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Effects of different yellow—storage pretreatments on the dry anaerobic digestion characteristics of rice straw
WANG Zhen—qi', ZHANG Min', SHEN Gen—xiang"", WANG Chen*, QIAN Xiao—yong', NI Yuan—zhi', ZHANG Xin-liang'

(1. State Environmental Protection Key Laboratory of Environmental Health Impact Assessment of Emerging Contaminants, Shanghai
Academy of Environmental Sciences, Shanghai 200233, China; 2. School of Resources and Environmental Engineering, East China
University of Science and Technology, Shanghai 200237, China)

Abstract: The aim of this study was to improve the biogas production efficiency of rice straw in a dry anaerobic digestion system with a
high C/N ratio in a water source reservoir area in the Yangtze River Delta, using a self-made automatic stainless—steel digester. We
explored the effects of different yellow—storage pretreatments on the dry anaerobic digestion efficiency, change in feed structure, and rice
straw degradation. Results showed that at a C/N ratio of 50, the diluted alkaline pretreatment with 8 mg + L' Ca (OH), and microbial
pretreatment with 20—times diluted biogas slurry gave the highest biogas yields of 407 L« kg™ VS and 397 L - kg VS (dry matter),
respectively. These were 1.64 times and 1.59 times higher than the yields of CK, respectively, and achieved 80%~115% of the yield
generated under optimal C/N conditions. Our results indicated that appropriate pretreatment options could eliminate the inefficiency
resulting from insufficient nitrogen sources. Both pretreatment methods improved the cellulose degradation efficiency by decomposing the

wax layer, particulate, and filamentous matter on the rice straw surface. The results indicated that diluted alkaline pretreatment buffered the
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inhibition effects of acidification on gas production, while slurry treatment significantly increased the methane content of biogas at the

initial stage of digestion. However, pretreatment duration using the microbial method with slurry was 4 times longer than that of the diluted

alkaline method. Therefore, under engineering conditions, the choice of pretreatment option should be guided by actual needs.

Keywords: rice straw; dry anaerobic digestion; pretreatment; carbon—nitrogen ratio (C/N); biogas production
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Table 1 Physical and chemical properties of test materials

ZH IKFEREFT fif g 3¢ THW
Parameter Rice straw  Swine manure  Biogas slurry
SR TS/% 86.8+0.8 22.7+0.6 4.0+0.6
5 9 PE [ 1K VS/% 97.3+0.8 86.6+0.8 —
Cl% 42.120.2 37.1£1.0 45.3+0.7
N/% 0.6+0.1 4.240.6 6.20.2
H/% 5.9+0.1 6.5+0.1 —
AJFE Lignin/% 14.4£1.0 — —
2F 43K Cellulose/% 41.5+1.3 — —
24 Hemi—cellulose/% — 19.2+1.0 — —
pH — 6.8+0.1 7.1+0.1
WAL C/N 68:1 9:1 7:1
12 RPBR TS . pH AL AR AT 57

Note: Except TS and pH, all other indexes are calculated on dry basis.
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1. Temperature monitoring probe ;2. Inlet pipe ; 3. Temperature control
water jacket;4. Stirring blade ;5. Feed inlet; 6. Electric motor; 7. Exhaust
port(connected to flow meter) ;8. Outlet pipe ;9. pH monitoring probe ;
10. Discharging port
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Figure 1 Sectional view of stainless steel fermenter tank device
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Table 2 Experimental design of different pretreatments groups on biogas production efficiency
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Table 3 Biogas production characteristics of different pretreatment groups
sz E| JSVEE Wiy 30 dj7 A 30 dy7 A T R IRF PR {1
Treatments  Total volume/L. 30 d volume/L. 30 d total volume ratio/% Volume of per unit/(L-kg™ VS) Total volume proportion of TBP/%
PK 66.9 41.5 62.0 249.6 46.3
P1 89.6 78.4 87.5 334.3 62.0
P2 100.5 81.1 80.7 375.0 69.7
P3 109.5 94.5 86.3 407.0 75.8
P4 94.0 80.6 85.7 350.1 65.2
P5 107.5 89.5 83.1 400.3 74.2
P6 106.4 89.9 84.5 397.0 73.7
P7 94.0 66.5 70.1 350.5 64.9
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Figure 2 Change of daily biogas production and methane percentage of different pretreatment groups
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Figure 3 Change of pH of feed liquid in different

pretreatment groups
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Figure 4 Analysis of surface structure of rice straw after different pretreatment groups
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Figure 5 Change of volatile solid and lignocellulose of rice straw with different pretreatment treatments
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