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Highlights
1- This study developed and validated an integrated digital twin framework for the optimal design of coastal hybrid renewable energy systems (HRES), which explicitly incorporates high-resolution marine microclimate modeling. 
2-The proposed approach is applied to Kish Island in the Persian Gulf using one year of hourly meteorological and electricity demand data (8,760 time steps). A genetic algorithm is employed to evaluate 125 candidate system configurations. 
3-The optimal design consists of 2,000 kW of photovoltaic capacity, 1,500 kW of wind power, and 4,000 kWh of battery storage, achieving full renewable energy supply (100% penetration) with a levelized cost of energy (LCOE) of 0.178 $/kWh while satisfying a strict zero loss-of-power-supply probability constraint (LPSP = 0%).
4-The results indicate that salt accumulation reduces average annual PV efficiency by 2.1%, whereas sea-breeze effects increase wind energy production by 3.1%. Overall, the findings demonstrate that marine microclimate effects play a decisive role in coastal system design and lifecycle cost estimation.
5-The core finding quantifies a significant design risk: neglecting marine microclimatic effects leads to a 7.9% underestimation of the true Levelized Cost of Energy (LCOE) and results in an under-sized system that cannot achieve full reliability
