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 The waste from sago dregs generated during the starch extraction process has 
not been optimally utilized and has the potential to cause environmental 
pollution. This study aimed to process sago dregs into biochar through 
chemical pretreatment (NaOH soaking) and physical pretreatment 
(microwave pyrolysis) and applied it as raw material for briquettes. The 
research methods consisted of (1) Pretreatment of sago dregs with 10% and 
30% NaOH for 6 hours, (2) Pyrolysis using a 540-watt microwave at 300–
400°C for 20 minutes, and (3) Briquette production using sago starch binder 
at a 10:1 ratio. The analysis results indicated that 30% NaOH pretreatment 
significantly reduced cellulose, hemicellulose, and lignin contents to 1.07, 
0.52, and 1.10%, respectively, compared to the 10% NaOH (6.11%, 5.71%, 
and 6.03%). The moisture content of biochar decreased to 2.53–2.65%, in 
accordance to SNI 06-3730-1995 standard of 10% maximum . However, the 
ash content increased to 45.99–53.78%, exceeding the SNI limit of 15%. 
Briquettes made from 30% NaOH-pretreated biochar had the longest burning 
time (26.54 minutes), outperforming the 10% NaOH (12.32 minutes). This 
study found that sago dregs have the potential to serve as a high-quality 
biochar raw material due to its moisture content meets the SNI standard, 
although its high ash content limits its use as fuel. Sago dregs biochar 
briquettes can be considered a renewable energy alternative, while the high 
ash content offers potential applications in soil or water remediation. 
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1. INTRODUCTION  

Sago dregs are waste derived from sago pith after the starch has been extracted. The starch content of sago is 
approximately 18.5%, while the remaining 81.5% consists of sago dregs containing 20% cellulose and 21% lignin 
(Juniarto & Anggono, 2018). Given the proportion between sago starch and sago dregs, the amount of waste 
generated from sago processing is substantial. Currently, this waste has not been optimally utilized and is simply 
left to accumulate at sago processing sites. 

South Sulawesi has plantations dedicated to sago production, particularly in North Luwu Regency, which 
recorded a total sago plantation area of 1,805 hectares in 2018, making it the largest sago-producing region in 
South Sulawesi (Directorate General of Estates, 2019). The center of sago production in the regency is Malangke 
Barat District. With such an extensive plantation area, the potential waste generated is also considerable, as sago 
processing in this region primarily focuses on fulfilling staple food needs. Based on direct observations at sago 
flour processing locations in Malangke Barat, the sago dregs produced after starch extraction are not utilized and 
are simply left around the processing site. At locations situated near rivers, sago waste is frequently disposed of 
into the river, posing a risk of water contamination. 

To prevent environmental pollution, sago dregs must be reused, such as being converted into activated carbon 
(Syauqiah et al., 2022). Additionally, another promising approach is its conversion into biochar, as sago dregs are 
organic materials that can function in soil remediation and serve as an alternative energy source, including 
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powering agricultural equipment. The use of alternative energy sources not only reduces operational costs but also 
enhances system performance (Pien et al., 2024). Furthermore, promoting environmentally friendly methods 
supports pollution reduction while simultaneously contributing to renewable energy generation. 

In this study, sago dregs were utilized for biochar production through a pretreatment process involving 
immersion in a strong alkaline solution (NaOH) and employing fast pyrolysis, as conventional pyrolysis methods 
for biochar production require extended processing times. The immersion process in a strong alkaline NaOH 
solution aims to degrade the lignocellulosic bond structure within sago dregs. NaOH functions by breaking down 
lignin that encases cellulose and hemicellulose, leading to the disruption of these molecular bonds (Widyawati & 
Argo, 2014). The degradation of lignin and hemicellulose structure increases the amount of free cellulose present 
in the material. In a sago dregs immersion solution containing NaOH, ionic conduction facilitates energy transfer, 
causing heating (Winarsih, 2013). To further enhance lignin degradation, microwave exposure is incorporated. 
Moreover, NaOH treatment has been shown to improve biochar's effectiveness in adsorbing toxic substances 
(Norberto et al., 2023). 

