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ABSTRACT

The use of peanut shell waste as briquettes is a renewable energy alternative with the
potential to improve the quality of solid fuel. This study aims to analyze the effect of rice
flour binder concentration on the quality of peanut shell charcoal briquettes based on
quality parameters and their compliance with SNI standards. The method used was an
experiment with a Completely Randomized Design (CRD) at binder concentrations of
10%, 15%, 20%, and 25%. The tested parameters included calorific value, moisture
content, ash content, and burning rate. The results showed that an increase in binder
concentration reduced the calorific value from 5,450 cal/g to 4,676 cal/g, and
increased the moisture content to 7.9% and the ash content to 8.4%. All freatments met
the SNI moisture content standard (<8%), but the ash content only met the standard up
to a 20% concentration. The combustion rate decreased from 0.0042 g/s to 0.0031 g/s,
while the burning fime increased from 50.7 minutes to 68.8 minutes. Overall, the best
briguette quality was obtained at a binder concentration of 10-20% because it met SNI
standards, had a high calorific value, low moisture and ash content, and stable
combustion. Therefore, controlling the binder concentration is crucial for producing
briguettes of optimal quality.
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INTRODUCTION

The massive use of fossil energy has
increased greenhouse gas emissions,
contributing to global climate change.
Therefore, the development of
sustainable and environmentally friendly
alternative energy sources is necessary
(REN21, 2023). One potential alternative

energy source is biomass derived from
agricultural waste, as it is renewable and
abundantly available in agrarian
countries such as Indonesia (IRENA,
2022). However, the utilization of this
biomass remains suboptimal, and the
waste is often burned or left to decay,
causing environmental pollution.
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Therefore, innovation is needed to
process biomass waste into more
valuable alternative fuels such as
briquettes.

One type of agricultural waste with
potential as a briquette raw material is
peanut shells. Peanut shells contain
88.57% dry matter, 10.87% crude protein,
2.03% crude fat, 61.3% crude fiber, and
20.27% nitrogen-free extract (NFE), with a
Total Digestible Nutrients (TDN) value of
31.7% (Praswanto & Setyawan, 2023).
The high dry matter content indicates
that peanut shells have good potential
as a fuel due to their ability to produce
stable energy. In addition, their high
lignocellulosic content contributes to
increased calorific value and
combustion stability (Bot et al., 2023).

Several previous studies have shown that
peanut shells have strong potential as
briquette raw materials and are capable
of meeting national quality standards.
Wahyusi (2012) reported that carbonized
peanut shell briquettes have a calorific
value ranging from 5500 to 6000 cal/g.
Febriani (2022) found that using jackfruit
seed binder produced a calorific value
of 5150 cal/g. Another study by Kusyanto
(2023) demonstrated that a
combination of peanut shells and
bamboo could produce a calorific
value of 5000-7000 cal/g. These findings
indicate that peanut shells have great
potential to be developed as an
alternative fuel.

The quality of briquettes is influenced by
several factors, one of which is the use of
binders. Binders function to improve
mechanical strength and maintain the

structural stability of briquettes during
storage and use (Uthman et al., 2026).
Without binders, biomass particles are
difficult to bind effectively, resulting in
fragile  briquettes. Therefore, the
selection of binder type and
concentration is a critical factor in
briguette production (Mousa et al.,
2022).

Natural binders are widely used in
briquette production because they are
more environmentally friendly and
readily available compared to synthetic
binders. One commonly used binder is
tapioca flour, which has a high starch
content that enhances the bonding
between biomass particles (Olugbade
et al, 2019). However, alternative
materials need to be explored due to
limitations in the cost and availability of
tapioca flour in certain regions.

As an alternative, rice flour can be used
as a binder in briquette production. Rice
flour contains a high starch content of
approximately 70-80%, consisting of
amylose and amylopectin, which play
important roles in particle binding.
Amylose contributes to strength and
rigidity, while amylopectin provides
elasticity, thereby improving briquette
compactness (Nagarajan & Prakash,
2021). In addition, rice flour is widely
available as a staple food in Indonesia,
making it more economical and
sustainable. It also offers environmental
advantages, as it does not produce
harmful residues during combustion
(Almirdon et al., 2019).

However, the concentration of the
binder must be carefully controlled, as it
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significantly affects the quality of the
resulting briquettes. Insufficient binder
concentration can lead to fragile
briquettes with low mechanical strength
(Aransiola et al., 2019). Conversely,
excessive binder use can reduce
calorific value and increase ash content
due to the presence of non-carbon
components (Nurkholis & Rizaldi, 2023).
Therefore, further research is needed to
determine the optimal binder
concentration.

