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Abstract >> This study evaluates a reforming system-integrated Proton Exchange
Membrane Fuel Cell (PEMFC) system using city gas, where the 75% hydrogen
concentration significantly impacts stack performance. This reduced concen-
tration can trigger mass transport limitations and increased cell voltage
deviation. We conducted a comparative analysis of |-V characteristics and cell
voltage distribution under pure H2 and 75% H- conditions. Our findings reveal
that the system maintains voltage deviations within safe operating limits during
Open Circuit Voltage (OCV) and steady-state phases, despite increased resistance.
These results validate the optimal design of our system, establishing a frame-
work for future durability assessment and performance optimization in build-
ing-scale fuel cell applications.
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Product name KOGEN (K-SN-5)

Fuel Natural Gas (NG) / Pure Hydrogen
Power 380V (3-phase)
Size 690 x1,300 x 1,500 (mm)

Efficiency 36.9% electrical efficiency / 95.9%+ overall efficiency
Operating Hours  Within 60 minutes

Applications Buildings, homes, hot springs, and other facilities

that can be supplied with city gas

Fig. 1. 5 kW fuel cell system for building applications
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Fig. 2. Internal configuration of the 5 kW fuel cell system for
building applications
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Fig. 3. Process flow diagram of the SMR (Steam Methane
Reforming) - WGS (Water Gas Shift) - PrOx (Preferential
Oxidation of CO) hydrogen production system
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Fig. 4. Stack performance curves at 100% H. and at 75% H.
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Fig. 5. Variation of stack power, voltage, and current with oper-
ation time
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Fig. 6. Cell voltage profiles at 75% hydrogen concentration
during (a) Ramp-up and (b) Constant current operation in a fuel

cell stack
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Fig. 7. Magnified cell-to-cell voltage differences by reducing

the Y-axis scale of Fig. 6(b)
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