This research aimed to produce biochar by utilizing sago dregs through microwave pyrolysis and NaOH 
immersion pretreatment. The resulting biochar then compared against SNI 06-3730-1995, which sets standards 
based on moisture content and ash levels. 
 
2. MATERIALS AND METHODS 
2.1 Materials  

This study utilized various tools, including a SHARP R-728(K)-IN microwave, 100 mL measuring cups, 
digital scales, filters, spatulas, cutting tools, 2-inch PVC pipes, and a thermocouple to support the experimental 
procedures and temperature monitoring. 

The materials used in this research comprised sago starch dregs, distilled water, and NaOH, which were 
essential for the biochar production and pretreatment processes. 

2.2. Research Procedure  
2.2.1. Control 

In preparing the control samples, the sago starch dregs were first dried by drying in the sun for 1 week with 
the aim of reducing the water content value to 12%, which was obtained by measuring the water content value 
using a moisture analyzer. The fibers of dried sago starch dregs were taken and then cut into 2 cm. 

2.2.2 Experimental Test 1 (Pretreatment) 
Samples of sago dregs fiber were weighted at 10 g, then washed with distilled water for further immersion in 

NaOH solution with a concentration of 10% and 30%, respectively. This immersion was carried out for 6 hours 
with the aim of degrading lignocellulose in sago dregs fiber. After the soaking process was complete, the samples 
were then drained, followed by a microwave pyrolysis process at 540 watts for 20 minutes to produce biochar. 

The biochar obtained from the preparation of control samples and samples prepared by soaking in NaOH 
werewas then tested for cellulose, hemicellulose and lignin content using the Chesson-Datta method, and analyzed 
for water content using a moisture analyzer. Furthermore, the biochar sample was then tested for the ash content 
by weighing 1 gram of the sample and then putting it into the furnace until it became ash at a temperature of 650°C 
for approximately 5 hours. The resulting ash was put into a desiccator for cooling and weighing. 

2.2.3 Experimental Test 2 (Briquette Making) 
Charcoal powder (Biochar) that has been obtained from the previous process was then made into briquettes.In 

this process, 10 g of charcoal powder was weighed first on 3 variations of the sample. After that, it was continued 
with making adhesives with sago flour mixed with hot water until it reached the desired thickness. Next, a briquette 
mold using a PVC pipe with an inner diameter of 5.5 cm and a height of 2 cm was prepared. Each sample of 
charcoal powder was mixed with the adhesive in a ratio of 10:1 and then pressed under pressure by hand until it 
was solid. The printed briquettes were then dried in the sun for 3 days. Test the burning time of dry briquettes by 
burning them, then calculate the burning time using a stopwatch until the briquettes turn to ashes. 
 
3. RESULTS AND DISCUSSION 
3.1. Production of Sago Dregs Biochar 

The production and characterization of sago dregs biochar were conducted using the microwave pyrolysis 
method in a closed or airtight (anaerobic) condition. During the manufacture of sago dregs biochar, gravimetric 
analysis was performed to determine the moisture content, ash content, and the composition of lignocellulose, 
hemicellulose, and cellulose. The goal was to obtain high-quality biochar with low water and ash content, ideally 
adjusted to the ash content standards of SNI 06-3730-1995, which is 8-10%. Before the pretreatment process, the 
sago dregs were dried in the sun for one week until the water content reached 12%, in accordance with SNI 06-
3730-1995. 
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Table 1. Results of Sago Dregs Biochar Analysis 

