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INTRODUCTION 

 

 Generally, the vegetation comprising predominantly of woody trees, which leans against each other to form a canopy like 

structure is called as Forest.  Brazil is home to the second largest forest area in the world, with approximately 58% of the territory 

covered by natural and planted forests (Serviço Florestal Brasileiro 2016). Considering forest plantation, Brazil had around 7.84 

million hectares in 2016, which majorly comprised of two main genus Eucalyptus (5.7 million hectares) and Pinus (1.6 million 

hectares) and these plantations were located mostly in center-west, southeast and south regions of the country. The certified wood 

from these plantations account for a major part of the Brazilian economy, with vital importance in the furniture sector, frames, 

paper industries etc. (IBÁ 2017). In 2018, the planted area was the same as in 2016, and the growth ratio reached 36m³/ha.year for 

Eucalyptus spp. and 30.1m³/ha.ano of Pinus spp. in 2018 (IBÁ 2019). 

 

Currently Brazilian forest plantation is performing very well, in terms of growth and yield. Certain factors like edaphoclimatic 

conditions, workforce quality and the investment in research & development contribute towards higher yield per hectare and a 

Abstract 
 
The forest residual biomass is the undesired parts of the tree, generally left abandoned on the field post 
harvesting as it does not bring any monetary value to the forest industries. Though a couple of recent studies have 
helped in unlocking the energetic potential of the residual biomass, there are still not many reports depicting the 
influence of initial living space density on the production of residual biomass in loblolly pine trees. This study 
aimed to quantify the forest residual biomass (living branch, dead branch, needle and bark) of loblolly pine in nine 
different living spaces in Parana, Brazil and living branches seemed to have the highest potential to generate 
energy in comparison to other parts of the plant across almost all the living spaces. Our study also demonstrated 
that 9m2, living space is the best initial density to maximize the production of living branch residual biomass per 
unit area and the initial density 16 m2 had the highest living branches production per tree closely followed by 9m2 
initial density, which generated almost the same amount of living branch biomass, with a nominal difference of 
2.4% per tree. The 1m2 living space density had the lowest production of living branches per tree, and 4 m2 living 
space density had the lowest production of living branches per unit area. This study has unraveled the energy 
potential the living branches residual biomass possess and since living branches are left abandoned on the field 
post harvesting and does not hold any monetary value, exploiting it further to produce energy (thermal and/or 
electricity), would make the energy consumption more cost effective, and also provided the best and least effective 
initial living space density information for living branch  residual biomass production. 
 

mailto:pachecoflorestal@usp.br


2 
Citation: João Maurício Pacheco et al., 2020. Quantification analysis unravels significance of residual biomass of Pinus taeda L. Australian Journal of 

Basic and Applied Sciences, 14(12): 1-9. DOI: 10.22587/ajbas.2020.14.12.1 

 

 

shorter harvest cycle as well, in comparison to the rest of the world. Evidently, Brazil produces more hardwood and softwood than 

Australia and the southern region of the United States respectively e.g  If we compare the mean annual increment (MAI), Brazil 

produces (40.7m
3
.ha

-1
.year) 46% more hardwood than Australia (22m

3
.ha

-1
.year) and 66% more softwood (40.1m

3
.ha

-1
.year) than 

southern region of the United States (13.7m
3
.ha

-1
.year) (ABRAF 2013). The Brazilian Institute of Trees (IBÁ 2019) with a more 

conservative view and with insights from other data sources, reported an average production of 36.0m³/ha.year, for the Eucalyptus 

genus and 30.1m³/ha.year for the Pinus genus in Brazil. 

 

We have come a long way in terms of improving productivity and exploiting forest resources. However, there is still room to 

improve and hopefully technology revolution in the near future will allow exploiting forest resources to the fullest (IBÁ 2017). 

The forest biomass residues hold an unparallel potential to generate energy. However, this research area is yet to receive the 

attention it deserves to exploit the potential of residual biomass in forests (Silva and Morais 2008). 

 

Forest sector is one of the key components of the Brazilian economy as almost all the strategic sectors of Brazilian economy 

namely construction, steel, paper industry and packaging are dependent on forest sector. Brazil is also one of the biggest producers 

and consumers of the forestry products. Therefore, forest sector has been one of the major focuses of Brazilian government, and 

Energetic forests, which are focused to produce wood to generate energy are part of this initiative from Brazilian government. 

Energetic forests are very dense forests, therefore the living space between them are narrow and the wood produced from these 

energetic forests is generally used to burn in boilers to generate steam, electricity or both. Some industries use cogeneration 

system, which is a combination of steam and electricity, and this electricity can satiate energy demand of the company or could be 

made available to the public grid as well. The systems for transforming wood into bioenergy has the potential to generate energy 

anywhere between one megawatt (MW) to more than 100MW, which uses wood exclusively or in combination with other fuels 

(Tomasello et al. 2015). 

