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1 RESUMO

Os digestatos obtidos atraves da digestdo anaerdbia podem ser aproveitados e sdo benéficos na
producdo agricola, para isso, é importante conhecer previamente suas propriedades e
caracteristicas. Objetivou-se com este trabalho realizar a caracteriza¢do do digestato obtido a
partir do tratamento anaerdbio de residuos alimentares e avaliar a viabilidade de seu uso na
irrigacéo localizada. Para realizagdo deste trabalho, utilizou-se um biodigestor comercial
(HomeBiogas 2.0) em que a biodigestdo foi conduzida por 8 meses (abril a dezembro/2021).
Neste periodo foram realizadas andlises fisico-quimicas e bioldgicas do efluente
periodicamente. A partir dos resultados obtidos, constatou-se que o digestato apresentou
elementos quimicos interessantes para o uso agricola, dos quais cita-se N, P, K, Ca, Mg, Cu,
Fe, Mn, Zn e alta carga organica. O digestato apresentou propriedades microbioldgicas
aceitaveis para aplicagdo agricola. Ja os teores de Fe, sélidos dissolvidos e suspensos foram
acima do recomendado para uso em sistemas de irrigacdo localizada, com isso, recomenda-se
realizar o tratamento do digestato para aplicagdo por meio desse sistema de irrigacdo. Concluiu-
se que o digestato, se utilizado em conformidade com orientacGes de profissionais, pode gerar
beneficios na producéo agricola, contribuindo como uma fonte de nutrientes para as plantas e
fonte de matéria organica para o solo.
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2 ABSTRACT

Digestate obtained through anaerobic digestion can be beneficial in agricultural production, for
this, it is important to know their properties and characteristics beforehand. The objective of
this study was to characterize the digestate obtained from anaerobic treatment of food waste
and evaluate the feasibility of its use in localized irrigation. A commercial biodigester
(HomeBiogas 2.0) was used for this work and operated during 8 months (from april to
december/2021). The digestate was evaluated for its physical-chemical and biological
properties. Digestate presented interesting chemical elements for agricultural use, such as N, P,
K, Ca, Mg, Cu, Fe, Mn, and Zn, as well as a high organic load. Additionally, the digestate
presented acceptable microbiological sanity for agricultural application. However, the levels of
Fe, dissolved solids, and suspended solids were above the recommended values for use in
localized irrigation systems. Therefore, it is recommended to treat the digestate before applying
it through this irrigation system. It can be concluded that if the digestate is used in accordance
with professional guidelines, it can generate benefits in agricultural production, contributing as

a source of nutrients for plants and organic matter for the soil.

Keywords: biofertilizer, biodigester, anaerobic digestion, HomeBiogas.

3 INTRODUCTION

Currently, organic waste represents
the largest fraction of total solid waste
generated  worldwide.  According to
Hoornweg and Bhada-Tata (2012), this
fraction corresponds to approximately 46%
of the total waste. In developing countries,
this rate tends to be even higher, as is
observed in Brazil, which has a waste
production rate above 50%; in Chile,
approximately 50%; in Australia, 47%; in
Colombia, 54%; in Indonesia, 62%; and in
Mexico, 51%, among others.

Even in the face of the significant
production of this waste, its finalization is
carried out in a predominantly inadequate
way, being destined, in most cases, to open
areas  without proper soil sealing
(ABRELPE, 2019; HOORNWEG;
BHADA-TATA, 2012), which has major
impacts on the environment, social
environment and public health. Another
aggravating factor that must be considered in
regard to disposing of this waste is the
increased cost of collecting and transporting
urban solid waste and the reduction in the
useful life of landfills, since organic waste

makes up almost half of the total solid waste
generated. . According to Ferreira et al.
(2018), from a sustainability point of view,
organic waste should not be treated as waste
and sent to landfills, and it should be reused
efficiently in the production and economic
cycle.

Among the alternatives for efficient
use is the biodigestion process, also known
as anaerobic digestion. In this process,
anaerobic bacteria decompose organic
waste, promoting its neutralization and
generating methane and a methanogenic
digestate as the main products, which can be
used. The methane generated can be used for
energy production (BAREDAR; KHARE;
NEMA, 2020; PERRUCCI; RODRIGUES,
2018; SILVA, 2021), and the anaerobic
digestate can be used as biofertilizer in
agriculture (BARLOG; HLISNIKOVSKY;
KUNZOVA, 2020; DOYENI et al., 2021;
O'REILLY, 2014; RAKASCAN etal., 2021;
WEIMERS et al., 2022).

