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Abstract

As the energy structure transformation deepens and refined management models are fully implemented, traditional energy
measurement systems can no longer meet the core requirements of modern energy management systems for high precision, real-
time performance, and traceability. Intelligent metering technologies, leveraging integrated applications of cutting-edge technologies
including sensors, 0T, big data, and Al, enable automated data collection, remote transmission, intelligent analysis, and dynamic
monitoring of energy metrics. This significantly enhances measurement accuracy, system operational efficiency, and comprehensive
management standards. This paper systematically analyzes the current application status of intelligent metering technologies in
core energy measurement fields such as electricity, natural gas, and petroleum. Through concrete engineering case studies and field
measurement data, it elucidates the working principles, technical characteristics, and application outcomes of key technologies
including smart meters, ultrasonic flowmeters, mass flowmeters, and online component analyzers. The study further explores
practical challenges encountered during technology adoption, such as data security protection, unified technical standards, and system
integration. It proposes future directions for technological innovation and policy support frameworks, aiming to provide theoretical
and practical references for the intelligent transformation of energy measurement systems.
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