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Abstract

The production of cassava and tapioca flour are recognized as activities merged in family culture in the North and
Northeast regions of Brazil, which demand the use of firewood to feed the furnaces in the flour mills. Due to the small
number of studies on this theme, this work aims to evaluate the quality of woody species commonly used as solid fuels
in the production of manioc flour in the state of Sergipe, namely: Poincianella pyramidalis (“catingueira”), Cronton
sonderianus (“marmeleiro”) and Piptadenia stipulacea (white “jurema”), as well as coconut shells (Cocos nucifera), as
an alternative to the use of woody species. Representative samples of the materials were analyzed for parameters: total
extracts, lignin, holocellulose, volatile materials, fixed carbon, ashes, higher (HHV) and lower (LHV) heating values,
in addition to thermogravimetric analysis. The data were analyzed in a completely randomized design, with four
treatments and three replications. The species Piptadenia stipulacea and Cocos nucifera showed high contents of total
extracts (18.14%; 29.81%), lignin (29.14%; 28.18%) and fixed carbon (28.22%; 29.62%), and lower contents of
holocellulose (52.72%; 42.01%) and volatile materials (70.60%; 66.14%), respectively. The species with the lowest ash
content were Croton sonderianus and Piptadenia stipulacea, and the species with the highest HHV and LHV were
Piptadenia stipulacea and Croton sonderianus, respectively. Regarding to the thermogravimetric properties, Cocos
nucifera behaved like the other biomasses, with ignition temperature slightly lower and peak temperature higher than
those for the other species. Among the species analyzed, Piptadenia stipulacea and Cocos nucifera showed the best
results as combustibles for cassava flour production. Hence, dried Cocos nucifera shells can properly replace the
conventional firewood.

Keywords: Biomass; Flour mills; Cassava; Cocos nucifer; Piptadenia stipulacea; Combustion.

Resumo

A producdo de farinha de mandioca e de tapioca se destacam como atividades enraizadas na cultura familiar nas regides
Norte e Nordeste do Brasil, as quais demandam o uso de lenha para alimentar os fornos das casas de farinha. Devido ao
pequeno numero de trabalhos nesta tematica, objetivou-se avaliar a qualidade de espécies lenhosas comumente
utilizadas como combustiveis solidos na produgdo de farinha de mandioca no estado de Sergipe, a saber: Poincianella
pyramidalis (catingueira), Cronton sonderianus (marmeleiro) e a Piptadenia stipulacea (jurema branca), bem como
cascas do Cocos nucifera (coco verde), como alternativa ao uso das espécies lenhosas. Amostras representativas dos
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materiais foram analisadas quanto aos parametros: extrativos totais, lignina, holocelulose, materiais volateis, carbono
fixo, cinzas, poderes calorificos superior (PCS) e inferior (PCI), além de analise termogravimétrica. Os dados foram
analisados em delineamento inteiramente casualizado, com quatro tratamentos e trés repeticdes. As espécies Piptadenia
stipulacea e Cocos nucifera apresentaram teores elevados de extrativos totais (18,14%; 29,81%), lignina (29,14%;
28,18%) e carbono fixo (28,22%; 29,62%), e menores teores de holocelulose (52,72%; 42,01%) e materiais volateis
(70,60%; 66,14%), respectivamente. Ja as espécies com menores teores de cinzas foram o Croton sonderianus e a
Piptadenia stipulacea. As espécies que apresentaram maiores PCS e PCI foram a Piptadenia stipulacea e o Croton
sonderianus. Com relacdo a analise termogravimétrica, os dados revelam que o Cocos nucifera apresentou
comportamento similar ao das demais biomassas, com temperatura de igni¢do levemente inferior e temperatura de pico
superior as das demais espécies. Dentre as espécies analisadas, a lenhosa Piptadenia stipulacea e o Cocos nucifera
foram as que apresentaram melhores resultados para a producédo de farinha, conferindo a casca do Cocos nucifera o
status de possivel substituto da lenha como combustivel.

Palavras-chave: Biomassa; Casas de farinha; Mandioca; Cocos nucifera; Piptadenia stipulacea; Combustéo.

