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Abstract

Introduction: Hydrogen and methane production was investigated in two phases of fermentative process. Objective: At the acidogenic phase, an anaerobic
fluidized bed reactor was fed with cassava wastewater producing hydrogen. Methods: Expanded clay was used as a support material for biomass
immobilization. The reactor was operated with HRT ranging from 8-1 h. Results: The best hydrogen yield production was 1.91 mol H2 /mol glucose at HRT
of 2 h. At the methanogenic phase, the acidogenic process effluent fed a fixed-bed reactor producing methane. Conclusion: Sururu (Mytella falcata) shells
was used as support acted as pH neutralizer in the fixed-bed reactor, yielding best (0.430+0.150 L /gCOD) with 12h HRT phase.

methane!
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Resumo

Introducdo: A produgdo de hidrogénio e metano foi avaliada em um processo fermentativo de duas fases. Objetivo: Na fase acidogénica, um reator
anaerdbio de leito fluidificado foi alimentado com manipueira para a produgdo de hidrogénio. Métodos: Argila expandida foi utilizada com material suporte
para a adesdo microbiana. O reator foi operado com TDH, variando entre 8-1h. Resultados: O melhor rendimento de produgdo de hidrogénio foi 1.91
mol, H2/mol glicose em TDH de 2 h. Na fase metanogénica, o efluente do processo acidogénico alimentou um reator de leito fixo para a producdo de
metano. Conclusao: Conchas de Sururo (Mytella falcata) foram utilizadas como suporte, atuando como neutralizador do pH no reator de leito fixo, melhor
rendimento (0.430+0.150 Lmethane/gDQO) na fase com TDH de 12h.

Palavras-chave: Reator anaerébio de leito fluidificado. Bio-hidrogénio. Biometano. Fermentag¢ao. Mandioca.

INTRODUCTION

to produce organic acids and hydrogen gas, while in the second
stage organic acids are converted to methane by methanogens®.

The fermentative biological process is a means to produce
hydrogen sustainably, since it can make use of various types of
carbohydrate-rich industrial and domestic waste as substrate,
thereby mitigating problems caused by inappropriate disposal
of this material. For that reason, the use of agro-industrial
residues in biological hydrogen production has also been
investigated®2.

Most studies of co-digestion focused on the performance of
single hydrogen production or single methane production,
and limited information is available on the performance of co-
digestion for hydrogen and methane production in two phase
anaerobic system®.

Apparently, fermentative hydrogen production (acidogenesis)

process does not significantly reduce the organic content of the Hydrogen production by fermentative bacteria is highly

feed. Usually, chemical oxygen demand (COD) removal is below
20% during hydrogen production process, which corresponds to
a mean hydrogen production of 2.5 mol/mol glucose. This can
be removed in a subsequent anaerobic digestion step with the
conversion of organic content to methane®.

Two-stage systems are preferred for anaerobic wastewater
treatment as they are more stable than single stage systems®.
In the first stage, organic matter is hydrolyzed and fermented

dependent on the conditions of the process, such as pH,
hydraulic retention time (HRT) and gas partial pressure, which
affect the microbial metabolic balance and subsequently
the fermentation end-products. In general, the dominant
metabolism in a mixed acidogenic culture depends strongly
on the pH of the microbial culture’ and hydrogen production
is suppressed by both low and high pH?°. It has been reported
that maximum hydrogen yields are obtained when the pH of
the culture medium is between 5 and 67 1°, while the slower
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138 Biohydrogen and biomethane production from cassava wastewater

growing methanogenic bacteria stage, requiring a more neutral
pH, were preferentially cultured in the second stage with a
much longer hydraulic residence time®*.

This study aims to assess the possibility of producing hydrogen
from cassava wastewater with subsequent methane generation
from its acidogenic process effluent via an anaerobic fluidized
bed reactor (AFBR) and a fixed-bed reactor (FBR), respectively.

At a methanogenic phase, Sururu (Mytella falcata) shells were
used how pH neutralizer in this study.

