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RESUMO

A biomassa apresenta grande participacdo na matrix de geracdo de energia, devido aos beneficios
econdmicos regionais. Este trabalho tem como objetivo principal avaliar os parametros utilizados na fabricacao
de briquetes produzidos com residuos florestais e a engenharia econdmica para a fabricacdo. Os residuos
florestais foram: cavacos e lascas de madeira de Eucalyptus spp. e cascas de Pinus taeda. As avaliacGes
realizadas foram caracterizacdo quimica dos residuos florestais e custos envolvidos no processo de
briguetagem. Os residuos florestais apresentaram em sua composicdo quimica extrativos e lignina. Os custos
de producao dos briquetes foram afetados principalmente pela briquetadeira, sendo que as cascas de Pinus a
gue apresentou maior custo producao. Os custos de producéo obtidos nesse estudo sdo de 20% menores que
0s custos empregando os métodos tradicionais. O valor energético da biomassa permite a reducdo da
dependéncia de energia, que pode ser utilizada para a geracéo de vapor ou eletricidade, para subsisténcia. Um
fato para conversdo de energia é avaliar a umidade do material. E adequado para queimar residuos com
umidade entre 45 e 55%. A energia elétrica consumida é importante para avaliar 0s custos totais. Os residuos
florestais s@o uma importante fonte de producédo de lenha ecoldgica, contribuindo para a geragédo de energia e
diminuicdo dos residuos solidos armazenados na empresa. Desta forma, os novos parédmetros para a
biomassa de briquetagem de residuos florestais mostrados neste trabalho, que é uma etapa importante do
processo, tornam economicamente viavel e ambientalmente adequada a producéo de lenha ecoldgica.

Palavras-chave: Residuos Florestais, Energia Renovavel, Custos Produtivos, Energia de Biomassa

ABSTRACT

Biomass has a large share in the energy generation matrix, due to the regional economic benefits. This
work has as main objective to evaluate the parameters used in the manufacture of briquettes produced with
forest residues and the economic engineering for the manufacturer. The forest residues were: wood chips and
chips of Eucalyptus spp. and barks of Pinus taeda. The evaluations were the chemical characterization of forest
residues and the costs involved in the briquetting process. The forest residues presented extractive chemical
composition and lignin. The production costs of the briquettes were affected mainly by the equipment, being the
Pinus taeda barks the one that presented higher production cost. However, the production costs obtained in this
study are approximately 20% lower than the production costs using traditional methods for forest firewood. The
energy value from biomass allows the reduction of the dependence of energy, which can be used for the
generation of steam or electricity, for subsistence. A fact for energy conversion is to evaluate the material
moisture. It is suitable to burn residues with moisture between 45 to 55%. The consumed electric energy is
important to evaluate the total costs. The energy required depends on the quality of raw material and the system
employed. Forest residues is an important source for eco firewood production, contributing to energy generation
and decreasing of the solid waste stored at the company. In this way, the new parameters for briquetting
biomass forest wastes shown in this work, which is an important stage of the process, make economically viable
and environmentally suitable the eco firewood production.

Keywords: Forest Waste, Renewable Energy, Productive Costs, Biomass Energy.
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1. INTRODUCTION

Biomass is related to all organic matter,
from vegetable or animal origin, used for energy
production (Zhao et al., 2018, Campbell et al.,
2018, Li et al., 2017). It is useful for use as an
energy source (ValeFntim et al, 2019;
Maslennikov et al., 2019; Catalufia et al., 2018).
Combustion of raw material is a way of biomass
that considered energetically viable (Chan et al.,
2019, Caetano et al., 2018; Milovanovich et al.,
2017; Pahla et al., 2017, Xin-Gang et al., 2015,
Prado et al., 2015; Zhang et al., 2014; Xiu and
Shahbazi, 2012; Caetano et al., 2015a). The
energy source is obtained by the decomposition
of non-woody, woody and organic residues
(Alvarez et al., 2018; Cai et al., 2016; Liu and
Balasubramanian, 2013; Abbas et al.,, 2011,
Muangrat et al., 2010).

Non-woody are classified by main energy
storage substance: i) saccharide - has as storage
tissue the sugars (saccharose). These sugars are
used for the production of ethanol; ii) cellulosic -
uses carbohydrates as storage tissue; iii) starchy
- have starch storage tissue. Starches are
complex carbohydrates. This was transformed
into simpler sugars for fermentation; iv) oilseed -
which have oils and fats extracted through
industrial processes; v) aquatic - are plants and
algae that have potential for energy generation
(Chan et al., 2019; Sun et al., 2019; Haykiri-Acma
et al.,, 2011; Fan et al.,, 2013; Catalufia et al.,
2017; Fagundez et al., 2017; Yang et al., 2017,
Yellapu et al., 2019; Bharathiraja et al., 2015;
Caetano et al., 2015b; Ojeda et al., 2011).

The woody is able to produce firewood as
a sustainability fabric (Vandecasteele et al.,
2016). The production of wood wused in
technological processes allows the conversion of
energy (Shi et al.,, 2013). Planned plantations
produce a large volume of biomass (Zhou et al.,
2018). Therefore, all the organic waste from
agriculture is useful as fuel (Velasquez et al.,
2017; Akbi et al., 2017; De Boni, 2017; Paradelo
et al., 2013; Dias et al., 2012; Quintero et al.,
2008; ). The energy stored in these residues is
very significant, having as main representative
the biogas (Lizasoain et al., 2016; Montingelli et
al., 2016; Santos et al., 2016; Poschl et al., 2010;
Holm-Nielsen et al., 2009). The energy value
from biomass allows the reduction of the
dependence of energy, which can be used for the
generation of steam or electricity, for subsistence
(Pedrazzi et al., 2016; Caetano et al., 2015c). A
fact for energy conversion is to evaluate the
material moisture. It is suitable to burn residues
with moisture between 45 to 55% (Yadav and

Devi, 2018).

