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25%
TS 10% 12% 14% 3
4
/
500 L/400 L 35+1 pH
7.58+0.15 suspend solids SS 47.5+1.71
g/L 1
1
Table 1 Characteristics of substrates and inoculums

"Volatiles “Total nitr- Carbon/

. pH
Param- Total solid pH value “Total carbon

eters  mass frac-  solid mass .o, ogenmass Nitrogen
tion/% fraction/% mass fraction®%s 8 e
Swine 27.50+0.14 82.45+1.03 6.98+0.05 38.26+0.56 2.75+0.14 1391
manure
4.65+£0.13 85.23+0.82 7.63+0.04 35.80+£0.38  1.85+0.09 1935
Inocula
*
Note: * means based on dry matter.
1.2
1
Buswell
12 -
1 3
[14]
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15
30 d TS 6%
1 2 400 mL
35+1
Gompertz
[15-16]
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€
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2.718 282
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3 9
35+1
1 2
14
14 = 2
HRT
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biogas conversion rate, BCR
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1.5
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PHS-3C 1L
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120 220
KB-WAX

30 mx0.32 mmx0.25 ym



206 http://www.tcsae.org 2018
250 80 250 7.0 3
Callaghan (18] 0.05 mol/L H,SO,
pH 4.5
_ 500
2 é" 450 -
21 ﬁ;‘ﬂ %’ 400
26d Lgn
1 508 mL/g VS 2200 wemkmmen ¥
144 46597 mL/g %‘ 250 Feedls:)ock sohiizma,ss fralc";lonl%
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2b 3
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7 d 3
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BCR 80% 2 80%
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2 2a 41 (23]
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TS:10% TS:12% TS:14% VBPR HRT 3
448.22 mL/g 41544 mL/g  394.37 mL/g VBPR HRT 20
2b  P<0.05 d 24
HRT:18.5 d

2a 71 100d HRT:18.5d
2b  P<0.05 pH

VBPR



207
BCR
LR R R 0.8
Feedstock solid mass fraction/% [29-30] 3
—_ 110 12 B 14
D25t e HRT 25 d pH
% gf: 20 7.0 VFA/TA<0.3
ris
ﬁi ge s HRT 20d
Q =]
©3E 1
S 8 pH VFA
<]
g 05 TS:10% VFA/TA 0.3
0.4
25.0 20.0 18.5
7K S48 BE i} [A] Hydraulic retention time/d HRT 185 d TS:12% TS:14%
3 VFA/TA 04 pH 6.5 2
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different hydraulic detention time [31] 28
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S . . FA/TA
Table 2 Volumetric biogas production rate of different feedstock VFA/
total solid content with different hydraulic detention time 3
Table 3  Stability parameters and methane
. . . . Volumetric biogas . .
N Feedstock solid Hydraulic ~ Organic loading . mass fraction of reactors different stages
0. . N _1 1 production rate/
mass fraction/% retention time/d rate/(g'L™-d™) Lyl
LL d) HRT:25 HRT:20 HRT:18.5
! 14 20 >.78 2.29° Param-  Tg:10 TS:12 TS:14 TS:10 TS:12 TS:14 TS:10 TS:12 TS:14
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8 10 18.5 4.46 1.64
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Note: Different letters behind the data indicate significant differences (P<0.05)
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Biogas production performance of swine manure by mesophilic semi-dry

continuous anaerobic digestion
Wang Ming*, Zhao Shengxue?, Li Xurong®, Yan Shuiping®, Yuan Qiaoxia®, Zhang Yanlin*
(1. Key Laboratory of Agriculture Equipment in Mid-lower Yangtze River, Ministry of Agriculture, College of Engineering  Huazhong

Agricultural University, Wuhan 43000, China;
2. College of Engineering, Heilongjiang Bayi Agricultural University, Daqing 163000, China)

Abstract: In order to improve the volumetric gas production efficiency of pig manure in continuous biogas project and reduce
the heat loss during its feeding and unloading process, the high concentration and small volume feeding method is adopted in
this study. The total solid content (TS) of swine manure collected from dry cleaning mode is usually greater than 20%, and
thus the manure can be used in not only wet but also the semi-dry or dry anaerobic digestion (AD). Previous reports showed
that the dry AD mode can obtain better biogas production than wet AD process with a TS lower than 10%, and can also reduce
the volume of dilution water and biogas slurry. Recently, Chinese government is pushing ahead the dry cleaning mode in the
livestock and poultry farms, and thus there will be more and more “dry manure” with TS of above 20% produced from these
farms. Therefore, it will be more necessary to study the semi-dry or dry AD process of swine manure. In present assay, a
semi-continuous AD experiment up to 100 days was carried out to investigate the interaction between feedstock TS and the
hydraulic retention time (HRT). There are 3 sets of reactors, and the feedstock TS is set as 10%, 12% and 14%, respectively.
All the reactors start up from HRT of 25 d, and then the HRT is decreased to 20 and 18.5 d in step by step. The descent process
of HRT will cause an increase of organic loading rate (OLR), and thus the reactor state and the biogas production will be
influenced. The real-time biogas yield, volumetric biogas production rate (VBPR) and the buffer capacity of each reactor were
investigated. The experimental results showed that all the 3 sets of reactors obtained a maximum biogas yield in the continuous
AD test when they operated in the stage of HRT of 25 d, and there was no significant difference on the biogas yields among
the 3 sets of reactors, around 460 mL/g which reached 86% of the maximum biogas yield of swine manure obtained from the
batch AD process also carried out in present assay. The VBPR of each reactor reached the maximum value at the HRT of 20 d,
and the highest VBPR of 2.29 L/(L-d) was observed at the TS of 14% and the HRT of 20 d. When the HRT decreased to 18.5 d,
the biogas yield and the VBPR showed a larger reduction, mainly due to that the higher OLR had exceeded the bear capacity of
these reactors. Moreover, the VFA/TA values were close to or exceeded 0.4 at HRT of 18.5 d, which suggested these reactors
had a weaker buffer capacity at this time and might be running to the acidification. The optimum operating combination of
feedstock TS and HRT could be selected by synthesizing the 3 factors of biogas yield, VBPR and the buffer capacity, and the
feedstock TS of 14% and HRT of 25 d were recommended according to the present experimental results. The present study can
provide a help to the practical biogas engineering for the matching of feedstock TS and HRT.

Keywords: manures; fermentation; methane; agricultural wastes; biogas



