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ABSTRACT

Agricultural wastes such as cocoa shells and groundnut shells hold significant
potential as environmentally friendly alternative energy sources, particularly in West
Nusa Tenggara Province, where these commodities are produced in abundance.
However, their utilization as biomass energy materials remains limited and
underdeveloped. In response to this potential, this study aims to evaluate the effect
of varying tapioca starch adhesive concentrations on the characteristics of
briquettes made from a mixture of cocoa shell charcoal and peanut shells. The
research was conducted experimentally using three adhesive concentrations
(10%, 20%, and 30%), with tests performed on calorific value, moisture content, ash
content, and flame duration. The results revealed that increasing the adhesive
concentration tended to decrease the calorific value and increase both the
moisture and ash contents, although it extended the flame duration. The briquettes
with 10% adhesive concentration exhibited the best performance, achieving a
calorific value of 5,310 cal/g, a moisture content of 7.57%, an ash content of 7.56%,
and a flame duration of 73 minutes. These values comply with the Indonesian
National Standard (SNI) for charcoal briquettes, which require a minimum calorific
value of 5,000 cal/g, a maximum moisture content of 8%, and a maximum ash
content of 8%. These findings highlight the importance of proper adhesive
formulation to improve the quality of local biomass-based briquettes and support
the fransition foward clean and sustainable energy..
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650 thousand tons per year (BPS, 2023).

INTRODUCTION i

Cocoa plantations are spread across
Indonesia is one of the largest cocoa various provinces such as Aceh,
producing countries in the world, with Sumatra, Sulawesi, Nusa Tenggara and
total production reaching more than Papua. The existence of  this
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commodity not only contributes
economically, but also leaves a large
amount of biomass waste, especially in
the form of cocoa pods. This huge
potential has not been fully utilized as a
raw material for alternative energy that
is environmentally friendly (Andini et al.,
2021).

West Nusa Tenggara (NTB), as one of
the regions that helped develop the
plantation sector, also recorded
growth in land area of more than 7600
ha and cocoa production of more
than 2600 tons (BPS NTB, 2024). Dompu,
Bima and Sumbawa districts are the
center of development of this
commodity. With favorable
geographical and agro-climatic
characteristics, NTB is a strategic area
for sustainable cocoa development
(Dinas Pertanian dan Perkebunan,
2024). However, as in other regions,
cocoa shell waste management in NTB
is still minimal, especially at the farmer
and MSME levels (Syarif et al., 2019).
Without proper management, it may
contribute to environmental pollution
and represent a significant loss of
potential energy resources. (Brunerova
et al., 2017).

Cocoa shells as solid waste account for
approximately 70-75% of the total
weight of cocoa pods (Syarif et al.,
2019). At the national level, this waste
can amount to hundreds of thousands
of tons annually. Without proper
management, this waste can be a
source of environmental pollution and
waste of potential energy. However,

utilizing cocoa shell waste as a raw
material for charcoal briquette
production offers not only an
environmentally friendly solution but
also notable economic benefits. Based
on the average market price of
biomass briquettes, the conversion of
cocoa shells into briquettes could
generate additional income for local
farmers and small industries, with an
estimated value reaching several
million rupiahs per ton of processed
waste. Furthermore, when used as
household or industrial fuel, cocoa shell
briuettes can reduce energy costs by
up to 30-40% compared to kerosene or
LPG (Brunerova et al, 2017). This
highlights the substantial economic
and environmental potential of cocoa
shell waste utilization as part  of
sustainable  energy  development
strategies in Indonesia.