Biomass production in Brazil is in large scale,
with extensive areas and good weather
conditions (Felfli et al., 2011).

In environmental terms, the use of
biomass contributes to the low emissions of
carbon dioxide (CO). These low carbon dioxide
emissions can be predicted by geochemical
modeling (Klunk et al., 2019a; Klunk et al., 2018;
Klunk et al., 2015; Saffy et al., 2015; Garcia et
al., 2011; Szklo et al., 2005). Another important
factor of the use of biomass is to include the
residues in the process of synthesis of zeolites to
be used in industrial processes (Klunk et al.,
2019b; Massoudi Farid et al., 2017; Kramb et al.,
2014).

An industrial process takes to the
attention of companies linked to the energy,
which consists of the compaction of material, in
order to higher the energy concentration
(Balasubramani et al., 2016; Flérez-Orrego et al.,
2015; Stolarski et al., 2013; Felfli et al., 2011; Wu
et al., 2010).

This technique is effective in the way of
taking benefits using biomass residues (Sordi
and Manechini, 2013). The process pressurizes
the particles of biomass to make it one solid block
of high density (Trubetskaya et al., 2019; Zhang
et al., 2018; Prasityousil and Muenijina, 2013; Do
Rosario, 2011). The quality of the eco firewood is
influenced by the physical and chemical
characteristics of the raw material and mainly by
the parameters of production (Shekhar, 2011;
Vilas Boas, 2011; Purohit et al., 2006). The
production presents several advantages, the
volume reduction to lower the cost of
transportation and the higher the calorific power
(Balasubramani et al., 2016). Thus, the process
cost of production is dominated by the
characteristics of the raw material and the energy
dissipated by the equipment (Zhang et al., 2018;
Turdera, 2013).

The production plant has an influence on
the costs and therefore, was evaluated as a
function of the volume (Filippetto, 2008; Purohit
et al., 2006). Operating costs has been specified
as fixed: equipment depreciation, business,
maintenance, industrial installation, and
transportation (Guerra et al., 2014). The variable
costs: raw material, fuel processing, expenses,
and energy (Da Silva et al., 2006).

The consumed electric energy is
important to evaluate the total costs. The energy
required depends on the quality of raw material
and the system used (Trubetskaya et al., 2019;
Lowesmith et al., 2007). Thus, was considered
the electric energy consumed in a period, which
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is expressed in (kWh) (Bigaton et al., 2015;
Bigaton et al., 2016; Bigaton et al., 2017; Xin-
Gang et al., 2015; Pedrazzi et al., 2016).

2. MATERIALS AND METHODS

Forest biomass residues were processed
in mills and separated in classes dependent on
the species of the biomass (Table 1).

The moisture content of the particles was
determined according to the TAPPI T 210 cm-93.
The forest residues processed in the mills were
classified for the chemical analysis. Granulometry
was used of 40-60 mesh, according to TAPPI T
204 cm-97. The determination of the total
extractive contents acid-insoluble lignin and
inorganic compounds were applied TAPPI T264
cm-97, TAPPI T222 om-98, TAPPI T211 om-93.
Holocellulose content (HC) was determined
(Alvarez et al., 2018; Rosa, 2003):

HC (%) = 100 - (insoluble lignin content + total
extractive content) (Eq.1)

The determination of the residues bulk density
was performed by 10 mL of the material (Dukes
et al., 2013). The production machine is
LIPPEL™ model LB-32, under pre-defined
manufacturing parameters.

Tests revealed that the best-operating
conditions of the equipment were: i) 100 bar; ii)
393 K, with three minutes of compression and six
minutes of cooling time.

The apparent density (AD) (g/cm3) was
determined by the stereometric method (ratio of
mass/volume with moisture content) (Sova et al.,
2018). The diameters were carried by a digital
caliper. The mass of the briquettes was
determined by means of an analytical balance.

The higher calorific value (HCV) were
classified in 60 mesh and placed in an oven at
105 = 5°C during 48 that the total moisture
evaporates (Antwi-Boasiako and Acheampong,
2016). The 0.5 g of the sample was placed in an
adiabatic pump IKA™ model C5000.

The energy density (ED) was calculated
by the product of the calorifc value (CV) and the
apparent density (AD), according to the equation:

ED = (CV x AD) / 1000 (Eq.2)
where, ED is (Mcal/m3), UCV (kcal/g) e AD is
(g/cm3).

The UCV was obtained from the lower

calorific value (LCV), wusing the following
equations:

LCV = HCV X (1 — MCus) — (600 X MCws)  (Eq.3)

(Eq.4)

where LCV, HCV, and UCV are expressed in
kcal/m3, MCw.b is moisture content, H is the
hydrogen content (% on a dry basis.

The electric power was measured in the
mills (1 and 2) and in the eco firewood using ET-
5060C/ET-5060 Power Quality Analyzer -
Minipa™ equipment to calculate the electric
energy consumption in the production. The
energy released by the equipment was calculated
by the integral of the active power (W) during the
operation time (Fraga et al., 2014; Klunk et al.,
2012). Thus, the energy consumed by equipment
was calculated by the equation:

UCV = LCV x [(100 X MCuwy) / 100] — 6H

tz
W= p(t)dt

t

(Eq.5)

where t; - t; is the time interval between
measurements and p (t) is the power at the same
time step. The energy consumption was
calculated by the results obtained by Equation 6:

(Eq.6)

where E is the energy consumption (kWh/ton), W
is the work done by the equipment w is the
weight of the briquette (g). The cost of production
was based on the commercial value of electricity,
which was multiplied by the total work obtained,
according to the equation:

E=Wx108/w

C1 =W x ET(10%/ 3600) (Eq.7)
where C; is the cost for the production of 1
sample expressed in R$ (BRL), W is the work
done by the equipment, and ET is electric tariff
(0,53 R$/kWh). The energy cost was estimated to
1 ton, regarding the weight of the forest residue

used (class E = 70 g and class P = 64 (),
according to the equation:
C,=Cy1(10°%/w) (Eq.8)

where C, is the cost for 1 ton of briquette
(R$/ton), and w is the weight of the biomass
(class E or P).

