
INTRODUCTION

Demand for the production of solid fuel such as pellet, charcoal and briquettes from biomass materials 
has increased due to the tremendous interest to replace the consumption of fossil fuels These solid fuels 
are produced with the intention to reduce the dependency on the fossil fuels resources (Sette et al. 2016). 
Recently, the market for pellets is increasing rapidly for domestic applications as well as for combined 
power and heat generation. In general, biomass materials in  original form are very difficult to handle, 
transport and store due to their high moisture content, low bulk density and irregular shape or size where 
the transport efficiency and storage space are very depending on the bulk density (Liu et al. 2013). 

Biomass pellets are one of the alternative energies that have excellent properties. Turning biomass 
materials into pellets via pelletizing process could reduce material waste and generate high value-
added products. They could enhance the bulk density with regular shape and size and have low 
moisture content that would make them easy to transport and store. Pellets with higher density can 
reduce the transportation cost with higher efficiency during energy conversion (Carone et al. 2011). 

Bamboo is one of the potential feedstocks that can be utilized to produce pellets. It is a renewable, cost 
effective and eco-friendly resource that can be an alternative to fossil fuels. Bamboo is a useful plant, 
and it is from a family of grass. It is a fast-growing species that grows faster than wood. It can grow up to 
over 1 meter per day. Matured bamboo can be harvested in 4 years, depending on the species of bamboo. 
Dwivedi et al. (2014) reported that more than 1200 species of bamboo can be found all over the world, 
and around 400 species are mainly from China. According to Liu et al. (2016), bamboo is a main type 
of biomass that has been cultivated widely in China, and it is used as a potential feedstock for bioenergy 
production. Bamboo alone has low bulk density, but by mixing it with other types of woody biomass 
the bulk density can be enhanced and meet the standard requirements for commercial pellets. In general, 
bamboo has been used to produce household products, and the application has grown into industry level 
due to the increase in demand in pulp and paper industry, furniture, construction and others (Benjamin 
et al. 2012). 

  
Figure 1   Pellet from Bamboo
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Pellets produced from biomass materials such as bamboo give many advantages to the environment and 
economy (Figure 2). Biomass pellets are renewable, environmentally friendly, clean and efficient like 
using fossil fuels with high calorific value.  

Figure 2   The advantages of pellets produced from biomass (Anon.1 2021)

Production of Bamboo Pellet 

Green bamboo of 10 meters length is cut into short tubes which will later be split into sections. The 
sectioned bamboo will be ground into small size fibers. These bamboo fibers will be dried in the oven 
until the moisture content is between 12% to 15% (Figure 3). Dried bamboo fibers are ready to be 
pelletized to produce pellets.   

    

 

Figure 3   Green bamboo being processed into fibers 1 
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Pellets are produced through the compression of bamboo fibers using molds according to 
the desired size. The high compressive pressure will cause the pellet temperature to increase 
and the lignin content will act as a natural adhesive to bond the fibers together. The pellet 
diameter is approximately 6 mm with a length of up to 25 mm. The pellet machine used will 
automatically cut the pellet according to the desired length. The pellet production process is 
shown in Figure 4. According to Sudhagar et al. (2006), pellets are in cylindrical form and 
extremely dense with length size between 5 to 40 mm and diameter that ranges from 6 to 8 mm.

Figure 4   Bamboo Pellets Production Process

Bamboo Pellets Properties

Bamboo pellets have almost similar properties as compared to commercial pellets that are normally 
produced using woody biomass materials. Table 1 shows the comparison of the physical, chemical and 
energy properties of bamboo pellets with commercial pellets and guiding standard of pellets according 
to DIN51731 (1996). According to Liu et al. (2014), bamboo pellets have higher combustion and heat 
release rates due to larger particle sizes, and due to this bamboo pellets are suitable as a new biomass 
solid fuel. They have the potential to be developed as a substitute to commercial pellets. Pelletizing 
of bamboo increases its bulk density and improves its flammability properties as compared to direct 
burning of raw bamboo.

