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[Abstract] With the global energy transition and the advancement of the "dual carbon" goals, building an
efficient, green, and intelligent modern power grid has become a core mission for the power industry. As the
"blood vessels" of transmission lines, conductor materials directly determine the current—carrying capacity,
mechanical strength, power loss levels, and lifecycle costs of transmission lines. Traditional aluminum—conductor
steel—core wires (ACSR) have increasingly revealed limitations in meeting growing load demands, including
insufficient current—carrying capacity, significant sag, and high corona losses. This paper systematically reviews
the current applications and development trends of novel conductor materials in power transmission systems,
focusing on analyzing the physical properties, mechanical performance, and engineering applications of
cutting—edge materials such as heat—resistant aluminum alloy conductors, carbon fiber composite core
conductors (ACCC), and high—temperature superconducting conductors. The study delves into how these
advanced conductors enhance transmission efficiency through mechanisms including reduced resistance losses,
minimized corona discharge, increased transmission capacity, and optimized corridor utilization. Additionally, it
identifies key technical challenges in engineering design, installation, and operational maintenance of these
materials, proposing corresponding optimization strategies. The research concludes that rational selection and
widespread adoption of novel conductor materials represent a critical pathway to overcoming existing
transmission bottlenecks, improving grid efficiency, and achieving energy conservation and emission reduction,
with significant economic and social benefits.
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