Even today, the use of anaerobic
digesters is most often adopted, aiming only
at the production of electrical and/or thermal
energy. This is due to its great energy
generation potential and the fact that it is a
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sustainable and renewable alternative.
However, from an agronomic point of view,
the digestate and sludge generated by the
process can have great potential as
fertilizers, as a source of organic matter and,
in smaller proportions, as a source of water
(COMPARETTI etal., 2013; SILVAetal. .,
2012; HOOTON; NI; WANG, 2019).
Furthermore, in some works, such as those
by Lu and Xu (2021), Tan et al. (2020) and
Xu et al. (2019) have shown the potential
that some digestates can have for enriching
and correcting soils.

Digestates derived from anaerobic
digestion processes have been used as a sole
or partial source of nutrients for different
crops in hydroponics (CESARO, 2021;
PELAYO LIND etal., 2021; RONGA et al.,
2019; WEIMERS et al., 2022) or in soil
crops (CESARO, 2021; CHEONG et al.,
2020; FERNANDEZ-RODRIGUEZ et al.,
2021). Crops such as forage
(FERNANDEZ-RODRIGUEZ et al., 2021),
microalgae (CESARO, 2021), citrus
nurseries (TORRISI et al., 2021), and
vegetables (PELAYO LIND et al., 2021;
RONGA et al., 2019) have already received
this biofertilizer as a source of nutrients,
bringing good results in crop productivity.

Knowing the composition of
anaerobic digestates is essential for carrying
out adequate management of these
byproducts and for developing regulations
and recommendations for their use in
agriculture (COELHO et al., 2018).
However, the characterization of digestates
depends on several variable factors, which
make this process difficult, such as the
characteristics of the inoculum, type and
composition of the substrate, feeding rate,
specifications and configurations of the
biodigester, climatic and operational
conditions, and time. of residence
(AKHIAR, 2017; AL SEADI et al., 2008).

Currently, there are many models of
biodigesters, including Indian, Chinese,
Canadian, batch, tubular flow, and UASB
reactors. Commercial portable biodigesters

such as HomeBiogas™ 2.0 and 7.0 have
been marketed as cost-effective alternatives
for home use. This equipment has been
marketed because it has a simple and
compact structure and is easy to install and
operate (BIOMOVEMENT, 2022).

There is still not much information
regarding the biological, microbiological
and  physical-chemical  properties of
biofertilizers produced by portable domestic
equipment, which has limited their use, as
with little information on their application
and without safe recommendations for use,
digestate has been ignored. In some cases,
when used without prior knowledge, they
can cause environmental damage, the
production chain, the cultivated product and
the health of the people involved, as
discussed by Nkoa (2013).

Given the above and the need for
more information on anaerobic digestates,
highlighted by Nkoa (2013), the aim of this
work  was to characterize  the
physicochemical and biological properties
of the digestate produced by HomeBiogas™
2.0 fed domestic organic solid waste and
evaluate the feasibility of its application via
a localized irrigation system.

4 MATERIALS AND METHODS
4.1 Location

The research was developed at the
Department of Rural Engineering and
Socioeconomics of the Faculty of
Agricultural Sciences of the Universidade
Estadual Paulista “Julio de Mesquita Filho”
(FCA/UNESP) campus of Botucatu/SP,
located at the coordinates: 22° 51' 9.55”
South and 48° 25' 49.55" West, with 786 m
of altitude. According to the Ko&ppen
classification, the municipality (Figure 1)
has a climate classification as Cfa - humid
warm temperate (mesothermal) climate,
with average annual precipitation of 1,428,4
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mm and an average annual temperature of
20.3°C (CUNHA; MARTINS, 2009).

Figure 1. Location map of the municipality of Botucatu-SP
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4.2 Installation and activation of the
HomeBiogas™ 2.0 biodigester

The installation and assembly of
HomeBiogas ™ 2.0 were carried out
following the  recommendations  of
Biomovement (2022). To form the inoculum
and activate the biodigester, the entire
digestion chamber was filled with water
obtained from the Basic Sanitation Company
of the state of Sdo Paulo (SABESP), and
shortly afterwards, approximately 200 L of
fresh manure was added. The manure used

was obtained from the cattle confinement of
the Faculty of Veterinary Medicine and
Animal Science (FMVZ) at UNESP, which
at the time contained 9-month-old calves of
the F1 Angus breed. The composition of the
animals' diet was 80% concentrate (corn and
soy) and 20% roughage (sugarcane bagasse),
which, according to Costa et al. (2016), is a
favorable food for the anaerobic digestion
process and has great potential for
generating biogas. The assembled and
operated biodigester is shown in Figure 2.
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Figure 2. Representation of HomeBiogas™ installed and in operation o

Source: Own authorship (2022)

! The authors do not suggest purchasing the product, it was only used in carrying out the work.

After the installation and assembly
stages, the system remained at rest so that the
microbial communities could multiply,
establishing a system that would later
hydrolyze the added substrates. The total
resting time was 52 days, when the
biodigester generated flammable gas for the
first stable flame. Only after this moment
was the feeding of the biodigester started as
described in Topic 4.3.

