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RESUMO 

 

A quantidade de resíduos que são descartados da castanha-do-Brasil gerados na extração de 

um fruto é de 1,6 kg de casca e 2 kg de ouriço. Uma alternativa de utilização para esses 

resíduos é a produção de energia. Logo, o objetivo do presente trabalho é analisar o poder 

calorífico da casca da castanha-do-Brasil e o rendimento do carvão produzido a partir desse 

resíduo, afim de conhecer o potencial energético do mesmo. Os resíduos da castanha foram 

coletados no município de Castanhal-PA. Parte do material foi triturado e peneirado com 

granulometria de 40, 60, 100, 200 e 270 mesh e acondicionados em sala de climatização para 

a realização das análises e a parte in natura foi carbonizada em forno tipo Mufla com 

temperatura de 450º por 60 minutos. O rendimento gravimétrico foi determinado pela massa 

do carvão seco dividido pela massa da madeira seca, multiplicado por 100 e o poder 

calorífico superior (PCS) determinado segundo a norma ABNT NBR 8633/84 e conforme o 

manual do calorímetro PARR 1201, além da determinação do poder calorífico inferior (PCI) 

e poder calorífico líquido (PCL). O resultado de rendimento gravimétrico da carbonização 

encontrado para os resíduos de Bertholletiaexcelsa foi de 41,67%. O poder calorífico 
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superior para o carvão foi de 7092,5 kcal/kg, para poder calorífico inferior, 6905,6 kcal/kg e 

6877,4 kcal/kg para poder calorífico líquido. Esses resultados estão relacionados a 

composição química e elementar da carbonização, determinando assim o potencial dos 

resíduos para serem utilizados com fins energéticos. 

 

Palavras-Chave: biomassa; carvão vegetal; rendimento; poder calorífico. 

 

ABSTRACT 

 

The amount of residues that are discarded from Brazil nuts generated in the extraction of a 

fruit is 1.6 kg of bark and 2 kg of hedgehog. An alternative use for such waste is the 

production of energy. Therefore, the objective of this work was to evaluate the energy 

properties of Brazil nut shell, as well as the gravimetric yield of charcoal produced from this 

residue, in order to know its energy potential. Chestnut residues were collected in the 

municipality of Castanhal-PA. The gravimetric yield was determined by the mass of the dry 

coal divided by the mass of the dry biomass, multiplied by 100. The in natura material was 

charred in a Mufla type oven with a temperature of 450º for 60 minutes. The upper calorific 

power (UCP) was determined according to the standard ABNT NBR 8633/84 and according 

to the manual of the calorimeter PARR 1201, besides the determination of the lower calorific 

power (LCP) and the net calorific power (NCP). The result of the gravimetric yield of the 

carbonization found for the residues of Bertholletiaexcelsa was 41.67%. The upper calorific 

power for coal was 7092.5 kcal /kg, for lower calorific power, 6905.6 kcal /kg and 6877.4 

kcal /kg for net calorific power. These results are related to the chemical and elemental 

composition of the carbonization, thus determining the potential of the waste to be used for 

energy purposes. 

 

Keywords: biomass; charcoal; yield; calorific power. 

 

1    INTRODUCTION 

The use of forest biomass as an energy input, in its different forms of exploitation, 

has aroused interest in several countries due to its renewable potential, as well as to generate 

opportunities for work in the energy production process and the creation of new markets for 

forest residues (SANTIAGO, 2013). 

One of the most important species of the Amazon is Brazil nut (Bertholletiaexcelsa), 

native fruit of chestnut-tree, the tree of the family Lecythidaceae, also called Pará nut, black-

brown chestnut, tocari, tururi, cari, juviá, among others. Large tree, measuring up to60 m in 

height, with a diameter of 100 to 180 cm. Brazil nut is rich in oil, consisting of 60 to 70% of 

lipids and 15 to 20% of proteins, as well as other constituents (GONÇALVES, 2013). Each 

Brazilian chestnut fruit collected has, on average, 1,6 kg of residual (residual biomass), 

including the bark of the raw chestnut, or, for every 1 kg of chestnut collected, one has to 

generation of 2 kg of hedgehog, which can be harnessed (OLIVEIRA e LOBO, 2002). These 
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are lignified structures with complex composition,with potential for use in handicrafts and 

energy (FAUSTINO et al., 2014). 