 

The forest biomass is also a renewable and preferred choice to generate bioenergy. This residual biomass is generally left 

abundantly at wood mill sites in the forestry sector as the companies only use a small portion of tree to generate market products 

and this leftover biomass poses environmental issues as well. Therefore, devising ways to exploit residual biomass to its full 

potential in forests may help in generating energy and solving environmental issues at the same time. Wood mills leave a 

considerable portion of residual biomass in the forests after their harvesting operations, and on an average, around 80-90% of this 

leftover biomass can be used to generate energy. Schumacher et al. (2013) demonstrated that branches in Pinus taeda L. provides 

a higher allocation pattern of biomass than the other parts of the tree, except the stem. Ceconi et al. (2004) also inferred that the 

biomass and the carbon content in branches is much higher than the other parts of the tree, excluding the stem in 20 years old 

plant of Pinus elliottii. Other researchers revealed that the biomass obtained in pine plantations has a higher potential to generate 

energy (Pedro et al. 2018).  

 

In 2016, 33.7 million tons of residual biomass was generated in Brazilian forests (management - harvest operation, thinning and 

pruning), out of which 99.7% was left in the forests itself (IBÁ 2017). In 2018, 36.9 million tons are generated of residual biomass 

in Brazilian forests, 98% was left on the field (IBÁ 2019).  

 

It is known that part of these residues must remain in the field, due to the protection that this biomass generates on the soil, mainly 

for the prevention against erosion. The main residues generated by forestry operations are live branches, dead branches, tips, 

leaves and/or needles (depends of the species). For bioenergy, the main interest is woody material over eight cm of diameter, 

where dead branches and leaves (diameters smaller than live branches) must be kept in the field. The forest biomass has 

advantages over fossil fuel, due to the equivalent amount of carbon dioxide consumption by the plant in photosynthesis (Brand 

2010). Thus, for reducing the emission of greenhouse gases (GHG), one option is to change the sources of energy and use green 

fuels, like forest biomass (Monteiro et al. 2011). 

 

Most of the Brazilian forest companies generally leave the big piles of harvested residues either at the edge of the forest area or 

leave it scattered all over the forest area depending on how the harvested forest area will be used in future. Leaving the harvested 

residues in the field also renders another disadvantage as harvested residues could be use to generate energy, and they are not of 

any use to the physicochemistry of the soil. Another major problem is the carbon emission as it get degraded by the soil 

microorganisms and in some instances serve as vectors to some insect as well. 

 

To verify the energy presence in the biomass, it is necessary to collect samples to quantify the Heating Value. Silva and Morais 

(2008) classified Heating values into two types: Higher Heating Value - HHV (does not include the heat required for condensation 

of the water that forms through the Hydrogen contained in the biomass) and the Lower Heating Value - LHV (includes the heat 

needed to condense water into the reaction, takes into account the moisture content of the biomass).  

 

Considering the energetic potential of residual biomass in stands of Pinus taeda L. in the Parana State, Brazil, this study intented 

to quantify the different types of biomass abandoned on the field post-harvest season. Another aim was to analyse the energy 

potential of living branches in nine different living spaces in nine years old pine forest, to see how the living spaces influence the 

production of living branches in the loblolly pine forest. 
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2. MATERIAL AND METHODS 

2.1. Study area 

The experiment was conducted on the Campus of Midwestern State University (UNICENTRO) in the municipality of 

Irati, State of Paraná, Brazil. The research area of Pinus taeda L. was planted at the end of 2002 and the data was collected from 

9-year-old trees in July 2012. The experimental area was approximately 2.52 hectares and it is situated between the geographic 

coordinates 25°27’57’’ south latitude intersecting the meridian 50° 38' 51'' west longitude and an altitude of around 810m. 

According to the Köppen-Geiger climate classification, the climate of the region is of Cfb type with frequent frosts. The 

minimum average temperature is 11.0°C and the maximum average is 24.2°C. The average monthly precipitation is around 

193.97mm and the average monthly relative air humidity is 79.58% (Filho et al. 2006). The soil of the area has a clayey texture 

(Lima et al. 2009). 

 

2.2. Biomass sampling 

The experimental area had nine different treatments (spacing arrangement), with nine repetitions: 1.0m x 1.0m; 2.0m x 

1.0m; 2.0m x 2.0 m; 3.0m x 2.5m; 3.0m x 3.0m; 3.0m x 3.5m; 4.0m x 3.0m; 4.0m x 3.5m; and 4.0m x 4.0m. The experiment was 

implemented in a randomized complete block design (RCB), but there is no statistical difference between blocks. Therefore, the 

experimental area was considered completely randomized design (CRD) for statistical analyses. The number of trees per treatment 

varied depending on the living space. Table 1 shows the number of trees per treatment and the number of trees per hectare. 

