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ABSTRACT

In modern agricultural biogas plants, the biowastes are being increasingly used for the biogas production. The
food waste is also widely used in larvae breeding. This is an important because, based on biowaste, its proper
management and green energy production is possible. This study aims to determine the biogas and methane
efficiency of the Hermetia illucens larvae that were fed using the food waste. In the research on the biogas and
methane efficiency, the Hermetia illucens larvae were used. The total solids (TS) of the substrate equals 30.35%,
and the volatile solids (VS) content was 92.31% of TS. The larvae were fed only with the food waste of plant
origin. The obtained substrates were homogeneous. The experiment was carried out under mesophilic anaerobic
digestion conditions — 39°C in the 21-chamber biofermentor set in the Institute of Biosystems Engineering in
Poznan University of Life Sciences. The anaerobic digestion process in the batch reactor ran correctly. Fer-
mentation inhibition was not detected. The biogas efficiency for larvae amounted to 198.75 m3-Mg™! fresh mass
(FM). On the other hand,the methane efficiency, amounted to 127.73 m*Mg"!, at the methane concentration of
64.27%. On the basis of the research, it was found that the larvae feeding on food waste can be used directly as

anaerobic digestion in the bioconversion process.
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INTRODUCTION

Sustainable management of agricultural prod-
ucts and food industry waste is one of the great-
est challenges of the 21* century. It is estimated
that over 30% of food is not consumed. The waste
can have a negative impact on the environment
(Ferronato and Torretta, 2019; Obidzinski et al.,
2019). This problem concerns practically all
countries in the world. On the other hand, most
of the generated food waste can be managed with
benefits (Filho and Kovaleva, 2015; Moustakas
and Loizidou, 2018).

The biological waste processes are an in-
creasingly popular solution in waste manage-
ment (Wolna-Maruwka and Dach, 2009; Pi-
otrowska-Cyplik et al. 2013). This is due to the
fact that it fits into the ideas of circular economy
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(Czekata et al., 2020). Composting is one of the
biological processes (Cerda et al., 2018; Nale-
pa et al., 2018), just like the biogas production
in the anaerobic digestion process (Mustafa et
al., 2016). The composting process takes place
under the aerobic conditions and is popular in
the management of many substrates (Czekata
et al., 2018; Zukowska et al., 2019). Building
a composting plant is cheaper and easier to run
than in the case of an agricultural biogas plant.
Despite this, biogas plants are becoming an in-
creasingly popular alternative to composting.
When effective technology is used, it is possi-
ble to change the composition of the substrates
gradually. This should be considered a great ad-
vantage because the substrates that can be used
for biogas production are large (Wandera et al.,
2018; Korys et al., 2019). Another undoubted
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advantage of a biogas plant is the possibility of
energy recovery as part of the biogas or elec-
tricity and heat production using a cogenera-
tion process (Mazurkiewicz et al., 2019).

The crucial activity allowing the proper
functioning of a biogas plant is ensuring the
daily supplies of substrates and its composi-
tion. As a result, the process will be able to
run correctly, and energy production will be
more stable. The possibility of using waste
to produce the agricultural biogas has been
recognized in many studies, both our own
(Janczak et al., 2016; Koztowski et al., 2019)
and by other authors (Soundararaj Manju and
Senophiyah-Mary, 2020). For the biogas pro-
duction, agricultural biogas plants also utilize
wasted food of plant origin, including, i.e.,
selectively collected unsold vegetables and
fruits, market waste, or household residues
(Czekata et al., 2016). Another important as-
pect of energy production is the management
of the waste after the biogas production. This
substance can be successfully used in the en-
ergy processes (Czekata, 2019), directly as a
fertilizer (Robles-Aguilar et al., 2019), or as
a substrate for the production of compost. It
has been reported that the use of digestate, in
addition to providing nutrients to plants, also
plays an important role in the inhibiting plant
(fungal and bacterial) and insect pathogens
(Lu et al., 2019).

One of the attractive food waste treat-
ment techniques is the bioconversion method
(Kiran et al., 2014). In the sense of the bio-
conversion principles, waste can be processed
using living organisms such as insects. The
use of insect larvae for waste processing can
be mentionedas an example of an alternative
solution that allows the simultaneous manage-
ment of waste and energy production(Diener
etal., 2011; Ci¢kova et al., 2015). An example
would be Hermetia illucens (Black soldier fly)
larvae. These larvae are characterized by a
rapid biomass growth as well as high protein
and fat content in dry matter (Czekata, 2017,
Kieronczyk et al., 2019).

The study aimsat determining the biogas
and methane efficiency of Hermetia illucens
larvae that were fed food waste. The scope of
the work included obtaining the food waste of
plant origin, obtaining Hermetia illucens lar-
vae, investigation of the biogas, and methane
efficiency.

MATERIALS AND METHODS

Description of the materials

The Hermetia illucens larvae fed on food
waste were the subject of the study. The larvae
were fed only with the food waste of plant ori-
gin. The total solids of waste used for research
was about 10%, and the content of volatile sol-
ids was over 90%. The obtained waste were
homogeneous and without any pollution. The
total solid of the Hermetia illucens larvae was
30.35%, and the organic matter content was
92.31% in total solids.