In 2010, the production of almonds of Brazil nut was 40,357 tons. Thus, it is 

estimated that the total number of barks and hedgehogs generated in that year was 56,500 

tonnes(OLIVEIRA e LOBO, 2002; FERREIRA, 2009). 

Therefore, the objective of this work was to evaluate the energy properties of Brazil 

nut shell, as well as the gravimetric yield of charcoal produced from this residue, in order to 

know its energy potential. 

 

2    METHODOLOGY 

Brazil nut residue (Bertholletiaexcelsa) was collected in the municipality of 

Castanhal, located in the northeast region of the state of Pará. Some of the in natura material 

was stored for later carbonization. Another part was packed in sealed and identified plastic 

bags. 

For the production of charcoal, the in natura material was used, with a mean humidity 

of 12%. The charcoal was produced in a muffle furnace adapted to this function, with a 

heating rate of 1.67 °C / min, at a temperature of 450 °C, with a residence time of 60 minutes 

at the final temperature. The cooling took place naturally and gradually after the kiln reached 

the carbonization conditions. The carbonization conditions and parameters were based on the 

methodology described by Nobre (2013), in which residues of Amazonian species were used 

to produce charcoal and activated charcoal. 

In order to obtain the gravimetric yield of the carbonization, the formula used 

was:YGc(%) = (
MCd

MBd
) ∗ 100, where MCd is the mass of dry coal (g) and MBd is the mass of 

the dry biomass (g) before carbonization.                             

After charring, the charcoal was ground and sieved in a set of sieves with a grain size 

of 40, 60, 100, 200 and 270 mesh for the analysis. The granulometricallyclassified materials 

were conditioned in an air conditioning room, with a temperature of 20 ± 2 °C and humidity 

of 65 ± 3%, until reaching a constant mass, with a mean humidity of 12%. 

The determination of the upper calorific power (UCP) in kcal/kg was performed 

according to the ABNT standard NBR 8633/84 and according to the manual of the 

calorimeter PARR 1201, using a digital calorimeter, model IKA C-200. A formula was also 

used to estimate the lower calorific power (LCP) and the net calorific power (NCP) from the 

UCP results, the hydrogen content and the moisture content of the material. 
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In order to determine the Lower Calorific Power (LCP), the following equation was 

used:LCP (
kcal

kg
) = UCP − 6 ∗ 9 ∗ H, where H is the hydrogen content (%) and to estimate 

the Net Calorific Power (NCP) was used the equation: NCP (
kcal

kg
) =

[LCP−(6∗U)]

(100+U)
∗ 100,where 

U is the humidity (%). The values of moisture (4.93%) and hydrogen content (3.46%) of the 

coal were according to the results obtained by Leandro et al. (2018). 

 

3    RESULTS AND DISCUSSION 

The results of the gravimetric yield of the coal obtained at a temperature of 450ºC of 

the residues of Bertholletiaexcelsa will be presented in table 1. 

 

Table 1. Gravimetric yield of the carbonization at 450ºC of the residues of Bertholletia excelsa (Brazil nut). 

Source: Authors (2018) 

 

 

 

 

 

 

*SD: standard deviation; CV: coefficient of variation 

The gravimetric yield found is 41.67%. The high yield can be attributed to the 

chemical composition of the bark, since it is rich in lignin and carbon. According to Leandro 

et al. (2018), the values found were 55,76% lignin and 72,50% carbon. These components 

confer greater resistance to thermal degradation of the material during the carbonization 

process. 

