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BP neural network simulation of biomass pyrolysis
gasification in a fixed-bed reactor

MIN Fan-fei,ZHANG Ming-xu

(School of Materials Science and Engineering ,Anhui University of Science and Technology ,Huainan 232001, China)

Abstract; A BP neural network was built to simulate the pyrolysis gasification process of biomass in a fixed-bed reactor
by using Matlab neural network toolbox. Five input variables,i. e. residence time, initial moisture of biomass, pyrolysis
gasification temperature ,the kinds of catalyst and the catalyst weight/biomass weight ratios, and seven output varia-
bles,i. e. gas yield,liquid yield,solid yield and four kinds of gas component were selected. 54 groups experimental da-
ta were taken as training and checking samples. The results show that model-predicted results of seven output variables
are in sound agreement with the experimental data. Thereby the neural network model is considered to properly reflect

the real pyrolysis gasification process of a biomass. The feasibility and effectiveness of the BP based model are also

presented.
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Table 1 Proximate and ultimate analysis of fresh grass and wheat straw %
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GR 40. 46 6.19 1.94 51.33 0.08 8.63 68. 74 13.09 9.54
WS 39.90 6.02 0.21 53.77 0.10 9.18 67. 14 13.39 10. 29
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Fig. 1  Fixed-bed experimental system for
biomass pyrolysis gasification
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Table 2 Experimental conditions for biomass pyrolysis gasification
R hass 1=/ GR 7K43/ % WS K53/ % R/ C FEAL I T HEAL T 7/ %
1 10.5 61.53 12. 18 600 K, CO;4 5
2 10.5 61.53 12. 18 700 Na, CO, 10
3 10.5 61.53 12. 18 800 ZnCl, 15
4 10.5 30. 01 30. 01 600 Na, CO; 10
5 10.5 30. 01 30. 01 700 ZnCl, 15
6 10.5 30. 01 30. 01 800 K, CO;4 5
7 10.5 15. 15 50.28 600 ZnCl, 15
8 10. 5 15. 15 50.28 700 K, CO; 5
9 10.5 15. 15 50. 28 800 Na, CO;4 10
10 7.9 61.53 12. 18 600 Na, CO4 15
11 7.9 61.53 12.18 700 ZnCl, 5
12 7.9 61.53 12.18 800 K,CO; 10
13 7.9 30. 01 30. 01 600 ZnCl, 5
14 7.9 30. 01 30. 01 700 K, CO;4 10
15 7.9 30. 01 30. 01 800 Na, CO4 15
16 7.9 15.15 50.28 600 K, CO; 10
17 7.9 15. 15 50. 28 700 Na, CO;4 15
18 7.9 15. 15 50. 28 800 ZnCl, 5
19 6.3 61.53 12. 18 600 ZnCl, 10
20 6.3 61.53 12. 18 700 K, CO,4 15
21 6.3 61.53 12,18 800 Na, CO, 5
22 6.3 30. 01 30. 01 600 K, CO;4 15
23 6.3 30. 01 30. 01 700 Na, CO4 5
24 6.3 30. 01 30. 01 800 ZnCl, 10
25 6.3 15. 15 50. 28 600 Na, CO;4 5
26 6.3 15. 15 50. 28 700 ZnCl, 10
27 6.3 15. 15 50.28 800 K, CO; 15
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Table 3 Comparison of sample GR simulation results and experimental results

IRE TiH kR WA PR H, "%/%  CO%/%  CH, "%/%  CO, "%/%

I E 0.711 0. 440 0.278 29. 061 22.148 6. 608 42.183

1 o & 0.730 0. 434 0. 306 29.123 22.223 6.574 42.269
P -0.019 0. 006 -0.028 -0. 061 -0.075 0. 034 -0. 086

UG 0. 565 0.527 0. 337 27. 398 35.157 5.375 32.071

2 o0 0. 670 0. 469 0.323 27.547 35.265 5.505 32.279
= -0. 105 0. 058 0.014 -0. 149 -0.108 -0. 130 -0.208

X (E 0. 746 0.433 0. 250 30. 942 30. 158 11.791 27. 109

3 T 0. 649 0. 483 0. 336 30. 667 30. 060 11.618 26. 879
28 0. 098 -0. 050 -0. 086 0.275 0. 098 0.173 0.230

R 0. 532 0. 306 0.338 29. 057 30. 175 6.916 33. 852

4 T 0. 430 0.414 0.437 28.936 30. 203 6.827 33.894
28 0. 102 -0. 108 -0.099 0. 121 -0.028 0. 089 -0. 042

IREE 0. 481 0.372 0.324 44. 476 28.030 3.548 23.945

5 o & 0. 540 0. 349 0.257 44,593 27.985 3.724 23. 870
28 -0. 059 0. 024 0. 067 -0. 117 0.045 -0.176 0.075

I E 0. 530 0.393 0. 254 39. 415 30. 771 4.764 25. 050

6 TR 0.567 0.341 0.228 39.377 30. 720 4. 840 24. 965
P -0. 037 0. 052 0. 027 0.038 0. 052 -0.076 0.085
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Table 4 Comparison of sample WS simulation results and experimental results
jE e EAgE| AR WA FER AR H, P5%/%  COM%/%  CH, 7"%/%  CO, *%/%

RIS (E 0. 815 0.326 0. 289 29.928 27.971 6.947 35.154
1 THIE 0. 815 0.326 0. 289 29.930 27. 962 6.935 35.174
ZH 0 0 0 -0. 002 0. 009 0.012 -0. 020
R H 0. 706 0.425 0.299 24.985 28.517 8.527 37.970
2 TE 0. 705 0.437 0. 307 24.796 28. 609 8. 481 38.112
Z1H 0. 001 -0.012 -0. 008 0. 189 -0. 092 0. 046 -0. 142
R 0. 906 0.327 0. 197 32.284 16. 863 13.470 37.383
3 T AE 0.971 0.263 0.187 32.293 16. 800 13.557 37.356
PALE] -0. 065 0. 064 0. 010 -0. 009 0. 063 -0. 087 0.027
g 1. 093 0. 625 0.282 20. 874 7. 854 11.827 59. 445
4 TIAE 0. 995 0.703 0.310 20. 619 8.135 11. 666 59. 563
Z{E 0. 098 -0.078 -0. 028 0.255 -0. 281 0. 161 -0.118
R 1.117 0. 622 0.261 35.361 19. 897 7.276 37. 466
5 T A 1. 115 0.627 0.253 35.478 19. 842 7.225 37. 449
ZAE 0. 002 -0. 005 0. 009 -0. 117 0. 055 0. 051 0.017
RIS 1.123 0. 646 0.231 34.826 20. 920 9.550 34.705
6 TE 1. 130 0. 642 0.227 34.872 20. 873 9.596 34. 668
Z{E -0. 007 0. 004 0. 004 -0. 046 0. 047 -0. 046 0.037
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