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Effects of microbial pretreatment on ethanol-methane co—conversion efficiency of sorghum straw

CAO Yanzhuan', SU Wan', FAN Wenhua', BU Yushan', LIU Fenwu', NIE Du', L1 Jiajia®, CUI Zongjun®

(1. College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China; 2. Agro—Environmental Protection
Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3. College of Agronomy, China Agricultural University, Beijing
100193, China)

Abstract: The production and utilization of biofuels can reduce human dependence on fossil energy. Straw is rich in lignocellulose and is
an important raw material for biofuel production. However, its structure is compact and complex, and thus it is difficult to biodegrade.
Therefore, pretreatment is needed to improve the energy conversion efficiency. In this study, the degradation characteristics of sorghum
straw under different treatment times were analyzed by pretreating sorghum straw with MC1, and the bioenergy conversion efficiency was
compared between methane fermentation only and combined fermentation of ethanol and methane. The results showed that MC1 could
effectively degrade sorghum straw, and the weight loss rate of straw pretreated for 5 d reached 39.64%. The concentrations of soluble
chemical oxygen demand and volatile fatty acids in the hydrolysate reached maximum levels of 8.10 g+ L™ and 2.92 g+ L™, respectively.
When the pretreated straw produced methane only, the methane yield of the 5 d pretreatment system was the highest, reaching 180.68 mL-

g VS, which was 60.56% higher than that of untreated straw. When ethanol-methane co—production and fermentation of pretreated straw
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was conducted, the ethanol and methane yields of the 5 d straw pretreatment system were the highest at 79.18 g-kg™ VS and 239.50 mL-g™

VS, respectively, which were 173.78% and 138.74% higher than those of untreated straw, respectively. The total energy yield was

11 947.04 kJ-kg™' VS, which was 2.45 times higher than that of untreated straw. The total energy yield of ethanol-methane co—fermentation

of sorghum straw was approximately 8.21%~65.06% higher than that of methane fermentation only, which further indicates that MC1

pretreatment and ethanol-methane co—fermentation are effective means to improve the energy conversion efficiency of sorghum straw.

Keywords : composite microbial system MC1; sorghum straw; ethanol; methane; energy yield
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Table 1 Characteristics of the sorghum straw and inoculum
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2} 4 Cellulose/% , LA TS it 47.82+2.1 —
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Figure 1 Weight loss of sorghum straw during pretreatment
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sorghum straw pretreatment
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=AU

T SRR FF 4 MC 1 AL B S R A 52 W 56 AL 10 7 RE
SIMTANEEL S Fi7s o ARAD FRAEFF £ W - e 6 7= i 7= g
4 87815 kJ - kg VS, Fb B kg R RE AR = T
821%. EAHATAIA RIS TR 40 H
Lt i, A A2 MC 1 TRAL BRS 507 B Be P~ BE HL MT-
CKHEE T 44.42%~73.11% , 15— H gl 7= B = RE e
BB P RESR T 38.31%~65.06% , i MT-5d B¢
AR e, i 11 947.04 kJ -kg VS, H R4k
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Figure 4 Biogas production during anerobic fermentation of sorghum straw
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Table 2 Kinetic parameters of methane production from sorghum

straw at different pretreated times

Trﬁfim (mL Z‘ VS) (mL'g{?,'n(;", VS) Al R
MT-CK 109.22 5.72 3.60  0.998
MT-1d 226.11 11.30 5.60  0.997
MT-3d 216.57 13.46 6.79  0.996
MT-5d 249.58 13.96 342 0.997
MT-7d 224.90 12.44 318 0.998

T PR P BE 7 ik, Rm SR K7 FBE i e, A o S
Note: P means the maximum methane production, Rm represents the

maximum methane production rate, A is the lag phase.
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Figure 5 The energy output from methane fermentation (only)
as well as from a combined ethanol and methane

fermentation of sorghum straw
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