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Abstract 

The pellet-making process involves stages of drying, compaction, 

cooling, and size separation. Considering that Indonesia has great 

potential for biomass supply, this research aims to identify the 

characteristics of bio-pellets produced from sengon wood sawdust 

based on the pellet standard SNI8675:2018. The results showed 

that the highest calorific value at the Dry Basis (DB) condition 

was 4703 Kcal/kg, meeting national and international standards. 

The moisture content in the As Received (AR) condition was 

recorded at 10.36%, while the lowest ash content was 1.72%. The 

highest combustion rate was found in sample 3, with a value of 

0.174 gr/min, indicating good combustion performance. The 

utilization of sengon wood sawdust as bio-pellets can be an 

efficient and environmentally friendly renewable energy solution, 

and has the potential to be further developed to support 

diversification and national energy security. 
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1 Introduction 
Currently, the need for fuel energy is increasing along with the 

development of human life needs. Indonesia, as a tropical country 

with a large area, has great potential for providing biomass. The 

growing agricultural industry sector in Indonesia produces a lot of 

waste from its processing. The opportunity to utilize such waste as 

fuel can provide many benefits, including reducing dependence on 

fossil fuels that adversely affect the greenhouse effect and increase 

CO2 emissions [2]. The Indonesian government has encouraged 

the use of New Renewable Energy (NRE) as a priority, given 

NRE's great potential to guarantee future national energy 

provision. The use of renewable energy is important in the context 

of energy diversification because it is in line with sustainable 

development and environmentally friendly due to its relatively low 

greenhouse gas emissions. This has been accommodated in 

Presidential Regulation No. 5/2006 on the National Energy Policy 

(NEP) [3]. 

One alternative renewable fuel is biomass. Biomass is organic 

material produced through photosynthesis that can be utilized as 

energy even though it has low economic value or is waste from its 

primary product [4]. Indonesia has 50,000 MW of biomass energy 

potential from various agricultural wastes such as sengon wood 

sawdust, palm oil, cocoa, mahogany, and other agricultural 

wastes. However, only about 320 MW has been utilized, or only 

0.64% of the entire potential. This shows that the utilization of 

biomass energy is not optimal [5]. The largest waste from the 

wood industry is wood chips and sawdust. Zinc in wood sawdust, 

as waste from sawmills, has the opportunity to be utilized as 

renewable energy, such as bio-pellets [6]. Utilization of sengon 

wood sawdust as a raw material for alternative energy production 

is done by changing its shape into a denser and uniform mass [7] 

[8]. Pellets are useful for improving the combustion quality and 

fuel efficiency of biomass. Research is needed to determine the 

characteristics of bio-pellets produced from sengon sawdust based 

on the SNI 8675:2018 pellet standard. 

To diversify energy sources, research on bio-pellets from 

sengon sawdust is expected to provide solutions for the utilization 

of agricultural waste as an efficient and environmentally friendly 

energy source. This research aims to identify the potential and 

characteristics of bio-pellets from sengon sawdust and provide 

recommendations to improve their utilization in the future. 

The use of bio-pellets as a renewable energy alternative can 

improve combustion efficiency and reduce greenhouse gas 

emissions. In addition, bio-pellets have a higher energy density 

than raw biomass forms, making them easier to store and 

transport. Bio-pellets can also be used in various applications, 

including power generation and industrial heating. The utilization 

of sengon wood sawdust into bio-pellets not only provides a 

sustainable energy solution but also helps solve the waste problem 

of the wood industry. By turning waste into value-added products, 

we can reduce the burden on the environment and create new 

economic opportunities for local communities. 

The study also looked at the technical and economic aspects of 

bio-pellet production. An analysis of the production cost and 

market potential of bio-pellets gave an idea of the feasibility of 

this project. In addition, the research will examine the 

environmental impact of bio-pellet production and use to ensure 

that the process was truly environmentally friendly. The pellet 

standard SNI 8675:2018 was used as a reference to assess the 

quality of the bio-pellets produced. This standard covers various 

aspects, including the size, shape, water content, and ash content 

of the pellets. By following this standard, we can ensure that the 

bio-pellets produced are of consistent quality and meet the 

technical requirements for various applications. Utilizing biomass 

as a renewable energy source is also in line with global efforts to 

reduce carbon emissions and mitigate climate change. By reducing 

dependence on fossil fuels and switching to renewable energy 

sources, we can contribute to the achievement of global emission 

reduction targets [10] [11]. 

