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The accumulation of market waste and coconut shells poses a significant environmental
challenge, necessitating effective management strategies by both local governments and
academic institutions. This study explores the conversion of organic market waste into Refuse-
Derived Fuel (RDF) through a dry fermentation (peuyeumization) process using 5% EM4 bio-
activator over a 21-day incubation period. Concurrently, coconut shells were carbonized to
produce high-carbon Coconut Shell Charcoal (CSC). Both RDF and CSC, ground to a 100-mesh
particle size, were utilized to produce cylindrical bio-briquettes (7 cm height, 3.6 cm outer
diameter, 1.6 cm inner diameter) using a compaction method. Various RDF:CSC ratios (0:100,
25:75, 50:50, 75:25, and 100:0) were tested with three concentrations of tapioca starch
adhesive (6%, 8%, and 10%). The quality of the resulting briquettes was evaluated based on
the Indonesian National Standard (SNI 01-6235-2000), assessing parameters such as
moisture content, ash content, density, fixed carbon content, and calorific value. Combustion
characteristics were further examined through ignition time and combustion rate
measurements. The optimal briquette was produced at a 25:75 RDF:CSC ratio with 6%
adhesive, achieving a weight of 30 g, density of 0.46 g/mlL, fixed carbon content of 75.51%,
moisture content of 5.25%, ash content of 5.91%, calorific value of 6117.38 cal/g, ignition time
of 63.78 minutes, and combustion rate of 1.55 g/min. These findings indicate that the bio-
briquettes meet the calorific standard of young coal, supporting their potential use as an
environmentally friendly alternative fuel.

1. Introduction

Meanwhile, coconut shells represent a

Environmental pollution caused by market
waste and coconut shells requires proper
management and is an urgent issue that must be
addressed. With the increasing rate of
population growth, the volume of waste
generation continues to rise, necessitating more
environmentally friendly and economically
valuable waste treatment solutions. One of the
emerging waste treatment technologies is
peuyeumization[1].  Peuyeumization is a
biological drying (biodrying) method that
involves the fermentation of organic waste
through anaerobic bacterial activity during an
incubation period. The end product, known as
RDF (Refuse-Derived Fuel), is a high-carbon dry
material derived from segregated waste [2, 3].
RDF can be mixed with a binder and molded into
pellets called bio-briquettes, with a calorific
value ranging from 2,500-4,000 cal/g [3]. Mixing
RDF with 7% tapioca binder has been reported
to produce bio-briquettes with a calorific value
of 4,439 cal/g [4].

productive biomass that can be carbonized via
pyrolysis. Coconut Shell Charcoal (CSC), when
crushed and blended with a binder and
compacted using appropriate technology, can be
converted into high-calorific briquettes. Several
studies have reported that coconut shell
charcoal briquettes yield calorific values of
6,878.5 cal/g [5] and 7,652.64 cal/g with 7%
binder [6].

Bio-briquettes are solid biomass-based
pellets formed by compressing loose biomass
materials into a denser solid form [7, 8]. They
possess higher energy content than their raw
materials by maximizing carbon content through
proper physical, chemical, or biological
processes [9, 10]. Bio-briquettes are easily
combustible in the presence of oxygen, and the
heat generated during combustion is defined as
the fuel’s calorific value. The quality standard for
bio-briquettes is defined by SNI 01-6235-2000
[5], with a maximum moisture content of 8% and
calorific values of 4,000-5,000 «cal/g,
comparable to young coal. Coal, a non-renewable
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fossil energy source obtained through mining,
may be economically beneficial but poses
serious environmental and health concerns [11,
12].

Numerous studies have been conducted on
bio-briquette production from agricultural
waste, such as coconut shells, corn cobs, palm
kernel shells, rice husks, and others. These
studies employed various carbonization
methods to produce charcoal as the main
briquette material, combined with binders. The
state of the art of previous research is
summarized in Table 1.