 

Table 1: Number of trees per treatment and per hectare in 9 different living spaces of Pinus taeda L. 

Treatments  

(m x m) 

Living space  

(m
2
) 

a
Tree.treat

-1
  

(trees)
 

b
Tree.ha

-1 

 (trees)
 

1 x 1 1 200 10,000 

2 x 1 2 104 5,000 

2 x 2 4 104 2,500 

3 x 2.5 7.5 72 1,333 

3 x 3 9 72 1,111 

3 x 3.5 10.5 72 952 

4 x 3 12 56 833 

4 x 3.5 14 56 714 

4 x 4 16 56 625 
a
Trees per Treatment,  

b
Trees per hectare. (Pacheco 2013) 

 

We measured the total height and diameter at breast height (DBH) in all trees in all the treatments at 1.30 meters, with an 

aim to divide each treatment into 9 DBH classes. One tree in each DBH classes was marked and harvested, in order to collect 

biomass data in kilograms (kg) of different parts of the trees (living branch, dead branches, needles and bark), in a total of 81 

trees.  

To quantify the heating value in the laboratory for each treatment, samples were collected in three different DBH classes 

per each initial living space. Therefore, the choice of these three classes in each treatment represent the suppressed, average and 

dominant trees. The sample of living branches were collected from the different parts of the canopy, which were subjected to 

drying in the laboratory at a temperature of 103 ± 2°C. Through this material, we calculated the Lower Heating Value (LHV), 

Useful Heating Value (UHV) and Moisture Content in percent (MC%). 

In this study only biomass of living branches was considered (including tree tip) due to the feasibility of post-harvest use 

and abundance compared to other parts of the tree.  

 

2.3. Heating value of live branches 

 

The collected material (living branches) was crushed and packed in properly labelled plastic containers. The collected 

samples were sent to the Laboratory at the Institute of Technology in Paper and Cellulose of the FIEP System, in the city of 

Telemaco Borba, Parana State, to determine the HHV in the biomass with the aid of an isoperibolic calorimeter, C-5000 model, 

Ika Works (standards: ASTM D 5865; ASTM D 3180). The energy productivity of living branches was calculated by multiplying 

HHV with the total biomass present in a tree and extrapolated per hectare. 

 According to Brito (1993) the Lower Heating Value (LHV) and Useful Heating Value (UHV) can be calculated in the 

following ways: 

 

                                                                    (1) 
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LHV = Lower Heating Value (cal. g
-1

); 

HHV = Higher Heating Value (cal. g
-1

); 

H = Hydrogen content (%).  

 

In order to calculate the LHV, Oliveira (2014) considered the hydrogen content 6.0%, because it is the average hydrogen 

content of the lignocellulosic materials.  

Useful Heating Value – According to Rodrigues and Rousset (2009), UHV is the energy effectively used in relation to 

the dry base of the biomass. 

 

         
       

   
                                                (2) 

 

UHV = Useful Heating Value; 

LHV = Lower Heating Value; 

MC% = Moisture Content. 

 

The moisture content is the amount of moisture found in biomass, often expressed as a percentage. According to Gonçalves 

(2006) for calculate the moisture content in percent (MC%) should proceed: 

 

                                                     (3) 

 

MC% = Moisture Content; 

WS = Wet Sample; 

DS = Dry Sample.  

 

2.4. Methods of data analysis 

 

The R program was used to apply the statistical test of Shapiro-will at 5% of significance to verify the assumption of 

normality. Hereafter, when the assumption of normality was reached, we used the R program to calculate the F test to compare the 

difference of averages between treatments, otherwise used Kruskal-Wallis sum test (R Core Team 2016). 

 

 

3. RESULTS AND DISCUSSION 

 

3.1. Amount of biomass available 

Table 1 contains the amount of different forest residual biomass (living branches, dead branches and needles) recorded 

post-harvesting. The bark is generally considered a residue of the industrial operation, as it is processed at the industrial 

processing units. Some companies use debarker in the field, however, it is not a usual practice in the south of Brazil in Pinus taeda 

L. plantation. 

In the treatments of 1m
2
 and 2m

2
, the biomass of barks and needles tend to be higher than living branches and dead 

branches. However, 4m
2
 treatment onwards, biomass of living branches (consider the tips of the trees) seems to be larger than 

other parts of the trees (dead branches, needles and bark). It is one of the reasons that this research study focussed only on 

quantifying living branches, because they in general, are not used for any other purpose and are found in abundance on the field 

post-harvest. 