The Indonesian government prioritizes renewable energy, with 

strong support for developing the bio-pellet industry. This sector 

can create jobs and increase income for farmers and the wood 

industry, contributing to sustainable economic and social 

development. The research will explore potential collaboration 

between the private sector, government, and community to ensure 

smooth project execution. Developing bio-pellets from sengon 

wood sawdust can serve as a model for utilizing other biomass 

waste, reducing untreated waste, and supporting national energy 

diversification. This initiative also helps reduce deforestation by 

using wood industry waste, promoting sustainable forest 

management. 

This research examined the technical, economic, and 

environmental aspects of bio-pellet production. It identified 

opportunities and challenges, leading to effective policy 

recommendations. The goal was to contribute to Indonesia's 

renewable energy development, advancing sustainable goals and 

minimizing environmental impacts. Utilizing sengon wood 

sawdust for bio-pellets was seen as a key step toward achieving 

green energy in Indonesia. 

2 Methods 

2.1 Material  

The characteristics of sengon wood are strongly influenced by 

the growing environment and local climate. Sengon trees can grow 

up to 1,800 meters above sea level, but their growth is more 
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optimal in areas with high humidity and rainfall between 1,000 

mm and 5,000 mm per year. Therefore, this study used sengon 

wood from the Malang region, Indonesia, which has ideal climatic 

and rainfall conditions as well as a large number of cultivated 

sengon trees in the area. The main chemical components of 

sengon wood include cellulose, hemicellulose, lignin, and 

extractives. 

The first stage was the drying of sengon sawdust using a 

12,000 mm rotary kiln (Fig. 1c), which reduced the moisture 

content from 80% to 19%. Once the moisture content was low 

enough, the sawdust was fed continuously into the MZLH-420 

pellet mill (Fig. 1d) through a steel ring with 8 mm holes. This 

process compacted the sawdust into pellets with a diameter of 8 

mm and a length varying between 3 cm and 5 cm. Friction during 

the compaction process generated heat that helped bind the 

material and reduces the moisture content to 5%-10%. 

The raw material for wood pellets comes from sengon sawmill 

waste, which consists of powder, wood chips, and unused 

branches. This waste has an initial moisture content of 40%-45% 

(Fig. 2a). The initial crushing process was carried out using a 

wood shredder to a size of 15 mm (Fig. 2b), then further 

pulverized into 5 mm powder using a hummer mill machine (Fig. 

2c). After that, the wood powder was dried in a rotary drum dryer 

to reduce the moisture content to 15%-19% (Fig. 1c). 

After drying, the powder was cooled (Fig. 1e) and then 

processed in a wood pellet machine. After the pellets were formed, 

the final product was cooled in a wood pellet cooling machine to 

prevent the pellets from breaking due to the high temperature that 

reached around 80°C after the pelletizing process. The last step 

was to separate the pellets according to the standard size using a 

vibrating screen machine (Fig. 2d), ensuring the pellets were 8 

mm in diameter and 3-5 cm long. Pellets that did not fit the size 

were separated automatically. Thus, the production process of 

sengon wood pellets involved the stages of crushing, drying, 

compacting, cooling, and size separation, all of which contribute 

to the final quality of the pellets produced. 

2.2 Defining the Quality of Wood Pellet 

2.2.1 Proximate Analysis 

Proximate analysis is an analysis that aims to determine the 

composition of a material and to determine the quality of pellets. 

Generally proximate analysis has several types of analysis 

methods, including: 

1. As Received (AR)  

As Received (AR) is the surface moisture still present in the 

sample. Moisture analyzed using as received is called total 

moisture. Fixed carbon, moisture, volatile matter, and ash content 

are calculated from samples that still contain surface moisture. 

The as received method of analysis is based on conditions where 

the sample is assumed to be as received. 

2. Air Dried Basis (ADB)  

Air Dried Basis (ADB) is a basis where the weight percentage 

of fixed carbon, moisture, volatile matter, and ash content is 

calculated without surface moisture. Samples are analyzed after 

receiving air drying treatment so that surface moisture is not 

calculated in the sample. The air dried basis method of analysis is 

based on sample conditions with water content in equilibrium with 

the laboratory atmosphere. 

3. Dry Basis (DB)  

Dry Basis (DB) is the basis for calculating weight percentage 

in carbon, moisture, volatile matter, and ash content where the 

sample is reduced by total moisture. The sample is calculated as a 

dry sample. 

 

 
Fig. 1. Wood pellet manufacturing process. 

 

 
Fig. 2. Process material into wood pellet. 

