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A

bstract – This work in progress paper describes
certain aspects that must be controlled in and around a
regenerative fuel cell and how the regenerative fuel cell
can be used in a sustainable energy system.

They differ by their internal chemical reactions. Some
types of fuel cells work well for use in stationary power
generation plants. Others may be useful for small portable
applications or for powering cars [2].
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II. REGENERATIVE FUEL CELL

I. INTRODUCTION
“Never before in peacetime have we faced such serious
and widespread shortage of energy” according to John
Emerson, an economist and power expert for Chase
Manhattan bank. Many analysts believe that the problem will
be temporary, but others believe the energy gap will limit
economical growth for years to come.
Another major concern of our current lifestyle is air
pollution, mainly Carbon dioxide (CO2). Air pollution has a
terrible effect on global warming and thus a need exists to
reduce CO2 emissions [1].
Fuel cell technology might just be the miracle in the
power world that everyone is longing for according to V.K
Moorthy. Fuel cells are energy conversion devices that
transform the energy stored in fuels into electricity and heat.
The fuel cell also belongs to the family of batteries, known
as "electrochemical batteries", but is not a battery because a
fuel cell creates electricity trough reactants stored externally
and a battery stores the chemical reactants internally, usually
metal compounds like lithium, zinc or maganeses. The fuel
used by a fuel cell is not burned in a flame but oxidised
electrochemically. When the chemical energy has been
converted to electrical energy in a battery, the battery must
be thrown away (primary battery) or recharged appropriately
(secondary / rechargeable battery). In contrast to batteries,
however, fuel cells oxidise externally supplied fuel and
therefore do not have to be recharged. A fuel cell uses a
chemical reaction to provide an external voltage, as does a
battery, but differs from a battery in that the fuel is
continually supplied in the form of hydrogen and oxygen
gas. As long as fuel flows in it, it will produce electricity,
heat and water. The by-product of the fuel cell is pure water,
so it is pollution-free [2].
There are several different types of fuel cells. Fuel cells
are usually classified by the type of electrolyte they use.

If electricity can be produced by a proton exchange
membrane (PEM) fuel cell using hydrogen and oxygen, then
reverse must also be true. The regenerative PEM fuel cell is
a PEM fuel cell that can work in the reverse mode. This
means hydrogen and oxygen can be produced by supplying
water and electricity to it [3].
A. Operation of the regenerative fuel cell
The operation of the regenerative fuel cell shown in Figure
1 is as follows: Water is introduced at the anode electrode
chamber, and a potential is applied across the anode
(positive) and cathode (negative) electrodes. At the anode a
catalyst in the form of platinum (Pt), allows the
decomposition of the water molecules that forms oxygen
protons (O+) and hydrogen protons (H+). The electron from
the hydrogen atom is released into the external circuit. The
O+ does not loose its electrons but rather joins with another
O+ that forms O2. This process corresponds to the evolution
of the O2 at the anode electrode.
The H+ proton travels through the membrane from the
anode side to the cathode side due to the voltage potential
that was applied across the anode and cathode. The electrons
that were previously lost to the external circuit are now
rejoined with the H+ proton and form a H atom. Two of
these atoms combines and forms an H2 molecule. The
regenerative fuel cell produces gasses at a constant rate and
not in bubble fashion, which allows the cell to produce gas
at a constant pressure without placing physical strain on the
membrane [4].
Figure 1 further outlines the work that must be done in this
research, which includes the following.
• Temperature – In order to produce hydrogen the
regenerative fuel cell must be kept at a certain
temperature (between 20 °C and 30 °C) due to the
endothermic reaction taking place.

• Water management – The correct water management
must be applied to the regenerative fuel cell, or too
much hydration and flooding will occur. This will
result in the catalyst reaction sites and gas
passenger of the reactant gases being blocked.
Conversely too little hydration will result in the
ions not having a carrier within the membrane [4].
• Supply voltage – The voltage across the regenerative
fuel cell should be approximate 1.75 V per cell or
the decomposition of water will not occur.

IV. TEMPERATURE VS. LOAD TESTS DONE ON THE NEXA
POWER MODULE
Tests were done on a NEXA power module. One of the
tests was the temperature vs. load. The NEXA fuel cell has a
DC output power rating of 1.6 kW. The output of the NEXA
was connected to a DC electronic load which was set to
different values. In this experiment it was 50W, 100W,
150W and 190W. The temperatures of the fuel cell stack
were logged by the NEXA program. The results are shown
in Figure3. This test was done to determine the temperature
at which the fuel cells operate.

Figure 3 Temperature vs. load

Figure 1 Operation of the regenerative fuel cell

III. APPLICATION OF A PEM REGENERATIVE FUEL CELL
The regenerative fuel cell can be used in a sustainable
energy system shown in Figure 2.
Water and electricity (when available) from solar or wind
powered sources is supplied to the regenerative fuel cell.
This in turn produces hydrogen which can be stored in a
tank.
Hydrogen is supplied to the fuel cell, when solar or wind
power falls below a certain threshold. The PEM fuel cell
will now produce electricity to keep the batteries fully
charged. The water as a by-product of the fuel cell is stored
in a water tank. This stored water may then be fed to the
regenerative fuel cell at a later stage in the production of
hydrogen. This occurs when sufficient wind or solar power
rises above the set threshold.
Next battery power is connected to a DC to AC converter
that will supply a 220V 50 Hz output, which is the power
standard for South Africa [5].
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