In West  Nusa Tenggara (NTB) most
cocoa shells are sfill discarded without
proper management often being
openly burned, left to decompose
around plantations, or used as limited
animal feed. Such practices not only
waste potential energy resources but
also contribute to air pollution and
greenhouse gas emissions. In fact, if
processed into briquettes, cocoa shells
could serve as an alternative fuel to
replace firewood and LPG, particularly
in rural areas. The utilization of local
biomass, including  agro-industrial
waste for briquette production, aligns
with  the Indonesian government’s
vision to increase the share of
renewable energy in the national
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energy mix to 23% by 2025 and to
reduce greenhouse gas emissions by
29% (unconditional) or up to 41% with
international  support  (conditional)
(Millatie et al., 2024). This approach also
supports the principle of circular
economy by processing waste into
energy, and contributes to the
reduction of carbon emissions, as
implemented through the biomass co-
fiing program by PLN (PT PLN, 2025).

Despite its potential, previous studies
have shown that briquettes made from
cocoa husk st have  some
shortcomings in terms of physical and
chemical characteristics. The calorific
value produced generally does not
meet the SNI 01-6235-2000 standard.
Several studies reported that the
calorific value of cocoa shell briquettes
only ranged from 3,000-4,500 kcal/kg,
far below the minimum standard of
high-quality briquettes, which is around
5,000-6,500 kcal/kg  (Suprapti &
Ramlah, 2013; Sinaga & Hasibuan,
2017; Iskandar et al., 2019; Laondi,
2021).

To overcome these weaknesses, a
strategy is needed to strengthen the
briguette raw materials by adding
more thermally stable materials. One
potential material is peanut shell
charcoal, which is proven to have a
high heating value (+6,500 kcal/kg)
and characteristics  that  are in
accordance with national briquette
standards (Wahyusi et al., 2012; Febriani
et al., 2022; Kusyanto et al., 2023). The
addition of peanut shell charcoal has
been investigated to increase fixed

carbon content, reduce water and ash
content, and strengthen the
compressive  strength  of  biomass
briquettes.

The selection of peanut shell charcoal
as an ingredient is also based on its
abundant availability in  Indonesia,
including in NTB. Groundnut production
in NTB reaches more than 3,000 tons per
year, leaving a large amount of shell
waste that has not been optimally
utilized (BPS NTB, 2020). Therefore, the
integration of cocoa shell and peanut
shell waste can provide a dual solution:
agricultural waste management and
the provision  of  locally-based
alternative fuels.

In addition to the charcoal base
material, another factor that
determines the quality of briquettes is
the type and concentration of
adhesive used. Tapioca starch is a
commonly used natural adhesive
because it is environmentally friendly
and economical. However, an
improper proportion of adhesive can
cause a decrease in calorific value or
low compressive strength (Huda et al.,
2023). Therefore, this study aims to
examine the effect of variations in the
concentration of tapioca adhesive on
the characteristics of briquettes made
from a mixture of cocoa shells and
tenah nut shells, in order to obtain the
optimal formulation as an alternative
fuel that meets SNI standards.

METHODOLOGY

This research is an experimental study
aimed at evaluating the effect of
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adhesive  concentration on the
characteristics of briquettes made from
a mixture of charcoal waste cocoa
shells and peanut shells. The treatment
given in this study is the concentration
of adhesive where the concentration
of adhesive concentration (tapioca
starch) in three levels: 10%, 20%, and
30%, while the test parameters are
briguette  characteristics  including
calorific value, moisture content, ash
content, and burning time. Each
treatment was repeated three times to
obtain reliable data and can be
analyzed statistically.

1. Research tools and materials

The raw materials used in this study
include: 1) Dried cocoa pods; 2) Dry
peanut shells; 3) Tapioca flour as
adhesive material; 4) Water.

The equipment used include: 1)
Pyrolysis furnace for carbonization
process; 2) Digital scales; 3) 40 mesh
size sieve; Mold; 4) Drying oven; 5)
Bomb calorimeter; 6) Furnace; 7)
Flame time test burner; 8) Analytical
balance; 9) cup.

