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Abstract : We coordinated the experiments with ozone pretreatment and two-phase anaerobic digestion using solid-liquid separation
to raise the efficiency of sludge volume reduction and obtained the following results. The pre-treatment with ozone reduced the
solid concentration in the average of 8.3+2.0% TSS and 9.2+2.8% VSS. Of the organic material, TCOD decreased 5.1+2.4%, but
SCOD showed 72+6.5% increased, which was due to destruction of the cell wall and dissolution of icell media by the powerful
oxidative stress of ozone. During the two-phase anaerobic digestion process, we achieved the reduction of 21.5+3.4% TSS, 20.2+
8.4% VSS, 32.1£7.9% TCOD and 22.1+7.2% SCOD in average. The maximum methane gas production were 177.6 mL per g TSS,
210.8 mL per g VSS, 127.0 mL per g TCOD and 1452.0 mL per g SCOD, respectively. Solid material reduction through the
two-phase anaerobic digestion and MLE (Modified Ludzack-Ettinger) processes were 93.8% of TSS and 92.0% of VSS. We con-
cluded that suggested two-phase anaerobic digestion and MLE process could achieve the reasonable production of biogas and a
maximum reduction of the sludge volume.
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Fig. 1. Schematic diagram of lab—scale two—stage anaerobic digestion and MLE system.
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Table 1. Operation conditions of two—phase anaerobic digestion

Table 4. Operation results of ozone pretreatment

Division Two—phase Anaerobic Digestion Process
Reactor Acidogenic Methanogenic
HRT (day) 6 15
SRT (day) 197438
pH 5.5~6.5 6.8~7.4

Table 2. Operation conditions of MLE sewage treatment process

Division MLE sewage treatment process
Reactor Anoxic Aerobic
MLSS (mg/L) 3,000
Volume (L) 1.1 4.3
HRT (hr) 1 4
Internal recycle (%) 150
External recycle (%) 50
F/M (kg/kg - day) 0.71

Table 3. Gas chromatography conditions for gas analysis

Parameter Conditions
Detector TCD (Thermal conductivity detector)
Carboxen —1010 plot 30 mX
Column

0.53 mm L.D. (25467)
35C (8.50 min) to 2007C at 10°C/min

Oven temperature

Detector temperature 230C
Injection temperature 200C
Injection volume 50 uL
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Division pretreatment
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efficiency (%)
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TCOD (mg/L) 17,988 17,077 5.1
SCOD (mg/L) 339 1,214 72.0
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Fig. 2. TSS, VSS, TCOD and SCOD efficiency in the sludge
from ozone pretreatment.
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Fig. 3. TSS, VSS concentrations and reduction efficiency in the
sludge from the two—phase anaerobic digestion process.

25000 100
= 20000 - 80
) -
£ 15000 | 60 &
v
£ g
8 10000 - - 40 g
g 5000 ——— 20 §
-
0 T T T T T T T T T 0
1 2 3 4 5 6 7 B 9 10
TIME(Week)
=#=—(0zone pretreatment == Acid formation reactor
== Methane formation reactor ====TCOD reduction efficiency
3500 B8O

S 3000 e
3 / r 60
E 2500 b—.ﬁ
]
€ 2000 -
8
« 1500 -
é 1000
o
w500

0 T T T T T T T T T 1]

1 2 3 4 5 6 7 B8 9 10
TIME(Week)
== (zone pretreatment == Acid formation reactor
== Methane formation reactor === SCOD reduction efficiency

Fig. 4. TCOD, SCOD concentrations and reduction efficiency in
the sludge from the two—phase anaerobic digestion pro—

Cess.
FE A a8 TSSHTF VSS7} ¢F 10% &2 7
o= UrE}kM. l% |24 F71E°] f71aF FA4 v

ofol ol HA F7IAte R Ry WEoR AR
G714 237F A8l wEk vsse g afo] oF 64%
Fashet, ol FY £e1A19] vsse| 7kae) FSse| &
72 918k Axpg Abg ok TSS Wl VSS e 7154
o] & onite] F7IA A8t FAHAA A sIE ] A