 

Table 2: Different forest residues biomass available per tree (live branches, dead branches, needles and bark) in 9 different 

living spaces of Pinus taeda L. 

Living space 

(m²) 

 

a
L. Branch 

(kg.tree
-1

) 

b
D. Branch  

(kg.tree
-1

) 

Needle  

(kg.tree
-1

) 

Bark  

(kg.tree
-1

) 

1  3.55 3.27 4.10 5.36 

2 5.21 3.45 4.14 6.55 

4 6.57 4.84 4.32 6.10 

7.5 17.77 8.10 9.81 11.52 

9  33.37 11.29 13.78 12.69 

10.5 29.93 13.65 11.42 12.25 

12 28.09 14.89 11.11 13.81 

14 28.74 12.76 13.47 14.08 



5 
Citation: João Maurício Pacheco et al., 2020. Quantification analysis unravels significance of residual biomass of Pinus taeda L. Australian Journal of 

Basic and Applied Sciences, 14(12): 1-9. DOI: 10.22587/ajbas.2020.14.12.1 

 

 

16 34.19 12.05 12.77 11.70 
a
Living Branch;  

b
Dead Branch. 

Ferreira et al. (2016) studying residual biomass of Pinus taeda L. concluded that the bark and branches were the residues 

with the best energetic potential compared to the other parts of the tree. Watzlawick, Sanquetta and Caldeira (2005) also recorded 

the similar observation in Parana-Brazil that the biomass from living branches is higher in comparison to other parts of the tree 

whilst working with Pinus taeda L. which were 21 to 23 years old. Ferreira et al. (2019) also studying Pinus taeda L. concluded 

that the branch was the part of the tree that presented more supply per tree and per unit area, followed by bark and needle, totaling 

an availability of 5313.5kg.ha
-1

. 

 

 The biggest problem of the use of Pinus sp. biomass in Brazil for energy generation is the technology limitation, which 

needs to be addressed at the earliest by switching from outdated centralized generation system to more advanced technology and 

network concepts like smart grids. (Ferreira et al. 2018). 

 

3.2. Biomass and heating value of live branches  

Data of individual tree revealed that the lower initial density sectors produced more living branches than higher initial 

density, as the treatment of 16m² gave rise to higher living branches production (34.19kg.tree
-1

) than 1 m² density (3.55kg.tree
-1

), 

estimating a huge margin of around 90%. We observed that the living branch production increased with higher initial density, 

however 10.5m
2
 and 12m

2 
treatments did not comply with the trend as 10.5m

2
 treatment produced lesser living branches than 9m

2 

and 12m
2 

treatment also didn’t produce more living branches than 10.5m
2
. Interestingly, 14m

2   
treatment onwards an increase in 

the living branches production was observed, which continued until 16m
2
. Practically, we recorded similar observations between 

9m
2
 (33.37kg.tree

-1
) and 16m

2 
(34.19kg.tree

-1
), though with a mere difference of 2.4%. In general, the observed trend is that an 

individual tree in a low initial density produce more living branches than the individual tree growing in the higher density 

treatments.  

However, the trend changes when we talk about the total living branches biomass production per unit area. Evidently, 

higher initial density sector produces more living branches residue than lower initial density sectors pertaining to higher number 

of trees in higher initial density sectors. Table 2 demonstrates the amount of living branch biomass generated per unit area.  

 

Table 3: Amount of live branch biomass in 9 different initial densities of Pinus taeda L. 

Living space (m²)
 a

n° tree. ha
-1 b

kg. tree
-1

 
c
t. ha

-1
 

1  10,000 3.55 35.5 

2 5,000 5.21 26.1 

4 2,500 6.57 16.4 

7.5 1,333 17.77 23.7 

9 1,111 33.37 37.1 

10.5 952 29.93 28.5 

12 833 28.09 23.4 

14 714 28.74 20.5 

16 625 34.19 21.4 
a
Number of trees per hectare;  

b
Kilogram per tree;  

c
Tonne per hectare. 

 

The research carried out by Pacheco (2013) on the growth and production of Pinus taeda L. in the same area as the 

present study, found that the initial spacing of 7.5m² would be ideal for the situation when the land owner of the area does not 

know for sure final product, besides being able to diversify the raw material. However, analyzing the present research, there is a 

higher productivity of residues in the initial 9m² spacing, in addition to having dendrometric data (DBH, Height, transversal area 

and volume) higher than the 7.5m². The initial living space 9m² showed a productivity of live branches more than 30% of the 

average, if compared to the lowest value (4m²), a difference higher than 55% is obtained. Implementing this data set in a real 

scenario, the initial spacing of 9m² would be indicated for owners who are interested in generating energy through residual 

biomass (live branch). The sale or use of energy would result in extra money, added to the capital generated from the sale of 

wood. 

