New concept for valorization of OFMSW: coupling steam explosion pre-treatment with
PHA production by purple phototrophic bacteria, and anaerobic digestion.
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Introduction

Currently a huge amount of municipal solid waste (MSW) is produced world-wide (2 billion tons annually),
of which 34-53% is represented by organic fraction (OFMSW) (Abad et al., 2019). This biowaste typically contains
organic residues like food and kitchen waste, discarded supermarket products, and pruning waste. Therefore,
OFMSW represents an untapped source for energy and resource recovery (Fava et al., 2015).

MSW is typically sent to landfill. Alternative methods include thermal treatment (pyrolysis and
gasification) and biological technologies like composting and anaerobic digestion. The latter is a viable option for
waste stabilization and energy recovery. However, the degradation rate is limited by the hydrolysis of solid
substrates. The hydrolysis can be accelerated by thermal treatment like the steam explosion pretreatment, which
allows deep disintegration of internal cell structures in biomass by a sharp pressure change. This process also
increases the biodegradability of the resultant solid biomass (Cano et al., 2014a), and partially solubilizes the
organic matter to a liquid fraction that can be furtherly processed.

In recent years, the use of MSW to produce high-added value products such as polyhydroxyalkanoates
(PHA) is gaining interest. A step forward in the attempt to reduce production costs is the use of mixed culture of
phototrophic purple bacteria (PPB). PPB are highly metabolically diverse, allowing the assimilation of different
carbon sources including sugars and organic acids in anaerobic conditions, which makes them perfect candidates
for the treatment of heterogeneous materials as well as do not need equipment sterilization or aeration, two of the
most expensive processes in the production of PHA (Koller et al., 2017).

The current work aims to evaluate this new concept for the valorization of OFMSW. The effects of
temperature and time on biodegradability of the streams generates from steam explosion (hydrolised and liquid
fraction), were studied by biochemical methane potential (BMP) test and batch specific phototrophic activity
(SPA).

Materials and Methods

The MSW samples came from a municipal waste processing plant located in Madrid (Spain). Samples were
blended and homogenized and then stored in a cold chamber at 4 °C until further use. The effect of process
temperature (122-178 °C) and reaction time (6-69 min) in the thermal hydrolysis of OFMSW was studied by a
response surface methodology based on a central composite rotatable design. By using the Minitab® 19 software,
13 runs were generated (4 factorial point, 4 axial point and 5 replicates of the central point). The experiments were
performed in a reactor and flash tank with volumes of 10 and 100 L, respectively. For each experiment, 6 kg of
(OFMSW) with a solid concentration of 7.5%, was used. The working temperature was reached at a 20 °C/min
heating rate. The hydrolysate was centrifuged at 6000 rpm for 10 min and then separated into solid and liquid
fractions. Both fractions were stored at 4°C until further use. Upon pretreatment, mesophilic anaerobic digestion
experiments of hydrolysate were performed according to Holliger et al. (2016). An inoculum to substrate ratio of
2 on a VS basis with final concentration of 15 g VS/L inoculum, were selected as operational conditions. Besides,
biodegradability of the liquid fraction was studied by batch specific phototrophic activity test (SPA) using a mixed
consortium of PPB, with initial soluble COD of 2 g/L. and inoculum spiked at 100 mgVSS/L. All analyses were
based on Standard Methods.

Results and Discussion

The performance of the thermal hydrolysis was measured in term of VS based solid destruction efficiencies,
which ranged from 23-57%. Soluble chemical oxygen demand (SCOD), total Kjeldahl nitrogen (TKN), and
phosphates ranged from 34-44 gCOD/L, 535-796, mgN/L and 323-653 mgPO4"/L. Regarding the volatile fatty
acids (VFA), values lower than 370 mgCOD/L were found. Figure 1 shows the methane potential along the
anaerobic digestion experiments. No lag periods were observed, and final values ranged within 255-400
NmLCH4/gVS. The lowest CH4 production was observed for test 1, probably due to the presence of inhibitory
nitrogen-containing aromatics, which are formed at high temperatures. The methane production was not
significantly improved by thermal hydrolysis, except to run 122 °C-38 min (c.a. 8% respect to control run). Similar
optimal condition (120 °C-10 min) was reported by Cano et al., (2014b).
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In addition, a soluble organic mixture was produced upon hydrolysis. This fraction was checked for
biodegradation with mixed cultures of PPB. As shown in figure 2, between 25-65% of the soluble COD was
assimilated. A p-value lower than 0.05 indicates the model and variable terms (temperature and time) significantly
affected the biodegradablity. Lower performance at higher temperatures and higher times was evidenced, probably
due to formation and solubilization of recalcitrant compounds such as hydroxyl-methyl-furfural (Steinbach et al.,
2019). A higher performance was found at lower temperatures and higher times. A mixed consortium of adapted
PPB may improve these results. Besides, the liquid fraction obtained contained a very low COD/N/P ratio of
100/0.3/0.6, far from the optimal ratio, which has probably prevented further growth of PPB biomass. High COD
and nutrients limitation have been described as optimal conditions for PHA accumulation (Fiilop et al., 2012).

Preliminary results show up to 11% of PHA content in mass basis. This study shows an improvement from
previous results, where 4% of PHA content had been found using a mixed consortium of PPB and a MSW
hydrolysate (Allegue et al., 2020). This is the first instance where a non-volatile fatty acids waste is fed to a
PPB-based system and it is partially converted into PHA, and it enlarges the PHA production potential of
PPB-based technologies.

Summarizing, these results are promising and encourage future research to maximize the production of
PHA and evaluate its implementation in a continuous process using OFMSW as a low-cost feedstock, in an
integrated PPB-based photo-biorefinery.
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