 

2.2.2 Calorific Value 

Calorific value is the amount of heat produced per weight of 

the combustion process of enough material that is easy enough to 

burn. Calorific value measurement can be done using a bomb 

calorimeter with the SNI 01-6235-2000 test method with Eq. 1. 

 

   (    ⁄ )  
    

 
    (1) 

 

Where    is calories per gram of pellets,    is the temperature 

rise on the thermometer (°C),   is the calorie capacity of the tool 

of 2565.446 calories/°C at the time of calibration, and   is the 

weight of the pellets. Pellets derived from sengon wood waste 

generally have a moisture content ranging from 6% to 10%. 

2.2.3 Water Content 
Moisture content is the water content contained in solid fuel. 

The higher the moisture content in solid fuel, the lower the 

calorific value. To determine the moisture content of wood pellets 

made from sengon wood waste, Eq. 2 can be used. In this 

equation,    is the weight of the sample (gr) before drying, and 

   is the weight of the sample after drying in a kiln (gr).  
 

             ( )  
     

  
        (2) 
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2.2.4 Ash Content 

Ash in solid fuels is the unburned mineral residue that remains 

after combustion and associated reactions. The presence of ash can 

degrade the quality of the solid fuel by reducing its calorific value. 

Ash content can be measured by reducing the heating value of the 

fuel. To determine the ash content, Eq. 3 can be used. 

 

           ( )  
     

  
        (3) 

 

Where   is the weight of pellets before frying (gr),    is the 

weight of wood pellet cup after frying (gr) and    is the weight of 

empty cup (gr). 

2.2.5 Combustion Rate 

The combustion rate is the speed of energy release during 

combustion (Eq. 4), which greatly affects its quality and 

characteristics. The optimal combustion rate has a high calorific 

value and good energy efficiency. Factors affecting combustion 

rate include moisture content, ash content, density, size, and 

chemical composition. Low moisture content and low ash content 

will increase the combustion rate and efficiency. 

 

                
             

               
   (4) 

3 Results and Discussion 

This study involved proximate analysis tests and combustion 

rate tests on the samples. The proximate analysis test aims to 

determine the composition of sengon wood, including its calorific 

value, moisture content, and ash content. The results were 

presented in tabular form and processed into graphs for each test. 

Combustion rate tests were conducted three times to identify the 

combustion characteristics of sengon wood, with the results also 

presented in tabular form and graphs to analyze the values 

obtained. All of these tests refer to the Indonesian pellet quality 

standard, SNI 8675:2018 (Table 1). 

The quality of pellets can be seen from the results of tests 

conducted using proximity analysis testing (Table 2). From this 

test, we can find out the physical properties of the wood pellets 

themselves. And the test parameters greatly affect the combustion 

characteristics of wood pellets. 

In the graph of test results as shown in Fig. 3, the heating value 

of sengon wood pellets in the As Received (AR) condition shows 

a difference of 10.1% compared to Air Dried Basis (ADB) and a 

difference of 11.5% compared to Dry Basis (DB). In the Air Dried 

Basis (ADB) condition, there is a 1.2% difference in value 

compared to the Dry Basis (DB). The graph shows an increase in 

heating value, especially in the Air Dried Basis (ADB) and Dry 

Basis (DB) conditions, due to the decrease in moisture content in 

the pellets. In contrast, in the As Received (AR) condition, the 

heating value is lower due to the high water content. The calorific 

values obtained have met several pellet standards listed in Table 1, 

such as the Indonesian National Standard (SNI 8675:2018), as 

well as standards from other countries such as Germany (DIN 

51371), France (ITEBE), Sweden (SS 18 71 20) for ADB and DB 

conditions, Europe (EN Plus), and Japan (JPA). 

In the graph of test results as shown in Fig. 4, the moisture 

content of sengon wood pellets in the Air Dried Basis (ADB) 

condition shows a 100% difference in value compared to As 

Received (AR). Likewise, in the Dry Basis (DB) condition, there 

is a 100% difference in value compared to As Received (AR). The 

graph only shows the moisture content in the As Received (AR) 

condition, while the Air Dried Basis (ADB) and Dry Basis (DB) 

conditions have no values listed. This is because in the ADB 

condition, before the test is carried out, the sample has been dried 

so that the surface moisture is not calculated. While in the DB 

condition, the samples were tested as dry samples. The results of 

this moisture content measurement are in accordance with several 

pellet standards listed in Table 1, such as the Indonesian National 

Standard (SNI 8675:2018) for industry, as well as standards from 

several other countries such as Germany (DIN 51371) and France 

(ITEBE). 