4.3 Characterization of the organic
substrate and biodigester feeding

The substrate used to feed the
biodigester was formed by domestic organic
solid waste (RSD), basically composed of
remains and peels of fruits, vegetables, eggs
and leftover meals. The average total solids
content of the RSD used was 23%, of which
approximately 87.5% was composed of
volatile solids and 12.5% was composed of

fixed solids. The C/N ratio was 17/1, and the
average pH was 5.4.

The biodigester was fed by adding 1
kg of RSD daily. The substrate was not
subjected to any size reduction or heat
treatment process. Due to the ejection of
liquid from the biodigester chamber as the
gas was generated, 4 to 8 L of water was
added daily, along with the RSD.

4.5 Digestate analysis

The digestate generated at the
HomeBiogas 2.0 outlet, without receiving
any type of treatment, such as drying or
filtration, was subjected to physical-
chemical and biological analyses. The
analyses were carried out at the
FCA/UNESP Water Quality Laboratory at
weekly, fortnightly and/or monthly intervals
between June and December 2021. The
parameters evaluated, as well as the
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methodology used to carry out each analysis,
are presented in Table 1.

Table 1. Quality parameters of the effluents analyzed and methodologies adopted

Parameter Method Reference 2
pH Eletrometric Method 4500-H" B
CE (mS.cm™) Laboratory Method 2510 B
DBO (mg.L™?) Respirometric Method 5210 D
DQO (mg.L™Y) Closed Reflux, Colorimetric 5220 D
N (mg.L* de N) Persulfate Digestion Method 4500-N C
P (mg.L* de PO4 %) Persulfate Method 4500-P

1 Potassium Permanganate

K(mg.L"deK) spectrophotometric Method 4500-K B
Coliformes Totais Enzyme Substrate Test with Multi-well 9223 B
(NMP 100 mLY) procedure
E. Coli Enzyme Substrate Test with Multi-well 9223 B
(NMP 100 mLY) procedure
Salmonella spp. Quantitative MPN 9260 B
SST (mg.L ™) Total Solids Dried at 103-105°C 2540 B
ST (mg.L?) Total Suspended Solids Dried at 103-105°C 2540 D
SDT (mg.L?) ST-SST -
SF (mg.L™) Fixed and Volatile Solids Ignited at 550°C 2540 E
SV (mg.L?) Fixed and Volatile Solids Ignited at 550°C 2540 E

2 Al references come from the 23rd edition of the Standard Methods for the Examination of Water and Wastewater
APHA (2017); BOD- Biochemical Oxygen Demand; COD - Chemical Oxygen Demand; EC- Electrical
Conductivity; N- Nitrogen; P- Phosphorus; K- Potassium; ST- Total Solids; SST- Total Suspended Solids; TDS-
Total Dissolved Solids; SF- Fixed Solids; SV- Volatile Solids.

5 RESULTS AND DISCUSSION

The volume of digestate generated
daily by HomeBiogas™ 2.0 after system
stabilization was between 4 and 8 L. The
biofertilizer was composed of liquid and
solid, with the liquid being the most
significant part. In Figure 3, shown below,
three images are shown that illustrate the

digestate produced by the biodigester. In the
first two images, the accumulation of
digestate can be seen over a period of 24
hours, which corresponded to the interval
used to perform the collection. In the third
image, the bucket after removing the
digestate is shown, highlighting the presence
of larger solid particles that used to be
deposited at the bottom of the container.
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Figure 3. Digestate obtained from the HomeBiogas™ 2.0 biodigester
ek i

Fonte: Autoria propria (2022)

Regarding the solids content, the
digestate presented a lower total solids (TS)
content at the beginning of the analyses
(Figure 4) because during this period, the
feeding with organic waste began. Over
time, approximately 80 days after the start of
feeding, it is possible to observe that the

?.

system tended toward a linear behavior,
which indicated the stabilization of the
system's microbial activity under the added
daily organic load. The average ST content
after stabilization was 4,946.42 mg. L " with
a standard deviation of 63.7 mg. L .

Figure 4. Behavior of the solids content of the effluent obtained by Homebiogas™ 2.0 over

time
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Similar to ST, dissolved solids (SD),
suspended solids (SS), volatile solids (SV)
and fixed solids (SF) tend to show stable
behavior after 80 days from the start of
feeding, obtaining average levels after
stabilization of 4,049.75 mg. L ! for SD,

@ Sélidos Dissolvidos (SD)
@ Solidos Suspensos (SS)

@ Sélidos Volateis (SV)

896.67 mg. L *for SS, 2,859.75 mg. L * for
SV and 2,086.67 mg. L * for SF.

