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| ABSTRACT

This study investigated the use of locally-grown sugarcane bagasse and coconut dregs as raw materials for producing biomass
pellets, which can be burned in the coarse form to generate heat energy. The proximate properties, such as moisture content, of
the fuel pellets produced from sugarcane bagasse and coconut dregs were analyzed to determine the performance of the
pelletizer equipment used in producing the biomass pellets. Moisture content was measured to evaluate the fuel pellet properties
of the bagasse and coconut biomass and to, determine their durability and optimize the performance of the pelletizer equipment.
The ideal pelleting moisture values for sugarcane bagasse and coconut dregs were found to be under 10%. In general, the physical
and chemical properties of coconut biomass pellets were within the recommended limits. However, the pellets exhibited a
relatively high ash level compared to wood biomass.
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1. Introduction
The increasing population growth in Indonesia greatly affects the amount of fuel energy used. In 2019, based on an inter-census
population survey, Indonesia's population was projected to reach 266.91 million people (Wahyono et al., 2021).

This becomes a problem for the government in meeting the need for gas fuel (Bow et al, 2022). The community expects an
alternative gas fuel that can help the community in meeting their fuel needs (Putri et al., 2020). Fossil energy has a limitation and
needs diversification of resources energy in order to make sure the availability of renewable energy sources (Rusdianasari et al,,
2023).

One of the energy sources that can be developed is the use of biomass energy. Biomass is one of the biological resources that can
be converted into renewable fuel energy sources (Carneiro & Gomes, 2019). Biomass energy sources have several advantages,
including being a renewable energy source that can provide a sustainable energy source (Bazargan et al., 2015). Renewable energy
planning is a continuous improvement process in which urban planning activities of individuals and organizations (Pava, 2023).
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Indonesia is one of the largest coconut and sugar cane producing countries in the world(Nielsen et al., 2020). Indonesia is even
able to export coconut and sugar cane to several neighboring countries. In 2010 Indonesia could export 800 tons of coconuts, and
in 2015, there was an increase to 1.8 million tons of coconuts(Acda, 2015). Meanwhile, sugar cane plantations in 2018 recorded
the total area of sugar cane plantations in Indonesia reaching 420 hectares (Albashabsheh & Heier Stamm, 2019). However, various
uses can be made, such as making coconut milk, coconut oil, and sugarcane ice, which leaves the dregs and, if thrown away, will
have a negative impact on the environment (Damayanti et al., 2021) (Rusdianasari et al. 2023).

Therefore, the author makes a breakthrough in the optimal utilization of coconut pulp and bagasse, one of the effective ways that
have been used to increase the value of agricultural and biological materials using pelletizing (Rusdianasari et al., 2022).

After the pellets were produced, they were allowed to cool on the dry concrete floor for a few hours to ensure physical
stability(Frodeson et al., 2019). During the experiments, ambient conditions were in the range of 23-28°C temperature and 50—
60% relative humidity for 24 hours a day (Rusdianasari et al., 2020). The production capacity during the pelleting process was
calculated as kg/h by weighing the pellets deposited in the vessel for 60 seconds (Budiastuti et al., 2022). Particles and powders
less than 1-2 mm were excluded from the pellets produced.

