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Round bale silage on anaerobic fermentation efficiency of corn straw
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Abstract Corn straw is an important raw material for biogas engineering. Different pretreatments of corn straw
could have a great impact on the biogas fermentation performance. In this study, one orthogonal experiment for three-level
factors was designed to study the effects of moisture content, compression rate, and three silaging additives (urea and for-
mic acid) on both fermentation time and biogas production efficiency, such as total fermentation time (TFT), total fer-
mentation time of 0% (TFT,y, ), cumulative biogas yields per total solid (CBYT), and biogas yield rate average per day
(BYR). The results are as follows: TFT diminished from 1 to 2 d and TFT,,, also decreased from 40% to 45% compared
with TET. Therefore, round bale silage of corn straw could markedly improve the biogas production efficiency. The mois-
ture content of corn straw had a significant effect on biogas production efficiency; as the moisture content of corn straw in-
creased , the effects of the moisture gradient on both CBYT and BYR were ranked as follows: 35% to 40% , 40% to 45% |,
30% to 35% . The compression rate of corn straw had a marked effect on the production efficiency of biogas; as the com-
pression ratio of corn straw increased, the effects of the compression ratio gradient on both CBYT and BYR were ranked as
follows; 185 kg/m’ > 143 kg/m’ > 138 kg/m’. Silage additives clearly influenced the biogas production efficiency; the
effects of additives on both CBYT and BYR were ranked as follows: urea > formic acid > no additives. The orthogonal
experiment range analysis showed that the primary and secondary order of promoting effects of water content, compression
ratio, and additives on CBYT and BYR were arranged as follows: water content > compression ratio > additive. The op-
timized combination was A,B,C,; that is, the range of water content was from 35% to 40% , the straw compression ratio
was 185 kg/m’ , and through a round bale silaging pretreatment of corn straw for biogas production, the top-priority mix of
moisture content and compression ratio was from 35% to 40% and 185 kg/m’ with the addition of a nutrient additive for
anaerobic digestion. Both CBYT and BYR reached the maximum peak value and the respective values of both CBYT and
BYR were 646.57 ml./g and 173.25 ml/(d - g) after straw silaging for 20 d.
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Fig. 1 Equipment for anaerobic digestion of corn stalk
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Table 1 Influence factors and level
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Fig.2  Effect of round bale silage on TFT and TFT,,

during anaerobic digestion process of straw stalks
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Fig.3 Effect of moisture content on cumulative biogas
production and biogas yields rate during

anaerobic digestion process of straw
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during anaerobic digestion process of straw
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during anaerobic digestion process of straw
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Table 2 Range analysis of comprehensive influences
of three factors based on CBYT

B (A)FKZE (B)IEFLL  (C)FmA CBYT

F (%) (kg/m’) (%) (ml/g)
1 1 1 1 301.92
2 1 2 2 351.80
3 1 3 3 390.07
4 2 1 2 385.20
5 2 2 3 384.32
6 2 3 1 546.57
7 3 1 3 229.22
8 3 2 1 261.12
9 3 3 2 249.55
K, 1.043.78 916.33 1.003.61

K, 1316.09 997.24 986.55

K, 739.90 1 186.20 1109.61

e 22 192.07 89.96 41.02
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Table 3 Range analysis of comprehensive

influences of three factors based on BYR

Sy (A)FKRZE  (B)ESIL  (C) BYR

75 (%) (kg/m*) (%) (mL/(d - g))
1 1 1 1 68.08
2 1 2 2 79.33
3 1 3 3 87.96
4 2 1 2 86.86
5 2 2 3 86.67
6 2 3 1 123.25
7 3 1 3 51.69
8 3 2 1 58.88
9 3 3 2 56.27
K, 235.37 206. 63 226.32

K, 296.78 224.88 222.47

K, 166. 85 267.49 250.22

W2 43.31 20.29 9.25
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2.6 IZIESR

FEFE S KR 48t 5 3 i 3 B X £ KA
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