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ABSTRACT: The utilisation of sugar palm bunches-charcoal briquettes (SPB-CB) represents a significant advancement
in biomass energy. This study aimed to analyse the properties of charcoal briquettes produced from SPB (Arenga
longipes). The experiment involved categorising the dimensions of charcoal powder into three specific particle sizes:
20–40 mesh, 40–60 mesh, and particles that could pass through a 60-mesh screen. The charcoal powder will be
combined with tapioca as a binding agent at three specific concentrations: 11%, 13%, and 15%. The research findings
indicate that the samples underwent 60 mesh passes achieved the maximum briquette density, with an average value
of 0.58 g/cm3. The highest attainable compressive strength sample value was 27.52 kgf/cm2, which was attained by
employing 60 mesh size and 15% adhesive concentration. The calorimetric investigation showed that SPB-charcoal had
the highest calorific value of 25.88 MJ/kg, while the SPB-CB had a little lower caloric value of 24.64 MJ/kg. The ash
content and volatile matter values showed that the briquettes with the lowest ash content had values of 10.49% and
32.65%, respectively. Furthermore, the carbon fixation values varied between 16.65% and 52.36%. Thermogravimetric
analysis indicates that charcoal derived from SPB exhibits superior thermal characteristics compared to charcoal
briquettes. However, thermal properties of SPB charcoal do not show significant differences when compared to charcoal
briquettes that have been processed with a mesh size of 20–40 and include 11% adhesive. According to this research,
it may be inferred that charcoal briquettes made from sugar palm bunches meet the requirements specified in SNI
01-6235-2000.
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1 Introduction
The present and anticipated shortage of energy has indicated an asymmetry between the demand for

energy and its availability. The persistent scarcity and upward trajectory of oil prices will persist as a result
of its finite and non-renewable characteristics. In order to address this issue, it is imperative to promptly
counterbalance it by offering renewable energy sources that are both plentiful and cost-effective, ensuring
their accessibility to a broader population [1,2].

The global energy consumption has been steadily rising over the years, primarily driven by the
growing world population. The purpose of potential resources is to mitigate concerns regarding fossil fuels,
namely their significant carbon dioxide emissions and the resulting negative impact on global warming.
Consequently, alternative energy has garnered significant interest in numerous countries. Various policies
and strategies are utilized to encourage and facilitate research in the field of renewable energy, specifically
focusing on alternative sources such as biomass, solar energy, wind energy, and hydropower [3]. According
to the World Bioenergy Association, fossil fuels continue to be the primary source of energy worldwide.
As of 2020, fossil fuels accounted for 80% of the global energy demand, while nuclear power contributed
5%, and renewable energy technologies fulfilled approximately 15% [4]. Researchers face the challenge and
duty of discovering viable and enduring options for renewable energy. Biomass is a viable alternative source
of renewable energy. Briquettes, a biomass-based energy source, can replace petroleum and other fossil
fuels. Several researchers have studied ways to make biomass-based briquette; some of them found that
the rice straw briquette has lower emissions than the CO, NO, and SO emitted from burning chopped rice
straw [5], said that the biomass briquette from sorghum panicles-pearl better fuel properties than pongamia-
tamarind shell [6], studied the characteristics of charcoal briquette from the Sungkai sawdust and found that
all parameters (except for the volatile matter) of the briquette comply with the Indonesian National Standard
of briquette products [7].

Indonesia possesses a substantial biomass potential; nevertheless, its exploitation as an energy source
is currently suboptimal [8]. An underutilized source of biomass is the sugar palm tree. Sugar palm tree is
a widely recognized and extensively employed palm species in Indonesia [9,10]. In addition, sugar palm
trunks can serve as excellent raw materials for producing parquet flooring due to their exceptional hardness
characteristics [11]. Furthermore, apart from sap and fibers, the community also makes use of the sugar
palm fruit as a snack food, including sweets and traditional beverages. The sugar palm fruit is located in
the unharvested upper section of the bunch. The sugar palm bunches (SPB) have not been fully exploited
throughout the sugar palm fruit harvesting procedure. Several indigenous communities employ sugar palm
bunches as a source of firewood for the purpose of boiling sap into palm sugar [12,13].

