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ABSTRACT: Agroforestry biomass is a great energy alternative, with potential to produce pellets and 
briquettes. The objective of this study was to assess the potential of using the biomass of bamboo species to produce 
pellets. Mature culms of the species Bambusa vulgaris var. Vitatta, Dendrocalamus asper and Bambusa tuldoides were 
used, in addition to wood discs of 6 year-old hybrids of E. urophylla x E. grandis for comparative purposes. Biomass was 
characterized by the bulk density, proximate analysis, calorific value and energy density. Pellets were characterized 
(moisture content, length, diameter, durability, bulk, apparent and energy density) after production. All the characteristics 
of bamboo and eucalyptus pellets met the quality specifications required in international product marketing standards, 
except for the ash levels. The species Bambusa vulgaris var. vitatta, Dendrocalamus asper and Bambusa tuldoides had 
energy characteristics that indicate its potential for being used as an energy source in the form of pellets. 
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INTRODUCTION  

 
Biomass is one of the renewable energy 

sources with the greatest potential for development 
in the next years, and is considered one of the main 
options to diversify energy sources and reduce 
dependence on fossil fuels (ANEEL, 2013). The 
energy and rational use of biomass tends to promote 
the development of economically disadvantaged 
regions, through job creation and income 
generation, reducing the problem of rural exodus 
and dependence on foreign energy (LYBEER, 
2006).  Such energy and rational use of biomass is 
of great environmental importance for reducing the 
use of fossil fuels and the emission of Greenhouse 
Effect Gases, consequently, mitigating global 
warming.  

Wood and agricultural crops (e.g., sugar 
cane) are the main energy biomass sources currently 
used in Brazil (GARCIA, et al., 2013). However, 
alternative biomass sources with the potential for 
power generation, such as agricultural/forest 
residues and grasses, have been used and are the 
focus of studies on the substitution of fossil fuels 
and natural gas. Bamboo species are among the 
alternative fuels studied, and have a high growth 
rate and accelerated biomass production that places 
them in a prominent position for energy use 
(SCURLOCK et al., 2000).  

The estimated area planted with bamboo 
species in the world is 40 million hectares 

(LOBOVIKOV et al., 2007). In Brazil, the large 
forest stands with bamboo are located in the states 
of Maranhão, Piauí, Pernambuco, Paraíba and 
Bahia, and are intended primarily to provide 
biomass and cellulose (SANTI, 2015). The species 
Dendrocalamus asper (Schult. & Schult.) Backer 
ex. K. Heynek (MOGNON et al., 2015), Bambusa 
vulgaris Schard. ex J.C. Wendl and Bambusa 
tuldoides Munro (SANTANA, 2014) are highlighted 
as the most common and widespread exotic tropical 
species of bamboo in the country, and have a great 
potential due to its rapid growth and significant 
biomass. However, the limited scientific knowledge 
on bamboo species, especially regarding the 
possibility of its use as an energy source, has 
restricted the full development of the culture.  

The pellets are among the possible biomass 
energy sources most widely used in the world  
(TOSCANO et al., 2013; ARRANZ et al., 2015). 
Pellets have characteristics superior to other 
biomass products, such as woodchips and briquettes, 
especially in regards to mass and energy densities 
(ARRANZ et al., 2015). Such higher density results 
in lower transportation costs and greater efficiency 
in regards to energy conversion (CARONE et al., 
2011), having suitable properties for use in 
residential and industrial scale. 

World pellet production had an accelerated 
growth in recent years, of 7 to 19 million tons from  
2006 to 2012 (FAO, 2012), mainly due to the 
increased demand generated by environmental 
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policies and bioenergy use goals in Europe (DUCA 
et al., 2014). Pellet production in Brazil is evolving 
slowly, largely because of the little information on 
the product and the industry, with a small-scale 
production in 14 factories of 60,000 ton/year 
(ABIPELL, 2013) intended mainly to the thermal 
market (ESCOBAR, et al., 2014).  

The biomass of pellets has been widely 
studied worldwide (LIU et al., 2014). However, 
scientific studies that evaluated the production of 
pellets from the biomass of bamboo species and 
their characteristics (LIU et al., 2012, 2013, 2014) 
are rare. The development of new research projects 
given the increasing demand for renewable energy 
from biomass is essential. The objective of this 
study was to evaluate the potential of using bamboo 
species biomass to produce pellets.  

