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ABSTRACT

Coal remains a primary energy source for fuel and electricity generation; however, it is a major contributor to global carbon emis-
sions. Therefore, researchers are exploring strategies to reduce coal usage in fuel briquettes. A promising alternative is biomass-based
briquettes, which offer similar performance to traditional charcoal while being more sustainable. This study investigated the ther-
mal and mechanical properties of briquettes made from rice husk (RH) and coffee husk (CH), focusing on how the particle sizes of
the raw materials affect the heating value. RH and CH are rich in lignin, cellulose, and hemicellulose, which are crucial for briquette
structure, whereas tapioca flour, used as a binder, provides amylose and amylopectin to enhance bonding. Carbonization was per-
formed at 400 °C for 60 min. A 25:75 (wt/wt%) CH: RH blend was used and three mesh sizes (60, 80, and 100) were evaluated by
thermal and mechanical characterizations. The briquettes were assessed on the basis of their calorific value, moisture content, shat-
ter index, volatile matter, fixed carbon content, density, ash content, and combustion rate. The 149 µm (100 mesh) sample had the
highest density (662.81 kg/m3), moisture content (6.7%), volatile-matter content (7.07%), and burning rate (0.39 gr/min). In con-
trast, the 250 µm (60 mesh) sample had the highest ash content (5.01%) and the lowest fixed carbon content (82.04%) and shatter
index (4.36%). These findings indicate that controlling the particle size of rice husk and coffee husk can improve the performance
of biomass composite briquettes, highlighting their potential as a sustainable alternative to coal for domestic use and small-scale
energy applications.
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. INTRODUCTION

Coal remains a primary energy source and is commonly utilized
for fuel and electricity production 1. The combustion of fuel coal
emits substantial quantities of CO2 and other pollutants, result-
ing in local air pollution and contributing to global atmospheric
CO2

2,3. To reduce these environmental impacts, researchers are
exploring ways to minimize coal usage in briquettes by develop-
ing biomass-based briquettes offer comparable quality to tradi-
tional charcoal briquettes 4–8.

The quality, i.e., strength and durability, of briquettes is deter-
mined by the raw materials, material composition, particle size,
level of compaction, and binder used during briquette mold-
ing 9,10. Another method for improving briquette quality is to
use additives to improve their physical, mechanical, and thermal
properties 11. The addition of biomass can enhance the calorific
value per unit volume, improve particle size consistency, and
boost overall quality 9.

Coffee husk (CH) and rice husk (RH) are currently under-
utilized biomass resources with the significant potential. CH is
the dry outer shell of coffee cherries discarded during processing,
while RH is the hard-protective layer removed from rice grains
during milling. In particular, one hectare of coffee plantation can

generate approximately 1.8 tons of CH waste. Currently, this
byproduct is primarily used as an organic fertilizer without further
processing to maximize its potential. CH is advantageous because
of its high calorific value, substantial moisture content (75–80%),
and low sulfur content. In their raw form, CH typically contains
2.2% moisture, 0.73% ash, 74.20% volatile matter, 25.07% fixed
carbon, and is composed of 10.78% crude protein, 33.13% crude
fiber, 24.67% lignin, and 20.22% cellulose 9.

RH is the outer shell of rice grains that is separated during the
milling process. The West Java region of Indonesia has a har-
vested rice area of 1,587 hectares, yielding approximately 9.017
million tons of dry milled grain (GKG). After milling, approxi-
mately 20–30% of the rice weight (1.8–2.7 million tons) remains
as waste RH 12. The advantages of RH include its good biochem-
ical and physicochemical properties, making it a suitable carbon
source for fabricating activated carbon, adsorbents, supercapac-
itors, and electrodes 13. RH typically contains 18–29% ash, 6.0–
10.0% moisture, and 35.0–42.0% fixed carbon. It also comprises
approximately 40% lignocellulose, 40% cellulose, and approx-
imately 5% hemicellulose; the remaining components include
mineral carbon in the form of silica and alkali elements 14. RH is
typically used as an organic fertilizer, animal feed, and substrate in
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a Fenton catalyst applications 15–19. Hence, there is broad poten-
tial for using CH and RH wastes as alternative fuel sources. These
materials are rich in cellulose and lignin, both of which are crucial
components for briquettes 20.

