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Highlights
e  Syntrophic acetate oxidation and non-ideal ion speciation must be included
e  Stoichiometry must be corrected as per food waste composition and amino acids
¢ Including chain elongation improved the butyrate and valerate predictions
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Introduction

Efficient treatment and resource recovery from food waste (FW) is necessary for the implementation
of sustainable and circular societies. Anaerobic digestion (AD) stands as an environmental-friendly
and well-stablished technology to do so. Despite its potential, AD of highly concentrated substrates
such as FW (20% total solids; TS) is a complex biological process prone to failure if not managed
properly. Because of the fast biodegradability of FW, accumulation of volatile fatty acids (VFAS) has
been frequently reported due to unbalance of the acidogenesis/acetogenesis and methanogenesis steps
(Capson-Tojo et al., 2016). The high protein content of FW also leads to high concentrations of total
and free ammonia nitrogen (TAN; FAN). FAN is toxic to microorganisms, mainly to strict acetoclastic
methanogens (Capson-Tojo et al., 2018b, 2020). Thus, to accurately represent the AD of concentrated
substrates such as FW, mechanistic models must consider the dominant metabolic pathways occurring
(e.g. syntrophic acetate oxidation (SAQ) and hydrogenotrophic methanogenesis (HM)) (Capson-Tojo
et al., 2021). Furthermore, the TAN-FAN acid-base equilibria, which is affected, by pH, temperature,
and by the high ionic strength of the media, must also be properly depicted (Capson-Tojo et al., 2020).
A recent article proposed a modified version of the widely used ADM1 (Batstone et al., 2002) to
include SAO and to accurately predict FAN concentrations using a modified Davies equation
(Capson-Tojo et al., 2021). Results showed that these modifications were crucial to predict the
system’s behavior, particularly the acetate kinetics at reasonable uptake rates, and the accumulation of
propionate (Capson-tojo et al., 2017). Nevertheless, the predictions for butyrate and valerate were far
from perfect. This study aims at testing different alternatives that could further improve the predictions
of these intermediates. More importantly, here we put together our previous knowledge to give
recommendations that, in our opinion, are essential for an accurate modelling of FW AD.

Material and Methods

Batch results from Capson-Tojo et al. (2018a) were used to calibrate and validate the model. The
different models compared were: (i) the unmodified ADM1 (Batstone et al., 2002), (ii) a modified
ADML1 as in Capson-Tojo et al. (2021) (including SAO and non-ideal TAN-FAN equilibria) and
including an accurate FW composition, (iii) model (ii) with uncoupled n-valerate and i-valerate
consumption (as in Batstone et al. (2003)), (iv) model (ii) considering chain elongation for valerate
production (from acetate, H, and propionate; assuming ethanol as non-detectable intermediate) and
with a modified valerate stoichiometry from amino acid fermentation. To avoid biased comparisons,
the modelling procedure was the same for all the approaches, as in Capson-Tojo et al. (2021). The
simulations were carried out using MATLAB R2021a.

Results and Discussion

Even after calibration, the unmodified ADM1 (red line in Figure 1) was not able to accurately predict
the results, mostly because SAO (the predominant acetate-consuming pathway) is not considered. In
addition, the obtained values for the kinetic parameters related to acetotrophic growth and those for
FAN inhibition were not realistic (Capson-Tojo et al., 2021). The modified ADM1 improved the
performance considerably, but the butyrate and valerate profiles could not be accurately predicted
simultaneously (either one profile or the other could be accurate, depending on the calibration done).
Uncoupling n-valerate and i-valerate as in Batstone et al. (2003) did not enhanced the model
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performance (results not shown). The modified model considering chain elongation allowed to
uncouple the kinetics of butyrate and valerate uptake. The methane Kinetics and acetate and propionate
concentrations were again accurately predicted (as for model (ii)), but in this case the kinetics of
butyrate and valerate were uncoupled, improving the accuracy of the predictions (further calibration
efforts are needed and are currently being done). In the case of butyrate, its more accurate prediction
was related to: (i) an accurate substrate fractionation in protein, carbohydrates and lipid contents
(Capson-Tojo et al., 2017), and (ii) the uncoupling of the biomass responsible for butyrate an valerate
degradation. Butyrate and valerate Kinetics were very different, justifying this modification. Improving
valerate predictions was more challenging. After trying several approaches, we found that including
chain elongation in the model and reducing the amount of valerate initially produced from amino acid
fermentation were necessary modifications to predict accurately the valerate profile. These
modifications can be justified by: (i) the presence of traces of caproate in the reactors, confirming that
chain elongation was indeed occurring, and (ii) the initial valerate kinetics differed totally from those
of all the other VVFAs, suggesting that its production was not related to the initial amino acid
fermentation (the high soluble hydrogen concentrations in the first days would have inhibited valerate
degradation, so no valerate consumption could occur). Chain elongation was included in the model
assuming that the kinetics of ethanol production/consumption were much faster than those of valerate
production, defining an overall reaction transforming acetate and hydrogen (ethanol precursors) and
propionate (valerate precursor) into valerate.

Summarizing, considering SAO and non-ideal FAN-TAN equilibrium is crucial to accurately predict
the methane production rates and the concentrations of acetate and propionate. Furthermore, if the
concentrations of butyrate and valerate are to be predicted accurately, the substrate must be
characterized and fractionated extensively, and chain elongation processes could be accounted for.
Normally, butyrate and valerate do not represent a high proportion of the overall COD in the mass
balance, but as they can act as indicators for AD instability, their accurate prediction is relevant.
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Figure 1. Experimental results and modelling results for (A) methane production rates and
concentrations of (B) butyrate, (C) acetate, (D) valerate, (E) propionate, and (F) total VFAs.
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