 
MATERIAL AND METHODS  
 
Selection, collection and preparation of samples 

Mature culms of the species Bambusa 
vulgaris var. vulgaris, Dendrocalamus asper and 
Bambusa tuldoides, in an area of 5-year old 
experimental, were selected and collected in clumps 
in the central state of Goiás. The altitude in the 
region is 730m, and the climate is type Aw (hot and 
semi-humid) according to the Köppen classification, 
with a well-defined dry season from May to 
September, average annual precipitation of 1.400 
mm and soil characterized as dark Oxisol. The 
criteria defined by Hidalgo-Lopez (2003) were 
considered to select mature culms: placed in the 
center of the thicket, with high hardness and dark 
color. A total of five culms were randomly chosen 
for each species, and 30 cm samples near the DBH 
(1.3 meters high) and between the nodes were made 
through cutting.  

A total of five trees of 6-year-old  
Eucalyptus grandis x Eucalyptus urophylla hybrids 
(popularly known as eucalyptus urograndis) were 
selected from a forest plantation located in the same 
area used to sample bamboo culms, for comparison. 
These five trees were cut and pruned, and short logs 
of 30 cm in length were cut in the trunk near the 
DBH (1.3 meters high).  

Bamboo and eucalyptus samples were used 
to characterize biomass and production of pellets, 
which were transformed into sawdust using a 
crusher and a Wiley knife mil, and mechanically 
separated in the orbital shaker of sieves with 
intermittent beats, to select the faction removed in 
the sieve (number 24 international, with mesh 
opening of 60). 

 

Evaluation of biomass characteristics  
The procedures carried out to evaluate 

biomass characteristics were performed in triplicate 
to obtain the arithmetic mean (ARRANZ et al., 
2015). The proximate analysis is based on the 
ABNT NBR 8112 (BRAZILIAN ASSOCIATION 
OF TECHNICAL STANDARDS; ASSOCIAÇÃO 
BRASILEIRA DE NORMAS TÉCNICAS - ABNT, 
1983), where ash content, volatiles, fixed carbon 
were determined.  

The bulk density of the biomass was 
obtained according to the methods established in 
ABNT NBR 6922 (BRAZILIAN ASSOCIATION 
OF TECHNICAL STANDARDS; ASSOCIAÇÃO 
BRASILEIRA DE NORMAS TÉCNICAS - ABNT, 
1981). The relationship between the mass of the 
biomass and the known volume of a container was 
used.  

The highest calorific value was determined 
using a calorimeter bomb (IKA WORKS, model C-
200), as established by ABNT NBR 8633 
(BRAZILIAN ASSOCIATION OF TECHNICAL 
STANDARDS; ASSOCIAÇÃO BRASILEIRA DE 
NORMAS TÉCNICAS - ABNT, 1984), and the 
energy density was calculated multiplying the gross 
calorific value by the bulk density of biomass. 

 
Pellets production and evaluation 

The bamboo and eucalyptus pellets were 
produced using a laboratory pelletizer, consisting of 
a lower part with a circular matrix with 6 mm holes 
and an upper part with two rolls with rotational 
movements (around its axis and around the matrix). 
The bottom of the matrix also has a blade which 
cuts the pellets into a standard size of 30 mm. The 
moisture content of two kilograms of biomass of 
each species was adjusted to 20% for the pellet 
production process, as recommended by the 
manufacturer of the equipment. 

First, with the objective to determinate 
average dimensions, moisture content and density 
apparently individual, thirty pellets of each species 
were randomly selected. The length (L in mm) and 
diameter (d in mm) were measured using a digital 
caliper and the initial mass was determined, right 
after production (Mi in g) and final mass (Mf in g), 
after drying in an oven at 103°C and stabilizing. 

The moisture content of each pellet (U%) 
was obtained using equation 1, and following 
ABNT NBR 14929 (BRAZILIAN ASSOCIATION 
OF TECHNICAL STANDARDS; ASSOCIAÇÃO 
BRASILEIRA DE NORMAS TÉCNICAS - ABNT, 
2003).  

   (1) 
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The apparent density of each pellet (dap in 
g.cm-3) was obtained using equation 3, whereas the 
individual volume (V in cm³) was determined by 
equation 2. 

    (2) 

    (3) 

The bulk density (dbulk in g.cm-3) of the 
pellets was calculated as the  ratio of the pellet mass 
(mp in g) and the volume of a container (Vc in cm³), 
using equation 4. The pellets were placed in a 
container, and then were weighed using a digital 
precision scale. The volume of the container was 
determined using its length and diameter. 