Table 1. State of the art in briquette research

Calorific Refere
No Raw Material Binder Type Value
nce
(cal/g)
Palm shell +
o .
L coconut shell 6% Tapioca 5448 [13]
Coconut shell .
2 charcoal Tapioca 6,878.5 [5]

70-mesh  coconut .
3 shell charcoal Tapioca 6,710 [14]

Bamboo charcoal +
4  coconut shell 15% Tapioca
charcoal

6,290.706 [15]

Peuyeumized
5  market
(RDF)

waste 7% Tapioca 4,439 [4]

To optimize the potential of RDF-based
bio-briquettes, this study formulates a mixture
of RDF and CSC at various composition ratios.
The objective is to produce bio-briquettes with
calorific values that meet the standard of young
coal while being environmentally friendly.
Through this approach, environmental issues
related to waste and coconut shell disposal can
be effectively addressed.

2. Methods
This section provides a
explanation of the research conducted.

detailed

2.1 Materials

The materials used in this study include
coconut shell charcoal, market waste, EM4 bio-
activator, tapioca flour, and plastic tarpaulin for
the peuyeumization process.

2.2 Equipment

The equipment used includes a shredding
knife, bamboo container, crusher, sieves, digital
balance, oven, briquette mold, hydraulic press

machine, bomb calorimeter, moisture analyzer,
furnace, and desiccator. The specifications of the
briquette mold and briquette specimens is
shown in Figures 1.

7 cm

(a) (b)
Figure 1. 3D design of the briquette mold: (a)
front view; (b) dimensions of the cylindrical
hollow briquette

2.3 Research Procedure

The research was conducted in two main
stages: the peuyeumization process of market
waste to produce RDF (Refuse-Derived Fuel), the
production of coconut shell charcoal (CSC), and
the fabrication and molding of bio-briquettes.
The block diagram of the peuyeumization
process is shown in Figure 2, while the block
diagram of the bio-briquette production process
from varying RDF and CSC mixtures with
different binder concentrations is shown in
Figure 3.

Market Waste

Sorting of Organic Waste

(vegetable and fruit waste)

Inorganic waste
(bottles, batteries, glass, etc.)

Waste Shredding
(2-5 cm particle

Initial Moisture Content Measurement

(gravimetric method)

Sun Drying
(3 = 24 hours until moisture)

EM4 5%

‘ Fermentation Process in Bamboo Bins (1x1 m)
Fermentation for 21 days
‘ Moisture content monitored until 8%

RDF (Refused Derived Fuel)
Product from Waste

RDF Quality Testing
(Carbon Content)

RDF Particle Size Reduction
(60; 80; 100 mesh)

RDF Ready for Use

Figure 2. Flow diagram of the peuyeumization
process for converting organic market waste
into RDF
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RDF Waste
(60; 80; and 100 mesh)

Coconut Shell Charceal
(60; 80; and 100 mesh)

Tapioca Binder
(6%; 8%; and 10%)

Mixing Process
RDE : Coconut Shell Charcoal ratio =
100:0; 75:25; 50:50; 25:75; 0:100)

Briquette Molding
Cylindrical hollow shape
(do=3.6cm;di =1.6 cm;t=7cm)

Compaction Process
(Pressing)

Biobri

Sun Drying of Bio-Briquettes
(3 x 24 hours until moisture content <8%)

Oven Drying of Bio-Briquettes
at 105°C for 3 hours

Bio-Briquette Product

| Bio-Briquette Quality Testing |

Moisture Content Ash Content Density Calorific Value Burning Time

Figure 3. Flow diagram of the bio-briquette
production process from mixed biomass of RDF
and CSC at various binder concentrations

3.  Results and Discussion

In this study, Refuse-Derived Fuel (RDF)
refers to fermented organic market waste
(peuyeumisasi), while Coconut Shell Charcoal
(CSC) is charcoal derived from coconut shells
through pyrolysis. One of the requirements for
briquette raw materials is a carbon content
greater than 77%, as stipulated by SNI 01-6235-
2000. The characteristics of RDF and CSC used in
this research are shown in Table 2.

