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Experimental analysis of the performance
characteristics of PEM Fuel Cells

Hussein A Kazem, Migdam T Chaichan

Abstract— Afuel cell is a device that uses the fuel chemical energy to produce electricity through a chemical reaction with oxygen or any
other oxidizing agent. This paper studied the correlations between current, voltage, power, and efficiency for a PEM fuel cell derived by hydrogen that is

produced from water electrolyzing.

The results show that the fuel cell provides the power until the power source voltage drops below the regulation voltage. The current and voltage
relationship in electrolysis was determined and the minimum voltage of the electrolysis of water was found to be -0.001 V. The difference between a
single fuel cell and a double fuel cell was studied. It requires more current for electrolysis to take place for double cells to break water into hydrogen and
oxygen while the resulted efficiency from double cells is higher than that produced by the single cell.

Index Terms— PEM fuel cell, hydrogen, electrolyze, power, efficiency, performance

1 INTRODUCTION

he public considered fuel cells as science fiction two dec-

ades ago. However, the insistence of researchers and de-

velopers to update these cells and made it possible to be
commercial and are used in several applications [1]. Fuel cells
divided into several types; the Proton Exchange Membrane
fuel cell (PEM FC) is considered the most important one of
them. PEM cells characterize by its high power densities, sim-
ple construction, and the possibility of working at low tem-
peratures. That cell operation at low temperatures enables the
use of less expensive materials and reduces the effect of ther-
mal cycles [2], [3].

The PEM cells are an electrochemical device that converts
chemical reactions into electrical energy. The fast operation
startup of these cells makes them suitable for locomotives and
household applications [4]. PEM fuel cell consists of two
sheets of graphite represent the poles with micro-flow chan-
nels separated by a membrane made of two bipolar channels
with a dispersant of the platinum catalyst. The gas diffusion
layer (GDL) is a porous layer where the reactants process
through to the electrodes in specific areas of the micro-
channels [5]. Hydrogen gas is used in these cells as it passes on
one side of the MEA (membrane electrode assembly) while
oxygen is passing on the other side.

An electric current production depends on hydrogen gas
spread rate across GDL as it is forced to spread over the car-
bon paper and porous (GDL) and flows through the channel
in the field of flow. There are curves and blocked roads in this
channel to expand the gas diffusion area [6]. Hawang studied
the effect of back pressure on the performance of PEM fuel
cell. He noted that the increase in back pressure increased cell
performance through enhanced interaction between the elec-
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trodes of the fuel cells at the cell specified operating tempera-
ture. The performance of the pressurized cathode cell is better
than when the back pressure exists on the anode side due to
better water diffusion in the membrane [7].

Wang studied experimentally the effect of different oper-
ating temperature on fuel cells, the humidification tempera-
tures of the anode and cathode, the pressure, and the interfer-
ence of these various effects on the performance of the cell.
The experiments focused on the effect of temperature on the
cell, gas moisturizing, back pressure and reactive gas flow
rate. The results presented in the form of polarization curves
and a mathematical model has been used to simulate three-
dimensional fuel cell and finding the cell performance [8].

Benziger declared that the non-uniformities in the large
area of the fuel cell to create a potential internal variation that
forces the internal current to dissipate the energy. The non-
uniformities in the fuel cell stack can drive low-power cells to
failure at the end. The cell performance curves simplify the
analysis of the control and operation of fuel cell systems [9].

Lee focused on the numerical simulation of the effect of
some operating conditions especially humidity of the cathode
on small parallel flow channels. The humidity increasing in
the cathode flow channel reduces enhance ion conductivity of
the polymer membrane. The researchers changed humidity
from 0-100 % in the cathode flow channel. The results showed
that the maximum energy density can be obtained in the case
of humidity of 60% at the cathode where the oxygen concen-
tration is moderate while maintaining a high rate of ion con-
ductivity of the membrane [10].

Christou analyzed experimentally the impact of the dy-
namic low-pressure response in a PEM fuel cell performance.
The study showed the characteristics of the electric efficiency,
and the operation performance of the cell under variable load
conditions [11].

Yan chose to use methanol to run PEM fuel cell with the
addition of membrane allows the passage of protons very
quickly, and the methanol permeability cross is small. The
designed cell showed improvement in its performance and
decreased the high-resistance interfaces between membranes
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and electrodes. The maximum energy density was of 50-75 W
of the cell at a cell temperature less than 60° C [12].

