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Risk Assessment of Explosion-proof Electrical Equipment in Natural Gas
Stations Based on AHP and Confidence Weighting

YUAN Yulin"?, LIANG Long"?, ZHANG Jie""*, SONG Junhan'*
(1. Changsha Institute of Mining Research Co. , Ltd. . Changsha 410012, China;
2. State Key Laboratory of Safety Technology of Metal Mines, Changsha 410012, China)

Abstract: To address the explosion risk control needs in the daily operation and maintenance of explosion-proof electrical equipment in natural
gas stations. with the core objective of preventing electrical sparks from causing natural gas combustion and explosion accidents, a risk
assessment model based on the analytic hierarchy process (AHP) and expert confidence weighting was constructed. This model enabled the
scientific quantification and hierarchical management of potential risks in explosion-proof electrical systems. An evaluation system for the
explosion-proof electrical safety of natural gas stations was established. comprising 24 secondary indicators selected from four aspects: “non-
conforming product quality” “selection factors” “non-compliant installation quality” and “production and maintenance issues”. For a case study,
a natural gas station in Zhejiang Province was selected, and the risk levels of the evaluation indicators were classified into extremely low risk,
low risk, medium risk, high risk, and extremely high risk. A team of 25 experienced experts was formed. Considering the varying experience
and backgrounds of these 25 experts, an expert confidence weighting index method for on-site scoring of the evaluation indicators was
incorporated. Based on the principle of normal distribution, the risk probability scores of evaluation indicators across different risk levels are
comprehensively determined. Combined with AHP calculations, the risk levels of primary indicators for explosion-proof electrical safety in the
natural gas stations are derived. The overall risk level of the station is assessed as “medium risk” with “non-compliant installation quality”
identified as the highest risk level, which aligns with the actual situation. The robustness of the evaluation model is verified through a
sensitivity analysis of the primary indicators. The core advantage of the proposed AHP and confidence-weighted risk assessment model lies in its
ability to transform qualitative safety risks into quantifiable indicators. This capability for quantitative risk assessment not only enables precise
judgment of risk levels but also guides safety managers in risk prioritization and optimal resource allocation, thereby significantly enhancing the
scientific and refined level of safety management at natural gas stations.

Keywords: natural gas station; explosion-proof electrical equipment; fuzzy risk assessment; analytic hierarchy process (AHP); expert

confidence weighting
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