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ABSTRACT

Civil and Environment Engineering

Anaerobic digestion is commonly employed by water resource
recovery facilities (WRRFs) to transform wastewater residuals into
methane. The mono-digestion of wastewater residuals typically yields
low methane, making it economically unattractive for recovery and
reuse. One possible way to address this challenge is the
implementation of anaerobic co-digestion. Co-digestion involves the
addition of more than one energy-rich organic substrates. However,
the complex substrate characteristics can affect the microbial
communities underlying the process, resulting in inhibition. This study
elucidates the effects of co-digestion of waste activated sludge (WAS)
with various proportions and loadings of food waste (FW) and fats, oils
and grease (FOG) on digester performance and microbial community
structure and activity, in an effort to avert inhibition. We hypothesized
that not only will the co-substrates significantly enhance methane
yield and change the microbial community, but a stepwise incremental
feeding strategy of the co-substrate will avert process inhibition.
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Long-term lab-scale bioreactors revealed that the co-digestion of 75%
FW with WAS increased methane yield by 70-fold when compared to
mono-digestion of WAS. However, only a 16.5-fold increase in
methane yield was observed during the co-digestion of 50% FOG with
WAS, beyond which inhibition occurred. Stepwise increment of FW
enabled the microbial communities to adapt to higher loading of FW
and avert inhibition. The co-substrates changed the microbial
community structure and activity, while inhibitory conditions enriched
fermentative Firmicutes at the expense of syntrophic fatty acid
oxidizers and methanogens. There was high activity of Methanosaeta
in contrast to high dominance of Methanolinea in the archaeal
community structure. Overall, this study showed that stepwise
increment of FW can avert inhibition in co-digestion systems. It also
informs that co-digetion optimization strategies need to be targetted
at the active microbial community. Finally, the operational strategies
and microbial knowledge gained in this work can help WRRFs
implement resilient co-digestion systems for enhanced methane yield
towards energy neutrality.