Resumen

La produccidn de harina de yuca y tapioca se destaca como actividades arraigadas en la cultura familiar en las regiones
Norte y Nordeste de Brasil, que demandan el uso de lefia para alimentar los hornos en las casas harineras. Debido al
escaso numero de estudios sobre este tema, el objetivo de este trabajo fue evaluar la calidad de especies lefiosas
comunmente utilizadas como combustibles sélidos en la produccion de harina de mandioca en el estado de Sergipe, a
saber: Poincianella pyramidalis (“catingueira”), Cronton sonderianus (“marmeleiro”) y Piptadenia stipulacea
(“jurema” blanca), asi como corteza de Cocos nucifera (coco verde), como alternativa al uso de especies lefiosas. Se
analizaron muestras representativas de los materiales para parametros: extractos totales, lignina, holocelulosa,
materiales volatiles, carbono fijo, cenizas, poder calorifico superior (PCS) e inferior (PCI), asi como del andlisis
termogravimétrico. Los datos se analizaron en un disefio completamente al azar, con cuatro tratamientos y tres
repeticiones. Las especies Piptadenia stipulacea y Cocos nucifera mostraron altos niveles de extractos totales (18,14%;
29,81%), lignina (29,14%; 28,18%) y carbono fijo (28,22%; 29,62%), y menores nhiveles de holocelulosa (52,72%;
42,01%). %) y materiales volatiles (70,60%; 66,14%), respectivamente. Las especies con menor contenido de cenizas
fueron Croton sonderianus y Piptadenia stipulacea. Las especies con mayor PCS e PCI fueron Piptadenia stipulacea
y Croton sonderianus. En cuanto al analisis termogravimétrico, los datos revelan que Cocos nucifera presentd un
comportamiento similar al de las otras biomasas, con temperatura de ignicion levemente menor y temperatura pico
superior a la de las otras especies. Entre las especies analizadas, la lefiosa Piptadenia stipulacea y Cocos nucifera
mostraron los mejores resultados para la produccion de harina, otorgando a la corteza de Cocos nucifera la condicion
de posible sustituto de la lefia como combustible.

Palabras clave: Biomasa; Harineros; Mandioca; Cocos nucifera; Piptadenia stipulacea; Combustion.

1. Introduction

Vegetable biomass can be used both as a fuel for direct heating, and can be converted into solid, liquid or gaseous
derivatives, for the generation of heat, electricity or fuels for use in various sectors of the economy. According to Vassilev et al.
(2013), about 97% of the world's bioenergy is produced by direct combustion of biomass - one of the techniques widely used for
commercial and industrial use. However, one of the challenges for the development of this energy source is the conflict in land
use between food production and biomass production (Wicke et al., 2011; Muscat et al., 2020).

According to Jan (2012), a prominent issue is the dependence of part of the low-income world population on biomass,
to meet their energy needs. The intensive and uncontrolled use of biomass creates environmental threats, which is restricted by
the availability of arable land and natural resources such as water (Guo et al., 2020a). In addition, the burning of vegetable
biomass results in different health impacts, due to the high levels of exposure to air pollution in the domestic environment, due
to the use of inefficient cooking stoves and bad ventilation conditions, besides the forest degradation due to removal of firewood,
contributing to the global warming (Ahrends et al., 2010; Hosonuma et al., 2012; Quinn et al., 2018).

Most people living in rural areas in developing Asian and sub-Saharan countries face a dilemma: they have great
potential for the production of agricultural biomass, but they face a lack of food and energy because they depend directly on
burning biomass as a source of energy and heating (Campbell et al., 2008; Foel et al., 2011; Wicke et al., 2011; Lewis &

Pattanayak, 2012; Brady et al., 2017). Ninety percent of bioenergy is consumed inefficiently as firewood, coal and agricultural
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waste, and the responsibility for obtaining the energy source is exclusive to women, explaining the dilemma (Guo et al., 2020a;
Wicke et al., 2011; Ruiz-Mercado et al., 2011).

According to Gnansounou et al. (2020), West Africa presents climatic zones with semi-arid areas vulnerable to drought
and climate change, which threaten agricultural activities, water resources and ecosystem services such as biomass for energy
production. The neotropical region of the Brazilian Semi-Arid has the biome known as the caatinga, encompassing much of the
Northeast region of Brazil, characterized by low rainfall and high evapotranspiration (Moro et al., 2016). In this part of the semi-
arid region, population growth and the demand for energy products have increased, intensifying pressure on native flora, aiming
at obtaining firewood and charcoal, which, for a long time, were used for cooking and heating in furnaces, ovens and boilers
(Gioda, 2019).