 

 ZHAO et al. (2012) also recorded the similar observation for living branch biomass production while studying 12 year 

old Pinus taeda L. plants in the United States, they found that higher initial density areas of 2.2m² produced higher living branch 

biomass than lower initial density areas of 13.5m² (17.32t. ha
-1

 and 11.1t.ha
-1

 respectively). These results demonstrate a global 

living branch biomass production pattern, which unravels the importance of initial living space. Another similar observation was 

reported by Brand et al. (2014) whilst studying 10 year old Pinus taeda L. trees in Lages, Santa Catarina, Brazil, they reported that 

trees from 6.25m
2
 initial density produced a total of of 32.88t.ha

-1
 branch residual biomass, which again concords with our results. 
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In Canada, Peichl and Arain (2007) recorded living branch biomass of around 24.84t.ha
-1

 in 15 years old trees of Pinus strobus in 

8m² density area. 

 

 The biomass for each treatment (kg.tree
-1

 and t.ha
-1

) is shown in the Figure 1 to better visualise the difference in the 

production of living branches for each treatment. The Figure 1a clearly depicts the production pattern of living branch biomass per 

tree in initial higher and lower density areas and shows that an individual tree in lower initial density sector generates more living 

branch biomass than a tree in higher density sector. However, the living branch production per unit area (Figure 1b) has a 

contradictory pattern given the higher number of trees in higher density sectors. 

 

a) 

 
b) 

 
Fig. 1: a) Residual biomass in kilogram per tree and b) tons per hectare. 

 

McFero Grace et al. (2016) reported that 14 and 24 year old trees of Pinus taeda L. in Southeastern Plains Ecoregion of 

the Gulf Coastal Plains, post harvest generated total biomass residue of 10 to 20t.ha
-1

 and 30 to 60t.ha
-1 

respectively. According to 

Brand et al. (2014)  the production of forest biomass per tree is directly proportional to age. Therefore, the present study 

concluded that the production of residual biomass per tree is also proportional to the initial living space. 

 

Samples of living branches were analyzed in the laboratory for each treatment to determine the HHV, in order to verify 

the difference between averages in different initial living spaces. The variances were homogenized to apply the F-Test in a 

randomized complete design (RCD) to compare the differences between the averages. In this case there was not much difference 

among treatments (p-valor: 0.992), confirming the hypothesis of no difference in the heating value of live branches regardless of 

the living space. 

  

Table 4: Higher Heating Value (HHV), Lower Heating Value (LHV), Useful Heating Value (UHV) and Moisture Content 

(MC%) of Pinus taeda L. in nine different living spaces. 

Living space (m
2
) HHV (kcal.kg

-1
) LHV (kcal.kg

-1
) UHV (kcal.kg

-1
) MC (%) 

1  4,647.26 4,323.26 1,033.34 67 

2 4,707.77 4,383.77 1,282.84 62 

4 4,663.50 4,339.50 1,239.01 63 

3.55 
5.21 

6.57 

17.77 

33.37 

29.93 
28.09 28.74 

34.19 
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40 
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K
g
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7.5 4,705.12 4,381.12 1,536.80 57 

9 4,657.37 4,333.37 1,267.49 62 

10.5 4,701.80 4,377.80 1,350.34 61 

12 4,721.08 4,397.08 1,429.49 59 

14 4,731.31 4,407.31 1,301.17 62 

16 4,754.86 4,430.86 1,394.80 60 

 Oliveira (2014) described that UHV is a better choice to represent reality than LHV, as it takes moisture content into 

consideration. The F-Test was applied for LHV, UHV and MC%, but there was no difference between average values of LHV and 

UHV. For the MC%, the residual normality was not achieved, thereby a nonparametric test (Kruskal-Wallis) was applied to 

replace the traditional analysis of variances.   

 

The difference between the moisture content averages was statistically significant (p ≤ 0.05). However, the difference in 

moisture content does not correspond to the initial densities, and display a random pattern instead. In Figure 2, the MC% was 

asymmetrical in the treatment 1m
2
 and 4m

2
, justifying the fact that the residuals distribution was not normal. The MC% behaved 

randomly, considering the initial living spaces (treatment), despite the significant difference between the averages. 

 

 
Fig. 2: Boxplot for the Moisture Content in percentage of Pinus taeda L. in nine different initial 

densities. 