In the graph of test results as shown in Fig. 5, the heating value 

of sengon wood pellets in the As Received (AR) condition shows 

a difference of 10.4% compared to Air Dried Basis (ADB) and a 

difference of 11.6% compared to Dry Basis (DB). In the Air Dried 

Basis (ADB) condition, there is a 1% difference in value 

compared to the Dry Basis (DB). The ash content test results have 

met the pellet standards listed in Table 1, namely the Indonesian 

National Standard (SNI 8675:2018). In addition, these values also 

meet the standards of several other countries, such as European 

(EN Plus), French (ITEBE), and Japanese (JPA) standards.  
 

Table. 1 Pellet standard 

Parameters Units 
Indonesia (SNI 8675:2018) Europe  

(EN Plus) 

Germany 

(DIN57131) 

Sweden  

(SS 18 71 20) 

France 

(ITEBE) 

Japan 

(JPA) Home Industry 

Calorific value MJ/kg 16.5 16.5 16.5 – 19 17.5 – 19.5 > 19.08 > 16.9 16.5 – 18 

Kcal/kg 3940.96 3940.96 3940.96 4179.80 4557.18 3843.03 3940.96 

Water content % wt 10 12 < 10 < 12 < 10 ≤ 15 ≤ 10 

Ash content % wt 5 5 < 3 < 1.5 < 0.7 ≤ 6 ≤ 1.0 
 

Table 2. Proximate analysis testing results 

Parameters Unit AR ADB DB Test method 

Total moisture % wt 10.36 - - ASTM E 871 – 82 

Ash content % wt 1.72 1.90 1.92 ASTM D 1102 – 84 

Volatile matter % wt 73.78 81.28 82.29 ASTM E 872 – 82 

Fixed carbon % wt 14.14 15.59 15.79 ASTM D 3172 – 13 

Total sulfur % wt 0.12 0.13 0.13 ASTM D 4239 – 18 

Gross calorific value Kcal/Kg 4216 4645 4703 ASTM D 5865 – 19 
 

As for the combustion rate, by using Eq. 4 the results are 

obtained: 

1. Specimen 1 

Combustion rate = 
        

     
  = 0.152 gr/minute 

2. Specimen 2 

Combustion rate = 
        

     
  = 0.168 gr/minute 

3. Specimen 3 

Combustion rate = 
        

     
 = 0.174 gr/minute 

Tests and calculations have been carried out, with the results 

shown in Fig. 6, where each specimen shows different results. In 

the test, sample 1 has a value difference of 10.5% compared to 

sample 2 and a value difference of 14.4% compared to sample 3. 

Meanwhile, sample 2 has a difference in value of 3.5% compared 

to sample 3. The data in the graph shows an increase that is 

influenced by the different sizes and masses of the pellets tested. 

In addition, the volatile matter content can also affect the results, 

both in terms of increase and decrease in value. 
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Fig. 3. Calorific value. 

 

 
Fig. 4. Water content. 

 

 
Fig. 5. Ash content. 

 

From the combustion rate tests that have been conducted, it 

can be seen that sample 3 has the best performance by producing 

an average value of 0.174 gr/min. The normal burning rate test 

lasts between 5.42 minutes and 7.29 minutes, but the test results 

showed the highest number in sample 3 at 17.26 minutes. This 

means that sample 3 not only meets but also exceeds the set 

standard value. 

 

 
Fig. 6. Combustion rate. 

 

The SEM-EDX test on wood pellets made from sengon wood 

aims to determine the purity of the elemental composition within 

the wood pellets, particularly the basic elements that constitute 

fuel. According to the SEM-EDX results, the highest content in 

the wood pellets is the Oxygen (O) element at 52.08%, followed 

by the Carbon (C) element at 40.37%. The percentages of other 

elements present in smaller amounts include Calcium (Ca), Silicon 

(Si), Copper (Cu), Potassium (K), Chlorine (Cl), and Aluminum 

(Al), as shown in Table 3, which details the composition of 

burning wood pellets from sengon wood based on SEM-EDX 

analysis. 
 

Table 3. Composition of wood pellet combustion from sengon 

wood SEM-EDX 

Elements Wt% At% 

O 52.08 49.22 

C 40.37 47.68 
Ca 1.29 0.30 

Si 0.85 0.46 

Cu 1.96 1.02 
K 0.42 0.18 

Cl 1.40 0.52 
Al 1.64 0.60 

 

To ensure high-quality wood pellets, it is essential to minimize 

the presence of inorganic elements such as alkali metals (K, Na) 

and significant amounts of Cl, S, and Si. These elements can 

introduce impurities, cause scaling, and lead to corrosion in 

combustion boilers, necessitating more frequent maintenance. 

