

H I G H L I G H T S  

·  AGC of a three-area redesigned power structure is examined using multiple-generation units like thermal, gas, Renewable energy, and hybrid energy storage. For a realistic study, non-linearity acting as GRC, GDB, and BD are taken into account.

·  A novel cascade FOPIDN-(1+TD) controller for AGC has been designed. Controlling superiority and feasibility of the proposed controller over PID, FOPIDN, and (1+TD) controllers are also discussed under step and random load conditions. 

· A new modified quasi opposition Arithmetic Optimization Algorithm (QOAOA) to tune the controlling parameters of the proposed controller has been proposed. The dynamic response and figure of demerit (FOD) of the proposed algorithm over other recent evolutionary techniques are also investigated.

· The impact of RFB, Super-capacitor, and hybrid energy storage systems on the dynamic performance of investigated power systems under the intermittent nature of renewable energy sources is comprehensively investigated. 

· [bookmark: _GoBack]Comparative analysis of simulation results of the proposed controller with other published works of literature on the same platform is performed.

· Finally, utilizing a hardware-in-the-loop (HIL) based OPAL-RT simulator, the practicability and effectiveness of the suggested controller are evaluated on a real-time platform.
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