2. Stages of research
a. Preparation of raw materials

The cocoa pods and peanut shells
were first cleaned to remove residual
pulp and dirt, then cut into smaller
pieces of approximately 2-3 cm to
ensure uniform heating during
carbonization. The materials were
sun-dried for about four days.
Carbonization was then carried out
in a closed-type pyrolysis furnace

equipped with a limited air inlet to
maintain low-oxygen conditions. The
process was conducted at a
temperature range of 400-500 °C for
approximately 2-3 hours, with visual
monitoring of color change and
smoke emission used to determine
completion. The resulting charcoal
was adllowed to cool inside the
furnace to prevent oxidation.

After cooling, the charcoal was
manually  pulverized using a
traditional mortar and pestle (alu)
until a fine and uniform powder was
obtained. The crushed charcoal was
then sieved through a 60 mesh
screen to achieve consistent particle
size suitable for briquette
production. This manual
pulverization process ensured
adequate particle uniformity while
maintaining the natural carbon
structure, which is important for
stable  briquette  density and
combustion performance.

b. Briquette formulation and molding

Cocoa shell charcoal and peanut
shell charcoal were mixed in a 1:1
rafio (based on dry weight) to
balonce the fixed carbon and
volatile matter content. Tapioca
starch adhesive was then added at
concentrations of 10%, 20%, and 30%
of the total dry weight of the
charcoal. The mixture was
thoroughly blended until a uniform,
dough-like texture was obtained to
ensure even distribution of the
binder.
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The homogeneous mixture was then
molded using a cylindrical briquette
mold with a diameter of 1 inch (=
2.54 cm). The compaction was
performed manually by applying
firm hand pressure using a simple
mechanical mold press, ensuring
that each briquette had a relatively
consistent density and shape. To
maintain  uniformity, the same
amount of mixture and pressing
duration were applied for all
samples.

After molding, the briquettes were
sun-dried for four days until a
constant  weight was achieved,
indicating stable moisture content.
The dried briquettes were then
stored in airtight containers to
prevent moisture absorption prior to
testing their physical and
combustion characteristics.

c. Testing the characteristics of
briquettes

Briquette characteristics testing was
conducted for five main
parameters, namely: 1) Calorific
value (cal/g): measured using a
bomb calorimeter according fo
ASTM D5865 method; 2) Moisture
content (%): determined using the
gravimetric oven method at 600°C
for 3 hours; 3) Ash content (%):
measured through complete
combustion at 600°C for 3 hours in a
burner furnace; 4) briquette flame
duration (minutes): measured from
the time the briquette starts to ignite
until it is completely extinguished in
free air conditions.

The analysis carried out includes
analysis of water content and ash
content while the calorific value is
tested using a bomb calorimeter.

. Moisture content analysis

According to (Putra & Hidayat, 2022)
the analysis of briquette moisture
content can be found using the
following equation:

Moisture content :%bxlOO% ........ (1)

Description:

a = sample mass before drying
(grams)

b = sample mass after drying
(grams)

. Ash content analysis

According to (Dewi et al., 2022) the
analysis of briquette ash content
can be found using the following
equation:

Ash content :yv—3x100% ............ (2)

Description:

wo = mass of sample after ashing
(grams)

wd = mass of sample before ashing
(grams)

Measurement data were analyzed
using analysis of variance (ANOVA)
to evaluate whether variations in
adhesive concentration (10%, 20%,
and 30%) had a statistically
significant effect on each briquette
characteristic parameter, including
calorific value, moisture content, ash
content, and flame duration.
ANOVA was chosen because it
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allows comparison among multiple
treatment means simultaneously,
reducing the probability of Type |
errors  compared to  separate
pairwise tests.

When ANOVA indicated significant
differences among treatments,
Duncan’s Multiple Range Test
(DMRT) was performed as a post-hoc
analysis to identify which specific
treatment levels differed
significantly. DMRT was selected for
its  sensitivity in  distinguishing
tfreatment means in small
experimental samples, making it
suitable for laboratory-scale studies.
A 5% significance level (p <0.05) was
used to ensure a balance between
statistical  rigor and  practical
interpretability — a  standard
threshold commonly adopted in
agricultural and energy material
research to minimize false-positive
conclusions  while  maintaining

solid fuels. It represents the total
amount of heat energy released per
unit  mass of briquette during
complete combustion. In addition to
being influenced by moisture and
ash content, the calorific value also
reflects the overall efficiency and
suitability of briquettes for use as an
alternative energy source — the
higher the calorific value, the
greater the combustion efficiency
achieved.

