal briquette produced by local communities on livelihoods and environment in Nairobi-
Kenya." (2013). https://doi.org/10.14710/ijred.2.1.19-29 

[19] Nurek, Tomasz, Arkadiusz Gendek, Kamil Roman, and Magdalena Dąbrowska. "The effect of temperature and 
moisture on the chosen parameters of briquettes made of shredded logging residues." Biomass and Bioenergy 130 
(2019): 105368. https://doi.org/10.1016/j.biombioe.2019.105368 

[20] Tanui, Josephat Kipyegon, Paul Ndirangu Kioni, Peter Ngugi Kariuki, and John Mburu Ngugi. "Influence of processing 
conditions on the quality of briquettes produced by recycling charcoal dust." International Journal of Energy and 
Environmental Engineering 9 (2018): 341-350. https://doi.org/10.1007/s40095-018-0275-7 

[21] Brožek, Milan. "The effect of moisture of the raw material on the properties briquettes for energy use." Acta 
Universitatis Agriculturae et Silviculturae Mendelianae Brunensis 64, no. 5 (2016): 1453-1458. 
https://doi.org/10.11118/actaun201664051453 

[22] Abdel Aal, Ahmed MK, Omer HM Ibrahim, Ammar Al-Farga, and Ehab A. El Saeidy. "Impact of biomass moisture 
content on the physical properties of briquettes produced from recycled ficus nitida pruning 
residuals." Sustainability 15, no. 15 (2023): 11762. https://doi.org/10.3390/su151511762 

[23] Saeed, Anwar Ameen Hezam, Noorfidza Yub Harun, Muhammad Roil Bilad, Muhammad T. Afzal, Ashak Mahmud 
Parvez, Farah Amelia Shahirah Roslan, Syahirah Abdul Rahim, Vimmal Desiga Vinayagam, and Haruna Kolawole 
Afolabi. "Moisture content impact on properties of briquette produced from rice husk waste." Sustainability 13, no. 
6 (2021): 3069. https://doi.org/10.3390/su13063069 

[24] Tumuluru, Jaya Shankar. "Effect of moisture content and hammer mill screen size on the briquetting characteristics 
of woody and herbaceous biomass." KONA Powder and Particle Journal 36 (2019): 241-251. 
https://doi.org/10.14356/kona.2019009 

[25] Demirel, Cimen, Gürkan Alp Kağan Gürdil, Abraham Kabutey, and David Herak. "Effects of forces, particle sizes, and 
moisture contents on mechanical behaviour of densified briquettes from ground sunflower stalks and hazelnut 
husks." Energies 13, no. 10 (2020): 2542. https://doi.org/10.3390/en13102542 

[26] Anis, Samsudin, Deni Fajar Fitriyana, Aldias Bahatmaka, Muhammad Choirul Anwar, Arsyad Zanadin Ramadhan, 
Fajar Chairul Anam, Raffanel Adi Permana, Ahmad Jazilussurur Hakim, Natalino Fonseca Da Silva Guterres, and 
Mateus De Sousa Da Silva. "Effect of Adhesive Type on the Quality of Coconut Shell Charcoal Briquettes Prepared 
by the Screw Extruder Machine." Journal of Renewable Materials 12, no. 2 (2024).  

[27] Nonsawang, Siwakorn, Suchat Juntahum, Pasawat Sanchumpu, Wiriya Suaili, Kritsadang Senawong, and Kittipong 
Laloon. "Unlocking renewable fuel: Charcoal briquettes production from agro-industrial waste with cassava 
industrial binders." Energy Reports 12 (2024): 4966-4982. https://doi.org/10.1016/j.egyr.2024.10.053 

[28] Sunardi, Sunardi, Djuanda Djuanda, and Moh Ahsan S. Mandra. "Characteristics of charcoal briquettes from 
agricultural waste with compaction pressure and particle size variation as alternative fuel." International Energy 
Journal 19, no. 3 (2019): 139-148.  

[29] Sitogasa, Praditya SA, Mohamad Mirwan, and Firra Rosariawari. "Potential of Biomass Briquettes from Tropical Fruit 
Waste (Study Case: Durian Skin)." Technium 16 (2023). https://doi.org/10.47577/technium.v16i.10012 

[30] Nurba, D., M. Yasar, R. Fadhil, S. P. Sari, and C. V. Mysa. "Performance of Corncobs and Wood Charcoal Briquette as 
Heat Energy Sources in In-Store Dryer." In IOP Conference Series: Earth and Environmental Science, vol. 365, no. 1, 
p. 012048. IOP Publishing, 2019. https://doi.org/10.1088/1755-1315/365/1/012048 