3. RESULTS AND DISCUSSION

3.1. Moisture content

It is recommended for the manufacture of
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briquettes the moisture content of the material
between 8 and 15% (Antwi-Boasiako and
Acheampong, 2016; Paula, 2010). Therefore, the
values obtained in this work are in agreement
with the literature (Bamgboye and Bolufawi,
2009; Eriksson and Prior, 1990). There is no
influence of moisture in determining the calorific
value of the samples.

3.2. Bulk density

The average values of the bulk density
are presented in Table 2.The forest residue of the
genus Eucalyptus SSP. (class E) presented a 3%
higher result than the genus Pinus Taeda (class
P), which was expected. Bulk density is a
property related to the granulometry (Dukes et
al., 2013; Phanphanich and Mani, 2009). Bulk
density must be considered in the use of biomass
for energy generation (Zamora-Cristales et al.,
2015; Peng et al., 2013).

3.3. Chemical analysis

In order to determine the biomass quality
of the different samples for energy purposes,
Table 3 shows the composition values for the
residues. The classes of forest residues
presented different chemical composition. The
highest values of extractives and lignin were
observed in the P residue class, due to its
composite Pinus taeda. On the other hand, the
class of residues E presented high content of
minerals and holocelulose (Haykiri-Acma et al.,
2014; Kumar et al., 2009). The bark of the trees
presents chemical differences when compared to
the wood, due to the higher levels of extractives
and ashes and, lower concentration of cellulose
and hemicellulose (Alvarez et al., 2018; Hu et al.,
2016).

3.4. Calorific value

The average values of the higher calorific
value (HCV) were 4,363.95 kcal/kg and 4,631.94
kcal/kg, respectively, for the classes of residues
E and P. According to the results, class P
presented an HCV of 5% higher, according to
expected because it was the residue with the
highest values of extractives and lignin (Table 3).
The higher calorific value of wood, further
moisture, is influenced by the chemical
composition of the material, mainly lignin and
extractives (resins, oils, resins, greases, oils)
(Antwi-Boasiako and Acheampong, 2016). Lignin
has a carbon content of about 50% higher than

that found in polysaccharides (Raud et al., 2016;
Fu et al., 2015).

Therefore, this type of biomass presents
great potential for energy production. In addition,
volatile extractives are important in the direct
burning of wood, as they dissociate more quickly
and help to maintain combustion. Thus, even
though the consumption of electricity is higher for
the manufacture of briquettes of this type of
biomass, the energy balance is made feasible
(Caetano and Silva, 2017; Stolarski et al., 2013).
In addition, biomass in the form of briquettes
facilitates transport, due to compaction and
organization, which can be a crucial factor in the
sale price of this material as fuel (Nguyen et al.,
2013). Briquettes also make easier the storage,
which could influence biomass employment as
fuel (Cortez et al., 2008).

3.5. Electric energy consumption

The measured values of power in all
stages of the briquetting process are presented in
Figure 1. The power is the energy consumed by
the facilities per unit of time (He et al., 2018;
Bilgili et al., 2017). Figure 1 and Table 4 shows
that class E has consumed more energy (868
kW) which was increased to 1,005 kW at the
period of 20 s and reduced to 626 kW in 35 s,
rising to 821 kW in 50 s. Thus the global cost is
93 BRL/ton for the production.

Considering the Pinus, the power
measured was 970 kW, reducing to 677 kW at 10
s, which yields a cost of 25 BRL/ton. The higher
power consumed by mill 1 and the higher energy
cost for the production of Eucalyptus is due to the
hard character of this material, given by the lower
porosity, as shown by higher bulk density (Table
2). Mill 2 shown the larger energy consumption
for Eucalyptus, 42 BRL/ton, comparing to Pinus,
22 BRL/ton. The grinding of the Eucalypts begun
with energy consumption of 168 kW and in 6 s
turns to 640 kW, remaining constant until 30 s
(684 kW), after that, it fell again until 40 s (297
kW). The Pinus sample remained with values
initially of 296 kW reaching 237 kW in 30 s. The
power consumed by Eucalyptus was 493 kW,
showing an increase to 725 kW in 80 s and for
Pinus, with 498 kW, showed an increase of 657
kW in 70 s. This result is due to the wide space
required by the Pinus in the compressing capsule
and the lower bulk density of this material (Table
2). This requires an increase in the time of the
process, which consumes more energy and,
consequently, increases the production cost.

The compression was the stage that
required the highest energy, BRL 281 for
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Eucalyptus and BRL462 for Pinus, due to the
warming process, which melt the lignin and
increase the adhesive. Moreover, press time and
temperature parameters during the briquetting
were used smaller than those found in the
literature and, due to the care in the grinding
process and the qualification of the particles.
However, the production cost observed for
Eucalyptus was 416 BRL/ton and for Pinus 509
BRL/ton, which are higher than the values found
in the literature (Tan et al., 2017; May- Moulin et
al., 2017). However, these values can be reduced
if production is carried out on a large scale in the
industrial production system.