    (4) 

 The durability of the pellets (Pd in %) was 
determined as the loss of mass of the samples (see 
Toscano et al. 2013 and Liu et al. 2014) and using 
equation 5. A total of twenty pellets of each species 
were weighed to obtain the initial mass (mid in g) 
and moved to a vibrating sieve for 10 minutes, at 80 
rotations per minute. After this procedure, the 

pellets were weighed once again, when the final 
mass was obtained (mfd in g).  

  (5) 

The energy density was calculated 
multiplying the highest calorific value of the 
biomass by the apparent density of the pellets. 

 
Statistical data analysis  

A completely randomized design with four 
treatments (species) was used in the statistical 
analysis of the results obtained. Analyses were 
carried out in the software JMP (SAS INSTITUTE, 
1997), and the outliers and heterogeneity of variance 
were assessed. An Analysis of Variance (ANOVA) 
was used to verify the effect of the species, and the 
Tukey test was used (at a 95% probability). 

 
RESULTS AND DISCUSSION 
 
Biomass characterization 

The results of the proximate analysis of the 
biomass are shown in Table 1.  

 
Table 1. Proximate analysis analysis of the biomass of Bamboo and Eucalyptus. 

Species 
Carbon 
  Fixed Volatile content Ash content 

(%) (%) (%) 

B. tuldoides 21.8  a  (0.6) 75.2 a  (0.7) 3.0 a  (0.1) 

B. vulgaris 22.8  ab  (0.3) 74.7 a  (0.3) 2.5 ab  (0.2) 

D. asper 23.0  b  (0.4) 75.0 a  (0.2) 2.1 b  (0.3) 

E. urograndis  17.5  c  (0.2) 82.2 b  (0.5) 0.3 c  (0.1) 
Means followed by the standard deviation. Means followed by the same letter in the column do not differ by the Tukey test at 5% 
significance. 

 
The average levels of carbon of the bamboo 

species ranged from 21.8 to 23.0% and were 
statistically higher than that observed for the 
Eucalyptus wood (17.5%). This result shows an 
advantage of using bamboo species rather than 
eucalyptus, once fuels with high fixed carbon 
content have slower burning, providing longer 
residence time in burning devices when compared to 
material with lower fixed carbon contents (Oliveira 
et al. 2010). Fixed carbon contents support the 
findings of Brito and Barrichello (1982), who 
showed bamboo biomass values ranging from 14% 
to 25%. 

The average levels of volatile material were 
75.2% for B. tuldoides, 74.7% for B. vulgaris var. 
vittata, 75.0% for D. asper (without statistical 
difference) and 82.2% for E. urograndis. The 
contents of volatile material of E. urograndis was 
statistically higher than the contents recorded for the 

bamboo species. The quantity of volatile material in 
the wood biomass is usually high, ranging from 65 
to 85% (ARANTES et al., 2013), and is related to 
burning in the carbonization process, which is faster 
the higher the content of volatiles. This is one of 
advantages of biomass relative to mineral coal, 
which, however, makes the systems designed for the 
coal combustion not entirely applicable to the 
combustion of biomass (WERTHER et al., 2000).  
The amount of volatile materials strongly influences 
combustion and the thermal decomposition behavior 
of solid fuels (OBERNBERGER; THEK 2004).  

The ash content, representing the material 
that was not burned, was statistically higher for the 
biomass of bamboo species (2.1 to 3.0%) compared 
to the biomass of E. urograndis (0.3%). These 
results support the findings of Liu et al. (2014). The 
high ash contents of the bamboo species are related 
to the high silica contents present in the chemical 
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composition of the culms (TAMOLANG et. al., 
1980; COSTA, 2004) and represent disadvantages 
for this biomass compared to Eucalyptus, once the 
ash can cause damage to the structure of burners. 
The application in agricultural and forest soils are 
alternatives for the residue produced in large 
quantities by the species of bamboo in the form of 
ashes, during the burning process. Several studies 
have shown the importance of ashes in increasing 
soil fertility, mineral nutrition and forest 
productivity (ZHANG et al., 2002; MAEDA et al., 
2008), or as a mineral additive partially replacing 
Portland cement in concrete due to the high silica 
content of the material. Such use in cement provides 
high reactivity and improvements in physical and 
mechanical properties of the concrete 
(RODRIGUES et al., 2013). 