Although resources such as firewood, coal and agricultural waste are harvested unsustainably and energy conversion
technologies, such as stoves and furnaces are low efficiency (Foel et al., 2011), some strategies to supply energy demand have
been studied, as reported by Mehmood et al. (2019), which recommends that residual biomass from agriculture or agroforestry
can be produced on non-arable land - a practical option that does not cause competition with food production. As woody species
are widely used for energy purposes, different sources of biomass have also been studied as strategies for the same purpose, such
as sugar cane, rice husks, sawdust, nutshells, grasses and solid residues (Ripoli et al., 2000; Mehmood et al., 2019). Another
example is the use of residual biomass from Cocos nucifera (in fact, coconut shell), as studied by Yerima and Grema (2018), in
Nigeria, instead of firewood, reporting its high energy content, which can be used as domestic or industrial fuel, with the purpose
of reducing the removal of wood from natural ecosystems, which has been responsible for desertification in arid areas of Nigeria.

In the Northeast region of Brazil, woody species from the caatinga have been used as firewood for the production of
charcoal, to meet the demand of bakeries, ceramics and small rural producers, with no management plan (Machado et al., 2010),
generating environmental impact negative (APL-SE, 2011) due to the deforestation of this biome. According to Neves et al.
(2017), flour is one of the main products derived from cassava, in widespread use throughout the country, especially in the North
and Northeast regions of Brazil, whose production process necessarily involves a stage of roasting in wood ovens (Cereda &
Vilpoux, 2010), with controlled heating based on the firewood burning rate (Oladejo et al., 2016).

Therefore, the objective of this work was to compare the residue of Cocos nucifera and woody species from the caatinga,
in order to evaluate the potential of the former as a substitute for conventional woody species in the ovens for the production of

cassava (Manihot esculenta Crantz) flour.

2. Materials and Methods

This work emerged from an applied (since it aimed to generate new knowledge to solve specific problems) (Gil, 2010),
quantitative (once properties and parameters of the samples were determined) (Marconi & Lakatos, 2010) and experimental
research (since it included laboratory studies) (Pereira et al., 2018), based on the characterization of lignocellulosic materials
(wood samples) with potential for use as fuel, with regard to their properties and parameters that influence the heat capacity and
performance of materials as sources of thermal energy.

The wood samples of the species Poincianella pyramidalis (“catingueira”), Cronton sonderianus (“marmeleiro”) and
Piptadenia stipulacea (“jurema branca”) came from the municipality of Sdo Domingos, state of Sergipe (Figure 1), a municipality
with a total area of 10,247 ha, of which only 16% are covered by caatinga (IFN, 2018), being limited to the north with the
municipality of Macambira, to the east with Campo do Brito, to the west and to the south with Lagarto. It has an altitude of 206
meters and geographical coordinates 10°47'31" south latitude and 37°34'09" west longitude (CPRM, 2002). The region is
recognized for the high production of manioc flour (Manihot esculenta Crantz), consumed throughout the state of Sergipe and

distributed to other Brazilian states.


http://dx.doi.org/10.33448/rsd-v10i11.19485

Research, Society and Development, v. 10, n. 11, e250101119485, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i11.19485

Figure 1. Location of the studied area.
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Source: Authors.

Samples of each of the investigated wood species were randomly collected, which were cut into 15 cm thick discs,
reduced to chips (Almeida et al., 2015) and stored in zip lock bags. One exsiccates of each species was collected and later
identified by comparison at the Herbarium of the Federal University of Sergipe (ASE). The samples of green coconut shells
(Cocos nucifera) were obtained at a commercial coconut water selling point in Aracaju, Sergipe, Brazil, with geographical
coordinates 10°55°56°°S and 37°04°23°”W. Such samples were cut into small pieces and stored in a similar way to wooden ones.
All samples were properly identified and transported to the laboratories for chemical, proximate and energetic analysis, described
below.

