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Table 1 Characterization of the corresponding dataset for the bio-oil hydrogen content prediction model

44 Dataset KL% Model FEIE4L Characteristic number fii A Inputs H#x Target
B_H _Datal B_H_RF1 16 EC.PC.OC B H
B_H_Data2 B_H_RF2 15 EC.BC.OC B_H
B_H _Data3 B_H_RF3 13 PC.BC.OC B H
B_H_Data4 B_H_RF4 19 EC.PC.BC.OC B H
B_H _ Datal B_H_XGBoostl 16 EC.PC.OC B H
B_H _Data2 B_H_XGBoost2 15 EC.BC.OC B H
B_H _Data3 B_H_XGBoost3 13 PC.BC.OC B H
B_H_Data4 B_H_XGBoost4 19 EC.PC.BC.OC B H
1 Note: B_H_Data: 4= il & 7 = 504 4E Bio-oil hydrogen content dataset; B_H: 4= ¥l & & & i #X Abbreviation for bio-oil hydrogen con-

tent; EC.PC .BC.OC 735 R TC 3R AU Toll 210 AR W B2 I FRAE S 1 (98 SCA FRIRTS |, A= ) T2 A 45 R 0 3% &t 2 11 5 5 2 /R A

4 ¥ F hit Abbreviations for the English names of elemental composition, proximate composition, biomass composition, and operating condi-

tions, respectively. Biomass composition: lipid content, protein content, and carbohydrate content.
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Fig.1 Flow of bio-oil hydrogen content prediction model development
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Table 2 Bio-oil hydrogen content prediction

model performance

Il Train M Test

Model £ %!
R? RMSE R? RMSE
B_H_RF1 0.970 0.303 0.947 0.416
B_H_RF2 0.985 0.236 0.932 0.498
B_H_RF3 0.983 0.251 0.944 0.467
B_H_RF4 0.982 0.245 0.936 0.472
B_H_XGBoostl 0.974 0.285 0.960 0.358
B_H_XGBoost2 0.998 0.089 0.937 0.498
B_H_XGBoost3 0.996 0.126 0.947 0.475
B_H_XGBoost4 0.995 0.005 0.948 0.446
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Intelligent modeling and response behavior of process of producing
hydrogen-rich hydrothermal bio-oil from wastes
with high-moisture and high-lipid

LIU Xiangjie, YUAN Qiaoxia, CAO Hongliang

College of Engineering , Huazhong Agricultural University, Wuhan 430070, China

Abstract Two types of high-fitness machine learning algorithms including random forest and extreme
gradient enhancement Tree were used to establish a prediction model of the content of hydrogen in hydro-
thermal bio-oil with high-precision and wide-range (R*>>0. 93) based on 243 sets of experimental data col-
lected from literature on the hydrothermal preparation of hydrogen-rich bio-oil from wastes with high-mois-
ture and high-lipid including dead livestock and algae to construct a model for predicting the content of hy-
drogen in hydrothermal bio-oil with high accuracy of prediction and strong ability of generalization, and to
study in depth the laws and mechanisms of hydrothermal conversion of biomass. SHAP interpretable tech-
nology and local dependence analysis method were used to analyze the contribution, local dependence re-
sponse behavior and interactive coupling law of conditions for producing hydrothermal bio-oil based on the
mathematical prediction model. The results showed that the content of lipid and hydrogen in the wastes
with high-moisture and high-lipid were the determining factors for the preparation of hydrogen-rich bio-oil,
ranked the top two in terms of its contribution to the enrichment of hydrogen in the oil phase and significant-
ly affected the accumulation of hydrogen in the oil phase. The content of hydrogen in the oil phase was in-
creased with the increase of the content of hydrogen in the raw material, indicating that hydrogen-rich raw
materials provide convenient conditions for the preparation of hydrogen-rich bio-oil, with an improvement
effect of up to 4%. The high calorific value of raw materials was the main inhibitory factor for the hydro-
gen-enriched behavior of bio-oil, with an inhibitory effect of up to 4%. The coupling effect between the in-
formation of element, industry, and components of biomass was strong from the interactions among the
characterized categories, but the effect of local coupling between the characteristics of raw material and op-
erating conditions was relatively small.

Keywords datadriven; machine learning; random forest; extreme gradient boosting tree; bio-oil;
calorific value
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