Several studies have investigated the effects of adjusting cer-
tain parameters on briquette quality. Nagarajan and Prakash
reported a composite briquette made of sugarcane bagasse, RH,
and corncobs, with the highest calorific value (27.07 MJ/kg)
obtained for the 1:1:2 mixture 21. Setters et al. characterized the
solid and liquid fractions of CH briquettes and the effect of par-
ticle size using the pyrolysis method, but no improvement in
the volatile-matter content 22. Lubwama and Yiga examined the
effect of the binder concentration on the quality of CH/RH
composite briquettes; they showed that adding cassava flour as
a binder results in high heating values 20. Similarly, Saeed et al.
studied the moisture content of RH briquettes and reported the
highest calorific value (17.688 MJ/kg) at 14% water content 14.
Although several studies have focused on improving briquette
quality by modifying factors such as the raw material ratio, binder
type, and moisture content, there is a lack of research on the
influence of the particle size on the performance of composite bri-
quettes made from a mixture of multiple biomass types. Although
Setters et al. analyzed the effects of particle size of a single biomass
in a pyrolysis study 22, no studies have specifically examined the
impact of variations in particle size on the properties of composite
briquettes.

To address the aforementioned gap in the existing literature,
this study investigated the effect of the particle sizes of Arabica
CH and RH waste on the physical and thermal properties of
composite briquettes. Three types of briquettes were prepared
with CH and RH raw materials with different sieve sizes. A prox-
imate analysis based on ASTM standards, physical properties,
and burning capability was performed. The characteristics of
the briquettes were compared to the standard quality of usable
briquettes.

. RESEARCHMETHODOLOGY

.. Briquetting. Briquettes were prepared from CH
waste and RH obtained from Pangalengan Bandung and Pebayu-
ran Kab. Bekasi, West Java, Indonesia. Tapioca flour was used as
the binder for the briquettes. CH and RH were sieved to obtain
100 mesh (<149 µm), 80 mesh (<177 µm), and 60 mesh (<250
µm) fractions. The composite briquettes contained 25% CH and
75% RH fractions (by weight).

The husk materials for the briquettes were dried using an oven
at 100 °C for 60 min under air atmosphere operation. Then, the
material was carbonized in a furnace at 400 °C for 60 min, with
both heating and cooling rate set at 20°C/min. The carbonized
samples were ground and sieved through 60, 80, and 100 mesh
sieves. The sifted material was mixed with a binder derived from
tapioca flour. The binder was made by mixing the tapioca flour
and water. The mixture between the carbonized material and
binder were then molded at a pressure of 4.4 tons using manual
pressure for five minutes to form a briquette measuring 6 cm ×

6,5 cm. The resulting briquette samples were dried in an oven at
100 °C for 60 min. The procedure for fabricating the composite
briquettes is shown in Figure 1.

.. Characterization Methods.

... Proximate testing. The moisture content was deter-
mined according to the ASTM 1959 standard. Density measure-
ments were conducted according to the ASTM D 2395 standard
by calculating the mass and volume of the briquettes using the
tube method. The ash content was determined according to the
ASTM 1959 standard by heating the samples in a furnace at 900
°C for 6 min. The fixed carbon content was defined as the car-
bon content of the briquettes after excluding volatile matter, ash,
and moisture. The shatter index test was performed according
to ASTM D 440, which involved measuring the initial mass of
the briquettes and then dropping them from a height of 1.8 m to
evaluate their durability.

... Burning rate. The burning rate was examined by
measuring the change in briquette mass during combustion. The
initial briquette mass before burning was recorded as m0. To
maintain the burning process, a portable fan was used to blow
air over the briquettes from a distance of approximately 15–20
cm. An observation period of t = 5 min was used, after which
the remaining mass m1 was recorded. The burning rate was then
calculated using Equation 1:

Burning Rate =
m0 − m1

t
(1)

. RESULTS AND DISCUSSION

The density of briquette is influenced by the size and distribution
of charcoal particles within the briquette and plays a crucial role
in determining how long briquettes burn and how fast they com-
bust. Generally, briquettes with a higher density exhibit a higher
combustion rate, whereas those with a lower density burn less
vigorously 23. Figure 2 (a) shows the densities of briquettes made
with different particle sizes of CH and RH. The particle size sig-
nificantly influences briquette density, with the highest density of
662.81 kg/m3 obtained for the smallest particle size (<149 µm)
and the lowest density of 570.44 kg/m3 obtained for the largest
particle size (<250 µm). The briquette density increases with
decreasing particle size because finer particles enable the forma-
tion of a more compact structure during molding, which reduces
the number of internal voids and limits oxygen diffusion.

The moisture content of the composite CH:RH briquettes
meets the quality standards set for briquettes. According to SNI
01-6235-2000, the acceptable moisture content for briquette pro-
duction is less than 8%. Lower moisture levels help reducing
energy consumption, and moisture plays a crucial role in combus-
tion because a high moisture content decreases the calorific value
of the briquette. Figure 2 (b) shows that the moisture content
tends to increase as the particle size decreases, because larger par-
ticles absorb less water than smaller particles for the same mass of
material 24.

