Journal of the Korea Organic Resources Recycling Association, 30(4), pp.27-40 (2022)

. Original Paper
ISSN 1225-6498 eISSN 2508-3015 https://doi.org/10.17137/korrae.2022.30.4.27

B A2l D Bee2) U
SASENp|So| Watky|A%t B Wt

O| &lHl=r, BfA|g=

Estimation of Anaerobic Co-digestion Efficiency of Dewatered
Sludge and Food waste using Thermo-Chemical Pre-Treatment

Wonbae Lee?', Seyong Park?

(Received: Oct. 4, 2022 / Revised: Oct. 24, 2022 / Accepted: Nov. 2, 2022)

ABSTRACT: In this study, the anaerobic digestion potential and thermo-chemical pre-treatment were evaluated for efficient
anaerobic co-digestion of dewatered sludge(DS) and food waste(FW). As a result, the degradable organic matter concentration
and methane yield of FW were evaluated to 2.2 and 1.3 times higher than that of DS, respectively. In order to increase
the amount of biogas production, it was determined that it is desirable to increase the mixing ratio of FW. The efficiency
of thermo-chemical pre-treatment was evaluated for the reaction temperature, NaOH concentration, reaction time and mixture
ratio. As a result of evaluation through pre-treatment efficiency and dehydration capacity, the optimum pre-treatment
conditions were evaluated as follows: reaction temperature 140°C, NaOH concentration 60 meg/L, reaction time 60 min,
mixture ratio 1:5(DS:FW). The gas production rate and methane yield increased 1.6 and 1.5 times, respectively, compared
to before and after applying the optimum pre-treatment. Therefore, it is necessary to increase the mixing ratio of food
waste for efficient anaerobic co-digestion of DS and FW. and it is necessary to increase the solubilization efficiency
of waste by application of pre-treatment.
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Fig. 1. Schematic diagram of lab-scale thermo-chemical

pre-treatment system.

Table 1. Characteristics of Dewatered Sludge and Food Waste

Value (average+S.D¥)

ltem Unit
Dewatered sludge (DS) Food waste (FW)

pH - 7.1 4.1
TCODcr 101,20044,100 191,700+1,000
SCODcr 5,000£10 42,400£100

T-N 7,750£1,350 4,200+300

T-P 9,730+2,730 3,3404310
NH," mg/L 1,465+35 27545

TS 100,000+850 150,000+1,340

VS 70,000+£580 140,000+990

TSS 90,500-+2,500 79,2009,600

VSS 69,000+7,000 76,950+9,650
Carbon 35.6 4.1
Hydrogen it 5.3 6.2
Oxygen (on dry ‘;)asis) 59 26.7
Nitrogen 234 7.5
Sulphur 0.2 0.4

* S.D : Standard Deviation
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Table 2. The Conditions of the Thermal-alkali Pre-treatment of the Dewatered Sludge and Food Waste (Reactor Capacity:
1.5L, Pressure: 20~30 bar, Electric Heater: 3 kW, Agitator Rotating Speed: 225 rpm)

Parameter
Condition Reaction temperature NaOH concentration Reaction time Mixture ratio
C meq/L min D.S:FW = wt.wt.
C-1 80 40 30 1:1
C-2 100 40 30 1:1
C-3 120 40 30 1:1
C4 140 40 30 1:1
C-5 160 40 30 1:1
C-6 180 40 30 1:1
C-7 160 5 30 1:1
C-8 160 20 30 1:1
C9 160 40 30 1:1
C-10 160 60 30 1:1
C-11 160 100 30 1:1
C-12 160 40 30 1:1
C-13 160 40 60 1:1
C-14 160 40 90 1:1
C-15 160 40 120 1:1
C-16 160 40 30 1:2
C-17 160 40 30 1:5
C-18 160 40 30 1.7
C-19 160 40 30 1:10
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o}7]A, D,,= degrable COD concentration

V; = biogas volume of organic waste
measured by syringe(mL)
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previous sampling time(mL)

C, = methane content(%) at sampling time
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Fig. 3. Variation of accumulated gas production of dewatered sludge and food waste according to the injection amount

of waste ((a) dewatered sludge, (b) food waste).

Table 3. Biodegradable COD Concentration and Methane Yield of Dewatered Sludge and Food Waste

Value (average+S.D)

ltem
Dewatered sludge Food waste
Biodegradable COD concentration g COD/L 60.3+5.2 132.6+11.9
Ratio of biodegradable COD in total COD concentration of waste % 59 70
Ultimate methane yield mL CHy 252.845.8 337.849.8
Theoretical methane yield £ VSadded 361.0+£3.2 412.3£7.7
Ratio of ultimate methane yield in theoretical methane yield of waste % 70 82
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Table 4. Comparison of Gas Production Rate and Ultimate Methane Yield with Non-thermal-alkali Pre-treatment and
Thermal-alkali Pre-treatment (Reaction Temperature 140°C, NaOH Concentration 60 meq/L, Reaction Time 60 min)

Value (averageS.D)

Mixture ratio

Gas production rate until 7 days (mL/day)

Ultimate Methane yield

(DS:FW=wt.:wt.) (mL CH4/g VSadded)
Non-treatment Pre-treatment Non-treatment Pre-treatment
1:1 64.4+2.0 56.9+2.5 243.145.8 425.4+1.8
1:2 60.4+3.3 87.7+1.3 271.3+4.5 410.2+2.4
1:5 53.6+1.6 101.9+3.3 285.4+1.5 459.4+1.1
1.7 50.0+5.2 97.3+3.4 285.1+2.8 425.443.5
1:10 43.7+6.7 107.1+8.7 306.3+4.9 401.3x2.7
Average value 54.4+7.4 90.2£17.8 278.2420.8 424.3+19.8
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Table 5. Comparison of Pre-treatment Methods to Methane Yield of Organic Waste

Increase rate of

. Pre-treatment Pre-treatment Methane yield .
Organic waste methods condition (ML CHalgVS ) methane yield compared References
9V added to non-treatment (%)
WAS Thermo 120C, 30min 230 224 17
WAS Thermo 120°C, 30min 228 23.0 18
SS Thermo 160C, 30min 208.4 26.0 19
Thermo- 120°C, 30min,
FW chemical 0.4N NaOH 3607 330 20
Thermo- 90°C, 90min,
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i ’ 459. . Th
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