Density is an important indicator to evaluate the quality of pellets. Transport, handling and storage 
efficiencies are affected by the bulk density of pellets such that higher bulk density leads to greater 
transport efficiency and lower storage space (Liu et al. 2016). Bamboo pellets have bulk density lower 
than commercial pellets but almost similar with respect to the guiding value of pellets from biomass 
which is more than 600 kg/m3. The percentage different of density between bamboo and commercial 
pellets is less than 5% which is insignificant. 

Moisture content of bamboo pellets is almost similar to commercial pellets and meets the standard 
requirement (<12%). According to Sukarta et al. (2018), an average moisture content (MC) of the 
commercial pelleted product is 10%–12%, and it is important to measure the MC to determine the 
quality of pellets as fuel. High MC lowers the calorific value, thus reducing the conversion efficiency 
and performance of pellets as fuel for energy (Obernberger et al. 2004).
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Table 1   Comparison of properties of bamboo pellets with commercial pellets 

Properties Bamboo Pellets Commercial Pellets Guiding value DIN51731 (1996)

Length (mm) 35.0 28.7 <50

Diameter (mm) 6 - 8 8.0 4-10

Moisture content (MC) (%) 6.0 7.3 <12

Volatile Matter (VM) (%) 77.9 79.7 -

Ash content (%) 1.1 1.2 <1.5

Fixed carbon (FC) (%) 14.2 14.9 -

Durability (%) 98.0 98.0 -

Calorific value (MJ/kg) 20.1 19.7 17-19

Density (kg/m3) 1102 1069 -

Bulk Density (kg/m3) 599 631 >600

Calorific value is the amount of energy per unit mass released upon complete combustion. Higher 
calorific value has high tendency to produce more energy. While fuel with low calorific value tend to 
burn inefficiently thus causing lots of exhaust and air-pollution.  Liu et al. (2016) reported that calorific 
value of bamboo pellets was 18.5 MJ/kg which was higher than pine wood of 18.3 MJ/kg. Proximate 
analysis is also important to evaluate the quality of pellets. Pelletizing of bamboo will increase its fixed 
carbon which is an important property that has strong relationship with heating value or calorific value. 
From Table 1 it shows that bamboo pellets have almost similar FC content with commercial pellets. 
Other than that, ash content of bamboo pellets is less than standard requirement. However, it depends 
on the type of bamboo species used to produce pellets; for example, the ash content of pellets produced 
using Aur bamboo is 0.50%.  

Application of Bamboo Pellets

Bamboo pellets are a new green energy fuel that are mainly used to replace traditional fossil fuel (coal, 
oil and gas). Compared to gas, oil and electric heating, utilization of bamboo pellets  to replace the 
conventional heating can save up to 50 percent of energy costs (Anon.2 2021). For small and medium 
industries, pellets have been used in boiler to generate electricity and steam. They produce less pollution 
with complete combustion. For domestic applications in cold climate countries, pellets are used in the 
furnace to produce heat and supply of hot water. 

Bamboo pellets used for stoves and grill for cooking are clean and environmentally friendly and in 
no way contribute to global warming by increasing the greenhouse gas emissions. Moreover, bamboo 
pellets are used as animal bedding and pet litter to replace the pet sand that is very difficult to handle. 
Bamboo pellets can also be used as animal feed where they are in crispy form, light sweet flavour as well 
as possessing exceptional dietary value. 
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Figure 5   Bamboo pellets applications (Anon.3 2021)
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Bamboo is a fast-growing species that has great potential 
as an energy resource in the future. Converting bamboo 
into pellets improves its physical and combustion 
properties. The quality of bamboo pellets produced 
are almost similar to commercial pellets with respect 
to DIN51731 standard. High calorific value of bamboo 
pellets (about 20 MJ/kg) shows that high energy is 
produced during combustion due to them being burnt 
efficiently and completely. Furthermore, transportation 
of bamboo pellets in uniform size and high bulk 
density (about 599 kg/m3) could reduce the storage 
area. Bamboo has the potential as a feedstock for the 
production and development of commercial pellets.