Biogas production system

The experiment was carried under mesophil-
ic anaerobic digestion conditions (39°C) in the
21-chamber biofermentor set at the Ecotechnolo-
gies Laboratory of the Institute of Biosystems En-
gineering at Poznan University of Life Sciences
(Figure 1).

The anaerobic digestion experiments were
carried out in the glass tank reactors. The inocu-
lum was the digestate liquid fraction from one of
the Polish biogas plants. The volume of biogas
and its qualitative composition were checked us-
ing the GA5000 GeoTech company.

The biogas and methane efficiency were tested
according to the German standard DIN 38414/S8
and VDI 4630. The methodology has been de-
scribed in detail in the work (Cieslik et al., 2016).

RESULTS AND DISCUSSION

The Hermetia illucens larvae were processed
in the anaerobic digestion. The fermentation of
the substrate in the absence of oxygen took 29
days and was stable. The results of the biogas
and methane efficiency calculated on fresh mass,
total solids, volatile solids, and additionally, the
concentration of methane in biogas were pre-
sented in Table 1.

The anaerobic digestion process in the batch
reactor ran correctly. The fermentation inhi-
bition was not detected. The energy potential
of the substrate calculated on fresh mass was
high. The biogas efficiency for larvae amounted
to 198.75 m*Mg' in fresh mass. On the oth-
er hand, the methane efficiency, amounted to
127.73 m*-Mg'. The results on total solids were
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Fig. 1. The scheme of the biofermentor for the biogas production research 3-chamber section (1 — water heater
with temperature regulator, 2 — water pump, 3 — insulated conductors of calefaction liquid, 4 — water coat with
temp. 39°C, 5 — biofermentor with charge capacity 2 dm?, 6 — sampling tubes, 7 — biogas transporting tube,

8 — gas sampling valve, 9 — biogas volume-scale reservoir).

654.72 m*Mg! for biogas and 420.81 m*-Mg' for
methane. These values should be considered as
high, compared to other biogas substrates, for ex-
ample, food waste. The methane content in biogas
during the experiment was 64.27%, which also
should be considered as a good result.

As mentioned in the Introduction chapter,
many substrates can be used for biogas produc-
tion. Despite this, other substrates and innovative
technologies that can be used in these installa-
tions are desirable. The primary aim is improving
the balance of the biogas plant operations.

Protecting human health and ensuring ap-
propriate conditions in the environment are some
of the most important challenges. Therefore, the
problem of using food waste for the energy pro-
duction using the bioconversion methods should
also take into account the environmental aspects.
The use of Hermetia illucens or other insects fed

on waste can significantly help solve many en-
vironmental problems. This applies especially to
the management of insects and the production of
components for the production of feed or food.
This is directly related to the increasing amount
of generated waste, with limited the areas for
growing food at the same time. The production of
energy from renewable sources is also an impor-
tant issue. The production of biofuels, especially
agricultural biogas, is much more beneficial to the
environment than the production of energy from
fossil fuels. It is worth noting that a wide spec-
trum of waste can be used for the production of
agricultural biogas, which is another advantage in
favor of choosing this method.

The management of waste for energy produc-
tion, including the bioconversion process, is di-
rectly connected to the circular economy. There-
fore, this method should be further developed

Table 1. Cumulative biogas and methane production for Hermetia illucens larvae [FM — fresh mass, TS — total

solids, VS — Volatile solids, MC — methane content]

Cumulative biogas production (CBP) [m®*Mg"] | Cumulative methane production (CMP) [m*Mg"]
0,
Sample FM TS VS FM TS VS MC [%]
Larvae 198.75 654.72 709.33 127.73 420.81 455.87 64.27
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and improved. Biogas plants are installations
that can operate in any commune, regardless
of the weather conditions, with high efficiency
reaching even above 90%. Therefore, they are an
excellent alternative to other renewable energy
sources, e.g., wind farms.

CONCLUSION

The increasingly severe environmental prob-
lems and stringent legal regulations are the reason
for the growing interest in the topic of waste man-
agement. New solutions that will allow managing
a lot of waste in a way that is least harmful to the
environment, are expected.

Agricultural biogas plants are places where
the waste can be processed. The food waste can
be used directly as a fermentation substrate or
in the bioconversion process. Using the food
waste and agri-food by-products from the food
processing industry to increase the growth of in-
sects for energy purposes seems to be a rational
solution. One of the innovative solutions allow-
ing for the production of biogas and then energy
may be the use of the Hermetia illucens insect
larvae. The results show that larvae feeding on
the waste of plant origin can be used for biogas
production. This confirmed the results obtained
as part of the experiment.

The presented solution is an alternative to
anaerobic digestion of food waste without any
treatments. Regardless of whether biogas will
be produced from waste or larvae, it will be in-
cluded in the renewable energy sources. Accord-
ing to the authors, the bioconversion research
should be continued. This particularly applies
to the selection of substrates that are sources of
energy production directly, and those that were
previously food for larvae.
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