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ABSTRACT

Laboratory experiments were carried out to investigate the performance of anaerobic sequencing
batch reactor(ASBR) for digestion of a municipal sludge. Each cycle of the ASBR comprised feeding,
two-or three-day reaction, one-day thickening, and withdrawal. The reactors were operated at an
HRT of 10days and 5days with an equivalent organic loading rate of 0.8~1.54 gVS/l/d, 1.81~3.56
gVS/l/d at 35C, respectively. Solids accumulation was remarkable in the ASBR during start-up
period, and directly affected by settleable solids in the feed sludge. Floatation thickening occured in
the ASBRs, and Solids profiles at the end of thickening step dramatically changed at solid-liquid in-
terface. Slight difference in solids concentrations was ohserved within thickened sludge bed. Ef-
ficiencies through floatation thickening were comparable to that of additional thickening of the com-
pletely mixed control reactor. Average solids concentrations in the ASBRs were 2.2~2.6 times high-
er than that in the control throughout the total operation period. The dehydrogenase activity had a
strong correlation with the solids concentration. Organics removals based on clarified effluent of the
ASBRs were consistently above 86%. Remarkable increase in equivalent gas production of 27~52%
was observed at the ASBRs compared with the control though the control and ASBRs showed sim-
iliar effluent quality. Thus, digestion of a municipal sludge was possible using the ASBR in spite of
high concentration of solids in the sludge.

Keywords : Anaerobic sequencing batch reactor, Sludge digestion, Solid-liquid separation, Floatation
thickening, Solids accumulation
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Table 1. Characteristics of Feed Sludge

10 day HRT 5 day HRT
Parameters
Range Mean=+S5D Range Mean=+SD

pH 5.87~6.96 6.3810.32 5.06~6.58 5.71+0.41
ORP (mV) -107~-250 -183+31 -111~-264 -189+32
TS (mg/D

Total 11,990~27,950 20,120+ 3,148 14,200~23.700 18,040£2,800

Supernatant 700~6,280 2,010+1,090
VS (mg/D

Total 7,200~15,440 10,950+1,994 9,060~17,780 12,170+2,970

Supernatant - 100~5,760 1,190+1,040
VS/TS (%) 45.6~68.4 54.4+4.8 50.4~81.7 67.5+6.5
COD (mg/D

Total 11,110~27,950 21,120+3,148 13,120~32,800 20,690£5,830

Supernatant 420~7,410 3.200£2,330
Thickened volume (%)™ 24~92 58+18 30~100 68+18
Centrifuged volume (%)** 16~30 21.5+39 21~52 27+5.7
Volatile acid (mgHAc/D 147~697 490+113 972~3,630 2,040+810
Alkalinity (mg CaCOy/D) 277~1,187 620205 480~1,290 7901190

*Sludge volume after 1 day thickening in a 100 ml graduated cylinder.
**Sludge volume after centrifugation at 2,500 rpm for 5 minutes.

Z¥zk 2:1, 3:1, 1:10]9, AAAZL owjAlsEdz) HRT 1094%=
oA deixl AE vulElo R 3R] SAH R B
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Table 2. Operating Conditions

7l 4] cycle periodE
2 AF Aol A 1 S7HAIA 4d R AR
A% FRA 7]
o] 99} 78 ulH oz H3lslo] LAs i) A

ASBR Control
10-day HRT 5-day HRT
10-day HRT 5-day HRT
3-day cycle 4-day cycle 2-day cycle
Temperature (‘C) 35 35 35 35 35
Operation Periods (days)™ 50 140 250 190 250
Working Volume (1) 4 4 4 4 4
Organic Loading Rate
(gVS/I/day) 0.80—~1.54 0.75~1.45 1.81—3.56 0.75~1.54 1.81-6.56
(gCOD/I/day) 1.11~2.20 1.05~2.15 2.62~6.56 1.11~2.20 2.62~6.56
Cycle time
Fill Period (hrs) 0.5 0.5 0.5 0.5 0.5
React Period (days) 2 3 1 1 1
Thicken Period (days) 1 1 1
Draw Period (hrs) 0.5 0.5 0.5 0.5 0.5
Withdrawl Volume 1.2 l/cycle 1.6 l/cycle 1.6 l/cycle 0.4 l/day 0.8 I/day

*After start-up of ASBR.
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et wheba E A sk Z]E ASBREZ A& 7
L H ALsixl—o] T ajx] L=~ A{euz;} oF S

=TT
W& A7) Slo] AgAelebar ergich

4. HAME) AN}

ASBR#} control HFEF2] A AR
Table 39} 72t} ASBR-2 A A|whg)
Hlgto] 4ds] fE5Holn, $HEAA Ag|Hen

Table 3. Steady State Performances (Average=+ Standard deviation)

HRT (10 days)-3 day

HRT (10 days)-4 day HRT (5 days)-2 day

Parameters cycle cycle cycle
ASBR Control ASBR Control ASBR Control

pH 7.0910.1 6.97+0.1 6.90+0.1 6.85+0.1 6.91+0.1 6.9+0.1
ORP (mV) -261160 -290+42 -206+57 -199+ 38 -242+20 -251+17
Volatile acid (mgHAc/l) 214+19 225+30 192+48 182163 212+113 270179
Alkalinity (mg CaCO./D) 1,710+85 1,710+ 83 15501213  1,290+£193  2,190+460  2,120+450
TS removal (%)

digested sludge basis 8.3+4.8 16.1+£7.7 17.7£7.7

clarified effluent basis 91.7+1.2 90.2+0.5 93.0x1.9 93.5+2.3 90.1+12.1 88.8+2.8
VS removal (%)

digested sludge basis - 21.0+11.0 20.4+10.0 - 23.2+8.3

clarified effluent basis 92.4+3.5 91.1£2.8 93.4+3.7 93.5+2.3 91.8+24 90.7+2.8
COD (%)

digested sludge hasis - 18.2+5.2 21.9+7.4 - 27.8+125

clarified effluent bhasis 95.21+2.0 92.0+7.5 95.4+2.3 92.2+7.1 93.7+2.4 92.8+4.1
Gas production

Gas production rate (/I/d)  0.15£0.03  0.10+0.01 0.15+0.03 0.1+0.03 0.67+0.32 0.54£0.27

Gas yield (//gVS added) 0.14+0.02  0.09%0.02  0.14+£0.04  0.09£0.04 0.28+0.12 0.2340.10

Methane content (%) 73.210.2 73.0%0.1 73.0%+0.1 72.61t0.3 69.51+0.4 69.01+0.2
Thickened volume (v/v%) 70£15 49+1 69+6 6112 71£8 59+11
Centrifuged volume (v/v%) - 38+4.1 2027 56+9.8 24+3.2
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Fig. 6. Cumulative gas production during sequences
of batch period and organic loading rate after
start-up of ASBR with HRT of 10 days.
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Fig. 7. Cumulative gas production during sequences
of batch period and organic loading rate aft-
er start-up of ASBR with HRT of 5 days.
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Fig. 9. Solids profile at thicken step of the ASBR
with HRT 10 days and 3-day cyele period.

(%)
100

[ -]
o O

HRT of 10days
4-day cycle period

| I’ - A,
0 10 20 30 40 50
SOLIDS CONC. (g/l)
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