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Construction of a Safety Evaluation System for the
Methanol Synthesis Unit Based on HAZOP
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Abstract

The methanol synthesis unit is the core production unit in the methanol production plant with the most severe process conditions
and the highest concentration of hazardous characteristics. It possesses multiple high-risk attributes such as high temperature, high
pressure, strong exothermic reactions, flammability, explosiveness, and toxicity of materials. Even slight deviations in process
parameters can trigger uncontrolled reactions, equipment overpressure, medium leakage, or even fires and explosions leading to
major accidents. Hazard and Operability Analysis (HAZOP), as a standardized risk identification tool in chemical process safety, can
systematically identify process deviations, causes of hazards, accident consequences, and existing protection gaps, providing critical
data support for constructing a scientifically precise safety evaluation system. This paper takes the methanol synthesis unit as the
research object, systematically analyzes the unit’s process flow, process characteristics, and hazard features, standardizes the HAZOP
analysis and full-process risk identification, and clarifies the key risk nodes and high-risk scenarios of the unit. Based on the HAZOP
analysis conclusions, and integrating the risk matrix method and the analytic hierarchy process, a specialized safety evaluation system
for the methanol synthesis unit is constructed, covering risk identification, level assessment, indicator quantification, prevention and
control optimization, and continuous improvement. The paper details the system architecture, construction principles, evaluation
indicators, evaluation models, and standardized implementation procedures, and proposes measures to ensure the system’s practical
application.
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