4. CONCLUSIONS

The cost to produce eco firewood was
calculated as 416 BRL/ton for Eucalyptus and
509 for Pinus. The most expensive part of the
process is the compacting phase, which costs
281 for Eucalyptus and 462 for Pinos. Also, the
forest residues produced by the industry is an
important source for the production of eco
firewood, contributing to energy resource of the
company (energy generation) and a significant
decrease of the solid waste stored at the
company. In this way, considering the new
parameters for briquetting forest wastes is an
economically viable and environmentally
important stage of the process.

5. ACKNOWLEDGMENTS

The authors acknowledge the Brazilian
agencies CNPq (National Council of
Technological and Scientific Development -
Brasilia, DF, Brazil), CAPES (Coordination for the
Improvement of Higher Education Personnel) for
the research funding, and the generous
assistance of all the people from the company
who granted us access to their database and
perception information.

6. REFERENCES

1. Zhao, X., Cai, Q., Li, S., Ma, C. Public
preferences for biomass electricity in
China. Renewable and Sustainable
Energy Reviews. 2018, 95, 242-253.

2. Campbell, R. M., Venn, T. J., Anderson,
N. M. Heterogeneity in Preferences for
Woody Biomass Energy in the US
Mountain West. Ecological Economics.
2018, 145, 27-37.

3. Li, Y., Zhou, L. W., Wang, R. Z. Urban
biomass and methods of estimating

10.

11.

12.

municipal biomass resources. Renewable
and Sustainable Energy Reviews. 2017,
80, 1017-1030.

Valentim, L. C. G., Lucena, H. A. N,
Amaral, I. B. C., Couto, L. C., Reis, A. B.
Short fiber fluff cellulose industry:
economic viability and energy potential.
Periddico Tché Quimica. 2019, 16(31),
49-58.

Maslennikov, S. S., Selitskaya, O. V.,
Snegirev, D. V. Screening assessment of
ligninolytic and cellulolytic activity of
basidium fungi strains and development of
strains with high potential for waste
fermentation catalyst APC  “Biovel-
Farmer”. Periddico Tché Quimica. 2019,
16(31), 738-754.

Catalufia, R., Shah, Z., Venturi, V.,
Caetano, N. R. ; Da Silva, B. P., Azevedo,
C. M. N. , Da Silva, R., Suarez, P. A. Z.,
Oliveira, L. P. Production process of di-
amyl ether and its use as an additive in
the formulation of aviation fuels. Fuel.
2018, 228, 226-233.

Chan, Y. H., Cheah, K. W., How, B. S.,
Loy, A. C. M., Shahbaz, M., Singh, H. K.
G., Ngan, S. L. An overview of biomass
thermochemical conversion technologies
in Malaysia. Science of the Total
Environment. 2019, 680, 105-123.
Caetano, N. R., Venturini, M. S., Centeno,
F. R., Lemmertz, C. K., Kyprianidis, K. G.
Assessment of mathematical models for
prediction of thermal radiation heat loss
from laminar and turbulent jet non-
premixed flames. Thermal Science and
Engineering Progress. 2018, 7, 241-247.
Milovanovich, E. V., Maksimova, K.,
Svetlana N. Modelling of microbiological
method of oil recovery improvement.
Periddico Tché Quimica. 2017, 14(27),
56-64.

Pahla, G., Mamvura, T. A., Ntuli, F.,
Muzenda, E. Energy densification of
animal waste lignocellulose biomass and
raw biomass. South African Journal of
Chemical Engineering. 2017, 24, 168-175.
Xin-Gang, Z., Tian-Tian, F., Yu, M., Yi-
Sheng, Y., Xue-Fu, P. Analysis on
investment strategies in China: the case
of biomass direct combustion power
generation  sector. Renewable and
Sustainable Energy Reviews. 2015, 42,
760-772.

Prado, C., P., De Figueredo, K. S. L.,
Ribeiro, I. H. S. Use of beef tallow as an
alternative for consolidation of biodiesel

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

564



production in brazilian state of Tocantins:
a study of oxidative stability via
spectroscopy analysis in the UV-VIS.
Periddico Tché Quimica. 2015, 12(23),
90-99.

13.Zhang, H., Yang, H., Guo, H., Huang, C.,

14.

15.

16.Alvarez, A.,

17.

18.

19.

20.

21.

22.

Xiong, L., Chen, X. Kinetic study on the
liquefaction of wood and its three cell wall
component in polyhydric alcohols. Applied
Energy. 2014, 113, 1596-1600.

Xiu, S., Shahbazi, A. Bio-oil production
and upgrading research: A review.
Renewable and Sustainable Energy
Reviews. 2012, 16(7), 4406-4414.
Caetano, N. R., Stapasolla, T. Z., Peng, F.
B., Schneider, P. S., Pereira, F. M.,
Vielmo, H. A. Diffusion Flame Stability of
Low Calorific Fuels. Defect and Diffusion
Forum. 2015a, 362, 29-37.

Cachero, S., Gonzéalez-
Sanchez, C., Montejo-Bernardo, J.,
Pizarro, C., Bueno, J. L. Novel method for
holocellulose analysis of non-woody
biomass wastes. Carbohydrate Polymers.
2018, 189, 250-256.

Cai, Z., Narine, L. L., D’Amato, A., Aguilar,
F. X. Attitudinal and revenue effects on
non-industrial private forest owners’
willingness-to-harvest timber and woody
biomass. Forest Policy and Economics.
2016, 63, 52-61.

Liu, Z., Balasubramanian, R. A
comparison of thermal behaviors of raw
biomass, pyrolytic biochar and their
blends with lignite. Bioresource
Technology. 2013, 146, 371-378.

