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Optimizing Process Parameters for Methane Production during
Biochar-mediated Anaerobic Digestion of Poultry Manure

Pan Junting' Qiu Ling'® Guo Xiaohui'?> Ma Junyi' Gao Tianlei’
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
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Abstract; The quadratic orthogonal rotation regression combination design was employed in this study to
determine effects of poultry manure amount, biochar dosage and C/N ratio on biochar-mediated
mesophilic anaerobic digestion of poultry manure. These three factors were then subjected to response
surface methodology to obtain optimum parameters for methane production. The results showed that
specific cumulative methane production ( SCMP) could be obviously increased by adding appropriate
amount of biochar during anaerobic digestion of poultry manure. SCMP was increased as biochar dosage
increased from 2.5% to 5.0% , but was significantly decreased with the further increase of biochar
dosage up to 7.5% (P <0.05). Lower poultry manure amount could result in higher SCMP. The effect
of C/N ratio on SCMP showed the same trend with biochar dosage, namely an initial increase up to
certain level and followed by decreasing change. The highest SCMP (288 ml./g) was observed with
biochar dosage of 5.0% , poultry manure amount of 17.83 g and C/N ratio of 25. The developed
mathematical regression model here showed a good fit with the experimental data. Moreover, the model
predicted that the maximum SCMP could be obtained with biochar dosage of 4.97% , poultry manure
amount of 14. 35 g and C/N ratio of 22. 02.
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Tab.1 Characteristics of raw materials
TS i & VS i & VS5 TS A
T ) ) 3
5388/ % 5380/ % J i L/ % L
R 4.44 £0.10 2.53+£0.07 57.09 +£0.35

PLE S 21.29 £1.70 15.14 £1.92 70.94 £3.51 8.08
O N 98.06 +£0.01 97.92 +0.02 99.86 +0.03
W (40 H) 96.09 £0.03 83.05 +0.06 86.43 £0.06
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Tab.2 Design of experiment

X2 VRN ik HE W) TS T A .
21 51 kA
/g /%
Gl 17.83(0) 5.00(0) 25(0)
G2 17.83(0) 5.00(0) 35(1.68)
G3 17.83(0) 5.00(0) 15( - 1.68)
G4 21.05(1.00) 3.51( -1.00) 31(1.00)
G5 14.61( -1.00) 6.49(1.00) 31(1.00)
G6 17.83(0) 5.00(0) 25(0)
G7 14.61( =1.00)  3.51( -1.00) 31(1.00)
G8 14.61( =1.00) 6.49(1.00) 19( -1.00)
G9 17.83(0) 5.00(0) 25(0)
610 17.83(0) 5.00(0) 25(0)
G11 21.05(1.00) 3.51( -1.00) 19( -1.00)
G12 17.83(0) 7.50(1.68) 25(0)
G13 17.83(0) 2.50( -1.68) 25(0)
Gl4 21.05(1.00) 6.49(1.00) 31(1.00)
G15 21.05(1.00) 6.49(1.00) 19( —1.00)
G16 23.24(1.68) 5.00(0) 25(0)
G17 14.61( -1.00)  3.51( —1.00) 19( -1.00)
G183 17.83(0) 5.00(0) 25(0)
G19 11.40( - 1.68) 5.00(0) 25(0)
G20 17.83(0) 5.00(0) 25(0)
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Fig.1 Anaerobic digestion device (500 mL)
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Fig.2 Cumulative methane per VS of different amounts of biochar addition
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Fig.3 Cumulative methane per VS of different poultry manure amounts
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Fig.4 Cumulative methane per VS of different C/N ratios
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Tab.3 Predicted and actual value of experiment

mL/g
Eig] il {e SEI R
Gl 274 260
G2 259 242
G3 254 247
G4 239 232
G5 265 273
G6 274 288
G7 245 260
G8 253 277
G9 274 276
G10 274 285
Gl11 245 254
G12 222 195
G13 241 243
G14 241 267
G15 202 204
G16 231 222
G17 278 270
G18 274 253
G19 279 264
G20 274 284
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Fig.5 Response surface and contour plots for

cumulative methane per VS
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