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Petroleum molecular engineering database and process simulation platform
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Abstract: Petroleum refining is undergoing a transition from conventional high—carbon fuel production toward high—
value, low—carbon, and intelligent processing. Conventional research methods based on bulk—property
characterization and lumped models are increasingly unable to match the demands for precise characterization,
simulation, and optimization in modern refining. To address the challenges of molecular-level characterization and
modeling for complex petroleum molecular systems, the Petroleum Molecular Engineering Center (PMEC) of the
State Key Laboratory of Heavy Oil Processing integrated over two decades of fundamental research into a petroleum
molecular engineering database and process simulation platform. There are three major components in this platform,
including a petroleum molecular evaluation platform, a petroleum molecular information database, and a molecular—
level process simulation platform. The platform integrated analytical instruments, analytical methods, databases,
kinetic/thermodynamic models, and industrial software, achieving end—to—end R&D from basic research to

industrial practices. This work systematically summarizes the development background, overall framework, key
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technologies, and their industrial applications in the molecular-level process simulation and optimization. The

platform provides a critical analytical method, data, and model foundation for the implementation of petroleum

molecular engineering.

Keywords: petroleum; molecular engineering; molecular characterization; molecular database; molecular—level

process simulation
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Fig.1 Core functions and overall architecture of the petroleum molecular engineering database and process simulation platform. (a)

Core functions; (b) Overall architecture
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Fig.3 Quantitative integration algorithm for heavy oil molecular composition™
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Table 1 Predictable molecular properties in the

molecular—level process simulation platform
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Fig.8 Petroleum molecular compositional model and applications. (a) Schematic diagram of molecular compositional model; (b)

Molecular composition model for various petroleum fractions and crude oil ™"
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Table 2 Predictable bulk properties in molecular-level

process simulation platform
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Fig.9 Automatic generation of complex reaction networks and model code. (a) Auto—generation method for molecularlevel kinetic

model; (b) Case study in diesel hydrofining
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Fig.10 Modules and application examples of the molecular-level separation model. (a) Overview for molecular—level separation

model; (b) Reaction—separation coupling modeling in heavy oil FCC process
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Table 3 Developed molecular—level process models based on the platform
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