2. Literature Review

The main process of pelletization is the softening of the lignin (contained in the sawdust) during compression and parallel heating,
as this grants a high elastic modulus and good bonding properties of pellets (Bartocci et al.,, 2018). (Bartocci et al., 2018) got the
conclusion that moisture is a fundamental parameter in biochar pelletization (Moreira et al., 2021). The optimal value of 20%w/w
of moisture is 10%w/w binder (Oguntunde et al., 2018). The best binder was found to be lignin (Nielsen et al., 2020). So it can be
inferred that the moisture of the material is maybe less important for torrefied biomass, but it is fundamental for biochar obtained
from pyrolysis (Demirbas & Tel, 2003). Another study analyzes the influence on the pelletization process of the pyrolysis
temperature. An accurate Scanning Electron Microscope analyzed the mechanism that regulates biochar pellet densification quality
(Abubakre et al., 2014). It was found that with pyrolysis temperatures equal to 650°C, the optimal quantity of water is about
35%w/w, while the binder (mainly lignin) can be about 10%w/w (Woern & Pearce, 2018). Dealing with the main processes occurring
during biochar pelletization, it must be considered that water and lignin can promote pelletization of carbonized brittle and fine
biochar particles derived from pyrolysis at 650°C, acting as binders (Colley et al., n.d.). Lignin which is a randomly cross-linked
polymer of phenylpropane units has a glass transition behaviour in the temperature range of 137-157°C (Oduntan & Koya, 2015).
The presence of water during the compacting process decreases the glass transition temperature of lignin, so with 35%w/w of
water in the raw material and the pressure of 128 MPa, lignin forms solid bridges between the biochar particles, which enhance
the compressive strength of the biochar pellet (Garcia et al., 2018).

While several laboratory tests have analysed the pelletising process using single channel press machines, continuous production
of biocarbon pellets has never been analysed (Gao et al., 2016). To fill this gap, the authors have focused their attention on a
continuous pelletizing machine with a mass flow of 40 kg/h(Okolie et al., 2019). Achieving satisfactory durability of the biocarbon
pellet was proven to be quite hard (Cardozo & Malmquist, 2019). It is almost impossible to produce it without additives (for
example, sawdust) and proper optimization of the moisture content (Kaliyan et al., 2009). The aim of the work has been to identify
the optimal quantity of water and additives in a continuous biocarbon pelletizing process (Agbetoye et al., 2010). This was achieved
using a Response Surface Methodology (RSM) to identify the pelletizing parameters that provide the highest durability
(Hardiansyah et al., n.d.).

3. Methodology

3.1 Material

The bagasse waste used in this study was collected from PT. Sweet Indolampung, Lampung, Indonesia, and is a byproduct of sugar
production. The coconut dregs were obtained from solid waste generated by coconut milk traders in Plaju Modern Market. To
process the solid waste materials, each material was chopped into pieces no larger than 5mm using grass scissors and then fed
into the pelletizer. All biomass feed materials were dried in an oven at 110°C. All other chemicals used in the study were obtained
from the Energy Engineering Laboratory at Politeknik Negeri Sriwijaya.
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Fig 1. (a) Sugarcane bagassed after drying and chopping ; (b) Sugarcane bagasse before drying and chopping ;
(c) Coconut dregs after drying ; (d) Coconut dregs before drying.

3.2 Pelletizer Machine
A laboratory-scale pelletizing machine (Figure 1) was used to produce the pellets for this study, with a production capacity of 250-
300 kg/h depending on the type of raw material and moisture content.

The design view of the pelletizer is shown in Figures 1 and 2, with each component designed following standard engineering
principles (Lisowski et al., 2017). The pelleting process was carried out with a constant flow by feeding the sugarcane bagasse and
coconut dregs using a shovel. During the pelleting of sugarcane bagasse, 40 ml of waste lubricants and 60 ml of water were added
to the raw material before it was added to the funnel. On the other hand, 60 ml of waste lubricants and 90 ml of water were added
to the coconut dregs before they were added to the funnel.

After the pellets were produced, they were allowed to cool on the dry concrete floor for a few hours to ensure physical
stability(Frodeson et al., 2019). The experiments were conducted under ambient conditions of 23-28°C temperature and 50-60%
relative humidity for 24 hours a day. The production capacity during the pelleting process was calculated as kg/h by weighing the
pellets deposited in the vessel for 60 seconds. Any particles or powders less than 1-2 mm were excluded from the pellets produced.