Composition Control 
Pretreatment 

NaOH 
10 % 

NaOH 
30 % 

Water content (%)           12.00               2.53 2.65 
Ash Content (%)             3.55 45.99           53.78 
Cellulose (%)            30.03              6.11 1.07 
Lignin (%)              4.58    6.03 1.10 
Hemicellulose (%)            18.47    5.71 0.52 
Burning Time (Minute)              3.29            12.32           26.54 

 
3.2. Water Content 

Table 1 showed the differences between the control and the pre-treatment process, indicating that pre-
treatment and microwave heating affect the water content. A decrease in water content in sago dregs was observed 
in the samples after pre-treatment by immersing them in NaOH at concentrations of 10% and 30%, followed by 
heating in a microwave at 540 watts for 20 minutes. For biochar samples with 10% NaOH concentration, the water 
content was 2.53%, while for 30% NaOH concentration, the water content was 2.65%. The water content in the 
sample treated with 30% NaOH was slightly higher by approximately 0.12%. However, this value was still lower 
than the standard set by SNI 06-3730-1995, which specifies a maximum water content of 10%. 

The water content in biochar decreased by more than 9% after the heating process. This indicates that the 
water content before treatment was higher than after becoming biochar. If the water content in biochar is high, it 
can affect its quality when used as an alternative energy source, as the stored heat in the biochar would first be 
used to remove existing moisture before producing usable heat for combustion (Iskandar & Rofiatin, 2017). The 
water content in a material significantly affects its quality and characteristics. Therefore, it is expected that biochar 
should have a low water content to maintain its quality. Water content is one of the most crucial factors in 
determining the quality of biochar as an alternative fuel. 

3.3. Ash Content 
Table 1 showed a significant difference between the results of the control analysis and the pre-treatment 

process. The ash content produced varies, with 3.55% for the control sago dregs. After pre-treatment and 
microwave pyrolysis at 540 watts, the samples soaked in 10% NaOH had an ash content of 45.99%, while those 
with a 30% NaOH concentration had an ash content of 53.78%. The results indicated that the highest ash content 
was found at a 30% NaOH concentration. 

This ash content value was significantly higher than the SNI 06-3730-1995 standard, which sets a maximum 
of 15%. However, biochar with high ash content was well-suited for plant cultivation, as it still contains residual 
minerals (Asyifa et al., 2019). 

The difference in ash content occurs because the ash in a material originates from the material itself. The ash 
content in biochar comes from inorganic compounds in the form of mineral oxides, which do not evaporate and 
are non-flammable. It is known that the higher the ash content in a material, the more inorganic compounds in 
biochar can influence its functional properties or its use as a renewable alternative energy source (Suparnawati et 
al., 2021). In addition, the temperature and duration of the pyrolysis process influence the composition of biochar, 
including its ash content (Siswati et al., 2022). Therefore, adopting a system capable of controlling temperature 
and process time, such as a fuzzy-based system (Ayusari et al., 2024), is necessary. 

3.4. Analysis of Cellulose, Lignin and Hemicellulose content 
Comparison of cellulose, lignin, and hemicellulose can be seen in Table 1. Ten grams of sago dregs after pre-

treatment with NaOH immersion, with the concentrations used being 10% and 30%, then microwave exposure for 
20 minutes with 540 watts of power. The results obtained showed that there were differences before pre-treatment 
(control) and after pre-treatment (non-control) on sago dregs. The cellulose content before pretreatment was 
30.03%, while after pretreatment with 10% NaOH concentration and 20 minutes microwave pyrolysis, it was 
6.11%, and 30% NaOH was 1.07%. The higher the NaOH concentration, the lower the cellulose content. This 
happens because the composition of cellulose was released freely due to immersion in chemical solutions (NaOH). 
That the cellulose content was higher before pre-treatment (control) than after pre-treatment (non-control). This 
was due to the influence of the regular, open structure of cellulose, and the cellulose molecules are dispersed freely 
in the solvent (NaOH). This is due to the cellulose being washed to the bottom by the solvent during filtering 
(Larasati et al., 2019). 

