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Research on multi—objective optimization of expressway wind—solar hybrid system based on
MOPSO

Liu Shuli

School of Civil Engineering, Inner Mongolia University of Science & Technology, China Inner Mongolia Baotou 014010
Abstract: This study focuses on key technical methods for transitioning highway energy systems towards clean energy
development, proposing a multi-objective optimization configuration method based on a grid-connected wind—solar
hybrid system. The objectives are to maximize renewable energy self-sufficiency while minimizing life-cycle cost and
carbon emissions. A multi-objective particle swarm optimization algorithm is used to solve the problem. A case study
on the Linyi-Tengzhou expressway in Shandong Province shows that an ideal configuration—7.2 MW of photovoltaic
capacity and 0.8 MW of wind turbine capacity—achieves an average annual self-sufficiency rate of over 98%. The
average annual operating cost during the entire life cycle is about 2.8 million CNY, and the system reduces CO:
emissions by approximately 224 tons per year. This configuration harmoniously achieves maximum economic benefit,
minimal environmental impact, and highest energy utilization efficiency. The results provide a valuable reference and
technical insight for the green development of the transportation industry in the future.

Keywords: Expressway; Wind-PV hybrid system; Multi-objective optimization; MOPSO algorithm
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