There is no standardization of solid fuels, 
such as pellets, in Brazil (CARASCH et al., 2012). 

The quality standards in Germany (DIN 51731, 
1996), Sweden (SS 187120, 1998) and Austria 
(M7135, 2000) require ash contents smaller than or 
equal to 0.5-1.5% for wood pellets. Therefore, the 
biomass of the species B. tuldoides, B. vulgaris var. 
vittata and D. asper, with ash contents above 2%, 
fall outside of the European quality standards for 
pellet production.  

The average values of the highest calorific 
value (Table 2) ranged from 4515.1 to 4662.9 
kcal.kg-1, with no significant difference among 
species. The values recorded in this study support 
findings of Scurlock et al., (2000) and Liu et al. 
(2014) for bamboo species and by Soares et al., 
(2015) for E. urograndis. The biomass of bamboo 
species pellets has satisfactory calorific values for 
production and marketing in Europe (DIN 51731, 
1996; SS 187120, 1998; M7135, 2000) and values 
similar to wood. 

 
Table 2. Calorific values, bulk density and energy of the biomass 

Species 
Calorific value  Bulk density  Energy density  

(kcal.kg-1) (g.cm-3) (Gcal.m-3) 

B. tuldoides 4515.1 a  (38.1) 0.35  a  (0.01)   1.59  a  (0.02) 

B. vulgaris 4662.9 a  (45.2)  0.29  b  (0.02) 1.35  b  (0.09) 

D. asper 4526.2 a  (29.7) 0.25  b  (0.02) 1.13  b  (0.02) 

E. urograndis  4657.6 a  (41.2) 0.26  b  (0.02) 1.23  b  (0.10) 
Means followed by the standard deviation. Means followed by the same letter in the column do not differ by the Tukey test at 5% 
significance. 

 
The bulk and energy density (Table 2) were 

directly related with each other. The species B. 
tuldoides, had the highest and significant bulk 
density value (0.35 g.cm-3) and the highest energy 
density (1.59 Gcal.m-3) (PINHEIRO et al. 2005). 
Energy density is an important parameter for solid 
fuels, because it measures the amount of energy 
stored in a given volume of material. Brand et al. 
(2005) and Pincelli (2011) evaluated the bulk 
density of forest harvesting and wood industry 
residues, and found values for eucalyptus ranging 
from 0.19 to 0.26 g.cm-3. 

The low energy density of the biomass with 
respect to oil and coal, implies a high cost of 
transportation and storage (COUTO et al. 2004). 
Accordingly, the research and development of 
techniques aiming at greater concentration of energy 
per unit volume, as in pelletizing, are key to 
increase the use of biomass as an energy source. 
Pellets add value to the final product with 
compression and increased energy density, 
promoting easy handling, low humidity, large 
storage capacity, in addition to the thermal 

regularity and efficiency during combustion 
(COUTO et al., 2004; PAULA et al., 2011). 

 
Characteristics of bamboo and eucalyptus pellets  
 The results of the pellet characterization 
analyses are shown in Tables 3 and 4, and consist on 
the arithmetic mean of 30 pellet measurements for 
each variable. The biomass used for pellet 
production had its moisture content adjusted to 20% 
(humidity basis), as recommended by the 
equipment, once water in the material favors heat 
transfer, and, consequently the link among particles 
during compaction (QUIRINO et al., 2012). The 
reduction in the moisture content of the biomass of 
four species studied, during the pellet manufacturing 
process, was around 12%, reaching values from 7.5 
to 8.2% after compression. These values are within 
the optimum levels according to the required quality 
standards DIN 51731 (1996), SS 187120 (1998) and 
M7135 (2000). Moisture content influences biomass 
ignition, as well as the calorific value, once fuel 
energy is wasted in water evaporation during 
combustion, also interfering with the durability 
compressed materials (QUIRINO et al., 2012). 
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 The diameter and average length of the 
bamboo and eucalyptus pellets range from 6.0-6.2 
mm and 28.0-29.8 mm, without significant 
differences among species. The uniformity of pellet 
dimensions is an important factor in the combustion 
of the material (LIU et al., 2014). Truly, the 
combustion rate is more uniform in thinner pellets 

than in pellets with larger diameter, especially in 
small ovens (PÄIVI, 2001). The bamboo and 
eucalyptus pellets produced in this study are in 
accordance to the required in European quality 
standards (DIN 51731,1996; SS 187120, 998 and 
M7135, 2000) in regards to diameter and length. 