 

Fernandes and Costa (2010) also reported the energy potential of several vegetation types in Portugal, found for Pinus 

pinastre Aiton. and others conifers a value of LHV of 4,063.1kcal.kg
-1

 and 3,585.09kcal.kg
-1

, respectively. Ferreira et al. (2016) 

working in Santa Catarina State, Brazil, with 10 years old loblolly pine forest, concluded that the Higher Heating Value (HHV) 

for branches is 4,812.00 kcal.kg
-1

, the Useful Heating Value (UHV) is 1,366.00 kcal.kg
-1

 and the moisture content of 62%. 

Virtually the same values found by this research.   

 

According to Borba (2001), Brazil produces seven types of coal with different high heating values: 3,100.00kcal.kg
-1

; 

3,300.00kcal.kg
-1

; 4,200.00kcal.kg
-1

; 4,500.00kcal.kg
-1

; 4,700.00kcal.kg
-1

; 5,200.00kcal.kg
-1

 and 6,000.00kcal.kg
-1

. Therefore, the 

average moisture content in coal is 1% (Fallavena et al. 2013). The lower heating value of diesel is 10,221.00kcal.kg
-1

 (Laurindo 

2014). Comparison of the UHV average of living branch biomass with diesel had a difference of around 7.8 times. According to 

ANP (2018)  the price of diesel, direct at the distributor in Parana State is US$ 0.81 American dollar per liter (around to 720g per 

liter), while the residual biomass price in South Brazil is US$ 13.79 per ton (Brand et al. 2014). Comparing them, the companies 

can buy 1,315,031kcal.kg
-1

 of living branch biomass and the same value (US$ 13.79), companies can buy 124,649kcal.kg-1 of 

diesel, difference of 10.5 times of residual biomass against diesel. 

 

There is not a big difference between the lower heating value of non-renewable fuels and forest residue biomass. 

However, the biggest problem lies in the moisture content of the wood, which has a four times higher affect on LHV than UHV. 

Fossil fuels like coal have low moisture rates, such as diesel and natural gas. One option to reduce the moisture content of living 

branch is the collection of the material after a few days of harvest, contributing to the decrease of the moisture content and 

consequently increasing the UHV. 

 

  

4. CONCLUSION 
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  The carbon dioxide emission from fossil fuels is the biggest contributor to greenhouse gases, which is rapidly 

pushing us towards global warming. Replacement of fossil fuels by sustainable and cost effective renewable options is one of the 

major focus of scientific community globally. One of the biggest hurdle in completely replacing fossil fuels consumption by 

renewable clean energy sources is the cost effectiveness. The exploitation of residual biomass to its full potential is one of the 

ways to make renewable energy sources more cost effective. This study focussed primarily on the benefits of using living 

branches for generating energy. Here are the important findings from this work, which reveals the importance of using living 

branches residual biomass: 

 

- In the treatments 1m
2
 and 2m

2
 the biomass of bark and needles tends to be higher than living and dead branches. 

- From the living space 4 m
2
 onwards, the biomass of living branch is higher than any other residue left on the the field. 

- 16 m
2
 initial density had the highest production of living branches per tree, practically the same value was observed in the 

treatment 9m
2
, with a mere difference of 2.4%. 

- The treatment 1m
2
 showed the lowest production of living branches per tree. 

- The treatment 9m
2
 had the highest production of living branches per unit area, followed by the 1 m

2
, with a difference of 

4.3%. 
- The treatment 4 m

2
 had the lowest production of living branches per unit area. 

- There is no statistical difference in HHV, LHV and UHV among different initial living spaces for residual biomass 

production of living branches. 
- Statistical difference was recorded between the averages of Moisture Content (MC%) in residual biomass in different living 

spaces/initial densities. However, it did not demonstrate any pattern in differential moisture content behavior across different 

living spaces. 
- In addition to the wood, the treatment 9m² could provide living branch residues for power generation (steam or electricity), 

cellulose or/and briquette production as well. 

- The findings have indicated that use of residual biomass rather than diesel by the companies in forest sector would be proved 

cost effective, and would ultimately help in reducing carbon dioxide emission to some extent. 

-  
 

5. ACKNOWLEDGEMENTS 

The authors acknowledge the support of funding agency Coordination for the Improvement of Higher Education Personnel-

BRAZIL (CAPES) for the doctoral scholarship to João Maurício Pacheco (88882.378481/2019-01) and Deepak Sehgal 

(88882.378369/2019-01). For the support of Shell Brasil and FAPESP through the “Research Centre for Gas Innovation - RCGI” 

(FAPESP Proc. 2014/50279-4), hosted by the University of São Paulo.  For European Union’s Horizon 2020 research and 

innovation programme under the Marie Skłodowska-Curie grant agreement no 660020, Royal Society Wolfson Research Merit 

Award (2011/R3), Natural Environment Research Council’s National Centre for Earth Observation. 

