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APRESENTACAO

Estamos apresentando “Fonte de Biomassa e Potenciais de Uso”. Sao dezesseis
capitulos que abordam trabalhos, pesquisas e revisdes de forma ampla acerca deste
conhecimento. A obra reune trabalhos de diferentes regides do pais, analisando a area
da Producdo de biomassa sob diferentes abordagens. E necessario conhecer esses
temas sob diversas visbes de pesquisadores, a fim de aprimorar conhecimentos,
relagdes interespecificas e desenvolver estratégias para a utilizacdo das fontes
de biomassa. O esforco continuo de pesquisadores e instituicbes de pesquisa tem
permitido grandes avancos nessa area. Assim, apresentamos neste trabalho uma
importante compilacao de esforcos de pesquisadores, académicos, professores e
também da Atena Editora para produzir e disponibilizar conhecimento neste vasto
contexto.

Ménica Jasper
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CAPITULO 3

EFFECT OF THERMOCHEMICAL PRETREATMENT AS
A STRATEGY TO ENHANCE BIODEGRADABILITY OF

Thiago Edwiges
Departamento de Ciéncias Biolégicas e
Ambientais

Medianeira — Parana

Jhenifer Aline Bastos

Universidade Tecnolégica Federal do Parana
Medianeira — Parana

Joao Henrique Lima Alino

Universidade Tecnolégica Federal do Parana
Medianeira — Parana

Laércio Mantovani Frare

Departamento de Ciéncias Biolégicas e
Ambientais

Medianeira — Parana

RESUMO: A biomassa lignocelulésica tem se
destacado entre 0s recursos renovaveis para
a producéo de biogas. As gramineas possuem
uma estrutura vegetal contendo lignocelulose,
que € conhecida por ser um tipo de matéria
orgénica recalcitrante que pode inibir a
digestao anaerdbica. O objetivo deste trabalho
foi avaliar a influéncia de um pré-tratamento
termoquimico utilizando NaOH como estratégia
para potencializar o potencial bioquimico de
metano (BPM) de aparas de gramineas. BMP
de grama crua foi 323 L, CH, g SV''. Quando
comparado com o capim cru, todos os pré-
tratamentos aplicados resultaram em menores
valores de BMP (11% a 24%), indicando inibic&o

Fontes de Biomassa e Potenciais de Uso

LIGNOCELLULOSIC BIOMASS

da digestdao anaerdébia. No entanto, o preé-
tratamento termoquimico utilizando NaOH e
temperatura a 100 °C mostraram efeito positivo
sobre a biodegradabilidade da biomassa em
termos de taxa de hidrélise, reduzindo o tempo
em que o pico de producdo diaria de metano foi
registrado.
PALAVRAS-CHAVE:
Residuos Sdlidos. Lignina

Biogas. Metano.

EFEITO DO TRATAMENTOTERMOQUIMICO
COMO ESTRATEGIA PARA AUMENTAR
A BIODEGRADABILIDADE DA BIOMASSA
LIGNOCELULOSICA

ABSTRACT: The
have been standing out among the renewable
resources for biogas production. Grasses have
lignocellulose,

lignocellulosic  biomass

a plant structure containing
which is known to be a recalcitrant type of
organic matter that may inhibit anaerobic
digestion. The objective of this work was to
evaluate the influence of a thermochemical
pretreatment using NaOH as a strategy to
enhance biochemical methane potential (BPM)
of grass clippings. BMP of raw grass was 323
L, CH, g SV'. When compared to the raw
grass, all the applied pretreatments resulted in
lower values of BMP (11% to 24%), indicating
inhibition of the anaerobic digestion. However,

Capitulo 3




the thermochemical pre-treatment using NaOH and temperature at 100 °C showed
positive effect on the biomass biodegradability in terms of hydrolysis rate, reducing the
time where the peak of daily methane production was registered.

KEYWORDS: Biogéas. Methane. Solid Waste. Lignin.

11 INTRODUCTION

The lignocellulosic biomass have been standing out among the renewable
resources for biogas production (Khor et al., 2014). Among the types of biomass,
the grass presents potential for the production of bioethanol, synthetic natural gas,
synthetic biofuels or for the production of biogas. The benefits of using grasses for
bioenergy production are based on low water consumption when compared to other
crops and because they are grown on non-arable land without competing with food
crops (Smyth et al., 2009).

Grasses have a plant structure containing cellulose as the main component and
are found in large scale in nature. In addition to cellulose, there is also hemicellulose,
which is normally associated with lignin (Cremonez et al., 2013). However, this substrate
has a recalcitrant structure that may inhibit anaerobic digestion (Singh et al., 2015).

Several types of pretreatments have been applied to break down its lignocellulose
content and increase methane potential (Rabemanolontsoa et al., 2015). Thermal
pretreatment is efficient in the degradation of lignin and hemicellulose, and the
heat applied is responsible for breaking hydrogen bonds in crystalline cellulose and
lignocellulose complexes, causing the biomass to swell and increasing the contact
surface (Rodriguez et al., 2017).