The volatile-matter content characterizes the mass lost dur-
ing combustion. Lower volatile-matter levels are preferable for
high-quality briquettes to avoid excessive smoke production 25.
Figure 2 (c) shows similar volatile-matter contents for all bri-
quettes produced using different particle sizes. The content is
6.58% for the 250 µm sample, which decreases to 6.12% for the
180 µm sample, and then increases to 7.07% for the 149 µm
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Figure 1. Schematic of the process for fabricating CH:RH composite briquettes

sample. Elevated volatile matter levels are often linked to ineffi-
cient carbonization resulting from an insufficient carbonization
temperature and/or time. Specifically, higher temperatures and
longer carbonization times typically remove more volatile mat-
ter, reducing the residual content in the briquettes 25,26. Smaller
particle sizes tend to exhibit enhanced reactivity due to their
higher surface area, promoting faster reactions, but they can also
intensify secondary reactions and alter volatile components, par-
ticularly in composite briquettes 27. These effects may explain
the lower volatile-matter content measured for the 177 µm
sample.

Ash in solid fuel refers to the mineral residue that remains
after combustion and cannot be burned 28. Ash primarily consists
of minerals containing silicon, calcium, magnesium, and phos-
phorus. Among these, the silica content has the most significant
impact on the ash value and negatively affects the calorific value of
briquettes, thereby reducing their quality 29. Figure 2 (d) shows
that the ash content in the briquettes decreases slightly with
decreasing particle size. These findings are consistent with those
reported by Bhattarai et al. 30; they showed that larger particles
were more difficult to compact and had weaker bonds, enhanc-
ing oxygen flow, leading to more complete combustion and a
lower ash content. In addition, the ash content depends on the
silica content of the raw materials. The addition of tapioca flour
binder can also affect the ash content 31 because the binder con-
tains inorganic components that increase the ash content of the
briquettes.

Figure 2 (e) shows the fixed carbon contents for the briquette
prepared with different particle sizes of CH and RH. The highest
fixed carbon percentage (82.57%) was observed at a particle size

of 177 µm. Briquettes with lower volatile matter, ash, and mois-
ture contents tend to have a higher fixed carbon content as low
levels of the former components indicate efficient carbonization,
resulting in a greater proportion of stable carbon remaining in the
briquette. A higher fixed carbon content generally enhances the
energy density and combustion efficiency of briquettes, making
them more effective fuel sources. Thus, controlling these param-
eters during briquette production is essential for optimizing the
fixed carbon content and overall fuel quality 32.

The shatter index is used to assess the mechanical strength
and robustness of briquettes by examining their ability to with-
stand impacts. In this test, the briquettes were dropped from a
height of 1.8 m, and the extent of fragmentation or the num-
ber of fragments resulting from the drop was measured to gauge
their durability. Figure 2 (f) presents the shatter indexes for the
briquettes prepared with different particle sizes of CH and RH.
The sample prepared with 250 µm particles has the lowest shat-
ter index, with fewer particles lost during the test. These results
suggest that the 250 µm briquette has better durability (higher
quality) than the other samples.

The burning rate describes the amount of briquette mass con-
sumed over a specific period during combustion. Burning rate
tests were conducted using the briquettes prepared with different
feedstock particle sizes to assess the efficiency of the briquettes
as a fuel source, and the results are shown in Figure 2 (g). The
sample with the smallest particle size (149 µm) shows the high-
est burning rate of 0.39 g/min. This is because increasing the
particle size decreases the rate of briquette burning and ash for-
mation. Similarly, when the briquette particle size is small, the
combustion rate increases.
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Figure 2. Effect of the particle size on the (a) density, (b) moisture content, (c) volatile-matter content, (d) ash content, (e) fixed carbon content, (f)
shatter index, and (g) burning rate
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. CONCLUSIONS

This study demonstrated the potential of utilizing CH and RH
biomass to produce sustainable and eco-friendly charcoal bri-
quettes as a viable alternative fuel to coal. A comprehensive eval-
uation of briquettes prepared with different biomass particle sizes
showed that the particle size significantly influences the physical
and thermal properties of the briquettes. The briquette prepared
with the smallest particles (149 µm) yielded the highest density
(662.81 kg/m3) and burning rate (0.39 g/min), while meeting
moisture content standards (<8%). The highest fixed carbon
content (82.57%) was observed for the 180 µm briquettes, indi-
cating a good balance between compaction and carbonization.
Although smaller particles enhanced the density and burning
rate, they slightly increased the moisture and volatile matter con-
tent. Conversely, the ash content decreased with smaller particle
sizes, indicating higher fuel quality. Overall, the composite bri-
quettes made from 149 µm CH and RH showed the highest
density, moisture content, volatile matter content, and burning
rate. In contrast, the 250 µm sample had the highest ash con-
tent, along with the lowest fixed carbon content and shatter
index. Future studies incorporating visual analyses, such as SEM,
element analysis, and rheological testing, are recommended to
further verify the influence of the particle size on the composition
and rheological properties of briquettes.
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