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ABSTRACT

The production of clean and renewable energy, the mitigation of environmental pollution, and
the establishment of a sustainable electricity supply are pressing globa challenges for both
industrialized and developing nations. A comprehensive understanding of the potentials for
harvesting, storing, and transferring renewable energy is essential to addressing these
challenges. Mechanical energy generated by vehicular motion, wind energy induced by vehicle
speed, acoustic and vibrational energy resulting from traffic, and solar radiant energy represent
significant opportunities for energy harvesting from pavement surfaces and structures. In this
study, recent advancements in energy harvesting technologies integrated within asphalt
pavements are systematically reviewed. The phenomenon of urban heat islandsis analyzed, and
mitigation strategies—including reflective, evaporative, and heat-harvesting pavements—are
critically evaluated. Technological developments and limitations associated with solar
collectors, photovoltaic (PV) systems, photovoltaic-thermal (PVT) systems, and thermoel ectric
modul es are al so assessed. Thermal energy harvesting pavements are demonstrated to offer dual
benefits by reducing surface temperatures while simultaneously generating clean energy.
Hydronic asphalt systems, photovoltaic pavements, and thermoelectric paving solutions have
been reported to enhance thermal efficiency and energy output. Moreover, PV T hybrid systems
exhibit superior performance by concurrently generating electricity and thermal energy from
solar radiation, whereas thermoel ectric technologies are particularly suitable for deployment in
tropical regions. The findings underscore the advantages and challenges of each approach and
propose strategic pathways for optimizing the integration of energy harvesting systems into
sustainable pavement infrastructure.

Keywords: Renewable Energy, Energy Harvesting, Urban Heat I1slands, Asphalt Pavement,
Cool Pavement
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