Abbas, D., Current, D., Phillips, M.,
Rossman, R., Hoganson, H., Brooks, K.
N. Guidelines for harvesting forest
biomass for energy: A synthesis of
environmental considerations. Biomass
and Bioenergy. 2011, 35(11), 4538-4546.
Muangrat, R., Onwudili, J. A., & Williams,
P. T. Alkali-promoted hydrothermal
gasification of biomass food processing
waste: A parametric study. International
Journal of Hydrogen Energy. 2010,
35(14), 7405-7415.

Sun, J., Shen, Z., Zhang, Y., Zhang, Q.,
Wang, F., Wang, T., Li, X. Effects of
biomass briquetting and carbonization on
PM2.5 emission from residential burning
in Guanzhong Plain, China. Fuel. 2019,
244, 379-387.

Haykiri-Acma, H., Yaman, S., &
Kucukbayrak, S. Burning characteristics
of chemically isolated biomass

23.

24.

25.

26.

27.

28.

29.

30.

31.

ingredients. Energy Conversion and
Management. 2011, 52(1), 746-751.

Fan, K.-Q., Zhang, P.-F., Pei, Z. J. An
assessment model for collecting and
transporting cellulosic biomass.
Renewable Energy. 2013, 50, 786—794.
Catalufia, R., Shah, Z., Pelisson, L.,
Caetano, N. R., Da Silva, R., Azevedo, C.,
Biodiesel Glycerides from the Soybean
Ethylic Route Incomplete Conversion on
the Diesel Engines Combustion Process.
Journal of the Brazilian Chemical Society.
2017, 00, 1-8.

Fagundez, J. L. S., Sari, R. L., Mayer, F.
D., Martins, M. E. S., Salau, N. P. G.
Determination of optimal wet ethanol
composition as a fuel in spark ignition
engine. Applied Thermal Engineering.
2017, 112, 317-325.

Yang, M., Kuittinen, S., Vepsaldinen, J.,
Zhang, J., Pappinen, A. Enhanced
acetone-butanol-ethanol production from
lignocellulosic  hydrolysates by using
starchy slurry as supplement. Bioresource
Technology. 2017, 243, 126-134.

Yellapu, S. K., Klai, N., Kaur, R., Tyagi, R.
D., Surampalli, R. Y. Oleaginous yeast
biomass flocculation using bioflocculant
produced in wastewater sludge and
transesterification using petroleum diesel
as a co-solvent. Renewable Energy.
2019, 131, 217-228.

Bharathiraja, B., Chakravarthy, M., Ranijith
Kumar, R., Yogendran, D., Yuvaraj, D.,
Jayamuthunagai, J., Palani, S. Aguatic
biomass (algae) as a future feed stock for
bio-refineries: A review on cultivation,
processing and products. Renewable and
Sustainable Energy Reviews. 2015, 47,
634-653.

Caetano, N. R., Cataluia, R., Vielmo, H.
A. Analysis of the Effect on the
Mechanical Injection Engine Using Doped
Diesel Fuel by Ethanol and Bio-Oil.
International Review of Mechanical
Engineering. 2015b, 9(2), 124-128.
Ojeda, K., Avila, O., Suéarez, J., Kafarov,
V. Evaluation of technological alternatives
for process integration of sugarcane
bagasse for  sustainable  biofuels
production—Part 1. Chemical Engineering
Research and Design. 2011, 89(3), 270—
279.

Vandecasteele, B., Boogaerts, C,
Vandaele, E. Combining woody biomass
for combustion with green waste
composting: Effect of removal of woody

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

565



32.

33.

biomass on compost quality. Waste
Management. 2016, 58, 169-180.

Shi, Y., Ge, Y., Chang, J., Shao, H., Tang,
Y. Garden waste biomass for renewable
and sustainable energy production in
China: Potential, challenges  and
development. Renewable and Sustainable
Energy Reviews. 2013, 22, 432-437.
Zhou, X., Zhu, H., Wen, Y., Goodale, U.
M., Li, X., You, Y., Liang, H. Effects of
understory management on trade-offs and
synergies between biomass carbon stock,
plant diversity and timber production in
eucalyptus plantations. Forest Ecology
and Management. 2018, 410, 164-173.

34.Velasquez, E. I. G., Coronado, C. J. R,,

35.

36.

37.

38.

39.

40.

41.

Quintero Cartagena, J. C., Carvalho, J.
A., Mendiburu, A. Z., Andrade, J. C,,
Santos, J. C. Prediction of flammability
limits for ethanol-air blends by the Kriging
regression model and response surfaces.
Fuel. 2017, 210, 410-424.

Akbi, A., Saber, M., Aziza, M., Yassaa, N.
An overview of sustainable bioenergy
potential in Algeria. Renewable and
Sustainable Energy Reviews. 2017, 72,
240-245.

De Boni, L. A. Empirical/Theoretical
proposal for the production of biodiesel.
Periodico Tché Quimica. 2017, 14(28),
166-174.

Paradelo, R., Moldes, A. B., & Barral, M.
T. Evolution of organic matter during the
mesophilic composting of lignocellulosic
winery wastes. Journal of Environmental
Management. 2013, 116, 18-26.

Dias, M. O. S., Junqueira, T. L., Cavalett,
0., Cunha, M. P., Jesus, C. D. F., Rossell,
C. E. V., Bonomi, A. Integrated versus
stand-alone second generation ethanol
production from sugarcane bagasse and
trash. Bioresource Technology. 2012,
103(1), 152-161.

Quintero, J. A., Montoya, M. ., Sanchez,
0. J., Giraldo, O. H., Cardona, C. A. Fuel
ethanol production from sugarcane and
corn: Comparative analysis for a
Colombian case. Energy. 2008, 33(3),
385-399.