 
6. REFERENCES 

ABRAF 2013. Anuário Estatístico ABRAF 2013. ABRAF – Associação Brasileira de Produtores de Florestas Plantadas, (Brasília 

- DF) http://www.ipef.br/estatisticas/relatorios/anuario-abraf13-br.pdf. 

ANP 2018. Preço combustíveis. Agência Nac. do Petróleo Gás Nat. e Biocombustíveis 1. http://www.anp.gov.br/. 

Borba R.F. 2001. Carvão Mineral. Balanço Mineral Brasileiro 1–19. 

Brand M.A. 2010. ‘Energia de biomassa florestal.’ (Interciência: Rio de Janeiro, RJ) 

Brand M.A., Stähelin T.S.F., Ferreira J.C., Neves M.D. 2014. Produção de Biomassa para Geração de Energia em Povoamentos 

de Pinus taeda L. com Diferentes Idades. Revista Árvore 38, 353–360. 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-67622014000200016. 

Brito J.O. 1993. Expressão da produção florestal em unidades energéticas. In ‘Congr. Florest. Panam. 1’, Curitiba. 280–282. 

(Congresso Florestal Brasileiro, 7: Curitiba) 

Ceconi D.E., Schumacher M.V., Poletto I., Wappler D., Padilha D., Girelli D., Oliveira D., Lazaretti D., Alves E., Poelking E. 

2004. Quantificação da biomassa e do carbono nos resíduos da colheita de uma floresta de Pinus elliottii Engelm. aos 20 

anos de idade. In ‘Simpósio Latino-Americano Sobre Manejo Florest.’, Santa Maria, RS. 396–402. (Santa Maria, RS) 

Fallavena V.L.V., Abreu C.S.A., Inácio T.D., Pires M., Azevedo C.M.N., Fernandes I.D., Ferret L.S., Tarazona M.R.M. 2013. 

Caracterização Detalhada de Material de Referência Certificado de Carvão Brasileiro. 36, 859–864. 

Fernandes U., Costa M. 2010. Potential of biomass residues for energy production and utilization in a region of Portugal. Biomass 

and Bioenergy 34, 661–666. doi:10.1016/j.biombioe.2010.01.009. 

Ferreira L.R.A., Otto R.B., Silva F.P., Souza S.N.M. Souza S.S., Junior O.H.A. 2018. Review of the energy potential of the 

residual biomass for the distributed generation in Brazil. Renewable and Sustainable Energy Reviews 94, 440–455. 

doi:10.1016/j.rser.2018.06.034. 

Ferreira J.C., Stähelin T.S.F., Jesus M.S., Muñiz G.I.B., Brand M.A., Freitas T.P. 2019. Estimation of the offer of forest biomass 

in populations of Pinus taeda L. After cultural interventions. Ciencia Florestal 29, 1459–1468. 

doi:10.5902/1980509815187. 



9 
Citation: João Maurício Pacheco et al., 2020. Quantification analysis unravels significance of residual biomass of Pinus taeda L. Australian Journal of 

Basic and Applied Sciences, 14(12): 1-9. DOI: 10.22587/ajbas.2020.14.12.1 

 

 

Ferreira J.C., Stähelin T.S.F., Valin M., Brand M.A., de Muñiz G.I.B. 2016. Qualificação da biomassa em povoamentos florestais 

de Pinus taeda. Floresta 46, 269–276. doi:10.5380/rf.v46i2.41208. 

Filho A.F., Serpe E.L., Plodowski G., Santos D.F., Stepka T.F., Becker M. 2006. Crescimento sazonal e anual em diâmetro de 16 

espécies de uma floresta ombrófila mista na floresta nacional de irati, pr, brazil. 2o Congresso Latinoamericano IUFRO 

1, 12. http://docplayer.com.br/64281537-Crescimento-sazonal-e-anual-em-diametro-de-16-especies-de-uma-floresta-

ombrofila-mista-na-floresta-nacional-de-irati-pr-brazil.html. 

Gonçalves J.E. 2006. Caracterização Química e Energética de Briquetes Produzidos com Rejeitos de Resíduos Sólidos Urbanos e 

Madeira de Eucalyptus grandis. Universidade Estadual Paulista - UNESP. 

https://repositorio.unesp.br/bitstream/handle/11449/90455/goncalves_je_me_botfca.pdf?sequence=1&isAllowed=y. 

IBÁ. 2017. Relatório 2017 - Indústria Brasileira de Árvores - IBÁ. Indústria Brasileira de Árvores - IBÁ, (São Paulo) 

http://iba.org/images/shared/Biblioteca/IBA_RelatorioAnual2017.pdf. 

