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ABSTRACT Model equations of a combined system with a high temperature polymer electrolyte fuel cell (HT-PEFC) system based
on phosphoric acid (PA)-doped polybenzimidazole(PBI) membranes and a heat recovery power system were derived. In this study, an
organic Rankine cycle system (ORCS) was proposed as a bottoming cycle system to convert the waste heat from a fuel cell stack to
electric power. To optimize the combined system, the efficiency at the maximum power of the heat recovery system was derived. To
calculate the ORCS performance analytically, a modified Carnot cycle coupled to heating and cooling fluids with a finite heat capacity
rate was considered using the entropic average temperature. This simple equation does not require any detailed thermodynamic data of
organic working fluids. By combining the ORCS with the HT-PEFC system, the electric power was improved by 6% to 8% according
to the load conditions. As the fuel cell load is increased, the efficiency of the fuel cell is decreased, but the contribution of the heat
recovery power system to the total combined system efficiency was increased due to the increased waste heat produced in the stack.
The methods proposed in this paper can provide a useful measurement of the performance available in practical fuel cell-based hybrid
power systems without complex numerical calculations.
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Nomenclature B : pre-exponential coefficient for humidity

b : barrier energy, J
A : pre-exponential coefficient for PA doping level . 1
C : heat capacity rate, WK
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: universal gas constant, J mol 'K

: power, W
:heat, W

-1

: effective relative humidity
2

: surface area, m

: entropy, J mol” K

: temperature, K

: thickness, m

: voltage, V

Greek letters

a :transfer coefficient

5, A : difference

T  : power ratio to the stack

W : stoichiometric ratio

: Overpotential, Efficiency

Subscript

0  :exchange

acc :accessory power

act : activation

c : condenser

conc : concentration

e : evaporator

FC :fuel cell

st : fuel cell stack

H :heat source

L  :heat sink

1 : limiting

max : maximum

ohm : ohmic

opt : optimal

p  :pinch temperature

ref :standard, reference conditions

rev :reversible
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Table 1. Conditions of the proposed combined system
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Parameters Value Parameters ‘ Value
Fuel Cell Geometric Parameter
GDL thickness 3.0-10'm Membrane thickness 5.0-10"°m
Anode/Cathode Thickness 3.5-10 'm Activated area 2.5-10°m
Fuel Cell Physical Properties
Standard state free energy change, Agrxn | —237,000 J mol ™ Stoichiometry of cathode gas 2.0
Faraday constant, F 96,485 C mol * Anode/cathode pressure, p 1,08/1,14 atm
Gas constant, R 8.314 J mol 'K Leak current density, 5.0-10*A/cm®
Effective diffusivity of hydrogen, 1,490-10 m’s Transfer coefficient, o 0.2
Effective diffusivity of oxygen, 2.950-10 “m’s™ Reference exchange current density, 5. 38-1076A/cm2
Stoichiometry of anode gas 1.2 Doping level, DL 31
Rated Operating Condition of ORCS
Operating Temperature 160C Accessory Power ratio, Cace 0.08
Pinch Temperature, Ty, Ty 10C, 7C Inverter efficiency 92%
Irreversibility ratio, € 0,001
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