Ak vss FwEe] FaE fUE Fakgolu @V As)
A& (Digestion efficiency)S YERN 7] 918t X3 2A] o]
HoAR o= Atz g Fagh aQlex Aty

TCODS} sCoDe] 7+ d&-2 7+7} 21.5~39.3%, 11.0~
32.8%% 3t 32.1+7.9%, 22. 1+7 2%E YERNSITE @714
2sP7F Ao wet 7% se7F HAH o R volx|
Al raEsivh 18 Al Y -‘ﬂré}ﬁ 4% TR fUlE
A ago] thh AAHJAT vhgx HE T Aol 1
o]A] ekttt AHAA WHEZoA SCODE & A F
SCOD Xt} =] YRt o] & <l SCOD &> TCOD
AR Hat 10% e, & frl=e] )it 3
/3 wregolel o3l fr|ato® dFH o= 1% AvE i
Wk 55 o]F ¢ EelA 9] st FobslSoll T
5}aL TCODS} SCODE ®lwA eHd 29l A2 a

AL dEE o] &£8A] wkEo R Qlste] o

*5}53 Ul EAlekE 8714 8 =] ke =2 7]
] XegR Qe AvE wuEch

l‘

1

mNI"T.Vl

w

3. ol F71A Aol o3t

ILPE g f7]E Fokgel wE nle] ek A
e Fig.5 60 YeERAUTE 8= Fahgo] St
el vpo]l @ 7k AR SRS w2 b s) o]
$ 4~57F0) 1P E FskEo] F5stEA Hl vpo] ks
YA #e 177.6 mL CHJ/g TSS, 45.8 mL CO,/g TSS, 210.8
mL CHa/g VSS, 55.1 mL CO./g VSS©] A=At} 55 o]
5 F-akgo] mustA vrolb ARt QA Q1 no] @ 7k A
*é%k%b‘rEhHOiD} ol il - AR xR &£jA| vEEO R
EeA AFAIES wo] 1Z8E 23] 7 £8S Y &

uo) 7k A

16 200
14 -
o
= 160 §
Eg12 i
g7 1 120 3 %"
g5 08 )
Spo6 80 o g
B2os o La0 8¢
0.2 -ﬁj/é\‘—/‘—i— @ =
0 T T T T T T T T 0
1 2 3 4 5 6 7 8 9 10
TIME(Week)
—#— TSS loading rate(g TSS/L - day)
——CHa production{mL CHa /g T5S)
—#—C0: production{mL COz /g TSS)
14 250
L 5 1'i - 200 § g
= oo ¥
£5 08 < / - 150% 3
§“§“ 06 1005 &
0.4 Sa
L L
§ ~ 02 _{7?&‘?‘_‘— 50 g E
0 T T T T T T 0
1 2 3 4 5 [ 7 8 9 10
TIME(Week)
——V55 loading rate(g VSS/L - day)
——CHs production(mL CHa / g V55)
—#&— (02 production(mL CO2 /g V5S)

Fig. 5. Biogas production related to TSS and VSS loading rates
from the two—phase anaerobic digestion process.
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Table 5. Average influent concentration and effluent concentration, removal efficiency obtained during the only MLE process and
MLE process for mixing treatment of solid—liquid separation of sludge

BODs CODc¢r T-N T-P SS C/N
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Influent 355.4 690.1 33.9 4.0 177.0 10.5
MLE process Effluent 46.0 38.6 6.2 2.5 11.0 -
Removal efficiency (%) 87.6 94.2 80.4 38.8 94.0 -

MLE process for mixing Influent 363.2 702.8 45.1 4.02 185.7 8.1
treatment of solid—liquid Effluent 57.1 61.2 9.6 2.6 19.2 -
separation of sludge  Removal efficiency (%)|  85.0 91.0 76.7 27.1 89.9 -
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