IBÁ. 2019. Relatório 2019 Report 2019. Relatório 80. https://www.iba.org/datafiles/publicacoes/relatorios/iba-

relatorioanual2019.pdf. 

Laurindo J.C. 2014. Poder Calorífico de Comustíveis. Universidade Federal do Paraná, (Curitiba) 

http://servidor.demec.ufpr.br/disciplinas/EngMec_NOTURNO/TM365/Exercicios/Poderes Calor%EDficos de 

Combust%EDveis solidos l%EDquidos e gasosos.docx. 

Lima R., Inoue M.T., Lombardi K.C., Blum H., Sampietro J.A. 2009. Carbono Orgânico no Solo em Função do Espaço Vital de 

Crescimento de Pinus taeda L . XXXII Congresso Brasileiro de Ciência do Solo 1, 463–583. 

McFero Grace III J., Klepac J.F., Taylor S., Mitchell D. 2016. Residue distribution and biomass recovery following biomass 

harvest of plantation pine. 2016 American Society of Agricultural and Biological Engineers Annual International 

Meeting, ASABE 2016 1–9. doi:10.13031/aim.20162458172. 

Monteiro C., Tarelho L., Lopes M., Monteiro A., Machado L., Amaral J., Borrego C. 2011, Forest Biomass Resources for 

Industrial Energy Conversion in Portugal. 19th European Biomass Conference and Exhibition 6–10. 

Oliveira S.F. A. 2014. Avaliação Energética da Biomassa do Bagaço de Cana-de-Açúcar em Diferentes Industrias. Instituto 

Tecnológico de Aeronáutica - ITA, São José dos Campos. 

Pacheco J.M. 2013. Influência do Espaçamento no Crescimento de Pinus taeda L. na Região Centro-Sul do Paraná. Universidade 

Estadual do Centro-Oeste - UNICENTRO. 

Pedro Á.Á., Pizarro C., Barrio-anta M., Luis J., Ana Á., Burslem D.F.R.P. 2018. Evaluation of Tree Species for Biomass Energy 

Production in Northwest Spain. MDPI 9, 1–15. doi:10.3390/f9040160. 

Peichl M., Arain M.A. 2007. Allometry and partitioning of above- and belowground tree biomass in an age-sequence of white 

pine forests. Forest Ecology and Management 253, 68–80. doi:10.1016/j.foreco.2007.07.003. 

R Core Team. 2016. R: A language and environment for statistical computing. https://www.r-project.org/. 

Rodrigues T.O., Rousset P.L.A. 2009. Effects of Torrefaction on Energy Properties of Eucalyptus grandis Wood. Cerne 15, 446–

452. 

Serviço Florestal Brasileiro. 2016. Recursos florestais. Boletins do SNIF - Sistema Nacional de Informações Florestais 1, 22. 

http://www.florestal.gov.br/documentos/publicacoes/2232-boletim-snif-compilado-2016-ed2/file. 

Shumacher M.V., Witschoreck R., Calil F.N., Lopes V.G. 2013. Biomass and nutrients in a 27 years Pinus taeda L. clear cutting 

stand in Cambará do Sul - RS. Ciência Florestal 23, 321–332. doi:http://dx.doi.org/10.5902/198050989278. 

Silva M.B., Morais A.S. 2008 Avaliação Energética do Bagaço de Cana em Diferentes Níveis de Umidade e Graus de 

Compactação. InEnegep (ed) ‘XXVII Encontro Nac. Eng. Produção’, Rio de Janeiro, RJ. 9. (ABEPRO - Associação 

Brasileira de Engenharia de produção: Rio de Janeiro, RJ) 

Tomasello J., Mcdonnell L., Monroe M.C., Oxarart A. 2015. Wood to Energy : Woody Biomass Conversion Using Wood in its 

Solid Form Converting Wood into Gas. IFAS Extension - University of Florida 1–3. 

http://edis.ifas.ufl.edu/pdffiles/FR/FR28400.pdf. 

Watzlawick L.F., Sanquetta C.R., Caldeira W. 2005. Estoque de Carbono Orgânico e Biomassa em Pinus taeda L. Biomassa & 

Energia 2, 7–17. https://slidex.tips/download/estoque-de-carbono-organico-e-biomassa-em-pinus-taeda-l-1. 

Zhao D., Kane M., Borders B., Subedi S., Akers M. 2012. Effects of cultural intensity and planting density on stand-level 

aboveground biomass production and allocation for 12-year-old loblolly pine plantations in the upper coastal plain and 

piedmont of the southeastern United States. Canadian Journal of Forest Research 42, 111–122. doi:10.1139/X11-166. 

 

  