The samples were transformed into sawdust in a Wiley mill, according to TAPPI T-257 om-92 (1992), and the analyzes
were carried out from the sawdust fraction, classified in sieves between 40 and 60 mesh, conditioned to the temperature of 20°C
and then stored in glass bottles, according to TAPPI T-264 cm-97 (1997). The chemical analysis followed the standardized
recommendations of TAPPI T-204 cm-97 (1997) and Klock et al. (2012) adapted. Quantitative determinations of total extracts
were made through a sequence of extractions with an ethanol:toluene mixture (1:2, v/v), followed by a final extraction using
only ethanol 92.8% (w/w). Then, the quantities of lignin insoluble in sulfuric acid 72% were determined according to TAPPI T-
222 om-98 (1998), and the soluble lignin was determined by the spectrophotometric method in the UV range, using an absorbance
scan from 280 nm to 215 nm - Goldschimid method (Morais et al., 2010). The total lignin content was obtained by adding the
insoluble lignin content to the soluble lignin content. The number of holocellulose was estimated by difference (Almeida et al.,
2015). To determine the contents of volatile materials and ash, standard D - 1762-64 (ASTM, 2007) was followed. The fixed
carbon content was determined by difference, following the same standard. The higher heating value (HHV) of the samples was
determined according to NBR 8633 (ABNT, 1984), using an liab C200 adiabatic calorimetric pump, in isothermal or static mode.
The lower heating value (LHV) was predicted by the correlation: LHV = [HHV- (600x9H)100], where LHV is the lower heating
value (kcal .kg-1); HHYV is the higher heating value (kcal.kg-1); and H is the percentage of hydrogen.
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The thermogravimetric analysis was performed on a Shimadzu TGA - 60H model equipment in which the samples were
subjected to a programmed and controlled temperature variation, under nitrogen flow (N2) and heating rate of 10°C.min", since
the room temperature (25°C) up to 850°C, following a common practice in Brazil, in systems for converting plant biomass,
where temperatures are between 400°C and 600°C (Dias Junior et al., 2019), and it is possible to obtain a continuous record of

the mass variation with increasing temperature, over time, presented in graphical form.

Data analysis

To analyze the experiments, a completely randomized design was used, with four treatments (woody species and the
residue of Cocos nucifera) and analyzes in triplicate. To compare the means, the F test (p < 0.05) was applied together with the
Tukey test (p <0.05) to compare the means for possible significant differences. The association between the main characteristics

of woody species and the residue of Cocos nucifera was also determined by the Pearson correlation method.

3. Results and Discussion
3.1 Chemical composition

The characterization of the species studied by the direct combustion process reproduces with close proximity what
occurs in ovens and furnaces for cooking food. This test identifies the values referring to the levels of total extractives, total

lignin and holocellulose (Table 1).

Table 1. Content of total extractives (EXT), total lignin (L1G) and holocellulose (HOL)

Species EXT (%) LIG (%) HOL (%)

Cocos nucifera 29.81063, 28.18(12)p 42.01030q
Poincianella pyramidalis 7.760%¢ 23.13030¢ 69.110245
Croton sonderianus 7.84005¢ 30.2701%, 61.89013p
Piptadenia stipulacea 18.14(016p 29.140293h 52.72039¢

Values in parentheses refer to the standard deviation. Means followed by the same letters in the column do not differ at 5%
significance, according to the Tukey test. Source: Authors.

Extractives are important components of biomass for the generation of bioenergy, since they are flammable compounds
with lower molar masses than cellulose, which promote the decomposition of biomass at lower temperatures (Poletto et al.,
2012). According to Protasio et al. (2019), high levels of extractives can facilitate combustion at lower temperatures, as a result
of their greater volatility, accelerating the process of thermal degradation (Guo et al., 2010; Poletto, et al., 2012), which implies
a biomass that is easier to burn - a relevant feature for use in roasting ovens.

The values observed for the levels of total extractives showed variations with significant differences between treatments,
but lower than those found by Dias Junior et al. (2019), for species such as Poincianella pyramidalis (15.15%) and Piptadenia
stipulacea (13.60%). In addition, for Cocos nucifera (coconut shell), the content of total extracts was close to that observed by
Cardoso and Gongalez (2016), of 33.68%, which indicates that this biomass easily starts burning inside the combustors, as
reported by Guo et al. (2010) and Telmo and Lousada (2011).

Poincianella pyramidalis and Croton sonderianus exhibited the lowest and highest levels of lignin, respectively, with
significant differences in relation to the other species studied. Protésio et al. (2013c) observed values of lignin varying between
28.01% and 35.12% for species of eucalyptus commonly used as substitutes for native species for the production of charcoal.