When performing the heat pretreatment together with the addition of acid or
alkali, the increase in the efficacy of pretreatment is observed (Menardo et al., 2012).
Although cellulose is resistant to acid and alkali, these compounds are commonly
used to solubilize hemicellulose and remove lignin (Mendez et al., 2013). Thus, the
objective of this work was to evaluate the influence of a thermochemical pretreatment
as a strategy to enhance biochemical methane potential (BMP) of grass clippings.

2| MATERIALS AND METHODS

2.1 Type of substrate and thermochemical pretreatment

The type of biomass used as a substrate for this study was grass clippings which
were composed by (Panium maximum, Zoysia japdnica e Axonopus compressus). The
grass samples were collected at Itaipu Technological Park (Foz do Iguagu, Parana,
Brazil), dried at 60+2 °C and grinded to particle size under 2 mm.

The pre-treatment was performed using 180 mL of NaOH at concentrations of
1% (T1), 3% (T2) and 5% (T3) and 23,4 g of dried biomass to give a total solids (TS)
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concentration in the mixture of 10%. The mixture of NaOH solution and raw grass
was then submitted to the effect of temperature using an oven at 100 °C for 12 hours.
Distilled water was used as control.

2.2 Determination of the biochemical methane potential (BMP)

Total solids (TS) and volatile solids (VS) of inoculum and substrate was determined
according to APHA (2006). The determination of the BMP was performed through batch
bottles of 200 mL working volume at mesophilic temperature (37+1 °C) following the
guidelines proposed by VDI 4630 (2006).

The inoculum used in the bioassay was composed by a mixture of animal manure
and digestate acclimatized and degassed as described in Edwiges et al., (2017). To
evaluate the biological activity of the inoculum a reference sample (microcrystalline
cellulose) was used.

The measured biogas were corrected into dried gas at Standard Temperature
and Pressure and methane content was measured twice in the beginning and at the
end of the experiment through gas chromatography (Clarus 680, Perkin Elmer). The
experiment were kept during 30 days.

3 | RESULTS AND DISCUSSION

The inoculum used presented TS and volatile solids (VS) content of 8% and
5,2%, respectively. The grass clippings presented TS of 91,2 % and VS of 84,2 %.
It was possible to observe that when compared to raw grass, the control using only
water at 100 °C for 12 hours slightly improved the biodegradability of the substrate,
since daily volume of methane produced were higher (Figure 1). This biodegradability
improvement can be related to the water contribution to the cell swelling, making the
lignocellulosic structure more accessible to biological attack.

The NaOH at concentrations of 1% and 3% were more efficient to improve the
substrate biodegradability, since daily methane production was even higher than the
raw grass. The peak of daily methane production was registered in the day 2 (79 L,
CH, kg VS d") for NaOH at 1% and day 3 (74 L, CH, kg VS d) for NaOH at 3%, with
the same peak registered only at day 5 (34 L, CH, kg VS d") for the raw grass. For
the NaOH at 5%, even a higher peak was observed (101 L, CH, kg VS d') at day 7.
This can be explained by the inhibition caused by the high concentration of the alkaline
solution to the anaerobic microorganisms at 5% (Figure 1).

Fontes de Biomassa e Potenciais de Uso Capitulo 3
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Figure 1 - Daily methane production of raw and pretreated grass

The BMP of the raw grass (without any pretreatment) was 323+21 L, CH, g SV
(Figure 2). Nitsche et al. (2017) reported similar value of 292 L, CH, g SV for grass
cuttings. When compared to the raw grass, all the applied pretreatments resulted in
lower values of BMP (11% to 24%), indicating inhibition of the anaerobic digestion.
This can be explained by the fact that during the pretreatment process at 100 °C, part
of the solubilized organic matter, especially the volatile fatty acids (VFA), was lost by
volatilization and consequently not converted in methane. This behavior can indicate
the limitation of thermal pretreatment in terms of bioconversion efficiency. The addition
of NaOH, even with lower results compared to the raw grass, increased the BMP of
grass clippings in 8% to 17% when compared to the grass pretreated with water.
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Figura 2 - Cumulative methane production for the raw and pretreated grass
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CONCLUSAO

The thermochemical pre-treatment of lignocellulosic biomass using NaOH
and temperature at 100 °C showed positive effect on the biomass biodegradability.
However, the cumulative methane yield were inhibited due to the volatilization of the
organic matter during the pretreatment. Best results were obtained when NaOH at 5%
was applied, with the BMP of 287 L, CH* kg VS d"', which represented an increase of
17% compared to the same temperature condition using water, but 11% less than the
BMP obtained for the raw grass of 323 L, CH, kg VS d'. For further investigations,
we recommend pretreatment at lower temperatures and contact time and its effect on
organic matter volatilization.
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