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Effect of mass ratio between sheep manure and vegetable residues on high—solid anaerobic co—digestion

QI Li—ge—wa', ZHANG Ke—qing"?, TIAN Xue-li', ZHAI Zhong—wei'?, DU Lian—zhu'?, DING Fei—fei', LIANG Jun—feng'*"

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.Scientific Observing and
Experimental Station of Dali, Ministry of Agriculture and Rural Affairs, Dali 671004, China)

Abstract: In order to investigate the effect of the mass ratio of sheep manure to vegetable residues on anaerobic digestion, high—solid anaer-
obic batch co—digestion of sheep manure and vegetable residues at 1:0,3:1,2:1, 1:1, 1:2, 1:3, and 0: 1 ratios was carried out at 37 C
with initial organic loading of 45 g VS« L. The results showed that the cumulative methane yields based on volatile solids of sheep manure
and vegetable residues at 3:1,2:1, 1:1, 1:2, and 1:3 ratios were 181.6, 158.7, 194.2, 184.6, and 197.2 mL-¢"' VS, respectively, which in-
creased by 7.3%~33.3% compared to that with only sheep manure as the substrate. Compared with only vegetable residues as the substrate,
the lag periods of anaerobic digestion (A) and the time to achieve 90% of the maximum cumulative methane yield (74 ) were shortened by
3.2~5.8 d and 2.8~5.4 d, respectively. Synergistic effect analysis of the anaerobic co—digestion showed that synergistic effects existed be-
tween anaerobic co—digestion of sheep manure and vegetable residues at the different mass ratios, except for 2: 1. For practical project appli-
cation, a 1: 1 substrate mixture of sheep manure to vegetable residues was recommended, as the designed retention time and cumulative
methane yield based on volatile solids were 20 d and 194.2 mL-g™ VS, respectively.
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Table 1 Basic characteristics of substrates and inoculums

f&b% TS/%  VSITS  TOC/%  TN/% C/N pH
B 64.8 524 24.6 1.3 19.2 8.0
B3 8.9 79.5 37.4 3.2 11.6 4.0
B 8.5 46.8 22.0 4.8 4.6 7.8
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Figure 1 Organic composition of sheep manure and

vegetable residues
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Figure 2 Anaerobic experimental setup
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Table 2 Experimental design

B2 TS/% WG A LI faf/g VS- L
1:0 9.2 45
3:1 8.8 45
2:1 8.7 45
1:1 8.5 45
1:2 8.3 45
1:3 8.2 45
0:1 7.9 45
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Figure 3 The change of daily biogas yield in each treatment
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Figure 4 The change of cumulative methane yield in each treatment
R3 AEEELERRVSARFZRERBEZES M (mL-g' VS)
Table 3 Variance analysis of different proportions of cumulative methane yield (mL-g™" VS)
fiflil/d
pUBL
8 12 20 32

1:0 32.4+1.0d 62.1+2.1d 103.6+3.2f 147.9+4.02¢
3:1 56.3+0.3a 98.6+0.4b 146.0+0.2¢ 181.6+1.3¢
2:1 47.8+1.0b 85.2+0.8¢ 124.6+1.5¢ 158.7+2.2d
1:1 57.8+1.9a 105.4+1.9a 163.8+3.2ab 194.2+4.0ab
1:2 41.5+1.3¢ 87.1x1.4¢ 157.7£1.7b 184.6x1.7be
1:3 31.4+1.9d 96.7+2.9b 168.7+5.9a 197.2+5.9a
0:1 3.4+0.2e 35.2+2.2e 134.2+2.3d 198.4+1.0a

T RIS RN TR R A5 A B E] 22 5 2.3 (P<0.05)

Note: The different lowercase letters in the same column mean significant difference between different treatments (P<0.05).
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Figure 5 The change of methane content in each treatment
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Figure 6 Degradation efficiency of TS and VS in

different proportions

R4 FEERFKARELL R ERE LR
Table 4 Methane producing performance comparison of

different proportions

OB 1:0 3:1 0 2:1  1:1 1:2 1:3 0:1
Ye/mL-g' 148 182 159 194 185 197 198
YomlL - g' 387 368 361 348 334 327 307

BDA/% 382 494 440 559 553 603  64.6

TE: Ye F/R IR VS FBE™ 3 YRR BIE VS ™ 2% s BDA=Y e/
Yto
Note: Ye indicates measured cumulative methane yield; Yt indicates

theoretical cumulative methane yield; BDA=Ye/Yt.

