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Abstract

This study focuses on an intelligent quantitative loading management system for hazardous chemicals at a natural gas processing
plant, providing an in-depth analysis of its innovative practices in hazardous material handling. By integrating [oT technology,
process reengineering, and digital twin technology, the system achieves a fundamental safety transformation from "human-centric"
to "technology-driven" approaches. The research proposes a dual closed-loop model for safety and efficiency in hazardous material
loading, establishes a process optimization framework based on ESIA principles, develops a multidimensional rule-based dynamic
allocation algorithm, and implements a digital twin-driven 3D monitoring strategy. Results demonstrate that the system reduces
average single-vehicle operation time by 21% (from 70 minutes to 55 minutes), decreases safety inspection omission rates by 92%
(from 12% to << 1%), completely eliminates overloading incidents, and improves data integrity to 99.6%. Beyond showcasing the
system's significant achievements in safety and efficiency, this study focuses on addressing typical practical challenges, proposing
solutions, and highlighting systemic innovations, thereby providing replicable templates and theoretical references for digital
transformation in the hazardous materials industry.
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