[31] Satria, Muhammad, Noviar Harun, Faizah Hamzah, and Angga Pramana. "Characteristics of charcoal briquettes corn 
cobs charcoal with the addition of areca peel charcoal." In Journal of Physics: Conference Series, vol. 2049, no. 1, p. 
012082. IOP Publishing, 2021. https://doi.org/10.1088/1742-6596/2049/1/012082 

https://doi.org/10.1007/978-3-031-52239-0_50
https://doi.org/10.26905/abdimas.v7i2.6783
https://doi.org/10.1016/j.heliyon.2024.e35717
https://doi.org/10.1016/j.scitotenv.2020.141267
https://doi.org/10.14710/ijred.2.1.19-29
https://doi.org/10.1016/j.biombioe.2019.105368
https://doi.org/10.1007/s40095-018-0275-7
https://doi.org/10.11118/actaun201664051453
https://doi.org/10.3390/su151511762
https://doi.org/10.3390/su13063069
https://doi.org/10.14356/kona.2019009
https://doi.org/10.3390/en13102542
https://doi.org/10.1016/j.egyr.2024.10.053
https://doi.org/10.47577/technium.v16i.10012
https://doi.org/10.1088/1755-1315/365/1/012048
https://doi.org/10.1088/1742-6596/2049/1/012082


Malaysian Journal on Composite Science and Manufacturing 
Volume 16, Issue 1 (2025) 258-273 

272 
 

[32] Ajimotokan, H. A., A. O. Ehindero, K. S. Ajao, A. A. Adeleke, P. P. Ikubanni, and Y. L. Shuaib-Babata. "Combustion 
characteristics of fuel briquettes made from charcoal particles and sawdust agglomerates." Scientific African 6 
(2019): e00202. https://doi.org/10.1016/j.sciaf.2019.e00202 

[33] Kipngetich, Patrick, Robert Kiplimo, Josephat Kipyegon Tanui, and Paul Chisale. "Effects of carbonization on the 
combustion of rice husks briquettes in a fixed bed." Cleaner Engineering and Technology 13 (2023): 100608. 
https://doi.org/10.1016/j.clet.2023.100608 

[34] Oyelaran, Olatunde Ajani, Faralu Muhammed Sani, Olawale Monsur Sanusi, Olusegun Balogun, and Adeyinka 
Okeowo Fagbemigun. "Energy potentials of briquette produced from tannery solid waste." Makara Journal of 
Technology 21, no. 3 (2018): 4. https://doi.org/10.7454/mst.v21i3.3429 

[35] Inegbedion, Francis. "Estimation of the moisture content, volatile matter, ash content, fixed carbon and calorific 
values of saw dust briquettes." MANAS Journal of Engineering 10, no. 1 (2022): 17-20. 
https://doi.org/10.51354/mjen.940760 

[36] Yuliah, Y., M. Kartawidjaja, S. Suryaningsih, and K. Ulfi. "Fabrication and characterization of rice husk and coconut 
shell charcoal based bio-briquettes as alternative energy source." In IOP Conference Series: Earth and Environmental 
Science, vol. 65, no. 1, p. 012021. IOP Publishing, 2017. https://doi.org/10.1088/1755-1315/65/1/012021 

[37] Xia, Wenjing, Tao Xu, and Hao Wang. "Thermal behaviors and harmful volatile constituents released from asphalt 
components at high temperature." Journal of Hazardous Materials 373 (2019): 741-752. 
https://doi.org/10.1016/j.jhazmat.2019.04.004 

[38] Papuangan, Nurmaya, and A. W. Jabid. "Pre-design of bio-briquette production using kenari shell." In IOP conference 
series: Earth and environmental science, vol. 276, no. 1, p. 012051. IOP Publishing, 2019. 
https://doi.org/10.1088/1755-1315/276/1/012051 

[39] Lestari, Lina, Viska Inda Variani, I. Nyoman Sudiana, Dewi Purnama Sari, Wa Ode Sitti Ilmawati, and Erzam 
Sahaluddin Hasan. "Characterization of briquette from the corncob charcoal and sago stem alloys." In Journal of 
Physics: Conference Series, vol. 846, no. 1, p. 012012. IOP Publishing, 2017. https://doi.org/10.1088/1742-
6596/846/1/012012 

[40] Rashif, M. N., S. Hartini, D. P. Sari, B. S. Ramadan, T. Matsumoto, and A. T. Balasbaneh. "Life cycle assessment of 
biomass waste briquettes as renewable energy." Global Journal of Environmental Science and Management 11, no. 
1 (2025): 207-224.  