Based on the above background, this
study aims to analyze the effect of rice
flour binder concentration on the
characteristics of peanut shell charcoal
briquettes as an alternative fuel, in order
to obtain the opfimal composition for
producing high-quality briquettes.

METHODOLOGY
1. Time and location of the study

This research was conducted from
March to August 2025. The study took
place at the Phenomena Laboratory,
University of Mataram, and the
Chemistry  Laboratory, Faculty of
Agriculture, University of
Muhammadiyah Mataram.

2. Materials and equipment

The main raw material used in this study
was peanut shells as the briquette
feedstock, while rice flour was used as
the binder. The equipment included a
carbonization drum, a briquette mold
with a diameter of 40 mm, an analytical
balance, oven, furnace, bomb
calorimeter,  desiccator, porcelain
crucible, mortar, 40-mesh sieve, stove,
stopwatch, and other supporting tools.

3. Experimental design

This study employed an experimental
method using a Completely
Randomized  Design (CRD). The
experiment consisted of four freatments
with three replications, resulting in 12
experimental units. The treatments were
variations  in rice  flour binder
concentration relative to the weight of
peanut shell charcoal, as follows:

P1 =10% binder

P2 = 15% binder

P3 = 20% binder

P4 = 25% binder

4. Research procedures
Raw material preparation

Peanut shells were collected, cleaned,
and dried for approximately 3 days.
Carbonization was then carried out
using a pyrolysis drum for about 5 hours
until charcoal was formed. The charcoal
was crushed and sieved using a 40-mesh
sieve.

Binder preparation

The binder was prepared from rice flour
with a ratio of 1:10 (flour:water), then
heated until a homogeneous gel was
formed.

Briquette production

The charcoal powder was mixed with
the binder according to each treatment
variation unfil  homogeneous. The
mixture was then molded into cylindrical
briquettes with a diameter of 40 mm and
compacted. The briquettes were dried
under sunlight for approximately 4 days.
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Briquette characterization

Quality  testing was  conducted
according to the methods specified in
SNI' 01-6235-2000. The parameters tested
included moisture content, ash content,
calorific value, and burning rate.

5. Data analysis

Data were analyzed using Analysis of
Variance (ANOVA) and followed by
Duncan’s Multiple Range Test (DMRT) at
a 5% significance level if significant
differences were observed.

To determine moisture and ash content,
mathematical calculations were
performed using the following equations:

Moisture content analysis

According to Pufra & Hidayat (2022),
moisture content is calculated using the
following equation:

Moisture content :(%bme%..............(l)
Where:

a = mass of sample before drying (9)

b = mass of sample after drying (g)

Ash content analysis

According to Dewi (2022), ash content is
calculated using the following equation:

Ash content ::VV—ZXIOO% ..................... (2)

Where:
wo = mass of sample after ashing (Q9)

wd = mass of sample before ashing (9)

Burning rate

According to Ismayana (2021), the
burning rate test (in g/s) is calculated
using the following equation:

Burning rate =T ..., (3)

Where:

R = burning rate (g/s)

m = mass of briquette burned (Q)
t = burning time (s)

Analisis kadar abu

Menurut analisis kadar abu briket dapat
diketahui menggunakan persamaan
berikut:

Keterangan:
woO = massa sampel setelah
pengabuan (gram)
wd = massa sampel sebelum
pengabuan (gram)

Lama menyala

Menurut untuk uji lama menyala
(burning rate) dengan satuan
gram/detik, rumus yang digunakan
adalah:

Keterangan:

R = laju pembakaran (gram/detik)

m = massa briket yang terbakar (gram)
t = waktu pembakaran (detik)
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RESULTS AND DISCUSSION

The results of testing and analysis for
each parameter of peanut shell
charcoal briquettes at various rice flour
binder concentrations are presented as
follows.

1. Calorific Value

The calorific value of peanut shell
charcoal briquettes at different binder
concentrations is shown in Figure 1.
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Figure 1. Calorific value of peanut shell briquettes at various adhesive concentrations

Figure 1 shows that variations in binder
concentration have a significant effect
on the calorific value of the briquettes,
as indicated by differences in letter
notations at the peak of the graph. The
highest calorific value was obtained in
P1 at 5450 cal/g, while the lowest was
found in P4 at 4676 cal/g. These results
indicate  that  increasing  binder
concentrafion tends to reduce the
calorific value of the briquettes. This is
due to the characteristics of starch-
based binders, which contain more non-
carbon compounds, thereby reducing
the combustion energy (Walozi et al,
2026).