On the other hand, Dias Junior et al. (2019) observed levels of lignin that varied from 23.68% to 32.80% for species from the
5
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Caatinga, corroborating the values observed in this work. With regard to Cocos nucifera (coconut shell), our results were also
elevated, superior to those observed by Cardoso and Gongalez (2016) (19.47%).

According to Costa et al. (2014), the higher the lignin content, the lower the holocellulose content, since the
holocellulose content is obtained by difference. Lignin has higher thermal stability than carbohydrates in plant biomass. Thus,
high levels of this component in biomass imply resistance to burning and combustion durability, essential to characterize biomass
for energy purposes and quite relevant for use in furnaces (Cabral et al., 2017; Protasio et al., 2014; Kumar et al., 2019), not
requiring frequent biomass replacement and maintaining the cooking/roasting temperature in the furnaces.

The holocellulose content corresponds to a fraction of the wood rich in carbohydrates, resulting from the sum of the
cellulose and hemicellulose contents - which are the constituents that present the greatest thermal instability (Neves et al., 2013).
According to Garcia-Velasquez and Cardona (2019), high levels of holocellulose suggest the use of residual raw material to
produce ethanol. The results obtained for this parameter showed a statistical difference between treatments, with the highest
value for Poincianella pyramidalis (69.11%). Cocus nucifera showed the lowest content of holocellulose (42.01%), below the
value found by Cardoso and Gongalez (2016) (46.84%) and Cabral et al. (2017) (57.27%). For Demirbas (2004) and Protasio et
al. (2012), high levels of total extracts and low content of holocellulose may be beneficial for energy production. Yang et al.
(2007) and Protésio et al. (2013a) also studied this aspect and concluded that holocellulose represents the quantity of structural
polysaccharides of low thermal resistance and provides the fastest degradation during the combustion process, not being a
desirable parameter for use in furnaces. Thus, according to Shen et al. (2010) and Carneiro et al. (2017), when the intention is
the use as firewood or the production of charcoal, raw materials with low levels of holocellulose are desirable, as this compound

contributes with little energy yield, but with high production of condensable and non-condensable gases.
3.2 Proximate analysis
The compositions of species samples referring to the contents of volatile materials, fixed carbon and ash, which help to

identify biomasses with better properties for use in ovens, are compiled in Table 2.

Table 2. Content of volatile materials (TMV), ash (TCZ) and fixed carbon (TCF).

Species T™MV (%) TCZ (%) TCF (%)
Cocos nucifera 66.14 ©-12)¢ 4.22 (0104 29.62 (0124
Poincianella pyramidalis 77.050193 1.41002p 21.53018¢
Croton sonderianus 77.15047q 0.69019¢ 22.16039¢
Piptadenia stipulacea 70.600-20h 1.180:05)¢ 28.22(020

Values in parentheses refer to the standard deviation. Means followed by equal symbols in the column do not differ at 5% significance,
according to the Tukey test. Source: Authors.

The presence of volatile materials in the biomass facilitates their ignition in the furnaces, providing a more efficient and
homogeneous combustion (Protasio et al., 2017). Thus, among the studied species, Poincianella pyramidalis and Croton
sonderianus did not show any significant difference, unlike Piptadenia stipulacea and Cocos nucifera. Among these species, the
highest volatile content was exhibited by Croton sonderianus, however this value was lower than that reported by Santos et al.
(2013) (87.44%). Cocos nucifera produced the lowest value of the parameter (66.14%), lower than that determined by Rout et
al. (2016) (75.5%).
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According to Di Blasi (1993) and Macedo et al. (2014), while lignin is more likely to form a solid by-product,
holocellulose tends to decompose into volatile products (Yang et al., 2007 and Protasio et al., 2013a). Therefore, there must be
a correlation between the content of holocellulose (HOL) and the content of volatile materials (TMV) (Figure 2a). Experimental
data corroborate this hypothesis, as the two species that had the lowest content of holocellulose, Cocos nucifera and Piptadenia
stipulacea, also had the lowest content of volatile materials.