Table 2. Characteristics of bio-briquette raw
materials

No. Parameter RDF RDSFd:CSSé: CsC
1  Moisture (%) 6.17 5.82 5.12
2 Ash Content (%) 10.07 7.54 5.42
3 Carbon Content (%) 68.76 70.97 76.21
4 Density (g/ml) 0.35 0.71 0.52

To evaluate the effect of RDF:CSC ratio and
binder concentration on the quality of the
produced bio-briquettes, measurements were
conducted on moisture content, ash content,
density, calorific value, carbon content, ignition
time, and combustion rate using variations in

RDF:CSC ratio (100:0; 75:25; 50:50; 25:75;
0:100) and binder concentrations (6%, 8%, and
10%).

3.1 Effect of RDF:CSC Ratio on Moisture

Content of Bio-briquettes

Bio-briquettes were produced by mixing
RDF and CSC to improve the calorific value of
RDF-based briquettes, as explored in previous
studies.

Figure 4 illustrates the effect of RDF:CSC
ratio and binder concentration on moisture
content. The moisture content of bio-briquettes
is a critical quality parameter—lower values
indicate better briquette quality. According to
SNI 01-6235-2000, the moisture content should
be below 8%. All combinations of RDF:CSC ratios
and binder concentrations in this study met this
standard, with values ranging from 5.01% to
6.67%.

® binder 6%
® binder 8%
binder 10%

1111

100:0 75:25 50:50 25:75 0:100

Water content ( %)

= N W S U1 O @
1

RDF:CSC ratio

Figure 4. The effect of RDF:CSC ratio and binder
concentration on moisture content.

The data suggest that increasing binder
concentration does not significantly raise
moisture content. Therefore, binder
concentrations of 6% to 10% are considered
suitable for briquette production. The best
combination for low moisture and high calorific
value was achieved with an RDF:CSC ratio of
25:75 and a binder concentration of 6%,
resulting in 75.51% carbon content and a
calorific value of 6117.38 cal/g.

3.2 Effect of RDF:CSC Ratio on Ash Content
and Carbon Content of Bio-briquettes
The impact of RDF:CSC composition and
binder concentration on ash content is shown in
Figure 5, while for carbon content is shown in
Figure 6. According to SNI 01-6235-2000,
acceptable briquettes should have ash content
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below 8%. Ash content refers to the non-
combustible residue left after burning and is
influenced by raw material properties and
binder type.

The results show that ash content met the
standard only for RDF:CSC ratios of 50:50, 25:75,
and 0:100 across all binder concentrations.
Ratios of 100:0 and 75:25 exceeded 8%, likely
due to a higher proportion of RDF. This indicates
that incomplete fermentation during
peuyeumisasi may produce RDF with lower
carbon content (66.81-70.94%), resulting in
higher ash content.

11
ﬁlO i ® binder 6%
o\o 9 - ® binder 8%
) binder 10 %
+ -
2 8
(<5}
= 7
S 6
ﬁ i
< 5 A
4_ -

100.0 75.25 50:50 25.75 0.100
RDF:CSC ratio

Figure 5. The impact of RDF:CSC composition
and binder concentration on ash content

The best results for both carbon and ash
content were achieved with RDF:CSC ratios of
25:75 and 0:100 using 6-8% binder. These
findings suggest that a lower RDF proportion
improves briquette quality by reducing ash
content and increasing carbon concentration.

70 A

80 -
65 A
60 -
55 -
50' T T T T

75 4
100:0 75:25 50:50 25:75 0:100
RDF:CSC ratio

= hinder 6%
® binder 8%
binder 10%

Carbon content ( %)

Figure 6. The impact of RDF:CSC composition
and binder concentration on carbon content

3.3 Effect of RDF:CSC Ratio on Calorific

Value and Ignition Characteristics

The calorific value of the bio-briquettes
was measured using a bomb calorimeter.
Ignition tests were carried out by lighting a
cylindrical briquette specimen (3.6 x 7 x 1.6 cm)
and measuring the time wuntil complete
combustion. The effect of RDF:CSC ratio on
calorific value is shown in Figure 7.

