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Figure 2: I-V curve for di�erent operational modes showing unique thermal behaviors.

Figure.2 shows a typical current-voltage relation for a given set of operating condition. In
the fuel cell mode, the heat generated by the exothermic chemical reaction is higher than the
heat removed from the stack as electric power at all current densities. Hence this mode of
operation is always associated with net heat generation. In contrast, if the operating voltage
of an electrolyzer remains below the thermoneutral voltage, the electrical energy supplied to
the stack is lower than the heat required to drive the endothermic electrochemical reaction,
thereby leading to net consumption of heat. It is only when the operating voltage exceeds the
thermoneutral voltage in the electrolysis mode, the high ohmic contribution results in net heat
generation. �e striking di�erence in thermal behavior above and below the thermoneutral
voltage is highlighted in Fig. 2. �e further the stack operation deviates from thermoneutral
condition, enhanced air �ow will be required in order to cool down or heat up the stack for
conditions above and below the thermoneutral point, respectively28 .

Figure 3: �ermal energy contributions in electrolysis and fuel cell modes.

As the inlet gas mixture proceeds over the cell, its chemical composition changes contin-
uously due to the ongoing chemial reaction. �e extent of this chemical reaction depends on
several factors, including applied voltage. To further illustrate this, a 1-D model of the cell
can be considered as shown in Fig.4 with a segmentations to be�er visualize how gas mix-
tures �ow from the entry point on the le� towards the exit point on the right. Each of the
sub�gures shown in the Fig.4 represent composition changes over the segments for a certain