Until recently, there have been no previous findings on the characteristics of charcoal briquettes derived
from the SPB of Indonesian sugar palm plants (Arenga longipes Mogea). The researchers discovered that
the Indonesian sugar palm possesses chemical, physical, and mechanical characteristics that render it
appropriate for utilization as a solid fuel [14]. The analysis is based on the scarce information available on
the technological feasibility of producing charcoal briquettes from SPB. Knowledge on the characteristics
of charcoal briquettes can be valuable for utilizing them as a potential source of biomass energy in local
communities, as part of the development of suitable technologies. The objective of this study was to assess
the suitability of SPB as a primary material for producing charcoal briquettes, serving as a viable alternative
for new sustainable energy sources.
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2 Materials and Methods

2.1 Raw Materials Preparation and Carbonization
The sugar palm bunches (SPB) were collected from the tree at the point of ripeness of the individual

fruit. Once the SPB are removed from the fruit, SPBs dried in the sun for a week. Additionally, the SPB
is segmented into pieces measuring around 10–15 cm in length and then subjected to oven drying until
the moisture content drops below 15%. The SPB is subsequently subjected to carbonization in an oxygen-
free environment at a temperature of 350○C for 4 h which resulted in charcoal yield approximately of 30%.
After undergoing carbonization, the charcoal was conditioning with the room temperature and subsequently
pulverized into various sizes (Fig. 1).

Figure 1: An illustration manufacturing of SPB-charcoal briquette. (a) sugar palm bunch; (b) SPB-charcoal; (c) SPB-
charcoal powder; (d) SPB-charcoal briquette

2.2 Manufacturing of Charcoal Briquette
The SPB-charcoal powder underwent screening and was subsequently divided into distinct particle

sizes, specifically 20–40 mesh, 40–60 mesh, and greater than 60 mesh. Tapioca flour was used as an adhesive
to combine with each particle size. Tapioca starch is one of the components commonly utilized as an adhesive
for producing charcoal briquettes. The adhesive level was considered from previous studies [15,16] that used
adhesive levels ranging from 10%–20% w/w. The tapioca flour adhesive was composed of three distinct
concentrations: 11%, 13%, and 15% of the weight of SPB-charcoal powder (w/w).

The dimension of briquette was manufactured of 2.5 cm diameter and 3 cm length with target density of
0.6 g/cm3 for 10 min pressing time and 8-min conditioning time. To facilitate the bonding of SPB powders a
solution was prepared by combining SPB-charcoal powder and tapioca flour. This was achieved by adding 50
mL of water to the mixture. This treatment was conducted using 5 replicates. The process for manufacturing
SPB-charcoal briquettes is outlined in Table 1.

Table 1: The treatment combinations of raw material for manufacturing SPB-charcoal briquettes

Particle size (mesh) Adhesive concentration (%) Water (mL)
20–40 11 50
40–60 13 50
>60 15 50
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2.3 Physical and Mechanical Properties of SPB-Charcoal Briquette
The physical and mechanical properties of the SPB-charcoal briquette were assessed, namely in terms of

density and radial compression strength. The apparent density was determined as the ratio between the mass
of the briquette at room temperature (+25○C) and 65% relative humidity. The dimensions of the briquettes
were measured using a calliper ruler with an accuracy of 0.01 mm for determined the briquette volume. The
compression strength of the briquettes was determined using a Universal Testing Machine (Tensilon, RTF
1350, A&D Company, Tokyo, Japan). The briquettes were squeezed at a constant rate of 3.5 mm/min until
they failed. Five repetitions were performed to ascertain each test property.

2.4 Proximate Analysis of SPB-Charcoal Briquette
The proximate analysis of SPB charcoal briquettes involved the examination of several parameters,

including moisture content according to ASTM D 3173-03 [17], ash content according to ASTM D 3174-
02 [18], volatile matter according to ASTM D3175-05 [19], and fixed carbon content according to ASTM
D 3172-89 [20]. The caloric value was determined by calorimeter bomb (IKA, Bomb Calorimeter, Version
C2000, Königswinter, Germany).