Wood pellets derived from sengon wood, as observed in SEM-

EDX tests, meet fuel standards but require further examination. 

Typically, biomass contains approximately 45% carbon (wt% dry 

fuel), whereas coal contains 60% or more. A higher carbon 

content correlates with an increased heating value. 

Fig. 7 shows that the highest energy emission from atoms in 

wood pellets comes from Carbon (C), followed by Oxygen (O). 

Small amounts of energy emission are also observed from metals 

(Al, K, and Ca), semi-metals (Si), and non-metals (Cl). Based on 

the SEM micrograph in Test 1, the dark-colored areas appear more 

extensive compared to the lighter-colored areas, which likely 

indicate the presence of metal elements. Test data from Test 2 and 

Test 3 generally show that the combination of O and K elements is 

predominant, although Test 2 specifically indicates that C and K 

elements are highest, as detailed in Table 4. 
 

 
Fig. 7. Wood pellet energy. 

 

SEM characterization was employed to analyze the 

morphology and structure of the samples detailed in Table 4. The 

SEM micrograph analysis specifically examined the surface of 

wood pellets, providing insights into their external characteristics. 

However, it did not reveal the internal structure, which likely 

differed in density from the surface. As indicated in Table 4, the 

density of the wood pellets was 796 kg/m³, illustrating varying 

pore sizes. During the pelleting process, rapid compression on the 

outer surface against steel molds created smaller and smoother 

pores compared to the interior. The rapid pressing could also lead 

to pellet breakage, forming additional pores and reducing overall 

porosity. 

Furthermore, EDX analysis revealed that approximately 50% 

of the wood pellet composition comprised carbon-carbon bonds, 

suggesting heterogeneous particle formation due to the absence of 

binders in the pellet manufacturing process. 
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Table 4. SEM micrograph testing 

Testing Description 
 

 

It can be seen that the 

dark-colored part is larger. 

The lighter colored, or 

white parts are probably 

metallic elements. 

 

 

 

It can be seen that the 

bright part is wider and 

there are more debris. 

 

 
 

 

While dark parts appear in 

some places, there are also 

bright parts. 

4 Conclusion 

In the research conducted, the results showed that the calorific 

value increased due to a decrease in the moisture content of the 

pellets. The highest heating value was found in the Dry Basis 

(DB) test, which amounted to 4703 Kcal/kg. Meanwhile, in the 

moisture content study, the results showed that in the As Received 

(AR) condition, the moisture content was recorded at 10.36%. 

However, in the Air Dried Basis (ADB) and Dry Basis (DB) 

conditions, the moisture content value was not recorded because 

the test did not calculate surface moisture and total moisture. 

In the ash content study, the results varied. The lowest ash 

content was found in the As Received (AR) test, which amounted 

to 1.72%. Meanwhile, in the combustion rate study, the results 

showed an increase, which can be caused by differences in mass 

and size in each sample, which affect the combustion rate. The 

highest combustion rate was found in sample 3, with a value of 

0.174 gr/min. 

The results of the calorific value obtained are as follows: As 

Received (AR) of 4216 Kcal/kg, Air Dried Basis (ADB) of 4645 

Kcal/kg, and Dry Basis (DB) of 4703 Kcal/kg. These values have 

met the standards set by the Indonesian National Standard (SNI 

8675:2018) listed in Table 1, as well as international standards 

from several countries, such as Germany (DIN 51371), Sweden 

(SS 18 71 20), France (ITEBE), Europe (EN Plus), and Japan 

(JPA). For moisture content, the result obtained for As Received 

(AR) condition is 10.36%, which is also in accordance with SNI 

8675:2018 and international standards such as those in Germany 

(DIN 51371) and France (ITEBE). For ash content, the results 

were 1.72% in the As Received (AR) condition, 1.9% in the Air 

Dried Basis (ADB) condition, and 1.92% in the Dry Basis (DB) 

condition. These values meet the SNI 8675:2018 standard as well 

as standards from Europe (EN Plus), France (ITEBE), and Japan 

(JPA). In the combustion rate study, the results showed that 

sample 1 was 0.152 gr/min, sample 2 was 0.168 gr/min, and 

sample 3 was 0.174 gr/min. This test showed a normal burning 

time between 5.42 minutes and 7.29 minutes. However, the 

highest result was found in sample 3, with a time of 17.26 

minutes, which means it exceeds the set standard. 
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