Carmona et al. (2017), found a value of gravimetric yield in the charcoal of Brazil nut 

of 44.52%, showing a small variation of the value shown in table 1, showing a great 

potential of use for carbonization. 

Vilas Boas et al. (2010) studying the carbonization of macaúba (Acrocomiaaculeata)  

endocarp, in muffle with temperatures ranging from 450 °C to 650 °C, found a 35,13% 

average gravimetric charcoal yield. Silva et al. (1986) compared the gravimetric yield of 

eucalyptus wood charcoal, babassu and macaúba endocarp obtained from muffle 

carbonization, with temperatures varying from 300 ° C to 700 ° C. In this study, the authors 

found values of 31,97%, 33,49% and 39,37% for eucalyptus, babassu and macaúba, 

Temperature 

(°C) 

Gravimetric yield of the 

carbonization 

450° 

Average (%) 41,67 

SD (%)* 1,20 

CV** 2,88 
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respectively. Thus, it is observed that the values of gravimetric yield found in this work are 

above those found for other residual biomasses. The mean values obtained for the results of 

upper, lower and liquid calorific power (kcal/kg) from the charcoal of Bertholletiaexcelsa 

are shown in table 2. 

Table 2. Mean values, standard deviation and coefficient of variation of the upper calorific power 

(UCP), lower calorific power (LCP) and net calorific power (NCP) of Bertholletiaexcelsa (Brazil nut). 

 

 

 

 

 

 

 

Source: Authors (2018) 

SD: standard deviation; CV: coefficient of variation 

 

The average results found for the upper calorific powerwere 7092,5 kcal/kg, while 

the lower calorific powerwas 6905,6 kcal/kg and 6877,4 kcal/kg for the net calorific power 

of charcoal. The determination of calorific power is very important for the energy use of the 

biomass because it indicates the potential capacity of a material to give off heat. The high 

value of the upper calorific power (7092,5 kcal/kg) comes from the chemical and elemental 

composition of the carbonization of the biomass. According to Leandro et al (2018), the 

percentage of lignin present in Brazil nut is 55.76% and 72.50% carbon, in addition to the 

low ash content (1.76%). considered to be more suitable for the production of activated 

carbon. 

Studies of Doat and Petroff (1975) found in charcoal obtained from tropical woods 

aupper calorific power between 7000 and 7500 kcal/kg. The upper calorific power of the 

coal studied in this work was in this range. 

 Vilas Boas et al. (2010) found average values of 4,996.18 kcal/kg for macaúba 

(Acrocomiaaculeata) in natura and 7,819.29 kcal/kg for carbonized biomass. It is noteworthy 

that the values found for macaúba are slightly higher than those observed for Brazil nut.   

Nogueira et al. (2014), found the upper calorific power of Brazil nut urchin in natura 

of 4,793.02 kcal/kg and 7,252.98 kcal/kg for charcoal. It is observed a value slightly higher 

than that quoted in this work, demonstrating that both the hedgehog and the shell of the 

  Calorific power(kcal/Kg) 

Charcoal 

 UCP LCP 
 

NCP 

Average  7092,5 
6905,

6 

6877,

4 

SD  87,72 87,72 87,72 

CV  0,012 0,012 0,012 
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chestnut present high capacity in the generation of energy, due to the high content of lignin 

and carbon present in its chemical composition. 

Vale et al. (2011) obtained the result of useful or net calorific power (NCP) for 

Jatrophacurcas processed into charcoal, of 6,233 kcal/kg, lower result compared to the coal 

of the chestnut shell (6877,4 kcal/kg). 

 

4    CONCLUSIONS 

Residual biomass for energy production has high potential due to its high heat 

capacity. 

The charcoal of this biomass presented high gravimetric yield, being suitable for use 

in direct combustion, activated carbon and biochar. 

In addition to the energy potential, biomass has a large participation in the economic 

activity of Amazonian families. 
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