2.5 Thermal Properties by Thermogravimetry Analysis (TGA)
A thermogravimetric study was performed using an Ekstar SIII-Type 7300 instrument (Hitachi, Tokyo,

Japan) to measure the rate of mass change and thermal stability of the SPB-charcoal and SPB-charcoal
briquette samples at different temperatures. In this examination, samples weighing approximately 10 mg were
subjected to heating in an alumina crucible. The temperature was increased from room temperature to 750○C
at a rate of 10○C per minute. Throughout the process, the apparatus was continuously flushed with nitrogen
at a flow rate of 30 mL per minute.

2.6 Quality of SPB-Charcoal Briquette Based on Indonesian National Standard
The quality of SPB-charcoal briquette is assessed by comparing it to the standards set by SNI 01-6235-

2000 [21], which serves as a benchmark for charcoal briquette quality. The quality of charcoal briquettes, as
specified by the Indonesian National Standard (SNI), is presented in the following Table 2.

Table 2: Indonesian national standard of Charcoal Briquette

Parameter SNI 01-6235-2000
Density (g/cm3) 0.44

Calor value (cal/g) >5000
Moisture content (%) <8

Ash content (%) <8
Volatile matter (%) <15
Fixed carbon (%) >77

2.7 Statistical Analysis
Factorial completely randomized design was used to analyse interaction between particle size level

(20–40 mesh; 40–60 mesh, and >60 mesh) and adhesive level (11%, 13%, and 15%). The Duncan’s Multiple
Range Test (DMRT) was employed for conducting additional testing, with a significance level of 5%, while a
statistical analysis was performed using R-Studio software Version 4.0.0.
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3 Results and Discussion

3.1 Physical and Mechanical Properties of SPB-Charcoal Briquette
The density of the briquette made from sugar palm bunch charcoal has been determined and the

corresponding measurement is presented in Fig. 2a. The research findings indicate that the density of the
manufactured charcoal briquette falls within the range of 0.42–0.60 g/cm3. As the particle size decreases
and the adhesive content increases, the density value increases. The density value obtained aligns with the
findings of Rohman et al. [22] in their study on sugar frond raw materials, specifically 0.68 g/cm3. The density
of a substance is affected by the size of its particles. Specifically, when the particle size decreases, the surface
area of the particles increases, resulting in more contact between surfaces. This increased contact leads to
an increase in density. Similarly, increasing the amount of tapioca adhesive will result in a larger density of
the briquette. The density of charcoal briquettes is affected by the uniformity of the adhesive mixture with
charcoal particles. When the stirring is more even, the resulting briquettes become stronger, as the charcoal
particles are evenly distributed. Briquettes possessing higher density will exhibit a prolonged combustion rate
compared to briquettes with lesser density [23,24]. All briquettes generated in this study have successfully
complied with the Indonesian National Standard for density, which requires a minimum of 0.44 g/cm3. The
correlation between the size of particles and the amount of adhesive present has a notable impact on the
density of the charcoal briquettes that are produced. Nevertheless, the density of this substance is lower
compared to charcoal briquettes made from oil palm fronds and tapioca glue, which have a density range of
0.84–0.99 g/cm3 [25].
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Figure 2: a: Density histogram of SPB-charcoal briquette; b: Compression strength histogram of SPB-charcoal briquette

