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Investigating the first and second laws of a proposed system for generating power,
heating, and hydrogen using a polymer fuel cell system

Department of Mechanical Engineering, Faculty of Mechanical Engineering, Jundi-Shapur University

M. Abdolalipourad of Technology, Dezful, Iran

Abstract

The use of a cogeneration system for power plants can be a promising way to increase the efficiency of the system from the energy
and exergy viewpoints. In the present study, a multigeneration system including an Organic Rankine Cycle (ORC), Domestic Water
Heater (DWH), Proton Exchange Membrane (PEM) electrolyzer, and Proton-Exchange Membrane Fuel Cell (PEMFC) is proposed.
A heat recovery system is employed for the multigeneration system from a PEM fuel cell’s waste heat. This proposed system is
investigated from energy and exergy viewpoints. Also, a parametric study is done to illustrate the effects of some important factors
including pinch point temperature difference of evaporator, evaporator temperature, current density, and PEMFC temperature on the
main performance criteria of the multigeneration system. For multigeneration system values of PEMFC power generation, produced
hydrogen, heating, net output power, PEMFC thermal efficiency, system thermal efficiency, and system exergy efficiency, are
calculated as 609.4 kW, 0.137 kg/hr, 210.2 kW, 588.9 kW, 53.71%, 71.76%, 54.84%, respectively.

Keywords: Energy analysis, Exergy analysis, Multigeneration System, Proton exchange membrane electrolyzer, Proton-exchange
membrane fuel cell, ORC.
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