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Effects of Organic Loading Rate on Startup Performance of Anaerobic Digestion

with Vinegar Residues

DAI Xiao-hu, YU Chun-xiao, LI Ning* ,DONG Bin,DAI Ling-ling

(State Key Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and Engineering, Tongji University,
Shanghai 200092, China)

Abstract: Biochemical methane potential experiments were conducted to investigate the effects of organic loading rate on the
performance of anaerobic digesters with vinegar residues. According to the comparisons of methane production and liquid phase
compositions, as well as thermogravimetry, X-ray Diffraction and infrared spectroscopy analyses, the conclusions could be drawn that:
(DLower organic loading rate was better to mitigate the accumulation of VFAs and pH decrease during the hydrolysis and acidification of
organic matters, which consequently improved methane production. When the inoculum to substrate ratio was 1: 1 [ organic loading rate
of 1.78 g-(L+d) ™', pH=7.60], the cumulative methane production was the highest, reaching 2 249. 7 mL, and the performance of
the digesters was stable. The VFAs content increased with the increase of the organic loading rate, leading to the suppression and
further the stop of methane production. And when the inoculum to substrate ratio was 1:4 [ organic loading rate of 7. 12 g+ (L-d) ™",
pH =5.52], the simultaneous generation of acetate and lactic acids could be achieved at 8 000 mg-L~" and 2650 mg-L™",
respectively. @As vinegar residues were short-range ordered with microcrystalline structure or mainly contained amorphous substances,
they were more biodegradable than feedstocks such as corn stalk. During the anaerobic digestion processes, the degradation rates of
lignin, cellulose and hemicellulose increased with the decrease of organic loading rate.

Key words : vinegar residues; anaerobic digestion; organic loading rate; thermogravimetry; infrared spectroscopy
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Table 1  Elemental analysis of raw material ( vinegar residue)

JLFE C H 0 N S

RS/ % 44.64 6. 64 41.71 1.62 0.15

BMP 5256 T e F e B B R g 38 4T 10 0 A
PRAGHEAL v s, Horb i U E W 2t 1 A i B 5
B TR 4 R KW B Bk, HF ey TS
5.82% ,VS N 5.12% ,VS/TS & 87.94% .

1.2 BMP 5%
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Table 2 Operational parameters of BMP experiments

TiH ZHA 1 2 3 4
FF) 5 LT VS L — 1:1 1:2 1:3 1:4
HHLE IR (LA VS i) /g L] 0 23.22 46. 44 69. 66 92. 88
HHLGAF (LA VS i) D /g (L-d) 7! 0 1.78 3.56 5.34 7.12
FER RN/ ¢ 170 170 170 170 170
PN (ff ) /g 0 36 72 108 144
pH 7.82 7.60 7.35 6.38 5.52

1) A BLGAT LA S5 BT dk 80 9% I N [ AT 148
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Fig. 1 Cumulative methane production under different organic loads
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Fig. 2 Concentrations and compositions of VFAs

in liquid phase under different OLRs
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®3 BMP RBHAREANAREETE pH B IL L)

Table 3 The pH of BMP experiments under different organic

loading rates ( sampled when gas production stopped )

A ML e pH
ZHH 1 7.26
1:1 7.04
1:2 4.96
1:3 4.58
1:4 3.98

2.2.2 AR
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Fig. 3 Concentration of organic acids in liquid phase
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Fig. 4 Degradation rates of hemicellulose, cellulose and

lignin under different OLRs
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Fig. 5 DTG curves under different operating conditions
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Fig. 6 XRD analysis result of raw vinegar residue
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Fig. 7 Infrared spectrograms of samples under different organic loading rates
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