Fig. 2b displays the findings of the compressive strength test conducted on charcoal briquettes made
from empty bunches of sugar palm (Arenga longipes Mogea). Compressive strength test is a mechanical test
measuring the maximum amount of compressive load a briquette can bear before fracturing. Compressive
strength is one of the most significant qualities of a briquette, determining its stability and durability.
According to Okot et al. [26], the compressive strength test is used to evaluate the compressive stress
caused by the weight of the top briquettes on the bottom briquettes during storage, transportation, and
handling. The compressive strength values of the charcoal briquettes generated varied between 4.96 and
27.52 kgf/cm2. The charcoal briquettes with a particle size of 40 mesh and an adhesive percentage of 11%
exhibited the lowest compressive strength, whereas the charcoal briquettes with a particle size of 60 in
mesh and adhesive concentration of 15% shown the maximum compressive strength. The statistical analysis
showed that the combination of particle size and adhesive content did not have a significant impact on the
compressive strength value of charcoal briquettes. However, both parameters individually influenced the
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compressive strength value, with particle size having a particularly strong effect. Decreasing the size of the
particles leads to an increase in the compressive strength of the charcoal briquettes. Consistent with other
research, decreasing the particle size will result in an increased compressive strength measurement [27,28].
Adding adhesive level didn’t significantly increase the compression strength in the charcoal briquette with
the lowest particle size; the particle size caused it. According to prior study [16], the particle size of charcoal
briquettes influences the compressive strength value; the smaller the particle size and the lower the moisture
content, the higher the compressive strength. On the other hand, the addition of adhesives has an effect on
moisture content (Fig. 3b), so the possibility of moisture content affecting compressive strength does not
increase significantly.
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Figure 3: a: Caloric value histogram of SPB-charcoal briquette; b: Moisture content histogram of SPB-charcoal
briquette; c: Ash content histogram of SPB-charcoal briquette; d: Volatile matter histogram of SPB-charcoal briquette;
e: Fixed carbon histogram of SPB-charcoal briquette

The compressive strength obtained in this investigation was inferior than that reported in a prior work
conducted by Rohman et al. [22], where charcoal briquettes were generated from sugar palm fronds, yielding
a compressive strength value of 97.7 kgf/cm2. According to Lestari et al. [29], charcoal briquettes that have a



J Renew Mater. 2025;13(3) 645

high density will exhibit superior mechanical strength. The significant compressive strength value suggests a
robust cohesive force between particles in sugar palm bunch charcoal briquettes. This could be attributed to
the presence of high molecular weight organic compounds that create water bridges between neighbouring
particles. Additionally, the uniform surface of the charcoal briquettes contributes to the solidification of
particle bonds [30].

3.2 Proximate Analysis of SPB-Charcoal Briquette
Fig. 3a displays the calorific value of charcoal briquettes under different conditions, including particle

size treatment and adhesive concentration. The graph also includes untreated charcoal as a control. The graph
indicates that there is an inverse relationship between particle size and adhesive concentration with calorific
value. Specifically, larger particle sizes and higher adhesive concentrations are associated with lower calorific
values. The 60-mesh particle treatment with an adhesive concentration of 15% had the lowest calorific value,
measuring 21.74 MJ/kg. On the other hand, the 20-mesh particle treatment with an adhesive concentration
of 11% had the highest calorific value. However, the calorific value of charcoal briquettes was still lower than
that of untreated charcoal, which was 22.88 MJ/kg. The calorific value of the charcoal briquettes generated
exceeded the findings of Rohman et al. [22], who utilised sugar palm fronds as raw materials and reported
a calorific value of 24.46 MJ/kg. The high calorific value of a substance is determined by its low water and
ash content, as well as its high bound carbon. Additionally, the type of raw material used to make briquettes
plays a significant role in the production of bound carbon, with varied material features having an impact.
Furthermore, particle size also affects the level of heat content, the smaller the particle size, the higher the
heat value because it is related to the low water content and the wider surface area of the particles [31].

According to the available literature (Table 3), the caloric values of SPB charcoal were marginally lower
compared to charcoal derived from teakwood sawdust [32], rice husk charcoal briquette [33], and coconut
shell charcoal briquette [34]. Nevertheless, the caloric values of SPB-charcoal briquette exceeded those of
coconut shell briquette and bamboo charcoal briquette [34], as well as charcoal briquette created from
organic waste [35], and charcoal briquette made from coconut shell with pine resin [36]. The findings of
this study demonstrate that the calorific value of the SPB-charcoal briquettes generated is comparable to
that of charcoal briquette products made from different types of raw materials, including both wood and
non-wood sources.