The data displayed for the value of lignin content showed that the value increased compared to before 
pretreatment (control), i.e. 4.58%. After pretreatment with 10% NaOH concentration and after the microwave 
pyrolysis process, the value was 6.03%, and in samples with a concentration of 30% NaOH and after the 
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microwave pyrolysis process, the value decreased to 1.10%. The longer the microwave exposure, the greater the 
lignin degraded, due to the heat generated during the long microwave exposure and also alkaline pretreatmen,t 
which can cause polymers to decompose in the cell walls by breaking hydrogen and covalent bonds. The decreased 
lignin content can also be caused during the sample filtering process after soaking in NaOH, due to the influence 
of lignin molecules, which are dispersed freely in the solvent (NaOH), so that the lignin molecules are washed to 
the bottom by the solvent during filtering (Widyawati & Argo, 2014). 

The decrease in hemicellulose was caused by degradation through alkalis or what was called "feeling off". 
Alkali and high temperatures cause hydrolytic decomposition of glucosidic bonds, where the decomposition is 
caused by acids. Cellulose has glucosidic bonds that can be broken in a chain reaction involving free radicals. As 
a result, when heated at high temperatures using alkali, the glucosidic bonds in hemicellulose can also be broken 
(Rahmatullah et al., 2020). 

3.5. Sago Dregs Briquettes 
In its use as an alternative fuel, sago waste was made in the form of briquettes. This showed that sago dregs 

biomass waste had the potential to be used as an economical and environmentally friendly alternative fuel. To get 
briquettes with better characteristics, several treatments needed to be carried out in the manufacturing process. 
Sago waste biomass briquettes were obtained through several stages, namely composing, mixing with adhesive, 
molding, and drying. In making sago dregs briquettes using adhesive from sago flour. Making briquettes with the 
use of adhesives will produce better results than without using adhesives. In addition to increasing the fuel value 
of the briquettes, the strength of the charcoal briquettes from external pressure was also better (not easily broken). 
The quality of briquettes is influenced by the adhesive in the briquettes, both the type and the amount of adhesive 
used (Denitasari, 2011). 

The results of sago dregs briquettes can be seen in Table 1. The sago dregs briquettes themselves had a hard, 
dense, and light texture. Ten g of sago dregs charcoal powder was used, the adhesive used 10% sago flour, with 
an inside diameter of 5.5 cm, and the diameter of the resulting briquettes was 5.5 cm. The burning time of sago 
dregs briquettes for control was 3.29 minutes, sago dregs charcoal briquettes after 10% NaOH immersion and 
microwave pyrolysis with 540 watts of power was approximately 12.32 minutes, and 30% NaOH immersion and 
microwave pyrolysis with 540 power watts was 26.54 minutes. In briquettes whose charcoal powder had gone 
through the pretreatment process of NaOH immersion and microwave pyrolysis, the burning rate was longer than 
that of briquettes without pretreatment (control). The control sample had a larger fiber size compared to the biochar 
sample, so the amount of adhesive used in one briquette mold will be reduced. This was because the calorific value 
was affected by the amount of adhesive; the greater the amount of adhesive used, the lower the calorific value. A 
low calorific value equals a faster burning rate (Denitasari, 2011). 
 
4. CONCLUSION 
Based on the results of the research, it can be concluded that: 
1. Waste from sago dregs can be processed into biochar with a moisture content that meets the SNI 06-3730-1995 

standard. 
2. Soaking in NaOH, followed by pyrolysis using a microwave, affects the cellulose, hemicellulose, and 

lignocellulose content, where higher NaOH concentrations resulted in lower levels of these components. 
3. The burning rate of biochar soaked in 30% NaOH lasts longer compared to 10% NaOH. 
4. The ash content in sago dregs biochar with pre-treatment NaOH soaking did not meet the SNI 06-3730-1995 

standard for fuel. However, it can be utilized for soil or water remediation. 
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