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Abstract

Against the backdrop of China’s national “Dual Carbon” strategy and transportation-energy integration (hereinafter referred to
as “transport-energy convergence”), highway service areas serving as core network nodes have become pivotal drivers for green
transition in this integration framework. The essence of transport-energy convergence lies in achieving deep coupling between
transportation and energy systems, leveraging highway infrastructure to establish an integrated energy ecosystem encompassing
“energy generation, grid distribution, load management, storage solutions, and intelligent control.” Zero-carbon service areas
represent the most exemplary application of this concept within highway infrastructure. Drawing from the zero-carbon retrofit project
at Dushupu Service Area on the Hangrui Expressway, this study focuses on core objectives of transport-energy convergence. It
provides a concise analysis of comprehensive project planning, key system implementation strategies, and end-to-end management
measures, highlighting the pivotal role of transport-energy integration in zero-carbon service area development. The research
summarizes project outcomes and operational insights to offer reference for similar convergence projects, thereby facilitating green
transformation in the transportation sector.
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