FFRVS e 2 o AR IR 45 2R . sl
WAL P BDA 5 55 , A 5] 64.6% , T -2 5L & I
Ab PR BDA {E A%, 4 38.2%. ME LA LLE ), B3
LRYE R R AP YE R R RS o a1
odiSunil NSRS 4 Gt/ RL ISP A e L
B AR im . I LIRAT R Y, R 2R
AR, T AR R ANy K il 5 2 B R SR T
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Table 6 Synergy effect analysis of different proportions

SZAE/ THI{E/ ZE{H/ FRUEZE/

e mL-g'VS  mL-g'VS mL-g'VS mL-g'VS S %
1:0 147.9 — — 4.0 —
3:1 181.6 160.5 21.1 1.3 13.0
2:1 158.7 164.7 -6.0 2.2 -3.6
1:1 194.2 173.0 21.2 4.0 12.1
1:2 184.6 181.3 3.3 1.7 2.2
1:3 197.2 185.5 11.7 59 59
0:1 198.4 — — 1.0 —
3 it

(1) FFEFRSRIR A PEAT i [ R K U W RT3
PRIRLETERE . R R AR REAR L, T S RS
25 TC b Ak PR AT 2 e R VS e )T R (P<
0.05) 5 -5 & 35 L PR 424 o A L , 45 Ak B3 T 6 2
Py B e 48 (P<0.05) o

(2) 385 R & m AR A R AT B 1B IE Y
Gompertz J7 F2(R*>0.99) , A] H1iZ 7 B IZ R A IH AL
A BRIELIAE SRR, R 26 5 RSB v ] AR
SRR T R AI R DR 4T A I )y 3 5 44 A e A 40

(3) 75 H it g [T AR DR R0 A TR A v, i
FEH R VST R 101, itk Jy 45 B a] 2y 20 d,
FRVS L™ 38 1942 mL-g"' VS,

SE Lk

[ FRELHE, 1] Tk, SRR AR, 45 O[] DR300 2 26T T AU B UL
RG] RIS, 2014(2) :215-218.
CHENG Hong—sheng, XIANG Xin, ZHANG Yu-hua, et al. Different
factors on the effect of dry methane fermentation of goat dung[J]. Jour-
nal of Agricultural Mechanization Research, 2014(2):215-218.

2190 8.2 ALK SF . BUROCER R SRR T IR A L i

R 5 1EIEH) Gompertz BRI R 45 R

Table 5 Kinetics results form modified Gompertz model

S Jbp
1:0 3:1 2:1 1:1 1:2 1:3 0:1
R 0.992 0.993 0.992 0.995 0.997 0.997 0.993
TR R VS 77 B4 /mL g - d ! 6.9 10.9 9.1 14.5 13.0 15.0 13.9
IR A/ 3.8 3.3 33 45 5.1 5.9 9.1
Too/d 30.7 23.0 24.0 20.1 22.1 21.4 26.8
T./d 26.9 19.7 20.6 15.6 16.9 15.5 17.8
T SRFLVS H e % /mL- ¢! 155.0 178.8 156.5 188.3 184.4 194.8 206.3
SR RRVS HBE " e /mL- g 147.9 181.6 158.7 194.2 184.6 197.2 198.4

T Too B BN R VS BB S 1 90% Jir s A ] 5 7= Too=A

Note: T indicates the time taken to achieve 90% of maximum cumulative methane yield ; 7. =To —A.
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