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Ultrasonic Sludge Disintegration for Improving Anaerobic Digestion and Simulation of ADM1
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ABSTRACT : The objectives of this study were to demonstrate that enhanced anaerobic digestion could be achieved by adopting ultra-
sonic cavitation pretreatment on the basis of the biogas production and to compare the simulation results of ADM1(Anaerobic Digestion
Model No. 1) with results of the experimentally operated digester. The ultrasonic pretreatment of sewage shudge showed the hindered effect
on the dewaterbility and the increase' of SCOD production. In this study, four sets of lab-scale anaerobic digester were operated with un-
treated(control), 30 min, 60 min and 90 min ultrasonic pretreated sludge. TCOD removal efficiencies in digesters of control, 30, 60, 90 min
sonicated sludge were 31.9%, 37.9%, 38.5% and 42.2%, and TS removal were 15.9%, 20.8%, 21.5%, 24.1% respectively. Also more biogas
was produced gradually with the increased sludge loading and the pretreatment time. Overall the simulation results had a correspondence
tendency with the experimental efficiencies.
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Table 1. Characteristics of sludges in Seunggi sewage treat-
ment plant (unit: mg/L)
Primary sludge Waste activated sludge Thickened sludge

TSS 6,100 £ 141 3,800 + 141 23,320 + 1,949
VSS 5,100 + 424 3,150+ 212 15,741 + 1,837
TCOD 4910+ 53 3,708 £ 70 22,091 + 617
COD 176 +7 9+9 1,072 + 88

]
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Fig. 1. A schematic diagram of experimental devices.
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Fig. 2. Characteristics of the thickened sludge used in lab-scale ultrasonic pretreatment experiments.
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Table 2. Production of SCOD and removal of VSS during

ultrasonification (unit: mg/L)
Diluted Thickened . Wasted Activated
Tir.ne Siudge Primary Sludge Sludge

(min) ASCOD AVSS | ASCOD  AVSS | ASCOD  AVSS
30 799 550 499 650 801 600
60 1,192 1,050 954 1,200 1,568 1,050
75 1,449 1,000 992 1,300 1,642 1,450
90 1,614 1,450 1,039 2,000 1,946 1,750
120 | 1,689 1,750 1,594 2,600 2,592 1,550
150 | 1,799 1,900 1,966 2,200 2,766 1,850
180 | 2,009 2,050 2,289 2,500 2,866 2,050
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Fig. 3. SCOD yields of three different types of sludge.
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Fig. 6. Results of the ultrasonic pretreatment.
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Table 3. Influent characteristics of the anaerobic digesters

(unit : mg/L)
Ultrasonic pretreatment
Control 30 min 60 min 90 min
TCOD 25,000% 25,400 25,100 26,000
(20,300 ~ 33,850)** (20,150 ~ 33,400)((19,225 ~ 29,750)|(20,000 ~ 30,400)
SCOD 1,260 3,060 4,490 5,330
(689~1,824) | (1,908 ~3,828) | (3,410~6,215) | (3,865~ 6,475)
8 20,900 21,600 21,000 21,860
(16,090 ~27,750) {15,560 ~25,410)(14,020 ~ 24,540){16,300 ~ 24,420)
Vs 14,235 14,080 14,100 14,200
(11,040 ~17,030) (11,030 ~ 15,590} (8,880 ~ 15,780) |(11,590 ~ 15,680)

* median(P=50%), ** minimum ~maximum
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Fig. 8. Results of the anaerobic digestion with pretreated sludge(TCOD, TS).
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Fig. 12. Comparison of methane production between a lab-scale anaerobic digester and simulation output.
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