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ABSTRACT 

Bamboo is a potential energy crop for the future and an attractive option to replace wood due to its fast growth, high 

productivity, and essential fuel characteristics such as low ash content, alkali index, and high heating value. This study 

aimed to evaluate the effects of torrefaction on the physical properties of andong (Gigantochloa pseudoarundinacea) 

and betung (Dendrocalamus asper) bamboo pellets. Torrefaction of bamboo pellets was conducted in an oxidative 

atmosphere using an electric furnace at 280°C with a residence time of 40 min. The results showed that oxidative 

torrefaction caused a decrease in the equilibrium moisture content of bamboo pellets. Water resistance and water 

adsorption test showed that the torrefied pellets are more resistant to water and relative humidity than the non-torrefied 

pellet, which is beneficial when the pellet is stored for a long time and in humid conditions. The results also showed 

that the density of bamboo pellets decreased after torrefaction.  
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1. INTRODUCTION 

Biomass energy is a very potential alternative energy 

source in Indonesia. Biomass is organic material derived 

from plants [1]. Indonesia has abundant biomass 

resources, both in the form of raw materials and waste 

[2]. Bamboo is one of the biomass which has potential as 

an alternative energy source [3]. Biomass has 

disadvantages when used as a solid fuel because it has 

variations in size and shape that cause difficulties in 

handling and storage, making it uneconomical to 

transport over long distances [4].  

Biomass needs to be processed through densification 

so that its use is more practical. Densification is a 

technique of converting biomass into fuel with the aim of 

increasing density and facilitating storage and 

transportation because it has uniform size and quality. 

One of the biomass densification products is biomass 

pellets. Pellets are biomass that is reduced in size, then 

compacted so that it has a cylindrical shape that can be 

used as fuel [5]. Density affects the quality of solid fuel 

because high density can increase the energy density of 

the fuel. Research shows that size reduction can reduce 

transportation costs and facilitate storage and handling 

[6]. Biomass pellets are one of the products developed as 

an alternative to new energy sources used as fuel. Pellets 

can be used as fuel for household, agricultural, and large 

industrial needs, and even for the power generation 

industries. 

Pellets as a biomass energy source have advantages 

compared to other biomass energy sources, such as 

briquettes and chips, especially in density and uniformity 

of shape [7]. This higher density results in lower 

transportation costs and efficiency in terms of greater 

energy conversion [8], while a reduction in moisture 

content increases storage duration. Indonesia has a 

bamboo forest area of around 2,000,000 ha, the third 

largest in Asia [9]. Andong (Gigantochloa 
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pseudoarundinacea (Steudel) Widjaja) and betung 

(Dendrocalamus asper) is a type of bamboo that grows 

in Indonesia which is used for household appliances, 

crafts, and building materials. Bamboo is a 

lignocellulosic material consisting of cellulose, 

hemicellulose, and lignin; hence it can be used as a 

substitute for wood for several purposes [10]. The growth 

rate of bamboo is faster than wood, so it has a short 

cutting cycle and can be planted easily in almost any type 

of soil [11]. Bamboo biomass a potential to be developed 

as a source of raw material for pellet production in 

Indonesia. 

Many studies on torrefaction of biomass pellets have 

been conducted [5,12,13]. However, study on the 

torrefaction of bamboo pellet is still lacking [14]. 

Therefore, the aim of this study was to evaluate the 

effects of torrefaction on the energy properties of andong 

and betung bamboo pellets. 

2. MATERIALS AND METHOD 

2.1. Material Preparation and Bamboo Pellet 

Production 

Andong (Gigantochloa pseudoarundinacea (Steudel) 

Widjaja) and betung (Dendrocalamus asper) aged two 

years were collected from Ciawi, Bogor Regency, West 

Java, Indonesia (coordinates 6°40'49,3" South Latitude 

and 106°49'49,6" East Longitude). Preparation of 

bamboo particles and production of bamboo pellets was 

conducted at the Research Center for Biomaterials, 

Indonesian Institute of Sciences, Cibinong, West Java, 

Indonesia. Andong and betung bamboos were used to 

produce the pellets. 

A total of 50 stalks for each bamboo were felled on 

the fourth node from the ground with an average length 

of 9 m. The bamboo culms were then dried outdoors for 

one week, then cut using a circular saw into three parts, 

namely the bottom, middle, and top, with a length of 3 m 

each. Each piece was then split into small strips, and the 

outer and inner shells were removed using a planer 

machine. The bamboo strip without the skin was cut into 

small pieces and then put into a grinding machine to 

produce bamboo particles or powder. The powder was 

then dried until it reaches a moisture content of ± 12%, 

then fed into a pellet machine with a processing capacity 

of 1 ton/h (Model HM560A, Shandong HM Better Pellet 

Mill Machinery, China) and was compressed into pellets. 

The bamboo pellets were cooled down and then put into 

plastic containers.  

2.2. Torrefaction of Bamboo Pellets 

Bamboo pellets that have been prepared were 

weighed and then wrapped using aluminum foil. The 

bottom part of the wrap was then perforated using a 

needle. Torrefaction of bamboo pellets was conducted 

using an electric furnace at 280 °C with a residence time 

of 40 min. After 40 minutes, the samples were removed 

from the furnace and then put in room condition at a 

temperature of 25-30°C with relative humidity (RH) of 

70-80%. 