Figure 1: Schematic of the AFBR and FBR.
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AFBR main body had a total volume of 4,192 cm3, with its
support material (1,065 g of expanded clay) static bed height
of 90 cm?*2,

AFBR was fed with cassava wastewater with 4,000 mgCOD/L.
During the experiment the HRT decreased progressively
from 8 to 1 h. Reactor was operated for 164 days. Operation
temperature was not controlled (28 + 22C) and reactor effluent
pH was about 5.00+0.48. A gas—liquid separator was used at
the effluent outlet to collect gaseous and soluble products
separately. A gas meter (Type TG1; Ritter Inc., Germany) was
used to measure the amount of gaseous products generated??.

Cassava wastewater used in the FBR was AFBR effluent. FBR
was operated in methanogenic phase and had sururu (Mytella
falcata) shells as support material. The inoculum was obtained
from a facultative sludge pond derived from swine wastewaters
treatment. FBR bulk was 3,800 cm3. Reactor was operated
for 119 days, supplemented with alkalinity (1.25 g sodium
bicarbonate/L) and yeast extract (0.5 g/L) until the 57th day of
operation.

FBR operation was initially in a batch mode for 72h to active
methanogenic biomass, being continuously operated soon after
with 36h HRT, reduced sequentially to 24h and 12h.

FBR Feed

Experimental

Cassava wastewater was obtained from a manioc flour
factory in Taquarana, Alagoas, Brazil, with the following main
characteristics: pH 5.53, total solids 4.45 g/L, volatile solids 3.4
g/L, total carbohydrate 37.54 g/L, chemical oxygen demand
(COD) 66.19 g COD/L, total nitrogen 1.26 g/L.

Figure 1 shows a schematic of the two phases fermentative
process system used in this study.

FBR

Gas

NaOH  Flowmeter

FBR Effluent

o

Feed
Pump

In both reactors the following parameters were analyzed: COD,
pH, volatile solids, total solids, fixed solids, total carbohydrate,
volatile fatty acids and alkalinity.

Statistical analysis

The results were tested for homoscedasticity to determine
whether the variances were equal (Shapiro-Wilk and
Kolmogorov-Smirnov  tests). Mann-Whitney tests (non-
parametric) were used for variance analysis and for comparisons
of averages, with 5% set as the significance level, as proposed
by Dagnelie [13].

RESULTS AND DISCUSSION

Effect of HRT on hydrogen and methane production

Figure 2A shows hydrogen production rate (HPR) and hydrogen
yield (HY) as functions of the hydraulic retention time (HRT).
Figure 2B shows volumetric methane production (VMP) and its
yield (MY) related to HRT.

At AFBR, this study showed, according to Figure 2A, an increase

in HPR from 0.20 to 2.04 L/h/L when decreasing the HRT from
8-1h, respectively. An increase in HY was observed when HRT
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decreasing from 8 (0.31 mol H2/mol glucose) to 2 hours (1.91
mol H2/mol glucose). A decrease in HY was subsequently
observed when HRT decreased to 1 h (1.20 mol H2/mol
glucose). This finding was also observed in previous studies
employing an AFBR'*!*!5 and such behavior may be attributed
to overloads caused by high organic loading rate (OLR) or kinetic
limitations™2.

It is noted in Figure 2B that VMP grows with OLR, while MY
remains constant for 36h and 24h HRTs, with a sudden growth at
12h HRT. Average MY values were 0.316+0.000 L/g, 0.338%0.060
L/g and 0.430%0.150 L/g, while VMP average values were
11.010+15.688 L/h/L, 42.463+24.824 L/h/L and 61.898+3.508
L/h/L for 36h, 24h and 12h HRTs, respectively; We concluded
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that 12h HRT was the most efficient.

A Tukey test with a significance level of 5% was used because
the variables presented a normal distribution (for hydrogen
production rate, HY and MY). The test indicated differences
between the groups, which implies that the best conditions for
hydrogen production, HY and MY were an HRT of 2 h and 12 h,
respectively.

