Enhanced anaerobic digestion by thermochemical pre-treatment for marine waste
valorisation
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Anaerobic digestion (AD) is a feasible strategy for renewable energy production from biomasses. The presence of
poorly biodegradable or inhibiting compounds in the feedstock, however, might reduce AD process speed and
methane yield. Indeed, several studies are focusing on possible strategies for increasing anaerobic digestability of
specific biomasses. The current study focuses on improving anaerobic digestibility of a peculiar marine bio-waste
represented by a mixture of P. oceanica residues and fishery by-products. P. oceanica is the most abundant
seagrass of the Mediterranean Sea where it plays crucial ecological roles. However, during Autumn, leaves detach
from the rhizome and accumulate in large amounts on the coasts, releasing unpleasant odors. Consequently, P.
oceanica litter is usually removed and landfilled (Parente et al., 2013). This approach is not consistent with the
fundamental principles of ecological waste management, since it does not consider the ecological role of this
organic material and its potential for circular economy.

Fishing industry is increasingly focusing on sustainability. In fact, it is estimated that more than 50% of living fish
weight ends up as by-products. Globally, roughly 200 million tons of fish and seafood are usually produced every
year.

Mixing P. oceanica and fishery by-products allows improving the features of this biomass as substrate for AD by
balancing the C:N:P ratio, since P. oceanica is lacking in N and P, which are abundant in fish. Furthermore, this
co-digestion strategy would also cope with the challenges related to the fishery by-products management. The high
lignin and cellulose content of P. oceanica and the high heterogeneity of fishery by-products, however, might
affect the AD and slow down the process.

Therefore, several tests were conducted in order to compare the biochemical methane potential (BMP) of this
marine-waste in presence or absence of a thermochemical pre-treatment (132 °C for 30 min in autoclave in
presence of 0.4% w/w of HCI), at different ratios of P. oceanica residues and fishery by-products and
food/microorganisms (F/M). The thermochemical pre-treatment conditions were selected according to a previous
experience by the authors with P. oceanica (De Sanctis and Di laconi, 2019). Taking into account the high content
of lignin and cellulose in P. oceanica litter, a seed sludge from an AD treating zootechnical wastes was used.
BMP tests were carried out using an automatic methane potential equipment (AMPTS II, Bioprocess Control). It
consists (see Figure 1) of an integrated system for anaerobic digestion including fermentation unit (reactors in a
water bath), CO, absorption unit (using NaOH), and automated gas measurement (flow cells), all controlled by
software for BMP measurement. In particular, the tests were conducted on 14 glass flasks of 500 mL (useful
volume of 400 mL) with different marine waste mixing and food/microorganisms (F/M) ratios, in addition to a
blank control containing only the inoculum. The bottles were placed in an incubator maintained at 37 °C for 25
days, representing mesophilic conditions. Temperature control was ensured using a water bath equipped with a
thermostat. The content of the bottles was continuously stirred to ensure uniform mixing of the substrates and
inoculum. pH, conductivity, chemical oxygen demand (COD), soluble chemical oxygen demand (sCOD), total
nitrogen (TN), total solids (TS) and volatile solids (VS) were measured at the start and end of the tests. Biogas
composition, sampled before CO, absorption units, was also determined by gas-chromatography (Agilent 490
Micro GC) equipped with two columns, the first (Molsieve 5A) for measuring O, N2, H, and CH. and the second
one (PoraPlot U) for CO. and H>S detection.

The results of BMP tests are summarized in Figure 2, in terms of specific methane production and VS removal
efficiency.
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Figure 1. Bioprocess AMPTS Il experimental setup for BMP analysis. A: fermentation unit, B: acid gas absorption
unit, and C: methane gas measurement unit.
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Figure 2. Methane yield (on the left) and V'S removal efficiencies (on the right) obtained during the BMP tests.

Methane production and VS removal efficiency were more than 50% lower in the absence of pre-treatment then
in its presence. In particular, pre-treated feedstock allowed obtaining specific methane production from 0.35 to
0.78 L/gVSsed, With a VS removal efficiency from 40 to 60%. The pre-treatment allowed a significant organic
matter solubilization, in terms of COD, with soluble COD representing less than 15% and up to 41% of the total
COD in absence or presence of thermal pretreatments, respectively. As expected, specific methane production
showed a growing trend with the increase of fishery by-products share, because of both higher specific COD
content and biodegradability of fish residues with respect to P. oceanica. F/M ratio affected methane production
only for the highest fishery by-products share (i.e., when the feed contained 33% of P. oceanica residues in terms
of VVS). However, even at the highest percentage of P. oceanica residues in the feed (i.e., 80%), a condition that is
less favorable for processing but more interesting from an environmental perspective, a considerable methane
production (i.e., about 0.4 L/gVSreq) Was obtained regardless of F/M ratio - a value higher even than the one
reported for anaerobic digestion of sewage sludge. Therefore, a pilot scale anaerobic digester was designed,
constructed, and operated to demonstrate a more efficient alternative for P. oceanica residues valorization.
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