The calorific value of the briquettes
was determined using a bomb
calorimeter in accordance with the
ASTM  D5865 standard method.
testing, approximately 1 gram of
finely ground briquette sample was
placed in the combustion crucible
inside the bomb chamber, which
was then filled with pure oxygen at a
pressure of 30 atm. The sample was
ignited using a fuse wire with an
ignition energy of approximately 10

analytical reliability. J, and the resulting heat was
transferred to a known mass of water
surrounding the bomb. The initial and
final water temperatures were
precisely monitored using a digital
thermistor with a sensitivity  of
1+0.001°C, ensuring accurate thermal
measurement. The calorific value
was then calculated automatically
by the instrument based on the
temperature rise, heat capacity
calibration, and correction for fuse
wire and acid formation.

RESULTS AND DISCUSSION

The results of testing and analyzing each
parameter of the briguette
characteristics of the mixture of
charcoal from cocoa fruit shells and
charcoal from peanut shells at each
variation of adhesive concentration are
described as follows.

1. Calorific value

Calorific value is one of the primary
indicators that determine the quality
and performance of briquettes as

The results of the calorific value test
for briguettes made from a mixture
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of cocoa shell charcoal and peanut

different adhesive levels affect the

shells at various adhesive heat energy output of the
concentrations are presented in briquettes.
Figure 1, which illustrates how
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Figure 1. Graph of the calorific value of briquettes of cocoa shell charcoal
and peanut shell mixture at different concentrations of adhesive.

Based on Figure 1, the calorific value
of briquettes made from cocoa
pods and groundnut shells showed a
decreasing trend with increasing
adhesive concentration. The highest
heating value was achieved at 10%
adhesive  concentration,  which
amounted to 5310 cal/g, which was
significantly higher than the 20%
(4520 cal/g) and 30% (3774 cal/g)
concentrations. Statistical analysis
showed  significant  differences
between treatments, as indicated
by different letter notations at the
top of the bar graph.

This decrease in heating value is in
line with a common phenomenon in
briquetting, where increasing the
content of non-carbon adhesives,
such as flour, will reduce the
proportion of high-carbon raw
materials in the briquette. This causes
the heat energy released during
combustion to decrease (Velusamy

et al., 2022). Similar conditions were
reported by Nurkholis & Rizaldi (2023)
on bagasse charcoal briquettes with
glutinous rice flour adhesive, where

the highest heating value was
obtained at 20% adhesive and
decreased at higher

concentrations. The heating value at
10% concentration in this study has
met the Indonesian  National
Standard which requires a minimum
of 5000 cal/g (National
Standardization  Agency,  2000).
However, the heating values at 20%
and 30% adhesives are below this
standard, so the optimal proportion
of adhesives can be considered to
maintain the quality of briquettes as
an alternative fuel in this mixture of

cocoa shell and peanut shell
charcoal briquettes.

2. Moisture content test
The high intensity of smoke

produced during the briquette
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combustion process is generally
caused by high moisture content,
which ultimately reduces the quality
of the briquettes (Chusniyah et al.,
2022). Excessive moisture content
causes most of the heat generated
during combustion to be used to
evaporate the water contained in
the briquette, resulting in a decrease
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in calorific value and combustion
rate (Priyanto et al., 2018). Based on
the results of this study, the moisture
content of briquettes made from a
mixture of cocoa shell charcoal and
peanut shells with variations in
adhesive concentration wdas
obtained as shown in Figure 2.