(a) (b)

Fig 2. Pelletizer Machine, (a) as a 3D drawing ; (b) actual pelletizer machine.
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3.3 Moisture Content

The moisture content of sugarcane bagasse, coconut dregs, and pellets was measured using the gravimetric method ASTM E871-
82 (ASTM 2014) (Huang et al., 2017). After the pelletizing process, the moisture content of each raw material was measured on a
wet basis (W1). The following equation was used to calculate the moisture content:

Moisture (MC) = *2-22 x100% M

The equation variables are MC, which is the amount of water to be added (%); W1, which is the initial weight of the sample before
heating (g); and W2, which is the initial weight of the sample after heating (g) (Mani et al., 2006). For proximate analysis, pellets
were randomly selected from each batch. The dimensions of individual pellets were determined by measuring their length and
diameter randomly. The average values of diameter, length, weight, and the ratio of length/diameter were calculated from these
samples (Bow et al., 2022). Particle density was calculated from the average weight and volume of these measurements (Ciolkosz
et al, 2015). The density of samples was determined using the weight and volume of a predetermined amount of pellets in a
graduated cylinder (Nemchinova et al,, 2019).

4. Results and Discussion

The pellet samples were stored in a room at 28-30°C and 55-60% relative humidity for 7 days to ensure their stabilization. The
moisture content of the pellets was measured immediately after the pelletizing process and at the end of the 7-day period to
determine the effects of ambient conditions on the pellets, as shown in Figure 4 and Figure 3, respectively, representing actual
biopellets.

Fig 3. Biopellet, (a) Coconut Dregs Biopellets ;(b) Sugarcane Bagassed Biopellets.

During the pelletizing process of the raw materials, sugarcane bagasse lost more moisture, resulting in pellets with lower moisture
content. Although SP1 and CP1 showed the highest decrease in moisture content, the minimum decrease was observed in SP2
when considering the pelletizing moisture. The addition of water and waste-lubricant to the raw material shortens the residence
time of the raw material in the die holes, resulting in high-moisture pellets because the raw material is less exposed to the
temperature of the pressure die (Serrano et al., 2011). Furthermore, the use of adhesive during the pelletizing of coconut dregs
allowed them to pass easily through the die holes. The statement that increasing the moisture content in raw material increases
the moisture content of the pellets was confirmed by research results obtained by other researchers. After storage for 7 days at
ambient conditions with 29°C temperature and 60% relative humidity, SP1, SP2, SP3, and CP2 pellets lost moisture, while CP1 and
CP3 pellets absorbed moisture. The pellets most affected by ambient conditions were SP2 and SP3 pellets with the lowest moisture
content. Pellets with low moisture content are more suitable for absorbing moisture from the environment. The results were
compared with SNI 89651:2020, and the moisture content of pellets was acceptable except for CP1 and CP3 pellets because they
had a moisture content of more than 10%. The phenomenon is because the retention time can make raw materials throughout
steam (Rivai Suhendra F & Iskandar, 2021).
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Fig 4. Pellet Moisture Per Each Sample.

5. Conclusion

The research conducted focused on the pelleting process of raw materials such as sugarcane bagasse and coconut dregs, with the
addition of waste lubricant and water as a side material. Based on the research background, sugarcane bagasse and coconut dregs
need to convert into pellets to improve the quality of biomass and decrease waste. It was observed that the appropriate moisture
content of the pellet samples, depending on the type of material, is necessary in order to achieve a solid pellet during the pelleting
process. The best reduction in moisture content and absorption ability was achieved with sugarcane bagasse, which can reach a
moisture content of under 10%. While coconut dregs had the highest moisture content absorption of over 10%, they were able to
pass easily through the die holes during the pelleting process in the pelletizer machine. High moisture content in the product can
cause deformation and insufficient durability of the pellets. However, in their current form, sugarcane bagasse and coconut dreg
pellets can be used in large-scale industrial co-firing systems. But fortunately, sugarcane bagasse and coconut dregs pellets can
be used in low-scale industries such as homemade food industries.
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