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ANALYSING THE EFFICIENCY OF A
SOLAR-POWERED PEM
ELECTROLYSER/FUEL CELL
SYSTEM
ABSTRACT
An H-Tec Solar Hydrogen Experimentation
System J101-JuniorBasic was characterized
using IV-curves. We obtained the efficiency of
the electrolyser and a self-fabricated proton
exchange membrane fuel cell (PEMFC) by
means of cyclic voltammetry and manual
testing respectively. The electrolyser was
found to have an efficiency of 68 % and the
PEMFC had an efficiency of 7.24 %. We later
determined that the constructed PEMFC
developed a gas leakage during testing.

INTRODUCTION
With the gradual depletion of fossil fuel
reserves and increasing global energy demand,
the Hydrogen Economy has been proposed as
an alternative clean energy system.
Proposing the use of hydrogen as an energy
storage medium, the hydrogen economy seeks
to power our future world with hydrogen.
Having high specific energy, the hydrogen
economy produces water as its only byproduct.
Such an environmentally friendly system
might play a critical role in sustainable
development.

How does a PEM Fuel Cell work?
Anode – Hydrogen gas is oxidized to form H+
ions after it diffuses through carbon paper to
ensure high contact surface at the triple
boundary between the electrolyte, nanosized
platinum catalyst and reactant.4
H2 ! 2 e- + 2 H+
E0 = 0.00 V
Electrolyte – Perfluorinated sulfonic acid
conducts these protons, but electrons go
through the external circuit to create a current.
Cathode – Oxygen gas enters through the gas
channel and the carbon paper before being
reduced to water, catalyzed Pt/C.2
O2 + 4 H+ + 4 e- ! 2 H2O E0= 1.23 V
Practical considerations – The carbon paper is
coated with a hydrophobic layer of Teflon to
prevent obstruction of gas channels by water.

METHODS
For measuring the efficiency of single
components, the power production rate is
needed. To do so, IV curve characteristics were
used. Cyclic voltammetry was used to obtain
the IV curve of the electrolyser. We didn’t have
access to cyclic voltammetry equipment during
fuel cell testing, therefore different light bulbs
were used as different fixed resistances to
obtain the IV curve manually. To get the
efficiency of the electrolyser, gas production
using:
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*Psolar was given by the manufacturer and the voltage was experimentally
measured

To get the efficiency of the fuel cell the gas
consumption and the electrical current
production was used according to:
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RESULTS
PEM FUEL CELL
What is a PEM Fuel Cell?
A proton exchange membrane fuel cell uses a
redox reaction to produce electricity from
hydrogen and oxygen.1
What is it used for?
PEMFCs are useful both for mobile and
stationary uses such as vehicles made by large
automobile companies like and forklifts.3
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The efficiency of the electrolyser was
calculated to be η = 68 %, which was a little
lower than expected (literature values around
70 %), but this was partly because it was not
working at its optimal power (0.358 W).
Furthermore, as the solar panel heated up the
power supplied decreased.
PEMFC

The efficiency of the fuel cell was calculated to
be η = 7.24 %, but gas leakage occurred during
fuel cell testing, which reduced the efficiency
and explains the large difference to typical
PEMFC efficiencies of η = 40-60 %.
None of these results are compatible to actual
use because the demonstration system has
only been made for visualization and
insufficient measurements were taken.
A bigger system would increase efficiency due
to relatively lower hydrogen leakage. Also,
improving the gas diffusion layers would have
improved performance.

CONCLUSION
We have successfully proved that PEM fuel
cell is a reasonable alternative to classical
electrochemical sources. It is highly likely that
technical problems will be overcome in the
near future.
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