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Potential of anaerobic co—digestion of vinegar residue with different ratios of pig and chicken manure

ZHOU Guan-nan', CHEN Lin', ZHENG Tao'?, ZHOU Zheng—zhong', YUAN Hao-ran'*

(LInstitute of Urban and Rural Mines, Changzhou University, Changzhou 213100, China; 2.Guangzhou Institute of Energy Conversion, Chi-
nese Academy of Sciences, Guangzhou 510640, China)

Abstract : Co—digestion has gained wide attention due to its great compatibility and synergy with raw materials. Vinegar residue is not easi-
ly degraded as a single feed under normal anaerobic conditions. Therefore, in this study, it was mixed with pig and chicken manure for co—
digestion at medium temperature (37 °C) to enhance its value. Through a series of systematically designed batch experiments, it was found
that the optimum vinegar to pig manure ratio of volatile solids was 1:3, with the final cumulative methane production capacity up to 286.51
mL-g'VS, demonstrating a synergistic gain of 7.71% in total methane production. The optimum ratio of volatile solids and cumulative meth-
ane production for vinegar and chicken manure mixture were 1:3 and 312.57 mL- g 'VS respectively, while the average synergistic gain in
the methane production was 2.8%. On the other hand, the effect of co—digestion on the methane concentration in the biogas was insignifi-
cant when pig manure was used; and for the case where chicken manure was utilized, the methane concentration decreased with increasing
vinegar residue content. Nonetheless, the results demonstrate the synergistic co—digestive effect between vinegar residue and animal ma-
nure, suggesting the potential application of anaerobic co—digestion technology to treat vinegar residue.
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Table 1 The physical and chemical properties of the inoculants

LB g i 7 Physical and chemical indicators ¥{H The numberical

pH 6.8~7.2
AR AL -500~-520
Oxidation—reduction potential, ORP/mV
MR R 900~1100
Total ammonia nitrogen, TAN/mg- L™
BRI ER TR 3900~4500
Bicarbonate alkalinity ,BA/mg- L™
R TR AR 270~320
Intermediate alkalinity ,IA/mg- L'
TR NR VT e 310~430

Volatile fatty acids, VFAs/mg-L"

1.2 REFH*E

RWEIFURL R R e XGRS R, o AL 2= 1 o
W28 . WARYIRHG C/N, AR 56 5E T4% & [
& (Volatile solid, VS) 15 B 5 iR 56 41 , 45 Ho ik 1
HEL RIS EUNE 3 PR, A
WRE N T0% G FEH N 80% . Horb s e e i AN
A DAAERE R G I 22 vp Ik AR BRI TR 44 & RN
O T 1) R BRI b ] L 48 e e A ) K ) B D
PR S . 55 B S, B H AR HE K A Sk
FE A [R) A I e A R A S SRy R
6 d BUBRFEN E VFAs TAN He 45
1.3 iR E

RIS AT F & AR B 1.2 L AR 1 L,

R2 MBEREE

Table 2 Characterization of raw materials

" P
i 32,56 31.01 67.44 33.85 139 24.31
b1 2595 20.18 74.05 33.09  1.62 13.36
A 1339 9.29 86.61 3623 3.81 951
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Table 3 Experimental design parameters

4t Number  V(ZFVS):P(C)  P(C)lg Vg KTSlg & VS/g

P1 0:4 200 0 89.6  40.36
p2 1:3 164.5 355 9211 4424
P3 1:1 121.4 786 95.1 48.94
P4 3:1 68 132 988  54.77
pP5 4:0 0 150  87.2  46.65
Cl 0:4 300 0 80.8  27.87
Cc2 1:3 273 27 86.1  33.76
C3 1:1 231 69 943 4292
C4 3:1 158 142 108.5 58.84
C5 4:0 0 150  87.2 46.65

TE:VEORBRE , PARIEFE, CHRRIG S,
Note: V stands for vinegar, P stands for pig manure, and C stands for
chicken manure.

TG R K g R EAT R DN 371 C LR E A 1
IR

1 2

w

L IREUR BFIE ; 2. 4K AR Z0M 3. MR s 4. 0
1.Anaerobic fermentation tank; 2.Drainage gas collection bottle;
3.Liquid collection bottle; 4. Sampling window

Bl #tXLeKEE

Figure 1 Schematic diagram of the batch experiment
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W 3b BT, 3400 41 A I R 38 25 7 SR A 5
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F4 BEEESRERGEZEER RS Modified Gomperts
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Table 4 The Modified Gomperts modeling parameters for the

co—digestion of vinegar and pig manure

45 Number P./mL-g'VS ~ Ad  R./mL-g'VS:d" Tywd R

P1 274.08 0.68 29.10 9.34  0.996
P2 276.56 0.46 30.30 8.85 0.996
P3 266.77 0.17 28.71 8.72  0.995
P4 256.51 0.13 28.40 8.44 0.995
P5 243.53 -0.01 28.62 7.81 0.994

e £ i

Methane content/%

% 0 5 10 15 20 25 30 35
H ] Time/d

0Pl -O-P2 A P3 - P4 <O P5
B2 BESHEERARERBESRRERERRS SN ERMEL

Figure 2 The variation of methane production rate and the methane content over time with co—digestion of vinegar residue and pig manure
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Figure 3 The cumulative methane production and the synergistic gain in methane production rate by co—digestion

of vinegar residue and pig manure
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Figure 4 The variation of methane production rate and the methane content over time with co—digestion

of vinegar residue and chicken manure
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Table 5 The Modified Gomperts modeling parameters for the

co—digestion of vinegar and chicken manure

2= Number P,/mL-g'VS  A/d  R./mL-g'VS-d"  Ty/d R?

C1 317.32 -0.14 23.76 12.46  0.995
c2 304.80 0.13 23.16 9.06 0.996
C3 282.96 -0.18 22.39 11.62 0.995
C4 254.36 0.13 20.28 9.06 0.996
C5 235.56 -0.14 19.25 12.46 0.995

methane production rate/%

Ip )38 25 PR R Synergistic gain in

Hsf 8] Time/d

ES BALXBREEFSE

Figure 5 The cumulative methane production and the synergistic gain in methane production rate by co—digestion of

vinegar residue and chicken manure
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