As stated by Gioda (2018), in the biomass burning processes, incomplete combustion leads to the formation of gases
such as carbon monoxide (CO), methane (CH4), nitrogen oxides (NOx) and sulfur oxides (SOx), organic compounds volatile
(VOC) and particulate materials, arising from the decomposition of firewood in the ovens. For Alves et al. (2015), the total
emission of pollutants in food preparation results both from combustion and from the food itself, which generates volatilized
organic substances (Kabir & Kim, 2011). In incomplete combustion, according to Li et al. (2016a) and Riva et al. (2011), when
analyzing volatile coal materials for heating and cooking, concluded that pollutant gas emissions generate negative impacts on
human health, such as the development of respiratory, cardiopulmonary diseases and carcinogenic effects, due to the exposure
to stoves, predominantly of women, who use ovens and stoves more frequently (Wang et al., 2018).

In the production of cassava flour, roasting is the crucial step, giving characteristics such as odor, color, texture and
flavor to the product (Oladejo et al., 2016), however, in the context previously discussed, the heating and roasting of the cassava
bulk and emit vapors, volatile compounds and particulate matter in the indoor atmosphere of flour mill (SEBRAE, 2006), what

intensifies the overall pollution of the process.

Figure 2. Correlation between the content of holocellulose (HOL), the content of volatile materials (TMV) (a) and ash content

(TCZ) (b) for the species and for the residue of Cocos nucifera.

™Y {%)

20,00 30,00 <000 50,00 £0,00 70,00 80,00

Source: Authors.

Oliveira et al. (2019) analyzed charcoal and reported that high ash contents indicate low quality of cooking coal, since
the inorganic material present in the fuel reduces its calorific value. Cocos nucifera was the species that resulted in the highest
ash content, close to the value found by Rout et al. (2016) (3.20%), but below the value determined by Esteves et al. (2015)
(8.23%), who studied the fiber and shell of Cocos nucifera (green coconut) for the production of briquettes. The ashes also
present the drawback of increasing the formation of deposits and corrosion inside the equipments (Fernandes et al., 2013; Jenkins
et al., 1998; Pelanda et al., 2015). In the present study, the ash content showed a direct correlation with the total extractives
content, due to the presence of salts and minerals in the extracts (Figure 2b).

The fixed carbon content represents the fraction of the fuel that contains carbon and oxygen (Parikh et al., 2007), related
to the lignin content, whose molecule has aromatic rings, with higher binding energy than the other components (Atkins & Jones

2006). Thus, the higher the lignin content, the higher the fixed carbon content of fuels (Protasio et al., 2014). The experimental
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results revealed the highest fixed carbon content for Cocos nucifera (29.62%), differing statistically from the other treatments,
together with Piptadenia stipulacea, which also presented a similar correlation, showing high levels of lignin and fixed carbon.

In accordance with Protéasio et al. (2013a) and Protasio et al. (2014), the higher the fixed carbon content, the slower the
combustion of biomass in stoves, boilers and ovens. According to Nogueira and Lora (2000), it is preferable to use fuels with
higher amounts of fixed carbon as a source of bioenergy, a characteristic represented in this work by the species Cocos nucifera
and Piptadenia stipulacea.

Regarding the immediate composition, among the species studied, the most recommended for use in furnaces are
Piptadenia stipulacea - for having low ash content and high fixed carbon content, and Cocos nucifera - for having the highest
fixed carbon content, implying a longer burning time, less volatile content, with the possibility of reducing the emission of
polluting gases, when compared to other species. The higher ash content presented by Cocos nucifera, taking into account its
use in the rural area, does not represent a problem, since the ash is widely used as a soil acidity corrector. Although the ash has
a variable composition, they have characteristics that indicate benefits in agricultural use (Arruda et al., 2016), but this requires

the attention of a specialist, to avoid undesirable effects.

3.3 Heat of combustion
For energy purposes, according to Carneiro et al. (2014), heating value is one of the main properties used in the selection
of certain biomass as an energy source, as it is associated with the amount of energy that is released during burning. Table 3

presents the results obtained for all studied species.

Table 3. Heating values (HHV and LHV) for the investigated species.

Species HHV (MJ.kg™") LHV (MJ.kg™")
Cocos nucifera 18.73000%)¢ 17.460%)¢
Poincianella pyramidalis 18.24010q 16.9701d
Croton sonderianus 19.6109p 18.34009p
Piptadenia stipulacea 20.180113 18.9101a

Values in parentheses refer to the standard deviation. Means followed by equal symbols in the column do not differ
at 5% significance, according to the Tukey distribution. Source: Authors.

