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ABSTRACT: The aims of this study were to compare the biomethanation of CO, through specific methanogenic activity
(SMA) test which was inoculated with four different types of mixed microbial culture obtained from full-scale anaerobic
digestion (AD) plants. The experimental results showed that CH4 conversion was the highest in the samples inoculated
by seed sludge taken from ADs of food waste and brewery; under this condition, the produced biomethane contains
89.3-91.9% of CHi. Meanwhile, the lowest level was obtained in the sample from sewage sludge. The measured ratio
of CH4 production rate to CO, consumption rate in all reactors was higher than the theoretical value (1) in the middle
of the period and soon dropped to 0.7-0.8. It might be due to changed metabolic pathways in the reactor by the degradation
of residual organic matter and the increased activity of homoacetogenic bacteria.
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Table 1. Characteristics of Four Different Raw Seed Sludge Used in this Study.

Sample TS VS Alkalinity oH

(g/L) (g/L) (g CaCOalL)
Seed sludge from AD of food waste 21.1 14.3 4.8 7.1
Seed sludge from AD of sewage sludge 11.2 6.9 39 7.8
Seed sludge from AD of manure 16.5 10.0 6.5 8.2
Seed sludge from AD of brewery wastewater 13.7 10.3 3.7 7.3

Gas
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collector

collector
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pH probe pH probe pH probe pH probs
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Gas recycling i g g | Gas recycling
0] 0]

b |
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I= g '. Gas recycling r Gas recycling
| 9 1 &)

BA medium 1.5g COD/L-S FY 3Tk where,
M(t): Cumulative CH4 production (mL)

2.2. 3|&Al g2 3 SMA test P : Ultimate CHs production (mL)

HS-x= of=d el Working volume = 1L, £, : CHy production rate (mL/day)
Total volume = 1.3L°]al ¢+ X E& 80 mm, =°| A : Lag-phase time (days)
= 250mmE AFE Qo B AFS o) & 4 set e : Exponential (1)=2.71828
& P8It 2FE8 A= 23g VS, pH 7.52 &
gste] 1L AR 7 whgzo] FIskgon 2.3 24 &=
N7F2E 1017 37 sl @714 dHE e W-8x 7Fs 5 COy, Hy, CHy 5 242 Sl

ok o] & F94 7kas E-RVEA(COxH, = 20%:80%) 6ft x 2mm stainless steel column with Porapak
2 3] 17.5L (3.5 L CO» + 14L H)E 7 7k 2] Q(80/100 mesh) TCD columnE ©]€-3}] Gow Mac
7ol FUH FodE Edvtee WA Z237)6 GC (Gas chromatography, series 580, USA)S 53l &
ERATE el 1LY £52 9329 ol % A3IA L o] 5 H(Carrier gas)2 No71#(99.99%)
freldf EE B3l AT o= 36 o]-&3}9dth. TS, VS, COD, pH, alkalinity ¥-43-2 APHA

A B¢ s THFig. 1). Standard MethodsE 2}-8-8ko] E4{st9lom, 7]+t
7k B 7k R e SAHsH A 2 ASE 045 ymZ Filtering 3t 1P EE A ASH
CH; 4342 Modified Gompertz equation [Eq. 2] 31, UV (210mm) HPLC (Spectra PhysicsAF] Spectra
o] g3l ¥Y AHgstAth system P2000)2 53 B89, o1 %5422 0.005M
sulfuric acidE ©]838tal, 52 0.6mL/min22

Mt)=P- exp{—exp[Rn; ‘ (A—t)+1” [Eq. 2] kAt
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Fig. 2. Cumulative CH, production during batch test inoculated with four different seed sludge.

Table 2. Performance of the Batch Test Inoculated with Four Different Seed Sludge.

Sample CH, yield CH; vyield CHs production rate  Lag phase
(mL CHsg COD)  (mol CHsmol Hy)  (mL CHag VS - d) (Day)
Seed sludge from AD of food waste 2,270 0.16 261.7 5.4
Seed sludge from AD of sewage sludge 2,051 0.15 177.0 8.3
Seed sludge from AD of manure 2,145 0.15 161.3 8.0
Seed sludge from AD of brewery wastewater 2,434 0.17 312.3 4.0
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Fig. 3. Profiles of CO,, H,, and CH, contents during batch test inoculated with (a) seed sludge from AD of food waste,
(b) seed sludge from AD of sewage sludge, (c) seed sludge from AD of manure, and (d) seed sludge from AD of brewery
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Fig. 4. Variations of biomethanation yield (CHs production rate/CO, consumption rate) during batch test inoculated

with seed sludge from AD of food waste, sewage sludge, manure, and brewery wastewater.
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Table 3. Acetic Acid Concentration During Batch Test Inoculated with Four Different Seed Sludge.
Acetic acid concentration (mg CODIL)
Sample
Day 5 Day 10 Day 15 Day 20 Day 15 Day 30 Day 35
Seed sludge from AD of food waste 60 70 106 135 105 60 55
Seed sludge from AD of sewage sludge 10 45 230 180 110 63 17
Seed sludge from AD of manure 15 108 240 290 198 77 45
Seed sludge from AD of brewery wastewater 10 30 68 56 75 55 45
Table 4. Gibbs Free Energies of Possible Microbial Reactions in Biomethanation of CO..
Pathway Reaction AG,(KJ)
Acetoclastic methanogenesis CH;COO + H,O — CH,; + HCO; -31.2
Hydrogenotrophic methanogenesis HCO; + 4H, + H" — CH, + 2H,0 -246.2
Homoacetogenesis 2HCO; + 4H, — CH;COO + 4H,0 -215.1
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