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Abstract

With the acceleration of renewable energy deployment and the digitalization of power grids, Energy Storage
Systems (ESS) have become a turning point in the evolution of smart grids. This scientific-research article,
through a systematic and analytical review of ¢+ top international and domestic sources, explores trends,
technologies, reliability-based maintenance (RCM) models, integration solutions, successful policies, and
local challenges of ESS implementation in Iran and the world.Data analysis explains the technological
advancement of lithium-ion batteries, the pivotal role of smartization, complex economic layers, risks,
operating models and standardization requirements with objective evidence. Using optimization tools and
global best practices, the requirements for realizing sustainable ESS, the recycling challenge, the future of the
market and the nexus of policy, technology and society are examined. The results highlight the expansion of
advanced maintenance models, the necessity of government support policies and the development of an
innovation ecosystem, and provide operational suggestions for policymakers, industry and future research.

Keywords: Energy storage systems, smart grid, lithium-ion battery, energy policy, recycling of new
technologies, sustainable security
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