The average values for the PCS reported in this work, which are indispensable for comparing the energetic power of
biomasses (Protasio et al., 2013b), showed significant differences of up to 5%, but in agreement with the values reported by
Santos et al. (2013), for the same species studied in this work, namely: Poincianella pyramidalis with 17.96 MJ.kg*; Croton
sonderianus, with 18.84 MJ.kg*; and Piptadenia stipulacea with 19.28 MJ.kg™, as well as for Cocos nucifera, determined by
Ali et al. (2017), with 18.10 MJ.kg™* (for green coconut shell), corroborating our results, highlighting the Cocus nucifera as a
potential substitute for firewood commonly used in the studied region. A similar fact occurred for the LHV parameter, which
also showed significant differences (up to about 5%), but in agreement with the results of Lima Janior et al. (2015), when
analyzing the economic viability of the energetic use of caatinga firewood under sustainable management for forest species such
as Mimosa tenuiflora (18.12 MJ.kg-1). Protasio et al. (2014), studying the energetic potential of babassu coconut for the
production of charcoal, found an LHV of 17.16 MJ.kg-1, compatible with the result reported here.

The calorific value is a parameter linked to the chemical properties of a biomass (Aradjo et al., 2018). According to
Bufalino et al. (2012), Sharma et al. (2004) and Demirbas (2001), the higher are the lignin and the fixed carbon contents, the
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greater is the calorific value of the fuels, which can be attributed to the carbon-carbon bonds between the monomeric units of
phenyl-propane present in the lignin, which hinder its decomposition. Therefore, there is a relationship between HHV and lignin
content (TLIG) (Figure 3A), and between PCS and fixed carbon content (TCF) (Figure 3B). It is evident that the LHV is directly
influenced by these two parameters, since the higher TLIG implies in HHV also high, nevertheless, the species that present lower
values for the TCF presented high values for the content of volatile materials (TMV), a parameter that exhibits an opposite

behavior to the fixed carbon content in charcoal (Santos et al., 2016).

Figure 3. Correlation between higher heating value (HHV), lignin content (TLIG) (a) and fixed carbon content TCF (b), for the

analyzed species.

Souce: Authors.

In addition to lignin, the content of total extracts is also related to the calorific value, influencing the burning process,
cooking food, constituting itself an advantageous feature for energy production, due to the high calorific value of the components
of the extracts (Telmo & Lousada, 2011; Guo et al., 2010), which promote an increase in the calorific value of biomass (Telmo
& Lousada, 2011). Another property related to the calorific value, relevant to the analysis of biomass in the burning process, is

the ash content, which reduces its calorific value (Paula et al., 2011; Protésio et al., 2011).

3.4 Thermogravimetric Analysis
The thermal behavior revealed by the thermograms (Figure 4) is directly related and influenced by the composition of

the biomass.
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Figure 4. Thermogravimetric (TG) and derived (DTG) curves for: (a) Poincianella pyramidalis; (b) Croton sonderianus; (c)

Piptadenia stipulacea and (d) Cocos nucifera.
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On the word of Padilla et al. (2018), who studied the pyrolysis of agricultural residual biomass using thermogravimetric
analysis, the thermal degradation of the constituents changes significantly with the chemical and immediate composition, in a
way that each biomass has different thermal profiles depending on its structural compositions. Thus, it is noticed the loss of mass
with the increase in temperature and its first derivative for the studied species, which presented similar behaviors, with similar
mass loss profiles, but with some particular characteristics of each studied biomass (Figure 4). Two main thermal events are
observed (I and Il), in which (1) corresponds to the drying step, with evaporation of the water present in the biomass between
50°C and 200°C - for Cocos nucifera, remaining constant until 200 ° C, and between 50°C and 250°C - for Piptadenia stipulacea,
Poincianella pyramidalis and Croton sonderianus, remaining constant up to 250°C. It is a stage with a slight loss of mass (less
than 10%) for all analyzed species and the beginning of the release of volatile materials (Marcelino et al., 2017). It is also possible
to note the loss of mass of each species at this stage, with the species Piptadenia stipulacea and Cocos nucifera showing the
highest losses of mass (8%) in this first stage of degradation (Table 4). Event (11) occurred between 200°C and 530°C for Cocos
nucifera, and between 250°C and 530 ° C for the species Piptadenia stipulacea, Poincianella pyramidalis and Croton
sonderianus, characterized as a primary combustion - oxidative degradation (Galina et al., 2018), in which the greatest loss of
mass occurs rapidly, due to the thermal decomposition of carbohydrates, which can be attributed to the volatization and
breakdown of hemicellulose and cellulose (holocellulose) molecules (Dias Janior et al., 2019). However, in these temperature
ranges, each species showed a different percentage of mass loss, with Poincianella pyramidalis being the one with the greatest
loss of mass (approximately 73%) and Cocos nucifera that one with the least loss of mass (approximately 64%) (Table 4). After
530°C, there is less significant loss of mass, with less intensity, due to the decomposition of the lignin macromolecule (Protasio