The decrease in calorific value from P1 to
P4 occurred gradually. In P2, the calorific
value was 5183 cal/g, which s sfill
relatively high and meets the standard,

while P3 decreased further to 4917 cal/g.
Although the difference between P2
and P3 is not substantial, this trend
indicates that increasing binder content
begins to significantly affect the energy
quality of the briquettes. This is attributed
to the increase in moisture and ash
content, which reduces combustion
efficiency and lowers the fixed carbon
fraction (Onukak et al., 2017).

The best result was obtained in P1 with a
calorific value of 5450 cal/g, which
exceeds the minimum SNI standard (=
5000 cal/g) (Badan Standardisasi
Nasional, 2000). P2 also meets the
standard with a value of 5183 cal/g,
making both treatments acceptable in
terms of energy quality. In contrast, P3
and P4 do not meet the SNI standard
and are therefore less recommended as
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fuel. This indicates that excessive binder
addition does not provide benefits in

terms of energy performance (Kpelou et
al., 2019).

Overall, binder concentration
significantly affects the calorific value of
briquettes. Low to moderate
concentrations (P1-P2) are considered
optimal as they produce high calorific

values and meet SNI standards, while
excessive binder content reduces
energy quality and should be controlled.

2. Moisture Content

The moisture content of peanut shell
charcoal briquettes at various binder
concentrations is presented in Figure 2.
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Figure 2. Moisture content of briquettes at different adhesive concentrations.

Figure 2 shows that variations in binder
concentration have a significant effect
on the moisture content of the
briquettes, as indicated by differences in
letter notations on the graph. The highest
moisture content was observed in P4 at
7.9%, while the lowest was found in P1 at
6.9%. These results indicate that
increasing binder concentration tends to
increase the moisture content of the
briquettes.

This increase is due to the hygroscopic
nature of starch-based binders (rice
flour), which can absorb and retain more
water (Aransiola et al., 2019). The higher
the binder concentration, the greater

the amount of water retained within the
briquette structure. As a result, moisture
content in P2, P3, and P4 increased
gradually compared to P1.

High moisture content negatively affects
combustion quality, as initial heat energy
is used to evaporate water before
combustion can  occur, thereby
reducing efficiency and calorific value.
Conversely, low moisture content
facilitates  ignition and  improves
combustion efficiency (Abdel Aal et al.,
2023). Therefore, the recommended
moisture  content  for  high-quality
briquettes is below 8%, in accordance
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with SNI standards (Badan Standardisasi
Nasional, 2000).

In this study, all treatments were below
the maximum SNI limit (8%) and can be
classified as meeting quality standards.
However, the best result was obtained in
P1 with a moisture content of 6.9%, as it
supports more efficient combustion.
Thus, it can be concluded that
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increasing binder concentration
increases moisture content, and its use
must be controlled to achieve optimal
fuel quality.

3. Ash content

The results of ash content analysis of
briquettes at various adhesive
concentrations are shown in Figure 3.
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Figure 3. Ash content of peanut shell briquettes at various adhesive
concentrations.

Based on the results, ash content
showed significant differences across
variations  in rice  flour binder
concentration, as presented in Figure 3.
The ash content of peanut shell charcoal
briuettes increased with increasing
binder concentration. The lowest ash
content was obtained in treatment P1 at
6.9%, while the highest was observed in
P4 at 8.4%.

This increase indicates that higher
amounts of rice flour binder contribute to
greater  inorganic  residue  after
combustion.  Starch-based  binders
contain mineral components that do not

burn completely and remain as ash after
the combustion process (Muazu &
Stegemann, 2017). Therefore, the higher
the binder concentration added, the
greater the amount of ash residue
produced (Cahyono et al., 2017).

In addition, the increase in ash content
may also be attributed to a reduction in
the fixed carbon proportion in the
briguettes due to binder addition. Lower
fixed carbon content leads to higher
combustion residue in the form of ash
(Nwabue et al., 2017). This finding is
consistent with previous research by
Adeleke (2021), which reported that the
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addition of non-carbon materials such
as binders can increase ash content and
reduce the quality of solid fuels.

Ash contentis animportant parameterin
determining briquette quality because it
affects combustion efficiency. High ash
content can hinder airflow during
combustion and reduce combustion
temperature, resulting in less efficient
burning. Excessive ash may also cause
slagging or deposits in  combustion
equipment (Wang et al., 2017).

According to SNI 01-6235-2000, the
maximum allowable ash content for
charcoal briquettes is 8% (Badan
Standardisasi  Nasional, 2000). In this
study, treatments P1 (6.9%), P2 (7.4%),
and P3 (7.9%) met this standard, while P4
(8.4%) exceeded the permissible limit.

0.005

(gram/sec)

Therefore, the wuse of high binder
concentration (25%) is not
recommended as it reduces briquette
quality in terms of ash content.

