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Variation in Physicochemical Properties and Anaerobic Digestion
Efficiency by Thermal-alkali Pre-treatment (THAP) Factors
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ABSTRACT: In this study, thermal-alkali pre-treatment (THAP) optimal condition and co-digestion efficiency with THAP
of the mixture food waste and sewage sludge were evaluated for improving the performances of co-digestion for mixed
food waste and sewage sludge. The optimal condition of THAP was evaluated for solubilization COD, CST(Capillary Suction
Time), TTF(Time to Filter), and volatile fatty acids (VFAs) with THAP temperature and NaOH concentration. In addition,
the co-digestion of mixed food waste and sewage sludge were evaluated using biochemical methane potential (BMP) test.
The optimal THAP reaction temperature and NaOH concentration of food waste and sewage sludge were 140 ° C and 60
meq/L to solubilization COD over 20%, CST and TTF under 60sec and VFAs concentration over 12,000 mg-COD/L, respectively.
The optimal condition of co-digestion of mixed food waste and sewage sludge equal to THAP condition. Therefore, it was
determined that the optimal condition of THAP reaction temperature and NaOH concentration for co-digestion of mixed food
waste and sewage sludge were 140 ° C and 60 meg/L, respectively.

Keywords: Food waste, Sewage sludge, Thermal-alkali pre-treatment, Co-digestion, Solubilization COD
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Fig. 1. Schematic diagram of lab-scale thermal-alkali pre-treatment reactor.

Table 1. Characteristics of Food Waste and Sewage Sludge

Item Unit Sewage sludge Food waste
TCODcr 101,200+4,100 191,700+1,000
SCODcr 5,000:+£0 42,400£100

T-N 7,7501,350 4,200+300

T-P 9,730+2,730 3,340+£310
NH3-N 1,150+40 212.5¢7.5

mg/L
NH4+ 1,465+35 27545

TS 100,000 150,000

VS 70,000 140,000

TSS 90,500+2,500 79,200+9,600

VSS 69,000+7,000 76,950+9,650
VS/TS 70 93

%
VSS/TSS 76 97
High heating value keal/kg 3,336 5,371
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Table 2. The Conditions of the Thermal-alkali Pre-treatment of the Food Waste(FW) and Sewage Sludge(SS) Mixtures
(Pressure (MPa): 1.85 + 0.2, Agitator Rotating (rpm): 200)

Conditions
Parameter
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  S11
Reaction temperature (~ C) 80 100 120 140 160 180 160 160 160 160 160
NaOH concentration (meq/L) 40 40 40 40 40 40 5 20 40 60 100
Reaction time (min) 30
Mixture ratio (FW:SS=Wt.:Wt.) 1:1
] AHS Wastg o, NaOH 5= 5, 20, 40, 60, Table 3. Characteristics of Anaerobic Inocula
100 meq/LZ Y3FATE ¥ AR H3E 250 Parameter Unit Value (average + S.D)
9 300 stk At 1R 49 = TCOD gL 23.9:0.60
AL Table 29} 72} SCOD g/L 1.6+0.74
R QA Bdo] $E4 B A N gL 162014
NH4+N 0.9+0.30
= 2g oJulsh] Wi duzel slesel ot . L o
E-8-& SCOD solubilization, VSS reduction ©]85}] Vs oL 25eL1
kst om ALk WHE A (1), )¢ 2k pH ] 763
SCOD solubilization rate (%):%XIOO (1) i]-‘?}% %}‘g% 7]—2;‘% }'(H—iA:o‘}‘{— %QQ‘E /\Elﬁgfb‘]‘gi

o714, TCODE SCODy= EH7]E2] 27
TCOD ¥ SCOD &% (mg/L), SCODt= E3HH7| &
o] 7 =78 Eg7e] 73l o] $2] SCOD %
(mg/L)°Ith

VSS,— VSS,
- < 100

VSS reduction rate (%) = VS
0

@

A71A, VSSp= EH71E4] 271 VSS §= (mg/L),
VSSt= ERF7ES] 7 20 97 T

°]%9] VSS F% (mgL)°lth

2.1.3. Biochemical methane yield (BMP) test 37}

HA gy 7hrEd 218 =E37] S5k
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; injector temp., 150 C; column temp., 29 C; detector
temp., 200 °C, Injection volume 10 uL 1.2, flame
ionization detector (FID)E ©]-&3st3th 3 =
A EA A GC 272 (N, 10 mL/min), ; injector temp.,
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Injection volume 5 uL$i2™, flame ionization detector

(FID)E ©]-8-3k3{th
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Fig. 2. Schematic diagram of CST and TTF system.
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Fig. 3. Variation in the particle size, CST and TTF, solubilization and SCOD, NH3/TN ratio, TVFAs and VFAs of the FW
and SS mixtures during the thermal-alkali pre-treatment in the various temperature. (A: particle size, B: CST and TTF, C:
Solubilization and SCOD, D: NHs/T-N, E: TVFAs, F: VFAs)
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Table 4. Results of LCFAs with/without Thermal-alkali Pre-treatment
Parameter ltem Unit Results
867,765
Without THAP LCFAs" mell
% 86.8
With THAP ) mg/L 96,254
(140°C, 60meg/L, 90min) LCFAs % 9.6
1) C4 butyric acid~C24 cervonic acid 7FA] 37% A|¥4t £4,
Table 5. Gas Production Rate and Methane Yield by Thermal-alkali Pre-treatment Temperature
Value
: After THAP BMP test
Reaction - - - -
temperature Solubilization Reduction Gas production Ultimate Theoretical Ratio of
(C) SCOD VsS rate until Methane yield Methane yield Theoretical
(%) (%) 7 day (mL CHé4/g (mL CHé4/g Methane yield
° ’ (mL/day) VSadded) VSadded) (%)
80 34 554424 357.0 461.1 774
100 35 574421 421.8 464.1 90.9
120 12 38 60.0£3.5 436.2 456.1 95.6
140 22 40 66.3£2.6 459.7 461.9 99.5
160 25 41 56.9+2.5 4254 484.4 87.8
180 38 43 61.6x1.1 369.6 490.9 753
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Table 6. Gas Production Rate and Methane Yield by Thermal-alkali Pre-treatment NaoH Concentration

Value
After THAP BMP test
NaOH Solubilization Reduction Gas production Ultimate Theoretical Ratio of
(meq/L) — I rate until Methane yield Methane yield Theoretical
(%) (%) 7 day (mL CHé4/g (mL CHé4/g Methane yield
’ ’ (mL/day) VSadded) VSadded) (%)
5 16 45 66.9+5.6 4212 495.9 84.9
20 21 40 74.1+4.6 449.3 485.7 92.5
40 25 41 56.9+£2.5 4254 484.4 87.8
60 41 58 74.3+5.9 469.3 482.7 97.2
100 46 53 75.145.9 491.7 501.9 98.0
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enhance anaerobic digestion of organic solid waste”,
Appl. Energy, 123, pp. 143~156. (2014).
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