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st e Development of sludge reduction technology for on-site household

domestic wastewater treatment systems

(Abstract)

Johkasou system (on-site domestic wastewater treatment system) as well as sewage treatment
system is an important and essential system to control water pollution and for sanitation. However,
some problems remain for Johkasou system: for example, exchanging Tandoku-shori Johkasou
(treating only flash from toilet) for gappei-shori Johkasou (receiving both flash from toilet and
gray water), and increasing excess sludge from Johkasou system. In order to solve theses
problems, it is an important subject to develop sludge reduction technologies for household
Johkasou system.

The main objective of this work is to develop a new type Johkasou combined with an aerobic
sludge digestion unit in order to reduce excess sludge production. When an aerobic digestion
process is operated under long sludge retention time (SRT) and high concentration of active
biomass (MLSS), effective reduction of excess sludge is expected. For this reason, the following
subjects were examined: (1) sludge thickening performance of a fixed bed filtration unit, (2)
performances of aerobic digestion for the sludge accumulated in Johkasous working actually, and
(3) design and setup of a pilot-scale Johkasou installed with a aerobic sludge digestion unit, and
(4) the wastewater treatment and sludge reduction performances of the pilot-scale Johkasou. This
thesis consists of the following 7 chapters.

Chapter 1: It was pointed out that the excess sludge from Johkasou system will increase by the
popularization of gappei-shori Johkasous and that excess sludge production in household
Johkasous should be reduced. The technologies for sludge reduction were reviewed and the
objectives of this work were described.

Chapter 2: The sludge production rates of the household Johkasous working actually were
investigated as basic data to design a new type of Johkasou installed with an aerobic sludge
digestion unit. The following excess sludge production rates were obtained: 9.8 g/person/day for
BOD removal type Johkasous, 8.5 g/person/day for nitrogen removal type Johkasous, 16.0 g/
person/day for nitrogen and phosphorus removal type Johkasous, and 25.0 g/person/day for the
Johkasous receiving waste from disposer. In addition, the sludge accumulated in the BOD removal
types contained less ash component, and therefore the sludge was expected to be decomposed by
aerobic digestion processes.

Chapter 3: Since effective sludge thickening technologies are required for effective digestion of
excess sludge, a fixed bed filtration process was developed as a sludge thickening device in order
to apply to household Johkasous. This system showed 80% of solids removal and retained high
concentration of sludge (10,000 mg/L). The results indicated that the system can be employed asa
sludge separation device for a small-scale aerobic digestion unit.




Chapter 4: In order to improve the performance of biological sludge decomposition, the
following pre-treatment methods were examined: breaking sludge particulates by a high-speed
revolution flow generator and/or alkaline treatment. The aerobic digestion after the pre-treatment
gave 98% of sludge decomposition ratio, but the aerobic digestion without the pre-treatment also
showed 86% of sludge decomposition ratio.

Chapter 5: The sludge decomposition rates for several types of sludge were examined by batch
type aerobic digestion experiments, where intermittent aeration was also employed for biological
nitrogen removal. When raw sludge in household Johkasou was treated under continuous aeration
condition, 72.8% of sludge reduction and 71~86% of total nitrogen (TN) removal was obtained. In|
the case of intermittent aeration condition, more than 95% of TN removals were obtained.

Chapter 6: a pilot-scale Johkasou equipped with an aerobic digester for sludge decomposition
was designed and setup. Actual domestic wastewaters were treated by the system, and the
wastewaters were also treated by a conventional Johkasou in order to compare wastewater
treatment performance, studge production rate, and running cost. The average BOD of the effluent
form the pilot-scale Johkasou was less than 20 mg/L, but the effluents containing more than 20
mg/L of BOD were observed some times. However, when a flow equalization device is employed,
it is suggested that wastewater treatment performance is improved by reduction of peak flow. The
accumulated sludge amount in the pilot-scale Johkasou was reduced at 64% in comparison with|
that of the conventional one. In addition, 25% of the running cost was also reduced.

Chapter 7: The results obtained in this work were summarized as conclusions. Based on the
results obtained in this work, it was indicated that effective reduction of excess sludge production
is able to be achieved by installation of an aerobic sludge digestion unit into Johkasou system. In
addition, the subjects in future development of prototype of Johkasous to reduce excess sludge
production were discussed.