[41] Guo, Zhenkun, Jianjun Wu, Yixin Zhang, Feng Wang, Yang Guo, Kening Chen, and Hu Liu. "Characteristics of biomass 
charcoal briquettes and pollutant emission reduction for sulfur and nitrogen during combustion." Fuel 272 (2020): 
117632. https://doi.org/10.1016/j.fuel.2020.117632 

[42] Mierzwa-Hersztek, Monika, Krzysztof Gondek, Marcin Jewiarz, and Krzysztof Dziedzic. "Assessment of energy 
parameters of biomass and biochars, leachability of heavy metals and phytotoxicity of their ashes." Journal of 
Material Cycles and Waste Management 21 (2019): 786-800. https://doi.org/10.1007/s10163-019-00832-6 

[43] Arellano, Gino Martin T., Yuji S. Kato, and Florinda T. Bacani. "Evaluation of fuel properties of charcoal briquettes 
derived from combinations of coconut shell, corn cob and sugarcane bagasse." In DLSU Research Congress, Manila, 
Philippines. 2015.  

[44] Prihatin, Joko Yunianto, Ganang Wicaksono Pratama, Heri Kustanto, Slamet Pambudi, and Lujeng Widodo. "The 
Study Calorific Value of Organic Briquettes for Optimizing Healthy Food Drying as an Alternative to Rainy Weather." 
In Proceedings of the 4th Borobudur International Symposium on Science and Technology 2022 (BIS-STE 2022), vol. 
225, p. 149. Springer Nature, 2023. https://doi.org/10.2991/978-94-6463-284-2_18 

[45] Suryaningsih, S., R. Resitasari, and O. Nurhilal. "Analysis of biomass briquettes based on carbonized rice husk and 
jatropha seed waste by using newspaper waste pulp as an adhesive material." In Journal of Physics: Conference 
Series, vol. 1280, no. 2, p. 022072. IOP Publishing, 2019. https://doi.org/10.1088/1742-6596/1280/2/022072 

[46] Bello, R. S. "Combustion characteristics of high density briquette produced from sawdust admixture and 
performance in briquette stove." London Journal of Research in Science: Natural and Formal (2020). 
https://doi.org/10.34257/LJRSVOL20IS3PG79 

[47] Cabrales, Huber, Nelson Arzola, and Oscar Araque. "The effects of moisture content, fiber length and compaction 
time on African oil palm empty fruit bunches briquette quality parameters." Heliyon 6, no. 12 (2020). 
https://doi.org/10.1016/j.heliyon.2020.e05607 

[48] Pramudia, Mirza, Ibnu Irawan, and Miftahul Ulum. "The Effect of Bentonite Addition on Briquettes Quality of Corn 
Cob and Teak Leaf Mixture."  

[49] Nasbey, H., L. A. Yahya, and A. S. Budi. "Optimization of the mechanical properties of coconut shell briquettes with 
a tapioca flour adhesive." In Journal of Physics: Conference Series, vol. 2377, no. 1, p. 012012. IOP Publishing, 2022. 
https://doi.org/10.1088/1742-6596/2377/1/012012 

[50] Setiawati, Diah Ajeng, and Baiq Sulasi Muliani. "Physical Characteristic Analysis of Shells Coconut Briquette." In 7th 
International Conference on Food, Agriculture, and Natural Resources (IC-FANRES 2022), pp. 236-242. Atlantis Press, 

https://doi.org/10.1016/j.sciaf.2019.e00202
https://doi.org/10.1016/j.clet.2023.100608
https://doi.org/10.7454/mst.v21i3.3429
https://doi.org/10.51354/mjen.940760
https://doi.org/10.1088/1755-1315/65/1/012021
https://doi.org/10.1016/j.jhazmat.2019.04.004
https://doi.org/10.1088/1755-1315/276/1/012051
https://doi.org/10.1088/1742-6596/846/1/012012
https://doi.org/10.1088/1742-6596/846/1/012012
https://doi.org/10.1016/j.fuel.2020.117632
https://doi.org/10.1007/s10163-019-00832-6
https://doi.org/10.2991/978-94-6463-284-2_18
https://doi.org/10.1088/1742-6596/1280/2/022072
https://doi.org/10.34257/LJRSVOL20IS3PG79
https://doi.org/10.1016/j.heliyon.2020.e05607
https://doi.org/10.1088/1742-6596/2377/1/012012


Malaysian Journal on Composite Science and Manufacturing 
Volume 16, Issue 1 (2025) 258-273 

273 
 

2023. https://doi.org/10.2991/978-94-6463-274-3_20 
[51] Mkini, R. I., and Z. Bakari. "Effect of moisture content on combustion and friability characteristics of biomass waste 

briquettes made by small scale producers in Tanzania." International Journal of Engineering Research and Reviews 3, 
no. 1 (2015): 66-72.  

[52] Gebresas, Alula, Haftom Asmelash, Hadush Berhe, and Tsegay Tesfay. "Briquetting of charcoal from sesame 
stalk." Journal of Energy 2015, no. 1 (2015): 757284. https://doi.org/10.1155/2015/757284 

 

 
 

 

https://doi.org/10.2991/978-94-6463-274-3_20
https://doi.org/10.1155/2015/757284