Lizasoain, J., Rincén, M., Theuretzbacher,
F., Enguidanos, R., Nielsen, P. J.,,
Potthast, A., Bauer, A. Biogas production
from reed biomass: Effect of pretreatment
using different steam explosion
conditions. Biomass and Bioenergy. 2016,
95, 84-91.
Montingelli, M. E.,

Benyounis, K. Y.,

42.

43.

44.

45.

46.

47.

48.

49.

50.

Stokes, J., Olabi, A. G. Pretreatment of
macroalgal biomass for biogas
production. Energy Conversion and
Management. 2016, 108, 202—-209.
Santos, T. do N., Dutra, E. D., Gomes do
Prado, A., Leite, F. C. B., de Souza, R. de
F. R., dos Santos, D. C., ... Menezes, R.
S. C. Potential for biofuels from the
biomass of prickly pear cladodes:
Challenges for bioethanol and biogas
production in dry areas. Biomass and
Bioenergy. 2016, 85, 215-222.V

Poschl, M., Ward, S., Owende, P.
Evaluation of energy efficiency of various
biogas  production and utilization

pathways. Applied Energy. 2010, 87(11),
3305-3321.

Holm-Nielsen, J. B., Al Seadi, T., &
Oleskowicz-Popiel, P. The future of
anaerobic digestion and biogas utilization.
Bioresource Technology. 2009, 100(22),
5478-5484.

Pedrazzi, S., Allesina, G., Tartarini, P.
Effects of upgrading systems on energy
conversion efficiency of a gasifier - fuel
cell - gas turbine power plant. Energy
Conversion and Management. 2016, 126,
686-696.

Caetano, N. R., Soares, D., Nunes, R. P.,
Pereira, F. M., Schneider, P. S., Vielmo,
H. A., van der Laan, F. T. A comparison of
experimental results of soot production in
laminar premixed flames. Open
Engineering. 2015c, 5, 213-219.

Yadav, I. C., Devi, N. L. Biomass Burning,

Regional Air Quality, and Climate
Change. Reference Module in Earth
Systems and Environmental Sciences.

Encyclopedia of Environmental Health,
2nd Edition, 2018.

Felfli, F. F., Mesa P, J. M., Rocha, J. D.,
Filippetto, D., Luengo, C. A., Pippo, W. A.
Biomass briquetting and its perspectives
in Brazil. Biomass and Bioenergy. 2011,
35(1), 236-242.

Klunk, M. A., Dasgupta, S., Schropfer, S.
B., Nunes, B. V. G., Wander, P. R.
Comparative Study of Geochemical
Speciation Modeling Using GEODELING
Software. Periddico Tché Quimica.
2019a, 16(31), 816-822.

Klunk, M. A., Dasgupta, S., Conceicao, R.
V. Computerized geochemical modeling
of burial diagenesis of the Eocene
turbidite reservoir elements: Urucutuca
Formation, Espirito Santo Basin,
southeastern Brazil passive margin.

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

566



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Journal of Palaeogeography. 2018, 7, 12-
26.

Klunk, M. A., Damiani, L. H., Feller, G.,
Rey, M. F., Conceicao, R. V., Abel, M., De
Ros, L. F. Geochemical modeling of
diagenetic reactions in Snorre Field
reservoir sandstones: a comparative
study of computer codes. Brazilian
Journal of Geology. 2015, 45, 29-40.
Saffy, H. A., Northrop, W. F., Kittelson, D.
B., Boies, A. M. Energy, carbon dioxide
and water use implications of hydrous
ethanol production. Energy Conversion
and Management. 2015, 105, 900-907.
Garcia, C. A., Fuentes, A., Hennecke, A,
Riegelhaupt, E., Manzini, F., Masera, O.
Life-cycle greenhouse gas emissions and
energy balances of sugarcane ethanol
production in Mexico. Applied Energy.
2011, 88(6), 2088—2097.

Szklo, A. S., Schaeffer, R., Edgar
Schuller, M., Chandler, W. Brazilian
energy policies side-effects on CO:
emissions reduction. Energy Policy. 2005,
33(3), 349-364.

Klunk, M. A., Dasgupta, S., Nunes, B. V.
G., Wander, P. R. Synthesis of Sodalite
Zeolite to Treatment of Textile Effluents.
Periodico Tché Quimica. 2019b, 16(31),
778-783.

Massoudi Farid, M., Kang, M. S., Hwang,
J. The effect of CO on coal-biomass co-
gasification with CO,. Fuel. 2017, 188, 98-
101.

Kramb, J., Konttinen, J., Gomez-Barea,
A., Moilanen, A., Umeki, K. Modeling
biomass char gasification kinetics for
improving prediction of carbon conversion
in a fluidized bed gasifier. Fuel. 2014,
132, 107-115.

Balasubramani, P., Anbumalar, V.,
Nagarajan, M. S., Prabu, P. M. Biomass
briquette manufacturing system model for
environment. Journal of Alloys and
Compounds. 2016, 686, 859-865.
Flérez-Orrego, D., Silva, J. A. M., Oliveira
Jr. S. Exergy and environmental
comparison of the end use of vehicle
fuels: The Brazilian case. Energy
conversion and management. 2015, 100,
220-231.

Caetano, N.R.; Silva, B. P. Technical and
Economic Viability for the Briquettes
Manufacture. Defect and Diffusion Forum.
2017, 380, 218-226.
Stolarski, M. J.,
Tworkowski, J.,

Szczukowski, S.,
Krzyzaniak, M.,

Gulczynski, P., Mleczek, M. Comparison
of quality and production cost of
briquettes made from agricultural and
forest origin biomass. Renewable Energy.
2013, 57, 20-26.

62.Wu, C. Z., Yin, X. L., Yuan, Z. H., Zhou, Z.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Q., Zhuang, X. S. The development of
bioenergy technology in China. Energy.
2010, 35(11), 4445-4450.