et al., 2014). As the decomposition of the chemical constituents of biomass does not occur separately, there is an overlap of the
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decomposition of hemicellulose and cellulose (Galina et al., 2018), generating the carbonization products throughout the process,
which continued to decompose from 530°C.

According to Skreiberg et al. (2011), the complex structure of lignin gives it thermal stability, makes it the most difficult
component to degrade, slowly decomposing over a wide temperature range, up to 900 ° C (Yang et al., 2007). This configures
the third thermal event (111), which occurs from 530 ° C to approximately 850 ° C, with a predominance of lignin breakage,
which occurs with a much lower mass loss rate among the species studied (Burhenne et al., 2013), with no specific degradation

range or peak temperature corresponding to lignin being detected (Sobek & Werle, 2020).

Table 4. Loss of mass and characteristic temperatures.

Tig Tp Loss of mass (%)
Species
(W9 €O (50 —200)°C (250 — 530)°C (530 - 850)°C
Cocos nucifera 180 450 8 64 8
Poincianella pyramidalis 230 380 7 73 5
Croton sonderianus 230 390 6 70 6
Piptadenia stipulacea 230 390 8 67 7

Where: Tig - ignition temperature; Tp — peak temperature. Source: Authors.

The ignition temperature (Table 4) is reached when volatile materials start to detach, corresponding to the point where
there is a sudden increase in thermal degradation (Cao et al., 2017). For woody biomass, the ignition temperature was
approximately 230 ° C, however, for Cocos nucifera, this temperature was 180 ° C, consistent with the results obtained by Chansa
et al. (2020), who found an ignition temperature range of 225 - 250 ° C, when studying corn and coal residues.

According to Guo et al. (2020b), biomass has higher levels of volatile materials when compared to coal, thus presenting
lower ignition temperatures. The reduction in the ignition temperature is associated with an increase in the reactivity of the
material, ease of burning and an improvement in the combustion performance (Galina et al., 2018). Among the species analyzed,
the woody ones had higher ignition temperatures than Cocos nucifera, as observed by Li et al. (2016b) when studying straw-
type biomass that starts its decomposition at low temperatures, with the first peak of the curve at 313 ° C, while wood requires
higher temperatures to start thermal conversion, around 352 ° C.

The peak temperature (represented by the thick red line in the graph), which corresponds to the point at which the
maximum loss of mass occurs, due to the combustion of the biomass, which reached approximately 450°C for Cocos nucifera,
whereas for the other species studied, the peak was between 380°C and 400°C (Table 4), which means more intense
decomposition at higher temperatures. Such results were superior to those reported by Protasio et al. (2014), who registered a
peak temperature of 303°C for babassu coconut. Therefore, the results of this study demonstrate the suitability of coconut shells

as a fuel for the generation of heat in combustors.

4. Conclusion

The residual biomass of Cocos nucifera (coconut shell) has significant energy potential compared to the other studied
biomasses, commonly used as a source of thermal energy through direct burning. The results of the present study exhibited high
levels of total lignin, fixed carbon, HHV and LHV, which are important characteristics for the sustainable production of energy,

ensuring that Cocos nucifera can be a viable substitute for use in combustors of biomass in a general way, especially in furnaces
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for the production of cassava flour, reducing the need for extraction of firewood from the Caatinga biome, contributing to its
conservation and preservation.

The preliminary results presented in this work were very motivating, which encourages us to carry out more advanced
research on the subject, highlighting: use of coconut shell as fuel in full-scale flour house ovens; to carry out economic feasibility
and sustainable management studies, in partnership with researchers in the field of forest sciences, for the supply of biomass
under study to meet the specific energy demand of the cassava flour production activity in the municipality that supported the

present study.
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