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Simulation study on steam gasification of Salix psammophila based on Aspen Plus

ZHEN Zheng'”, JIANG Yanchi'?, DU Kaixin'?, SU Zi'?, LI Yao'~, ZHU Zhixiang®!, WU Xiaojiang>*, ZHANG Zhongxiao™*

(1. College of Smart Energy, Shanghai Jiao Tong University, Shanghai 200240, China; 2. School of Mechanical Engineering,

Shanghai Jiao Tong University, Shanghai 200240, China; 3. Shanghai Research Center for Non-Carbon Energy Conversion and
Utilization, Shanghai 200240, China; 4. Department of Mechanical Enginnering, Gifu University, Gifu 501-1193, Japan)

Abstract: The large-scale gasification of Salix psammophila is a crucial technology for realizing the comprehensive utilization of its
ecological and energy benefits. Gasification models of fixed bed, fluidized-bed, and entrained-flow bed were constructed based on Aspen
Plus. The raw materials and gasification characteristics of Salix psammophila and typical biomass were deeply compared, and the effects
of process parameters such as temperature, gasification agent feed rate and pressure on the gasification process of Salix psammophila
were systematically studied. The results show that Salix psammophila exhibits advantages of high calorific value and low ash content.
Under the same conditions, the proportion (volume fraction) of effective components (CO + H,) in syngas in the gas flow bed
gasification is 83.82%, and the carbon conversion rate is 97.87%, which is higher than that in fixed bed and fluidized bed gasification
processes. Gasification temperatures and m(steam)/m(biomass) are the main factors influencing the outcomes of the gasification results
of Salix psammophila in the high-temperature gas flow bed, and the high-temperature gasification process is not significantly responsive
to pressure. When the gasification temperature is lower than 1400 °C, increasing temperature enhances the yield of effective syngas
components but has a greater impact on ¢(H,)/p(CO). Introducing steam effectively adjusts p(H,)/p(CO) in syngas, though it leads to a
more significant decline in the yield of effective syngas components. Under the same gasification conditions, the cost of producing green
methanol from high-temperature gasification of Salix psammophila is lower than that from corn stover, and the methanol yield from
Salix gasification is 45.97% higher than that from corn stover.
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Table 1 Proximate analysis and ultimate analysis results and low calorific values of different biomass
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Table 2 Module compositions and functionalities of different gasification models
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Fig.1 Model of biomass gasification process in fixed bed
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Fig. 2 Model of biomass gasification process in fluidized bed'"
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Fig. 3 Model of biomass gasification process in entrained-flow bed
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Fig. 5 Simulation results of biomass gasification in different gasification beds
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Fig. 5 Simulation results of biomass gasification in different gasification beds (continued)
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Fig. 6 Effect of gasification temperatures on gasification results of Salix psammophila in entrained-flow bed
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Fig. 8 Effect of pressures on gasification results of Salix psammophila in entrained-flow bed
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Table 3 Economic analysis results of green methanol production of different biomass feedstocks via entrained-flow gasification
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