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First, the main used topologies for the Hybrid Power Sources (HPS) based on Fuel Cell (FC), 

Renewable Energy Sources (RESs), and Energy Storage System (ESS) is shown and discussed as 

efficiency for a regenerative load. The case study will be a FC/ESSs HPS used in FC vehicle 

(FCV) operating in three modes the ESS: Charge Sustaining (CS), Charge Discharging (CD), 

and Charge Increasing (CI). The Energy Management Strategy (EMS) unit commands the power 

interfaces used to charge the ESS from the FC system and regenerative load based on state 

variable of the FCV such as the ESS State-Of-Charge (SOC), profile of the driver, the route to be 

followed, and the plug-in features on the route. 

Second, the efficiency of the FC system and different RESs such as the Photovoltaic (PV) panels 

and Wind Turbines (WT) is investigated using the Maximum Efficiency Point Tracking (MEPT) 

algorithms, and Global Maximum Power Point Tracking (GMPPT) and MPPT algorithms, 

respectively. The hydrogen flow or the both hydrogen and oxygen flows of the FC system will 

be controlled to track the MEP or MPP under a dynamic load profile. The efficiency of large PV 

array under Partially Shaded Conditions (PSCs) is analyzed considering GMPPT and MPPT 

algorithms. 

Third, the Renewable Energy Sources (RESs) are added on DC bus or AC bus of the FC/ESS 

HPS. The variability of RESs is approached using the load following control to sustain the load 

demand in an efficient way. The efficiency is maximized for the whole FC/RES/ESS HPS using 

Extremum Seeking Control (ESC) for the both fuel flows of the FC system. Different ESC 

algorithms are reviewed and compared with other optimization algorithms. 

Last section will conclude this presentation. 
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