Sordi, R.A., Manechini, C. Utilization of
trash: a view from the agronomic and
industrial perspective. Scientia Agricola.
2013, 70(5), 1-2.

Da Silva, C. A., Felfli, F. F., Pérez, J. M.
M., Rocha, J. D., Simdes, A. F. Estudo da
viabilidade técnico - econbmica de uma
fabrica de briquetes para fins de geracao
energética. In Proceedings of the 6°
Encontro de Energia no Meio Rural, 2006.
Trubetskaya, A., Leahy, J. J.,
Yazhenskikh, E., Miller, M., Layden, P.,
Johnson, R., Monaghan, R. F. D.
Characterization of woodstove briquettes
from torrefied biomass and coal. Energy.
2019, 171(15), 853-865.

Zhang, G., Sun, Y., Xu, Y. Review of
briquette  binders  and briquetting
mechanism. Renewable and Sustainable
Energy Reviews. 2018, 82, 477-487. ,
Turdera, V. M. Energy balance,
forecasting of bioelectricity generation and
greenhouse gas emission balance in the
ethanol production at sugarcane mills in
the state of Mato Grosso do Sul.
Renewable and Sustainable Energy
Reviews. 2013, 19, 582-588.

Guerra, J. P. M., Coleta, J. R., Arruda, L.
C. M., Silva, G. A., Kulay, L. Comparative
analysis of electricity cogeneration
scenarios in sugarcane production by
LCA. The International Journal of Life
Cycle Assessment. 2014, 19(4), 814-825.
Prasityousil, J., Muenjina, A. Properties of
Solid Fuel Briquettes Produced from
Rejected Material of Municipal Waste
Composting. Procedia  Environmental
Sciences. 2013, 17, 603-610.

Do Rosario, L. M. Briquetagem Visando
Utilizacdo De Residuos De Uma Serraria.
Monografia apresentada como requisito
parcial para obtencdo do titulo de
Engenheiro Industrial Madeireiro,
Departamento de Engenharia Florestal,
Universidade Federal do Espirito Santo,
Espirito Santo. 2011.

Shekhar, N. Popularization of biomass
briquettes — a means for sustainable rural

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

567



72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

development. Asian Journal of
Management Research. 2011, 2, 457-
473.

Vilas Boas, M. A. Efeito do tratamento
térmico da madeira para producdo de
briquetes. 2011. 79 f. Dissertagédo
(Mestrado em ciéncia florestal) -
Universidade Federal de Vicosa, Vigosa.
Purohit, P., Tripathi, A. K., & Kandpal, T.
C. Energetics of coal substitution by
briquettes of agricultural residues. Energy.
2006, 31(8-9), 1321-1331.

Filippetto, D. Briquetagem de residuos
vegetais: viabilidade técnico econdmica e
potencial de mercado. 2008. 74 f.
Dissertagdo (Mestrado em Engenharia
Mecénica) - Universidade Estadual de
Campinas, Campinas.

Lowesmith, B. J., Hankinson, G., Acton,
M. R., Chamberlain, G. An Overview of
the Nature of Hydrocarbon Jet Fire
Hazards in the Oil and Gas Industry and a
Simplified Approach to Assessing the
Hazards. Process Safety and
Environmental Protection. 2007, 85(3),
207-220.

Bigaton, A., Danelon, A. F., Xavier, L. F.
S., Fanton, M., Silva, H. J. T. Previséo de
custos do setor sucroenergético na regiao
Centro-Sul do Brasil: safra 2015/16.
Revista iPecege. 2015, 1, 146-156.
Bigaton, A., Danelon, A. F., Bressan, G.,
Silva, H. J. T., Rosa, J. H. M. Previsao de
custos do setor sucroenergético na regiao
Centro-Sul do Brasil: safra 2017/18.
iPecege. 2016, 2(3), 106-113.

Bigaton, A., Oliveira, A. M. P. F. L,
Xavier, F. S., da Silva, H. J. T. P,
Marqgues, V. Previsdo de custos do setor
sucroenergético na regido Centro-Sul do
Brasil: safra 2016/17. iPecege. 2017, 3(3),
65-70.

Rosa, C. A. B. Influéncia do teor de
lignina da madeira de eucalyptus globulus
na producdo e na qualidade da celulose
kraft. 2003. 150 f. Dissertagdo (Mestrado
em Engenharia Florestal), Universidade
Federal de Santa Maria, Santa Maria.
Dukes, C. C., Baker, S. A., & Greene, W.
D. In-wood grinding and screening of
forest residues for biomass feedstock
applications. Biomass and Bioenergy.
2013, 54, 18-26.

Sova, D., Porojan, M., Bedelean, B., &
Huminic, G. Effective thermal conductivity
models applied to wood briquettes.
International Journal of Thermal Sciences.

2018, 124, 1-12.

82. Antwi-Boasiako, C., Acheampong, B. B.

83.

84.

85.

86.

87.

88.

Strength properties and calorific values of
sawdust-briquettes as  wood-residue
energy generation source from tropical
hardwoods of different densities. Biomass
and Bioenergy. 2016, 85, 144-152.

Fraga, A., Klunk, M. A., Oliveira, A.,
Furtado, G., Knornschild, G. H., Dick, L.
F. P. Soil corrosion of the AISI1020 steel
buried near electrical power transmission
line towers. Materials Research-lbero-
American Journal of Materials. 2014, 17,
1637-1643.

