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From copper to graphene: the evolution of conductive and
Insulating materials in power cables

Majid Mirzaee*, Abbass Feizinia, Yaser Ghorbani Amir

Non-metallic group, Niroo Research Institute (NRI), Tehran, Iran.

Abstract: Copper, as the dominant conductor in power cables, faces limitations such as high density, reduced
conductivity at elevated operating temperatures, and mechanical constraints, which restrict the development of
higher-efficiency cables. This article, adopting an analytical-review approach, examines the role of graphene as
an advanced two-dimensional nanomaterial in simultaneously enhancing the electrical, mechanical, and
insulating performance of power cables. The main novelty of this study lies in presenting an integrated
framework for graphene applications across three key cable components: copper—graphene composite
conductors, protective semiconducting layers, and graphene-modified polymeric insulations. The reviewed
studies indicate that the addition of trace amounts of graphene can increase conductor conductivity beyond 100%
of annealed copper international standards, improve mechanical strength, and simultaneously mitigate
phenomena such as space charge accumulation and water treeing in polymeric insulations. Furthermore, the role
of graphene in electric field homogenization, partial discharge reduction, and the enhancement of HVDC cable
reliability is emphasized. Finally, challenges related to scalability, uniform graphene distribution, and
industrialization requirements are discussed, and future research directions for the development of next-
generation high-performance power cables are outlined.

Keywords: Graphene, Power cables, Cu/Graphene composites, Cross-linked polyethylene, advanced conductive and
insulating materials.
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