Table 3: Caloric value of charcoal and charcoal briquette made from agricultural waste and non-timber forest product

Solid biofuel Raw material Caloric value
(MJ/kg)

References

Charcoal Sugar palm bunches
(Arenga longipes)

25.88 This research

Charcoal Sawdust from teak wood
(particle size 100 mesh)

26.08 [32]

Charcoal briquette 20–40 mesh of sugar
palm bunches powder

(Arenga longipes) + 11%
tapioca

24.64 This research

Charcoal briquette Rice husk 59.89 [33]

(Continued)
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Table 3 (continued)

Solid biofuel Raw material Caloric value
(MJ/kg)

References

Charcoal briquette coconut shell briquettes 6.68 [34]
bamboo charcoal

briquette
4.88 [34]

Charcoal briquette Organic waste (50% leaf:
40% twig: 10% paper)

19.39–21.35 [35]

Charcoal briquette Coconut shell with added
pine resin

22.35–25.62 [36]

Charcoal briquette Coconut shell 143.12 [37]
Charcoal briquette Banana peel and rice

straw mixture
20.20–21.26 [38]

The moisture content of the charcoal briquette made from sugar palm bunch is quantified and the
outcome is presented in Fig. 3b. The graphic illustrates that the water content of the charcoal briquette
varies between 3.92% and 14.58%. Incorporating adhesive material into the charcoal briquette results in
an elevation of the briquette’s moisture content. On the other hand, when the particle size of the charcoal
decreases, the moisture content of the resulting charcoal briquette decreases as well. The moisture content
of the charcoal briquette, produced by treating particles of size 40 and 60 mesh with adhesive contents of
11% and 13%, respectively, complies with the SNI norm of ≤8%. The water content value of the charcoal
briquette created is significantly greater than the water content value of the charcoal briquette derived from
the sugar palm fronds, as determined by Rohman et al. [22], which is 4.17%. Similarly, the water content
of the charcoal briquette made from a combination of oil palm fronds and palm shells, as determined by
Simatupang et al. [25] ranges from 1.3% to 1.6%. The statistical analysis shows that the relationship between
the particle size and the adhesive level used does not have an impact on the moisture content of the charcoal
briquettes produced. The results indicate that the moisture content of charcoal briquettes is affected by the
charcoal particle size, adhesive content, type of raw material, and carbonisation process [24,31,38]. According
to Muraina et al. [39], charcoal briquettes with smaller particle sizes will have a faster drying time compared
to charcoal briquettes with bigger particle sizes. The use of adhesive material in charcoal briquettes also
impacts the moisture content generated, as a result of the incorporation of water into the adhesive substance
employed [40].

Fig. 3c demonstrates that the ash concentration of the manufactured charcoal briquettes varies between
10.49% and 20.39%. The charcoal briquettes with a particle size of 60 mesh and 13% adhesive have the highest
ash content value, specifically 20.39%. On the other hand, the charcoal briquettes with a particle size of 20
mesh, 40 mesh retained, and 13% adhesive have the lowest ash content value, which is 10.49%. These findings
suggest a positive correlation between particle size and ash content, indicating that smaller particle sizes are
associated with higher ash concentration. The presence of a significant amount of ash in charcoal briquettes
indicates that the combustion residue produced by the briquettes is substantial, but the energy value of
the briquettes is relatively low [41]. The ash concentration in briquettes can be affected by the presence of
inorganic components in biomass waste and the amount of glue used during the briquette manufacturing
process [42]. Prior research also identified elevated ash concentration levels exceeding 20% [43]. Compared
with SNI, although the ash content of SPB-CB has not met the standard requirements set, the moisture
content of SPB-CB is still relatively low compared to previous research.
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Fig. 3d shows that the coconut palm bunch charcoal briquette product (Arenga longipes) has a volatile
matter content ranging from 32.65% to 63.97%, as indicated by the test findings. The charcoal briquettes with
a particle size of 20 passes, 40 holds, and 15% adhesive have the highest volatile matter content value, which is
63.97%. On the other hand, the charcoal briquettes with a particle size of 40 passes, 60 holds, and 11% adhesive
have the lowest volatile matter content value, which is 32.65%. Imperfect carbonisation process might lead
to a high volatile matter content. Furthermore, the volatile matter content is also affected by temperature
and the duration of carbonisation. As the temperature during carbonisation increases, the amount of volatile
materials decreases. It is evident that an increase in sticky content corresponds to an increase in volatile
matter content. The reason for this is because tapioca includes carbohydrates (amylase and protein) that
are not metabolised during the combustion process, resulting in the production of a significant amount of
volatile chemicals [24]. Briquettes with a high volatile percentage will generate a significant amount of smoke
and are more prone to ignition. On the other hand, briquettes with a lower volatile content are slightly more
challenging to ignite but will burn consistently [44]. Consequently, charcoal briquettes are anticipated to
possess the lowest feasible volatile content in order to minimise the amount of smoke generated. Based on
the SNI 01-6235-2000 standard, a good briquette should have a maximum material loss of 15% when heated
to 950○C. However, none of the treatments for SPB-CB matched the quality standards, as indicated by the
test data.

