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Abstract

Studies for improving the efficiency of the traditional anaerobic digestion process are being actively conducted.
To improve anaerobic digestion efficiency, this study tried to derive the optimal pretreatment conditions and
mixing conditions by integrating the heat solubilization pretreatment of sewage sludge, livestock manure, and
food waste. The soluble chemical oxygen demand (SCOD) increase rate of sewage sludge before and after heat
solubilization pretreatment showed an increased rate of 224.7% compared to the control group at 170°C and
25 min and showed the most stable increase rate. As a result of the biomethane potential test of sewage sludge
before and after heat solubilization pretreatment, the total chemical oxygen demand (TCOD) and SCOD removal
rates increased as the heat solubilization temperature increased, but did not increase further at temperatures
above 170°C. In the case of methane generation, there was no significant change in the cumulative methane
generation from 0.134 to 0.203 Sm’-CHy/kg-COD at 170°C for 15 min. As a result of the integrated digestion
of organic waste, the experimental condition in which 25% of the sewage sludge, 50% of the food waste, and
25% of the livestock manure were mixed showed the highest methane production of 0.3015 m*-CHy/kg-COD,
confirming that it was the optimal mixing ratio condition. In addition, under experimental conditions mixed
with all three substrates, M4 conditions mixed with 25% sewage sludge, 50% food waste, and 25% livestock
manure showed the highest methane generation at 0.2692 Sm’-CHy/kg-COD.
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1. Introduction
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2. Materials and Methods
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Table 1. Characteristics of the organic wastes

Classification(Unit) Range Average
pH 7.14-739 7.29+0.12
TS(mg/L) 241128435 25614£1,015
VS(mg/L) 15,662-18,498 16,840+512

i‘;:‘élg: TCODCr(mg/lL)  27,624-32,674 29,788:815
SCODCr(mglL)  765-1,776 115142
VS/TS(%) 0.54-0.63 0.58+0.10
TKN(mg/L) 348-426 38944

pH 3.13-4.10 3.68+0.12
TS(mgl)  187,021-220,833  201,97248,922
VS(mgL)  102,370-134,148  117,658+6,075
\};Z;’i TCODCr(mg/L)  163,679-202,612  181,51245,629
SCODCr(mglL)  69,613-83,460  78,741=1,874
VS/TS(%) 0.55-0.68 0.6620.11
TKN(mg/L) 1,271-1,571 1,45764

pH 7.01-7.39 7.1520.12
TS(mg/L) 48230-55386 5397141014

_ VS(mg/L) 24,643-29,122 26,174947
L{::szzk TCODCr(mg/L)  47,645-58,454 54,.825+1,433
SCODCr(mglL) 4097351486  44,671-2,962
VS/TS(%) 0.48-0.52 0.500.06
TKN(mg/L) 2,473,124 24354109
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Fig. 1. Schematic diagram of thermal hydrolysis reactor (a) and anaerobic digestion reactor (b).
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Table 2. Test operating conditions for deriving optimal thermal hydrolysis conditions

Parameter Press, bar Time, min Temp, °C
Blank 1 15 25
Tl 5 15 110
T2 5 25 110
T3 5 35 110
T4 6 15 140
T5 6 25 140
T6 6 35 140
T7 7 15 170
T8 7 25 170
T9 7 35 170
T10 8 15 190
Ti1 8 25 190
T12 8 35 190
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Table 3. Substrate mixing ratio for deriving optimal integrated digestion conditions

Mixing ratio(% of substrate volume)

Run
Sewage sludge Food waste Livestock manure
Ml 50 50 -
M2 - 50 50
M3 50 25 25
M4 25 50 25
M5 25 25 50
M6 75 25 -
M7 25 75 -
M8 - 75 25
M9 - 25 75
24 S&tast 2MxA Z3t9 2™ Column, Injector ¥ Detector®] 2%+ 247 50,
2 AFdAE FF 2744 4 71898 seseixg A 803 90°CE g3kt
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Fig. 2. Increasing rate of SCOD production by thermal solubilization versus the control (BLANK) condition.
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Fig. 3. TCOD and SCOD removal rates of sewage sludge according to the heat solubilization condition.
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Table 4. Standard deviation of temperature and reaction time related to the SCOD increase rate

Increase rate 110°C 140°C 170°C 190°C Standard Deviation Population (STDEV.P)
15 27.8 84.6 215.2 232.1 86.3
25 514 114.6 224.7 260.5 83.8
35 553 117.5 205.6 2453 74.3
STDEV.P 12.1 14.9 7.8 11.6
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Tl @Y &gl FRAZE FESh= C/NH&= 20~
35 AR HuH3 9JE=d(Guermoud et al., 2006, Lee et al.,
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Table 5. BMP test result according to thermal solubilization condition

Cumulative Methane yield

Theoretical Methane yield

Biodegradability Maximum rate operation

Parameter (Sm’-CHy/kg-COD) (Sm*-CHy/kg-COD) (%) time (day)
Blank 0.122 34.9 28
Tl 0.134 383 25
™ 0.140 40.1 25
T3 0.146 419 25
T4 0.158 452 25
TS 0.169 482 25
T6 0.173 0.35 49.4 25
7 0.194 55.6 27
T8 0.202 577 25
9 0.203 58.1 24
T10 0.201 57.6 26
TI1 0.205 58.4 26
TI2 0.203 579 27
0.35
IS 0.30 A
S
-
0
= 5 0254
20
o o
o A 4
g fm 0.20
5z
=0 0151
2
2
W
S = i
= 0.10
£
=
o 0.05 A
0.00 -
M1 M2 M3 M4 M5 M6 M7 M8 M9
(S5:F5:L0)  (SO:F5:L5) (S5:F2.5:L2.5)(S2.5:F5:L2.5) (S2.5:F2.5:L.5)(S7.5:F2.5:L0) (S2.5:F7.5:L0) (S0:F7.5:L.2.5) (SO0:F2.5:L7.5)
Condition

Fig. 6. Cumulative methane production by condition (steady-state).
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g BF ERE ¢ sredA 25%, =7 W=
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