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Abstract of Thesis

Anaerobic digestion (AD) is a promising technology for simultaneous pollution control and bioenergy
(methane (CH4)) production from organic wastes and wastewater. However, efficient CH4 production through a
series of anaerobic reactions, including hydrolysis, acidogenesis, acetogenesis, and methanogenesis, is hindered
by inhibitory factors, such as ammonia and salt. Bioaugmentation with microbial consortia tolerant to ammonia
or salt is a promising method in mitigating such inhibition effects in AD process. Successful attempts of applying
bioaugmentation on mitigating ammonia inhibition in AD process have been reported in previous studies,
whereas no attempt was reported for mitigating salt inhibition in AD process. Moreover, bioaugmentation
regimes (i.e., dosage, repetition, and timing) also need to be optimized to ensure its effectiveness, as well as to
reduce its cost. Thus, the objectives of this study are (1) to investigate the feasibility of applying bioaugmentation
on mitigating salt inhibition in AD process and (2) to optimize bioaugmentation regimes in both ammonia- and
salt-inhibited conditions.

In Chapter 1, as the background of this study, the principles and current status of AD process, inhibition of
efficient CH4 production in AD process by ammonia and salt, and technologies to mitigate the inhibitions are
summarized based on the comprehensive literature review. Besides, previous knowledge on bioaugmentation with
tolerant microbial consortia in AD process is summarized to ensure the limitations and research gaps, and to fix
the objectives of this study.

In Chapter 2, the feasibility of applying bioaugmentation on mitigating salt inhibition in AD process was
investigated using marine sediment-derived microbial consortia (MSCs) as bioaugmentation inocula under NaCl
stress (30 g/L), as well as under NH4* stress (5 gNH4-N/L). The results suggested that bioaugmentation with
pre-acclimated MSCs can successfully mitigate the inhibition of CH4 production under NH4* or NaCl stress.
Besides, the underlying mechanisms for relieving inhibition and enhancing CH4 production under the stresses
were elucidated based on the comprehensive microbial community analyses. Specifically, the complement of
syntrophic propionate oxidizing bacteria, interspecies electron transfers, and Methanoculleus, a hydrogenotrophic
methanogen, through bioaugmentation with MSCs was regarded to allow efficient propionate degradation and
CH4 production.

In Chapter 3, the effectiveness of different bioaugmentation regimes in both ammonia- and salt-inhibited
conditions were investigated using repeated-batch mode AD reactors. The results suggested that positive
correlation between reactor performance and inoculum dosages is temporary and the mitigating effect gradually
diminish during the repeated introduction of inoculum. It was also indicated that a balanced and diversified
microbial community is key for active CH4 production, which was difficult to acquire in repeated batch mode.
Thus, maintaining the microbial community in a transition state by periodically discharging the fermentation
bulk liquid and introducing bioaugmentation inoculum may be ideal for maintaining high system performance.

In Chapter 4, the summary and conclusions of this study are given. Besides, based on the knowledge
obtained in this study, future perspectives toward the practical application of bioaugmentation in AD process are

proposed.
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