A Mann-Whitney test with a significance level of 5% was used
for the variable with a non-normal distribution (HPR and VMP),
and the test indicated that the values for the HPR and VMP
were statistically different.

Figure 2. a) HPR and HY as functions of HRT at AFBR; b) VMP and MY related to OLR at FBR
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Figure 3 shows the distribution of soluble microbial products
(SMP) as a function of HRT at AFBR.

Ethanol was the most common metabolite during reactor
operation, with its concentration ranging between 23.57 mg/L
(0.51 mM) and 30.46 mg/L (0.66 mM) when the HRT was
reduced from 8 to 6 h, and it presented an average production
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of 25.87 mg/L (0.56 mM), indicating an insignificant change in
the production of this metabolite throughout AFBR operation.
Propionic acid was the second most common metabolite during
the experiment. The highest production of propionic acid was
observed at an HRT of 2 h (280.98 mg/L or 3.8 mM). However,
this production level did not prevent hydrogen production,
which also increased at an HRT of 2 h. This result may be
attributed to the high production of acetic acid at this HRT
(1450 mg/L or 24.17 mM).

Figure 3: Effect of HRT on the performance of the AFBR. Soluble metabolites: (#) HAc: acetate; (B) HBu: butyrate; (A) HPr:

propionate; (@) EtOH: ethanol
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Acetic acid production was also observed at an HRT 4 h (80.0
mg/L or 1.33 mM). Compared to the previous phase, the pH
increased from 4.72 (HRT of 6 h) to 5.56 (HRT of 4 h), which
may have created the necessary conditions for the initiation of
acetic acid production (1.33 mM). In addition, there was a small
reduction in the production of propionic acid (0.51 mm at HRT
of 4 h) compared to that of the previous phase (0.67 mM at HRT
of 6 h), thereby indicating possible competition between these
two metabolic pathways.

In contrast, acetic acid production was not observed at HRTs of
1h,6h,and 8 h.

When the HRT was decreasing from 2 to 1 h, the acetic acid
metabolic pathway was replaced with the butyric acid pathway.
The butyric acid production at HRT of 1 h was 267.71 mg/L (3.04
mM).

Effect of Sururu shells as pH neutralizer in the FBR

Sururu shells acted as pH neutralizer in fixed-bed reactor, by
losing calcium carbonate for the substratum, while losing mass.
pH ranged from 7.01 to 8.48 in the methanogenic phase, ie,
close to the ideal pH to methane production (between 6 and 8).
pH below 6.5 or above 8.3 may decrease the rate of methane
production [16].

The best VMP (61.898+3.508 L/h/L) and MY (0.430+0.150 L/g)
was in the 12h HRT when the pH ranged from 7.19 to 7.91,
within the range identified as optimal for methane production
(6.5-8.3) [16]. At 36 h and 24 h HRT, the pH ranged from 7.01 to
8.48 and 7.38 to 8.25, respectively.

CONCLUSIONS

The performance of a two-stage continuous fermentation
process with combined H2 and CH4 reactors using cassava
wastewater was evaluated.

At AFBR, both the HPR and the HY significantly increased when
the HRT was decreased, as shown by the maximum values of
2.04 L/h/L (HRT of 1 h) and 1.91 mol H2/mol glucose (HRT of 2
h), respectively.

The soluble metabolites present during the operation of the
AFBR were acetic acid, butyric acid, propionic acid and ethanol.
The predominance of propionic acid during the 8 h HRT
(early phase of operations) was reflected in the low hydrogen
production at this stage. This finding can be attributed to the
adaptation phase of the reactor.

The high acetic acid production at HRT of 2 h coincides with the
largest HY, which may be attributed to the greater deflection of
the electron flow route for acetic acid production at this stage.

At FBR, the sururu shells were efficient as pH neutralizer. The MY
showed better values at HRT of 12 h (0.430£0.150 Lmethane/
gCoD), while was observed the increasing of VMP when the
HRT decreased from 36 to 12 h (11.010 - 42.463 L/h/L).
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