From the aforementioned results, it
was found that the digestate presented SS
and SD levels well above those
recommended by Nakayama and Bucks
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(1986), demonstrating that its use could
cause major problems if conducted and
applied via localized irrigation systems. In
view of this, to carry out its application via
these localized irrigation systems, it is
essential that posttreatment be carried out for
the digestate.

The chemical and biological
characteristics of the biofertilizer, as well as
the results of the RAS calculation, are
presented in Table 3. Through the results, it
is possible to verify that the digestate
generated has a pH close to neutral, with a
basic tendency; this effect is common in the
effluents of anaerobic reactors
(ANGOURIA-TSOROCHIDOU;
THOMSEN, 2021; BARZEE et al., 2019;
JABEEN et al., 2015; VOCA et al., 2005).
Furthermore, it is important to highlight that
the pH of the biofertilizer was maintained
between 7 and 8, which is in accordance with

the recommended range for agricultural
biofertilizers established in CONAMA
Resolution N°503 of 2021, which varies
between 5 and 9.

Similar to SS and SD, the Fe content
was also higher than that recommended by
Nakayama and Bucks (1986), increasing the
restriction on the direct use of this effluent
via localized irrigation systems.

The EC value was high, which
highlights the high concentration of
dissolved ions, an expected response as it is
the digestion of rich elements with a high
organic load (ANGOURIA-
TSOROCHIDOU; THOMSEN, 2021,
BARZEE et al., 2019; VOCA et al., 2005).
With the EC and RAS values, the digestate
was classified as C4S1 (RICHARDS, 1954),
indicating a low risk of sodicity and a very
high risk of soil salinization, pointing to the
need for planned and controlled use.

Table 3. Chemical and biological characteristics of the digestate obtained as HomeBiogas

effluent
Parameters Average Standard deviation C.V. (%)

pH 7.22 0.58 8.0
CE (mS.cm™) 4.72 0.58 12.2
Niotar (Mg.L™?) 349.74 91.17 26.1
P (mg.L}) 95.40 54.39 57.0
K (mg.L™}) 544.19 138.20 25.4
Ca (mg.L?) 160.77 20.86 13.0
Mg (mg.L?) 115.86 35.43 30.6
Na (mg.L™?) 132.65 78.49 59.2
Cu (mg.L}) 0.08 0.06 76.9
Fe (mg.L™) 2.72 1.44 53.1
Mn (mg.L?) 1.09 0.80 73.3
Zn (mg.L?) 0.30 0.08 28.0
RAS 1.95 - -
DQO (mg.L™) 5855.37 559.93 9.6
DBO (mg.L?) 3131.28 546.37 17.4
CT (NMP 100 mL™}) 91779.29 121222.13 132.1
E.Coli (NMP 100 mL™?) 530.92 436.83 82.3
Salmonella spp. 0 0 0

Source: Own authorship (2022)
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Although biofertilizer is generated
from residential organic waste, the nutrient
content and EC obtained in this experiment
were low when compared to the values
obtained by Voca et al. (2005) and Barzee et
al. (2019), who also work with food waste.
This variability can occur due to several
factors, but it is believed that this was mainly
due to the large amount of water in the
system and the low amount of organic load
inserted daily into the biodigester that was
used in this work.

The  digestate  obtained by
HomeBiogas 2.0, with the organic load of
residential organic waste inserted daily,
presented an average NPK ratio of 3.7;1;5.7,
in addition to containing micronutrients and
organic matter, as shown in Table 3, and can
generate improvements in the
microbiological characteristics of the soil, an
increase in soil organic matter and an
increase in agricultural productivity if used
in a controlled and planned manner.

In addition to the parameters already
mentioned, it was noted from Table 3 that
the digestate presented counts for total
coliforms and E. coli, with averages after
stabilization of 9.2.10 * NMP.100 mL “and
530.92 NMP.100 mL "%, and did not show the
presence of Salmonella spp. From this, it
was found that the digestate presented
satisfactory microbiological characteristics
for application in agricultural crops, as the E.
coli content was lower than 1,000 MPN.100
mL ! and there was no presence of
Salmonella spp., thus meeting the criteria
established by the CONAMA resolution

(2021) and international  standards
established by WHO (2006).
6 CONCLUSION

The  digestate  obtained by

HomeBiogas™ 2.0 presented interesting
physicochemical and  microbiological
characteristics for agricultural use and can
act as a source of organic matter for soils and

a source of nutrients for any agricultural
crop. Its application must occur in a planned
manner, taking into account the nutritional
demands of the crop, the raw material used
in the biodigester and the operating
conditions of the biodigester. The properties
of the soil and the irrigation system must
also be evaluated before applying
biofertilizer to the crop. Furthermore, as the
levels of solids and iron were measured
above the wvalues recommended for
application  via localized irrigation,
presenting a high risk of obstruction, it is
recommended to carry out an additional
treatment of the digestate if there is interest
in using it in this type of method. of
irrigation.
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