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Analysis of Balancing Economic Efficiency and Safety in the Renovation and
Upgrading of Aging Gas Pipelines

Yang Yuhu, Yang Shanshan, Zheng Libing (Shandong Ganghua Gas Group Co., Ltd., Jinan Shandong 250101,
China)

Abstract: To address the conflict between safety requirements and cost constraints in the renovation of aging gas
pipelines, this paper constructs a “cost-risk” dual-dimensional evaluation system based on the life cycle theory. By ana-
lyzing data from 876 gas accidents nationwide between 2020 and 2024, core risk factors such as corrosion and third-party
damage are identified. Combined with engineering case studies, the full-cycle cost composition of construction, operation,
and maintenance is quantified. A trade-off model incorporating marginal benefit analysis is proposed, where the optimal
renovation solution is determined by balancing the marginal cost of safety investments and the marginal reduction in risk
losses. The study reveals that while intelligent monitoring technologies increase initial costs by 15%-20%, they can reduce
life-cycle risk costs by over 40%. This model provides quantitative suppott for renovation decisions, achieving coordinated
optimization between safety assurance and economic efficiency.
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