The proportion of carbon that can be combusted in charcoal briquettes is determined by the fixed carbon
content of the fuel. Fig. 3e demonstrates a negative correlation between adhesive content and particle size
with the bound carbon value. Specifically, when the adhesive content increases and the particle size decreases,
the bound carbon value decreases. The charcoal briquettes, which have a particle size smaller than 60 mesh
and include 15% adhesive, have the lowest bound carbon value of 16.65%. The upper and lower limits of
carbon levels represent the calorific value of the briquettes [41]. The bound carbon value is affected by the
moisture content, volatile matter content, and ash content. In general, the presence of high levels of water
and ash in briquettes leads to a decrease in the carbon content, making them challenging to burn due to the
excess water and resulting in irregular combustion (low fixed carbon). Additionally, the high ash content
leads to more frequent disposal of combustion residue [45].

Fixed carbon refers to the quantity of charcoal that remains after the devolatilization stage, which is the
process of biomass combustion until all the volatile components in the charcoal have evaporated. Significant
amounts of fixed carbon are indicative of high-quality charcoal. Charcoal quality improves as the fixed carbon
percentage increases. High-quality charcoal is characterized by a high concentration of fixed carbon, as the
combustion process relies on carbon reacting with oxygen to generate heat. The study found that charcoal
briquettes with a particle size of 40 mesh and an adhesive content of 11% had the maximum fixed carbon
content, making them the best charcoal briquettes.

3.3 Thermogravimetry Analysis (TGA)
Fig. 4a shows the thermogravimetry (TG) graph illustrating the reduction in weight of the SPB-charcoal

briquette. Generally, thermal stabilization decreases with the particle size and adhesive concentration
treatment. The SPB-charcoal briquette with small size particle (>60 mesh) showed a faster degradation rate,
compared to the SPB-charcoal briquette subjected with a particle size of 40–60 mesh and 20–40 mesh,
respectively. This low thermal resistance occurs because the small particle size accelerates the combustion
process. As the particle size decreases, the particle’s surface area increases, leading to an accelerated
combustion process on the particle’s surface [46].
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Figure 4: a: Thermogravimetry graph of SPB-charcoal briquette; b: Derivatives thermogravimetry graph of SPB-
charcoal briquette; c: Differential thermal analysis graph of SPB-charcoal briquette

