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	Abstract : 2300 bytes counting the word space as character: The urgent need to mitigate climate change calls for transformative approaches in our current energy management and associated technologies, particularly those that address carbon dioxide emissions, hydrogen generation and energy storage. Photonic concepts and innovative light-driven technologies present promising pathways to enhance energy efficiency and sustainability [1]. By harnessing the power of light, these advanced nanomaterials and technologies can revolutionize the way we generate, store, and consume energy across industries, from manufacturing to transportation [2]. At the heart of this transformation lies the fundamental role of photonic processes in the Earth's energy balance, where rising CO2 levels disrupt sunlight absorption and thermal radiation. Addressing this challenge requires a shift toward energy systems that optimize light harvesting and minimize CO2 emissions, including through the use of plasmonic and photonic nanomaterials that enable more efficient energy conversion at the nanoscale [3-5].

In this presentation, I will share our recent research into the energy conversion processes at the single-particle level, specifically focusing on the relationship between plasmonic photocatalytic activity, reactivity, temperature, and nanoscale energy flow [6-7]. Our findings aim to inform the rational design of future nanocatalysts for applications in photocatalysis, temperature management, and beyond [8-10]. 

Furthermore, I will discuss the application of interferometric scattering techniques to study energy materials, which has led to breakthroughs in sustainable material synthesis, prevention of solar cell degradation, and enhanced understanding of ionic behavior in battery materials [11]. These optical methods not only advance our understanding of energy flow at the nanoscale but also open new avenues for developing multifunctional, earth-abundant materials that drive energy efficiency and long-term sustainability [12].
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