Overall, the results indicate that
increasing rice flour binder
concentration is directly proportional to
the increase in ash content. Low to
moderate binder concentrations (10-
20%) are more optimal, as they maintain
ash content within standard limits while
preserving good combustion quality.

4. Burning rate of briquettes

This test was conducted to evaluate the
burning duration of the briquettes. The
results of the burning rate of peanut shell
charcoal briquettes with different rice
flour adhesive concentrations are shown
in Figure 4.
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Figure 4. Burning rate of peanut shell briquettes at various adhesive concentrations.

Based on the research results, the burning
rate and burning duration of peanut shell
charcoal briquettes show a correlated and
inversely proportional relationship. The
highest burning rate was obtained in
treatment P1 at 0.0042 g/s, followed by P2
at 0.0041 g/s, P3 at 0.0035 g/s. and the
lowest in P4 at 0.0031 g/s. In confrast, the

burning duration showed an opposite
trend, where P1 had the shortest burning
time of approximately 50.7 minutes,
followed by P2 at 52.0 minutes, P3 at 60.9
minutes, and P4 had the longest burning
time at approximately 68.8 minutes.

These results indicate that a higher burning
rate leads to faster consumption of
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briquette mass, resulting in a shorter burning
duration. Conversely, a lower burning rate
slows down the combustion process,
thereby extending the burning time. In this
study, freatment P1 with the highest
burning rate produced the shortest burning
duration, while P4 with the lowest burning
rate resulted in the longest burning
duration.

The decrease in burning rate with
increasing  binder  concentrafion s
atftributed to the increased density and
compactness of the briquette structure,
which limits oxygen diffusion into the fuel
pores (Aulia et al., 2024). In addition, higher
moisture and ash contents at higher binder
concentrations also contribute to slower
combustion (Huda et al., 2023). The
increase in moisture content, from 6.9% in
P1 to 7.9% in P4, causes part of the heat
energy to be used for water evaporation
before combustion occurs. Meanwhile, the
increase in ash content from 6.9% in P1 to
8.4% in P4 can hinder contact between the
fuel and oxygen, thereby slowing down the
combustion reaction (Huda et al., 2025).

Although calorific value is an important
parameter in determining fuel energy
quality, the results of this study indicate that
it does not directly determine the burning
duration of briquettes. The highest calorific
value was obtained in P1 at 5450 cal/g,
while the lowest was found in P4 at 4676
cal/g. However, the briquettes with the
highest calorific value actually exhibited
shorter burning times. This indicates that the
burning rate plays a more dominant role in
determining combustion duration than
calorific value (Mousa et al., 2022).

Thus, it can be concluded that the burning
rate is the main factor influencing briquette
burning duration, while calorific  value
determines the amount of energy
produced. Therefore, a balance between
burning rate and burning duration s
essential to achieve optimal combustion
performance. Based on this study, binder

concentrations in the range of 10-20%
provide the most balanced characteristics,
as they exhibit moderate burning rates
(0.0042-0.0035 g/s), sufficiently long burning
durations (50.7-60.9 minutes), and still meet
fuel quality standards.

SIMPULAN/CONCLUSION

Based on the results of this study,
variations in  rice flour binder
concentration significantly affect the
quality of peanut shell charcoal
briquettes as an alternative fuel.
Increasing the binder concentration
led to a decrease in calorific value from
5450 cal/g to 4676 cal/g, as well as an
increase in moisture and ash content
up to 7.9% and 8.4%, respectively.
Although all treatments met the SNI
standard for moisture content, only
treatments up to 20% binder
concentration complied with the
maximum ash content limit of 8%. In
terms of combustion characteristics,
increasing the binder concentration
reduced the burning rate from 0.0045
g/s to 0.0031 g/s and increased the
burning duration from 50.7 minutes to
68.8 minutes. These findings indicate
that briquette quality is not determined
solely by calorific value, but also by the
balance between moisture content,
ash content, and combustion
performance. Overal, a binder
concentration of 10-20% produced the
best briquette quality, as it met quality
standards, maintained relatively high
calorific value, and exhibited stable
and efficient combustion
characteristics.

To improve the quality of briquettes as
an alternative fuel, it is recommended
to use binder concentratfions in the
range of 10-20%, as this provides the
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best balance among calorific value,
moisture content, ash content, and
combustion  performance.  Future
research should focus on enhancing
energy quality by reducing ash content
while maintaining calorific value, for
example  through raw  material
modification or the use of binders with
lower mineral content. In addition,
further tests such as compressive
strength, density, and combustion gas
emissions are necessary to ensure that
the briquettes are not only energy-
efficient but also safe and practical for
broader applications.
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