Klunk, M. A., Oliveira, A., Furtado, G.,
Knornschild, G. H., Dick, L. F. P. Study of
the Corrosion of Buried Steel Grids of
Electrical Power Transmission Towers.
ECS Transactions. 2012, 43, 23-27.
Paula, L. E. R. Producdo e avaliacdo de
briguetes de residuos lignocelulsicos.
2010. 83 f. Dissertacdo (Mestrado em
ciéncia e tecnologia da madeira) -
Universidade Federal de Lavras, Lavras-
MG.

Bamgboye, A. I., Bolufawi, S. J. Physical
characteristics of Briquettes from Guinea-
corn  (Sorghum  bi-color) residue.
Agricultural  Engineering  International:
CIGR Journal, XI, 2009.

Eriksson, S., Prior, M. The briquetting of
agricultural wastes for fuel. FAO
Environment and Energy Paper 11, FAO
of the UN, Rome, 1990.

Phanphanich, M., Mani, S. Drying
characteristics of pine forest resources.
BioResources. 2009, 5, 13-26.

89. Zamora-Cristales, R., Sessions, J., Smith,

90.

91.

92.

D., Marrs, G. Effect of grinder
configuration on forest biomass bulk
density, particle size distribution and fuel
consumption. Biomass and Bioenergy.
2015, 81, 44-54.

Peng, J. H, Bi, H. T., Lim, C. J, &
Sokhansanj, S. Study on Density,
Hardness, and Moisture Uptake of

Torrefied Wood Pellets. Energy & Fuels.
2013, 27(2), 967-974.

Haykiri-Acma, H., Yaman, S., Alkan, M.,
Kucukbayrak, S. Mineralogical
characterization of chemically isolated
ingredients  from  biomass. Energy
Conversion and Management. 2014, 77,
221-226.

Kumar, P., Barrett, D. M., Delwiche, M. J.,
Stroeve, P. Methods for Pretreatment of
Lignocellulosic Biomass for Efficient

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

568



Hydrolysis and Biofuel Production.
Industrial & Engineering  Chemistry
Research. 2009, 48(8), 3713-3729.

93.Hu, Y., Oduro, I. N., Huang, Y., Fang, Y.
Structural characterization and pyrolysis
behavior of holocellulose obtained from
lignin-first biorefinery. Journal of Analytical
and Applied Pyrolysis. 2016, 120, 416-
422,

94.Cortez, L. A. B,, Lora, E. E. S., Gomez, E.
O. Biomassa para energia. Campinas,
S&o Paulo. Editora da UNICAMP, 2008.

95.Raud, M., Tutt, M., OIlt, J., Kikas, T.
Dependence of the hydrolysis efficiency
on the lignin content in lignocellulosic
material. International  Journal  of
Hydrogen Energy. 2016, 41(37), 16338-
16343.

96. Fu, L., McCallum, S. A., Miao, J., Hart, C.,
Tudryn, G. J., Zhang, F., Linhardt, R. J.
Rapid and accurate determination of the
lignin content of lignocellulosic biomass
by solid-state NMR. Fuel. 2015, 141, 39-
45,

97.Stolarski, M. J., Szczukowski, S.,
Tworkowski, J., Krzyzaniak, M.,
Gulczynski, P., Mleczek, M. Comparison
of quality and production cost of
briquettes made from agricultural and
forest origin biomass. Renewable Energy.
2013, 57, 20-26.

98.Nguyen, T. L. T., Hermansen, J. E., &
Nielsen, R. G. Environmental assessment
of gasification technology for biomass
conversion to energy in comparison with
other alternatives: the case of wheat
straw. Journal of Cleaner Production.
2013, 53, 138-148.

99.He, J., Liu, Y., Lin, B. Should China
support the development of biomass
power generation? Energy. 2018,
163(15), 416-425

100. Bilgili, F., Kogcak, E., Bulut, U.,
Kuskaya, S. Can biomass energy be an
efficient policy tool for sustainable
development? Renewable and
Sustainable Energy Reviews. 2017, 71,
830-845.

101. Tan, Q., Pan, X., Wang, R., Zhang,
X., Zhang, C. Research on synergetic
evolution of biomass electricity generation
supply chain: an empirical study on
biomass power plant in Shandong
Province. Journal of China Agricultural
University. 2017, 22(2), 190-196.

102. Mai-Moulin, T., Armstrong, S., van
Dam, J., Junginger, M. Toward a

harmonization of national sustainability
requirements and criteria for solid
biomass. Biofuels, Bioproducts and
Biorefining. 2017, 13(2), 405-421.

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

569



1200 -
1004 ™ 7 .=

i 5 ] m® o]
800 ' o o\, ® '

600 { | &"d rE A b

Active Power (kW)
o]
o)
0
o
»O
||
"
o)
o}

ao{ e | 4 Y Ne®

200 l 'YX L 4

0 2I5 5I0 7I5 160
Time (s)
- E/Mill1 —e— E/Briquetting Machine A P/Mill2

—A— E/Mill2 —o— P/Mill1 —o— P/ Briquetting Machine

Figure 1. Power consumed by mills in function of time by the production process.

Table 1. Classification of forest residues according species, sampling and biomass type.

Class Species Sampling Type
E Eucalyptus spp. Industrial area Wood chips
P Pinus taeda Forecourt wooden Bark

Table 2. Average values of bulk density of residues.

Classe Density (kg/m?3)
E 375
P 364

Table 3. Average values of the chemical composition of the forest waste class

Class TE (%) LC (%) MC (%) HC(%)
E 5 16 4 79
P 18 42 3 40

TE = total extracts; LC = lignin content; MC = minerals content or ash; HC = holocellulose content
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Table 4. Electric energy costs per equipment and the total cost for the production of briquettes of
classes E and P.

Costs (R$/ton)

Class E Class P

Mill 1 92.70 24.60

Mill 2 41.70 22.21
Briquetting Machine 281.30 462.16
Total 415.70 508.96

Equipment
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