Figure 7 shows that the highest calorific
values were obtained for RDF:CSC ratios of 25:75
and 0:100, confirming that higher CSC content
leads to greater energy output. However,
considering the goal of valorizing market waste,
the optimal mix is RDF:CSC = 25:75 with 6%

4500 H~

binder, achieving 6117.38 cal/g.
4000 -
3500 -j I
3000 I T T T T

100:0 75:25 50:50 25:75 0:100
RDF:CSC ratio

7000 7 _
B hinder 6%

6500 1 = binder 8%

6000 - binder 10%

5500 A

5000 -

Caloric value (kcal/g)

Figure 7. The effect of RDF:CSC ratio on caloric
value

The effect of RDF:CSC ratio on time
ignitition is shown in Figure 8. Figure 8 indicates
the longest burn time (63.78 minutes) for the
same ratio of RDF:CSC 25:75 with 6% binder
level, suggesting good ignition and prolonged

combustion.
70 - ® binder 6%
— ® hinder 8%
£ 65 7 . pinder 10%
é‘ 60
=)
)
£ 55 -
S
20 50 A
)
E 45 -
F
40 n T T T T

100:0 75:25 50:50 25:75 0:100
RDF:CSC ratio

Figure 8. The effect of RDF:CSC ratio on time
ignitition
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The effect of RDF:CSC ratio on combustion
rate is shown in Figure 9. Figure 9 illustrates the
bio-briquette = produced under  optimal
conditions (RDF:CSC = 25:75, 6% binder)
achieved a combustion rate of 1.55 g/min and
met all SNI criteria: moisture content <8%, ash
content <8%, carbon content >76%, and calorific
value >6000 cal/g. These results classify the
product as a high-quality bio-briquette
comparable to low-rank coal.

1.80 7 = binder 6%
1.60 - = binder 8%

1.40 - binder 10%

1.20 H

1.00 H

0.80 ~

0.60 -

0.40 -~

0.20 ~

0.00 - T T T T

100:0 75:25 50:50 25:75 0:100
RDF:CSC ratio

Combustion rate (g/min)

Figure 9. The effect of RDF:CSC ratio on
combustion rate

4. Conclusion

Based on the research conducted, it can be
concluded that organic market waste has the
potential to be converted into Refuse-Derived
Fuel (RDF). The carbon content obtained from
RDF was 68.76%, from Coconut Shell Charcoal
(CSC) was 76.21%, and from the RDF-CSC
mixture was  70.97%.  Although the
characteristics of RDF and CSC do not fully meet
the requirements of SNI 01-6235-2000, the
resulting calorific values qualify within the range
of low-rank coal (>2000-4000 cal/g).

The amount of binder significantly affects
the moisture content of the bio-briquettes. As the
binder concentration increases, moisture
content, ash content, and density tend to
increase, while the calorific value, ignition
duration, and combustion rate decrease.

The produced briquettes are cylindrical
with a central hole, having dimensions of 7 cm in
height, 3.6 cm in outer diameter, and 1.6 cm in
inner diameter. The optimal bio-briquette was
obtained at an RDF:CSC ratio of 25:75 with a
binder concentration of 6%, yielding a briquette
weight of 30 g, a density of 0.46 g/ml, carbon
content of 75.51%, moisture content of 5.25%,
ash content of 5.91%, a calorific value 0f 6117.38

cal/g, an ignition time of 63.78 minutes, and a
combustion rate of 1.55 g/min.

The combination of RDF and CSC biomass
has the potential to serve as an alternative fuel
material comparable to low-rank coal.
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