11.94 c

30%

concentration of the adhesive

Figure 2. Graph of moisture content of briquettes of cocoa shell and
peanut shell charcoal mixture at various adhesive concentrations

Figure 2. illustrates that the variation
in adhesive concentration had a
statistically significant effect on the
moisture content of briquettes
made from a mixture of cocoa shell
charcoal and peanut shells. The
one-way ANOVA test confirmed a
significant  difference among
treatments (F = 66.384, p < 0.01),
and further analysis using Duncan'’s
Multiple  Range Test  (DMRT)
revealed that each ftreatment
group (10%, 20%, and 30% adhesive
concentration) was significantly
different from one another at the
5% significance level (p < 0.05), as
indicated by  distinct letter
notations on the bar graph.

The lowest moisture content was
obtained at a 10% adhesive
concentration (7.57%), followed by
8.70% at 20%, and the highest atf
11.94% for the 30% adhesive
concentration. The results clearly
show that increasing the adhesive
concentration tends to increase
the moisture content of the
briguettes. This increase is primarily
attributed to the hygroscopic
nature of tapioca starch, which
absorbs and retains ambient
moisture. Moreover, higher
adhesive concentrations tend to
form a denser matrix structure
within  the briquette, reducing
infernal pore connectivity and
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hindering the diffusion of water
vapor during drying. As a result,
some residual moisture remains
trapped in the micro-pores, even
after extended sun  drying.
According to Elfiano et al., (2014),
in the pore structure that is not
completely evaporated during
drying contributes to a higher final
moisture content. Similarly, Bot et
al., (2023) reported that excessive
moisture content can reduce the
calorific value and slow down the
combustion process because part
of the heat energy is consumed for
water evaporation. In confrast,
Huda (2023) noted that higher
briguette density can restrict
moisture reabsorption from the
environment.

Based on the Indonesian National
Standard (SNI 01-6235-2000), the
maximum  allowable  moisture
content for charcoal briquettes is
8%. The results of this study show
that briquettes with 10% and 20%
adhesive concentrations meet this
requirement, whereas the 30%
concentration exceeds the
standard limit, indicating that
excessive adhesive addition

adversely affects drying efficiency
and product quality.

3. Ash content test

Ash is the residue of combustion in
the form of inorganic material that
remains after the briquette s
burned and heated in the furnace
(Adeleke et al., 2022). Ash content
is one of the important parameters
in determining the quality of
briquettes, because it affects
combustion efficiency. Dewi (2021)
explains that the higher the ash
content, the lower the heating
value produced. This happens
because the part of the fuel that
should produce heat actually
becomes residue that does not
burn completely.

The results of the ash content
analysis of briquettes made from a
mixture of cocoa shell charcoal
and peanut shells with various
adhesive  concentrations  are
shown in Figure 3. This data is
important to understand how the
composition  of the adhesive
affects the combustion residue,
while ensuring that the products
produced meet the applicable
quality standards.

205



Copyright © Huda, Tawaqgal, Hidayatulah,& Wiresansir (2025)

o O N N

7.56 (a)

Ash content (%)

o N A~ O

10%

11,5 (b)

20%

12,83 (b)

30%

concentration of the adhesive

Figure 3. Graph of ash content of briquettes of cocoa shell and
peanut shell charcoal mixture at various adhesive concentrations

Figure 3. shows that the use of
tapioca starch adhesive at various
concentrations significantly affects
the ash content of briquettes made
from a mixture of cocoa shell and
peanut shell charcoal. The lowest
ash content was recorded at 10%
adhesive concentration at 7.56%,
while 20% and 30% concentrations
showed higher ash content at
11.50% and 12.83%, respectively.

The increase in ash content as the
adhesive increases is due to two
main factors: first, the presence of
natural mineral content in the raw
material that becomes residue after
combustion; second, the
incomplete carbonization process
that leaves inorganic materials in
greater quantities (Dewi et al., 2022;
Nugraha & Mirwan, 2022). High ash
content not only reduces the
calorific value of briquettes, but can
also accelerate the formation of
scale in furnaces or combustion
equipment (Sunnu et al., 2023).

