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[Abstract]

Due to the centralization and regional expansion of sludge treatment facilities, concerns have been raised
about increased costs and energy consumption associated with the collection and transportation of
Johkasou sludge. Therefore, further sophistication and efficiency in collection and transportation are
required. Sludge thickening vehicles, which concentrate Johkasou sludge at the site of generation, can
reduce the volume and amount of sludge handled by one-third to one-quarter, thus contributing to more
advanced and efficient collection and transportation. However, the extent to which the introduction of
thickening vehicles improves the efficiency of sludge collection and transportation, and how concentrated
sludge affects processing and energy recovery at treatment facilities, is not well understood. The objective
of this study is to propose optimal utilization methods for sludge thickening vehicles by comprehensively
assessing the environmental impact related to the collection, transportation, processing, and resource
recovery of Johkasou sludge.

An exhaustive analysis system has been developed that allows for the evaluation of the environmental
impacts of the entire process of collection, transportation, processing, and resource recovery using vacuum
trucks and sludge thickening vehicles. This was achieved by establishing work unit costs for sludge collection
and transportation, knowledge about sludge processing and resource recovery, and route analysis methods.

Based on the exhaustive analysis system, total CO, emissions were analyzed using a combination of
vacuum trucks and sludge thickening vehicles for collection and transportation, and standard denitrification
treatment methods, high-load denitrification with membrane separation, and a newly developed
combination of anaerobic membrane separation with the Partial Nitritation and Anammox (PNA) process for
processing and resource recovery. It was found that combining a sludge thickening vehicle with anaerobic
membrane separation and the PNA process could achieve zero total CO, emissions. This combination has

been shown to be the optimal condition for the utilization of sludge thickening vehicles, and it also suggests
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that such integration could serve as a measure toward building a low-carbon society, reducing
environmental impacts, and establishing a circular and ecological economy.
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