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Polyhydroxyalkanoates (PHA) are polyesters of hydroxyalkanoic acids, naturally produced as storage carbon
source by different species of PHA-producing microorganisms. They are completely biodegradable and can be
produced from renewable resources and waste material, showing thermoplastic properties comparable with
traditional plastics. In this sense, mixed microbial cultures (MMCs) were proposed as a cost effective method to
produce PHA from renewable resources (i.e. activated sludge and organic wastes) through the selection of PHA-
storing microorganisms, obtained applying alternate dynamic feeding conditions (Valentino et al. 2018). High
selective pressure for the PHA-storing bacteria in activated sludge is obtained by setting periodic alternating feast
(carbon feeding) and famine (absence of carbon sources) conditions. A sequencing batch reactor (SBR) is generally
used for the selection of the PHA-accumulating biomass, because it is easy to apply the required dynamic feeding
strategy. The following step is the PHA production, usually conducted in an accumulation batch reactor inoculated
with the selected PHA-producing biomass. Renewable and fermentable feedstocks may contain varying levels of
nutrients (nitrogen and phosphorus) and it has been demonstrated that nitrogen limitation during the accumulation
step can substantially increase the production performances in terms of PHA final content. In previous studies
(Silva et al. 2016), nitrogen and carbon feeding have been uncoupled, stimulating PHA storage response during
the feast phase (in absence of nitrogen) and microbial growth on stored polymer in the famine phase (by adding
nitrogen). The impact of nitrogen feeding regulation on the process has been evaluated in a lab-scale SBR with a
cycle length of 6h under an applied organic load rate (OLR) equal to 8.5 g COD/L d. Two SBR runs were
performed with the carbon source fed at the beginning of the SBR cycle simultaneously to the nitrogen source
(coupled feeding strategy) or with the latter fed at the end
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mg/L, more than double with respect to the value measured in Run A. At the beginning of the famine phase,
ammonia was added and it was fairly quickly consumed in concomitance to PHA consumption (figure 1-b). The
further increase of the OLR (12.75 g COD/L d) led to an increase of the feast phase length. As shown in Figure 2,
the feast phase/cycle length ratio (h/h) in Run C was 27.1 + 0.9 %, higher than those values measured in Run A
(21.0 £ 0.6 %) and B (20.7 + 0.3 %), but still lower than that of Silva et al. 2016 (6 h cycle length). Table 1
summarizes all the main parameters monitored over the course of the three performed SBR runs. The recent data
reported in Silva et al. (2016) are also included, being the most comparable with data from this study, since the
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OLR (g CODAL ) increased from 0.81 + 0.05 to 2.4 + 0.1 g PHA/L d (Figure 3)
(Lorini et al. 2020). In Run C, the productivity after the accumulation step increased up to 3.15+0.01 g PHA/L d
thanks to the higher OLR, but not linearly with respect to Runs A and B. This was due to the lower selective
pressure obtained during the selection step. This work clearly highlights the possibility to significantly enhance
the PHA production in an SBR operating with uncoupled carbon and nitrogen feeding by finding the optimal
operating conditions. The applied OLR has been demonstrated to have a significant impact on the aecrobic MMC
selection/enrichment, and, as a consequence, on the storage performances and productivity. The relatively high
PHA content achieved at the end of the feast phase (0.40 - 0.53 g PHA/g VSS) points out the option to simplify
the process by withdrawing the biomass (at its maximum PHA content) from the SBR towards downstream
processing, with no need for the intermediate accumulation step. On the other hand, PHA productivity could be
considerably increased by adding the accumulation step, as well as the final PHA content (2.89 g PHA/L d and
0.70 g PHA/g VSS, respectively) if relatively medium-high OLRs are applied (up to 8.5 g COD/L d). The
application of OLRs above 12.75 g COD/L d, together with higher SRT (freed from HRT) may be a possible
solution for a further increase of PHA productivity, provided that the maintenance of an efficient selective pressure
is ensured.
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Table 1 Main parameters with average data and standard deviations monitored and quantified in the SBR runs

Parameters Run A Run B Run C Silva et al. 2016
OLR (gCOD/Ld) 4.25 8.5 12.75 8.5
Cycle length (h) 12 12 12 6
PHA content at the end of feast (gPHA/gVSS) 0.40+0.02 0.52+0.02 0.53+0.03 0.28 +£0.02
PHA concentration at the end of feast (mg/L) 807+ 58 1639 + 40 2389 + 145 758 +37
PHA productivity (2" stage) 0.81 +0.05 1.64 +0.04 24+0.1 0.78 + 0.04
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