Referring to the Indonesian National
Standard (SNI), the recommended
ash content for briquettes is < 8%. In
this study, only briquettes with 10%
adhesive met this criterion, while 20%
and 30% adhesives exceeded the
threshold. This finding is consistent
with the results of a study Wahyudi
(2022) which showed that increasing
the amount of adhesive can frigger
an increase in ash content due to
the increase in organic residues
remaining after the combustion
process.

Based on the Indonesian National
Standard (SNI), the recommended
ash content for briquettesis <8%. The
results of this study show that only
briguettes  with  10%  (7.56%.)
adhesive concentration meet this
standard, while 20% (11.50%) and
30% (12.83%) concentrations exceed
the set limit.

4. Briquette flame duration

This test is conducted to find out how
long the briquettes run out until they
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become ash. The results of the
duration of the briquette flame of
the mixture of cocoa husk charcoal
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and peanut shells at various
adhesive concentrations can be
seen in Figure 4.

78 (b)

20% 30%

Figure 4. Graph of burning time of briquettes of cocoa husk and peanut
shell charcoal mixture at various adhesive concentrations

Figure 4. shows that variations in the
concentration of tapioca starch
adhesive have a significant effect
on the ignition time of briquettes
made from a mixture of cocoa shell
charcoal and peanut shells with a
volume dimension of + 25.34 cm?®.
Briquettes with  10%  adhesive
concentration have the shortest
ignition time, 73 minutes, while at
20% and 30% concentration the
ignition time increases to 76 minutes
and 78 minutes.

The increase in the flame duration of
the briquettes as the adhesive
concentration increases can be
explained by the adhesive
properties of tapioca starch which
acts as a binder between charcoal
particles, thus forming a denser and
more  homogeneous  structure.
Denser briquettes have a slower rate
of oxygen diffusion into the pores, so

the combustion process takes place
more controlled and does not burn
out quickly (Ashar et al., 2020).

In addition to the density factor, the
volatile matter content also affects
the flame duration. Volatile matter
represents the fraction of organic
compounds that easily vaporize
upon heating and conftribute to the
initial ignition and flame stability of
the briquette. In this study, the
volatile matter content of briquettes
ranged from 17.86% at 10% adhesive
concentration, 19.42% at 20%, to
21.08% at 30%. These values fall
within the optimal range of 15-25%,
which generally supports stable
combustion  with  minimal smoke
(Tomen et al., 2023). The observed
increase in volatile matter at higher
adhesive concentrations indicates
that the addition of binder not only
enhances cohesion among particles
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but also infroduces more organic
compounds that volatilize during
combustion. However, the tighter
internal structure at higher adhesive
levels may slow the release of these
volatile gases, causing a more
gradual  burning process and
resulting in a longer flame duration.
This relationship suggests that flame
duration is governed by both the
physical compactness and the
chemical composition of  the
briquette.

From a usage point of view,
briquettes with longer flame fimes
are highly desirable as they provide
better energy efficiency and reduce
the frequency of adding fuel during
use. Thus, consideration needs to be
given to choosing the right
concentration of adhesive, which
can be a simple yet effective
strategy to improve the
performance of briquettes in
household and small industrial
applications..

CONCLUSION

The results showed that the
concentration of adhesive has a
significant effect on the quality of
briquettes made from a mixture of
cocoa shell charcoal and peanut
shells. The use of 10% adhesive proved
to provide optimal results, with calorific
value and ash content that meet SNI
standards, low moisture content, and
adequate flash time. Increasing the
adhesive concenfration to 20% and
30% resulted in a decrease in quality,
especially in calorific value and ash

content that exceeded the standard
limits.  Therefore, the proportional
formulation of adhesives is a crucial
factor in the briquetting process, not
only to ensure combustion efficiency,
but also to guarantee the feasibility of
use on a household and small industry
scale.

Further research is recommended to
explore combinations of other natural
adhesives as well as modification of
production techniques to improve the
physical and chemical characteristics
of the briquettes.
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