2.3. Evaluation of Bamboo Pellets 

The density, moisture content, and water resistance of 

bamboo pellets before and after torrefaction were 

evaluated. The density test was carried out using the 

oven-dry samples based on the KS F 2198 standard [15]. 

The sample was weighed, and then the average length 

and diameter were measured to determine the volume of 

the pellet sample. The measurement of moisture content 

was conducted following KS F 2199 standard [16]. Air 

dry weight and oven-dry weight were measured to 

determine the moisture content of the samples before and 

after torrefaction. The density (ρ) and moisture content 

(MC) were calculated as the following: 

 = mod/Vod    (1) 

%100



m

mm
MC od    (2) 

where mod is the oven-dry weight of the sample (g), m is 

the initial weight of the sample (g), and Vod is the oven-

dry volume of the sample (g).  

The water-resistance test was conducted by immersing 

bamboo pellets in water and observing the visual changes 

in bamboo pellets after soaking for 5, 30 minutes, and 1 

hour. The water adsorption of the pellet was measured by 

placing the pellet in a room with ambient temperature and 

observing the mass changes for one month.  

3. RESULTS AND DISCUSSION 

3.1. Density  

The density of bamboo pellets before and after 

torrefaction is shown in Figure 1. The results showed that 

torrefaction with an electric furnace (EF) resulted in a 

decrease in bamboo pellet density. Bamboo pellets 

without torrefaction have a density of 1.26 g/cm3 and 

1.30 g/cm3 respectively, for andong and betung. The 

bamboo pellet density decreased to 1.2 g/cm3 after being 

torrefied with EF at temperature 280 °C for 40 minutes. 

The decrease in density occurred because of the removal 

of water and extractive components that make the mass 

of bamboo pellets decreased after torrefaction [17].  

3.2. Moisture Content 

The moisture content (MC) of bamboo pellets before 

and after torrefaction is shown in Figure 2. The results 

showed that the MC decreased after torrefaction using EF. 

Andong and betung bamboo pellets before torrefaction 

had an MC of 6,58% and 4,03% and. The MC of bamboo 

pellets decreased after torrefaction 280°C, reaching 

2.02% for andong and 1.89% for betung. The results are 
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in line with previous study [13], showing the rubberwood 

pellets before torrefaction with an MC of 12.25% 

decreased after torrefaction up to 3.54% [13]. 

Torrefaction at relatively high temperature causes 

evaporation of water and extractive materials as well as 

degradation of hemicellulose so that MC is decreasing 

[18]. 

 

Figure 1. Density of bamboo pellets before and after 

torrefaction 

 

Figure 2. Moisture content of bamboo pellets before and 

after torrefaction 

3.3.  Water Resistance 

Water-resistance testing was carried out to determine 

the resistance of the pellets to the rate of absorbing water 

for a time limit of up to 1 hour. Figure 3 reveal 

correspondingly the andong and betung bamboo pellets 

before and after torefaction that have not been given water 

resistance test treatment.  

The water resistance of bamboo pellets before and 

after torrefaction is shown in Figure 4 and Figure 5. The 

control samples of andong and betung bamboo pellets 

began to show physical changes in the form of pellet 

development after soaking for 5 minute. The pellets are 

expanding after soaking for 30 minutes and 1 hour. 

Research using rubber and jabon wood pellets show that 

the pellets began to disintegrate after immersing in water 

for 5 minutes and got worse after immersion for 24 hours 

[12,13]. 

 

 
 
Figure 3. Visual appearance of andong and betung 
bamboo pellets: before (top) and after torefaction 
(bottom) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Changes in the andong bamboo pellets after 
soaking in water for: (a, d) 5 minutes, (b, e) 30 minutes, 
and (c, f) 1 hour  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Changes in the betung bamboo pellets after 
soaking in water for: (a, d) 5 minutes, (b, e) 30 minutes, 
and (c, f) 1 hour 
 

The torrefaction of pellets from andong and betung 

bamboo using EF at 280 °C did not show any damage 

even after soaking for 1 hour. Based on the test results of 

moisture content and water absorption, torrefaction 
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changes the hygroscopic properties of bamboo pellets 

from hydrophilic (tend to absorb water) to hydrophobic 

(resistant to water). The hydrophobic properties of pellets 

are very advantageous in storage as well the application. 
 

3.4.  Water Adsorption  

 The water adsorption observations of bamboo pellets 

before and after torrefaction were carried out for 30 days 

and the results are presented in Figure 6.  

 

Figure 6. Water adsorption of bamboo pellets before and 
after torrefaction 

Control bamboo pellets, especially in betung bamboo 

pellets, the percentage of water adsorption is very volatile 

because it is easily affected by changes in relative 

humidity. In contrast, in bamboo pellets after torrefaction, 

the percentage of water adsorption was not as volatile as 

the control pellets. The presence of water in the biomass 

pellets has an essential role in hydrophobic behavior [15]. 

As an indicator of hydrophobicity, MC of biomass pellets 

before and after torrefaction is specified, and the results 

presented in Figure 2 indicate that bamboo pellet after 

torrefaction is highly hydrophobic.  

4. CONCLUSION 

The results showed that oxidative torrefaction 

caused a decrease in the equilibrium moisture content of 

bamboo pellets. Water resistance and water adsorption 

test showed that the torrefied pellets were more resistant 

to water and relative humidity than the non-torrefied 

pellet, which is beneficial when the pellet was stored for 

a long time and in humid conditions. The results also 

showed that the density of bamboo pellets decreased after 

the torrefaction process. 
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