Based on the curves, three distinct zones were identified. These zones correlate to the beginning and
end points of the derivatives thermogravimetry (DTG) curve (as shown in Fig. 4b), which reflect the thermal
degradation of organic substances and volatile compounds. The initial temperature range spans from 30○C
to 270○C, and this is attributed to the evaporation of moisture in all the samples. The second zone, which
spans from 300○C to 450○C, is where the highest amount of weight loss occurred in all the samples. In the
third zone, the temperature range spans from 450○C–750○C, and this is attributed to the stabilize weight loss
occurred in the samples and occurs char oxidation due to removal of residual volatiles in the samples [47].
This weight loss can be attributed to oxidation and the elimination of volatile substances, as indicated
in Table 3. The highest weight loss exhibited by the SPB-charcoal briquette was because of the size of the
particle >60 mesh with tapioca adhesive of 15% (w/w). Table 4 shows the complete degradation process of the
SPB-charcoal and SPB-charcoal briquette. According to Table 4, the small particle size (>60 mesh) degraded
more rapidly from the lower to the higher temperature. It can be inferred that the thermal degradation
process in charcoal briquettes is influenced by the size of the particles.

Table 4: Weight loss of SPB-charcoal briquette

Treatment combination Weight reduction (%)

Adhesives (% w/w) Particle size (mesh) First zone Second zone Third zone

100○C 150○C 300○C 450○C 600○C 750○C
Charcoal 0.68 1.72 4.56 10.42 16.09 20.74

11
20–40 5.60 7.19 13.47 18.61 21.05 22.84
40–60 3.84 5.40 12.56 18.96 21.93 24.20
>60 3.64 4.70 11.03 18.52 22.45 25.82

(Continued)
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Table 4 (continued)

Treatment combination Weight reduction (%)

Adhesives (% w/w) Particle size (mesh) First zone Second zone Third zone

100○C 150○C 300○C 450○C 600○C 750○C

13
20–40 4.41 6.12 13.33 19.86 23.18 25.60
40–60 4.06 5.68 13.73 20.60 24.00 26.54
>60 4.27 5.59 12.07 20.96 25.18 28.46

15
20–40 4.89 6.23 8.12 13.60 31.14 44.40
40–60 4.11 5.25 12.51 24.53 42.54 54.94
>60 4.76 6.34 15.75 33.63 43.81 53.99

Fig. 4c shows the differential thermal analysis (DTA) results for the all samples. The endothermic
reactions in the water immersion and modification treatments occurred between 30○C and 270○C, which
indicated the presence of water molecules in the all sample. In addition, exothermic reactions occurred
within a temperature range of 270○C to 750○C. Exothermic peaks visible beyond 510○C indicate the removal
of residual volatiles and ash content in the samples [48]. In the SPB-charcoal briquette, the exothermic peak
was first reached at a temperature of approximately 390○C, while the size particle of >60 mesh counterpart
was reached at a temperature of approximately 750○C. This difference in enthalpy indicated the particle size
and under various adhesive treatment makes the thermal instability of the SPB-charcoal briquette.

4 Conclusion
Achievements have been achieved in the study of charcoal briquettes derived from sugar palm bunches

(SPB). The SPB-charcoal briquettes exhibit excellent quality and meets Indonesian National Standard (SNI)
requirements, especially characterized by a density range of 0.42–0.60 g/cm3, a compressive strength of
4.96–27.52 kgf/cm2, and moisture content of 3.92%–14.98%, as well as the calorific value varies between
21.74–24.64 MJ/kg. However, the parameters of ash content ranges from 11.07%–20.39%, whereas the volatile
matter content ranges from 32.65%–63.97%, as well as the fixed carbon ranges from 16.65%–52.36% did not
meet SNI requirement. According to the SNI and considering the optimal amount of adhesive used as well
as the ease of particle production, the SPB-charcoal briquettes have the highest quality when formulated
with a 20–40 mesh sieve particle size and a tapioca adhesive concentration of 11%. These briquettes have a
calorific value of 24.64 MJ/kg, water content of 11.22%, ash content of 15.74%, volatile matter of 38.50%, fixed
carbon of 34.55%, and compressive strength of 11.05 kgf/cm2. Thermogravimetry analysis indicates that SPB-
charcoal briquettes have excellent thermal stability. The combustion and ignition of the briquettes endure a
lengthy duration and are fully decomposed at a temperature exceeding 750○C. This demonstrates the viability
of SPB-charcoal briquettes as a sustainable and renewable energy alternative.
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