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Sustainable Two-Stage Anaerobic Co-digestion System for Biomass Waste: Usefulness of Oyster
T s Shell as pH Control Additive
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Biomass wastes have high potential to be used in energy recovery using anaerobic digestion. This thesis opens with
an introduction regarding anaerobic digestion process in general and explanation for each step in the anaerobic digestion
process. Brief description of anaerobic digestion system type used in this study and about oyster shell properties is also
included.

There were three experiments done in this study The result of first experiment we were using two stage anaerobic
digestion system to compare it with single stage anaerobic digestion system. The commonly used digester is one stage
digester, however it needs long retention time and big reactor size to proceed. The two-stage anaerobic system used in
this study separates fermentation stage and methanogenesis stage to shorten the retention time and increase the biogas
yield. The two-stage anaerobic digester system has better overall performance than single stage, namely in fermentation
period, alkali used, effluent quality and methane yield. The only disadvantage is that the loss of unhydrolyzed biomass
removed in solid-liquid separation.

The oyster shell was used in second and third experiment. The acidification in fermentation stage is a common
issue in anaerobic digestion control. In general alkali additive like NaOH are used, but we tried to use oyster shell as pH
control additive with a purpose of waste utilization. As a result of applying its powder material to the two-stage anaerobic
digestion system, it was cleared that the powder can prevent pH value from dropping and its performance is mild and
stable in comparison with NaOH which alkali adding effect appears in pH soon. In addition, we recognized the oyster
shell powder affects the methane yield, so evaluated the yield performance of methane gas by the carbon input and
output flow analysis through the process. Moreover, microbial analysis to compare the microbial characteristic
difference between treatments provided some clue regarding the difference of methane yield and methane concentration
in the two treatments.

As an advanced study, performance of oyster shell powders with fine and coarse sizes were investigated. It resulted
that the fine industrial powder of oyster shell was superior to coarse one in both pH controllability and methane gas
yield. However, the methane concentration between fine and coarse oyster shell powder treatment were not significantly
different and even lower than alkali treatment.

By targeting biomass waste generated in Okayama University campus, a recycling system composed of anaerobic
fermentation and composting was designed and yield of methane and generated power from the gas were estimated.
Cost and environmental impact by using either oyster shell or commercial chemical alkali were evaluated. Through this
feasibility study, we found that the energy generated by recycling system was insufficient to power the facility itself. We
also found that using oyster shell is less expensive and more environmentally friendly, with less GHG emission, than
chemical alkali.

All the remarkable findings in this thesis were summarized at the end of this thesis.
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