 
Table 3. Moisture content, diameter and length of the pellets 

Means followed by the standard deviation. Means followed by the same letter in the column do not differ by the Tukey test at 5% 
significance. 

 
The average bulk density values of the 

pellets was 0.65 g.cm-3 for B. tuldoides, 0.61 g.cm-3 

for B. vulgaris, 0.60 g.cm-3 for D. asper and 0.67 
g.cm-3 for E. urograndis and the apparent density of 
each pellet ranged from 1.15 to 1.38 g.cm-3, with no 
significant differences (Table 4). Liu et al. (2012) 
reported a bulk density variation of bamboo pellets 
of 0.52 to 0.65 g.cm-3 and the apparent density of the 
pellets ranged from 1.05 to 1.20 g.cm-3, supporting 

the data obtained in this study. The normative 
standards of pellets quality, regarding the variables 
apparent and bulk density, provide values between 
1.0 and 1.40 g.cm-3 and above 0.6 g.cm-3, 
respectively (DIN 51731, 1996 and M7135, 2000). 
Therefore, the bamboo and eucalyptus pellets are 
consistent with the recommended by European 
standards. 

 
Table 4. Bulk, apparent and energy density of the pellets. 

Species 
Bulk density Apparent density  Energy density 

(g/cm³) (g/cm³) (Gcal.m-3) 

B. tuldoides 0.65   a   (0.03) 1.15  a  (0.17) 5.20 a  (1.21) 

B. vulgaris 0.61   a    (0.05) 1.38  a  (0.24) 6.46 a  (1.52) 

D. asper 0.60   a   (0.01) 1.36  a  (0.28) 6.17 a (1.49) 

E. urograndis 0.67    a   (0.05) 1.36  a  (0.24) 6.36 a (1.74) 
Means followed by the standard deviation. Means followed by the same letter in the column do not differ by the Tukey test at 5% 
significance. 

 
An increase in the magnitude of 327, 478, 

546 and 517% in the energy density of B. tuldoides, 
B. vulgaris, D. asper and E. urograndis biomass, 
respectively, is observed after the biomass 
compaction process (production of pellets) (Table 4; 
Table 2). This increase is due to the increase in 
biomass density after compression, highlighting the 
importance of pelletization in using lignocellulosic 
materials to produce bioenergy, due to the highest 
concentration of energy per unit volume. 

The average durability values were 91% for 
B. tuldoides, 98% for B. vulgaris, 93% for D. asper 
and 96% for E. urograndis (Figure 1), with no 
statistical difference between the means. Liu et al. 

(2014) recorded durability levels of bamboo pellets 
ranging from 95 to 98%, showing the importance of 
pellet resistance, especially in the handling and 
transport.  

The “in natura” biomass usually has 
drawbacks regarding energy use, especially due to 
its high moisture content, low density and calorific 
level, causing high transportation and handling 
costs. However, these problems can be reduced if 
this biomass is densified, as found in the results 
obtained for the bamboo and eucalyptus pellets, 
providing more energy per unit volume, in addition 
to improving handling and transport (FELFLI et al., 
2011; LIU et al., 2014). 

 

Species 
Moisture content Diameter Length 

(%) (mm) (mm) 
B. tuldoides 7.7  a  (0.5) 6.1  a   (0.1) 28.4  a  (1.3) 
B. vulgaris 7.5  a  (0.4) 6.1  a   (0.1) 29.8  a  (1.3) 
D. asper 8.2  a  (0.6) 6.0  a  (0.1) 28.9  a  (1.7) 

E. urograndis 7.9  a  (0.5) 6.2  a  (0.1) 28.0  a  (1.4) 
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Figure 1. Durability of the bamboo and eucalyptus pellets. The bars indicate the standard deviation from the 

mean. 
 
Additional research associated with bamboo 

species are recommended, especially regarding 
productivity, availability and access to biomass, in 
order to endorse its use as an alternative energy 
source. 

 
CONCLUSIONS 

 
All the characteristics of the bamboo and 

eucalyptus pellets meet quality specifications 
required in international marketing standards, except 
for the ash levels.    

The species Bambusa vulgaris var. vitatta, 
Dendrocalamus asper and Bambusa tuldoides 
showed energy characteristics that indicate its 
potential to be used as an energy source in the form 
of pellets. 
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