From the literature survey mentioned above, the fuel
cells advantages as it stores more power in the same volume,
aging for a longer time while being able to refuel the product
quickly instead of recharging will be hopefully seen by most
consumers as another area for freedom and lead to replacing
the battery by fuel cells. Furthermore, the recent standard bat-
teries that are used today like lithiumion batteries are quite
expensive, so, the cost barrier for the introduction to fuel cells
to the portable market is lower than any other applications
[13].

2 EXPERIMENTAL SETUP

The hydrogen fuel cells are one of new attractive energy
carrier source. Different type fuel cells are used for energy
generation as the renewable energy sources are the most valu-
able energy resources in the future. The Proton Exchange
Membrane (PEM) fuel cells are one of the leaders in the field
of fuel cells in the last few years. In this paper, the analysis of
performance characteristics of the Junior Basic model fuel cell
(U104) is investigated. The U104 fuel cells are efficient in
transport systems, communication and power supply. This
fuel cell is running with water that is analyzed for hydrogen
and oxygen with the aid of electricity generated by a solar cell.
It simply has no moving parts and can be used in stack instal-
lation to increase power load of the fuel cells systems. The
U104 fuel cell characteristics have been tested in this article
were: the electrolyte nature; the current, voltage, power, and
efficiency characteristics of a fuel cell; and the electrolyzer effi-
ciency. Fig 1 represents the used system parts.

(@) Measuring transformer card
Fig 1: The tested fuel cell parts

For this purpose, the Fuel Cell Monitor Pro 3.0 software
was used to calculate the efficiencies and electrical characteris-
tics of fuel cells and electrolyzers. This software was used be-
cause it allows real-time monitoring of every cell in the fuel
cell stack. This software allows plotting the fuel cell stack’s
voltage-current, power-voltage, power-current, and power-

time characteristics. The recording can be done automatically,
at a certain voltage or current points or manually, as well as,
the data can be recorded in txt or csv format.

(b) Direct Methanol Fuel Cell
Fig 1: The tested fuel cell parts

2.1 Tests procedure

In the experiments, the decomposition of water (electro-
lyte) by the fuel cell from the electrical energy supplied from
the solar cell to produces hydrogen. It is obvious after a certain
time from running this experiment the water will be raised to
the top of the tank, and the hydrogen will be formed at the
bottom. The hydrogen formed in the tanks will be used to
produce electrical energy. So, the solar radiation will attach
the solar cell that allows current to flow through the fuel cell.
Subsequently, hydrogen will be formed. Moreover, the hydro-
gen flow through the tubes will be attached to the fuel cell that
connects the Ventilator fan. As a result, the fan will rotate. The
electrical energy from the solar panel will convert into chemi-
cal then into electrical to turn the fan that is finally presenting
a mechanical work.

Fig 2: the storage tanks and the fuel cell
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3 RESULTS AND DISCUSSIONS

The external load impedance of a fuel cell with the aid of the
electro-chemical reaction defines the resulted current and
voltage. The polarization curve that represents the IV relation
obtained from subjecting variable loads on the fuel cell. The
polarization curve defines the cell performance and its chemi-
cal and physical characteristics.

Fig. 3a shows the typical polarization curve (current-voltage)
for a hydrogen-oxygen polymer electrolyte membrane fuel
cell characteristic behavior using automatically recorded. The
voltage decreased when the current increased. Fig. 3b displays
the characteristic of power and time behavior. The power in-
creased with time to a certain limit then it dropped to zero.
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Fig 3: the fuel cell current, voltage, and power relationships
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Also, Fig. 3c demonstrates the current and power behavior
while Fig. 3d represents the characteristic response of the volt-
age and power. Both figures at the same selecting point by
Cursor position produced the automatic performance. The
Cursor position (MPP) was at 0.492 V; 0.050 A. The optimal
operation conditions for the tested cell that produce the max-
imum power density occur at voltage of 0.5 V.
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Fig 3: the fuel cell current, voltage, and power relationships
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Fig 3: the fuel cell current, voltage, and power relationships

Fig. 4 declares the characteristic of current and voltage behav-
ior in the fuel cell using the Electrolyzer FCM automatically
records. Electrolysis uses the electricity to separate water into
hydrogen and oxygen. As the figure illustrates, in the first pe-
riod as the voltage increase the current increase as well until
the current started to remain constant while the voltage was
increased. After this stage, the curve is fluctuated going up
and down representing the water separation into hydrogen
and oxygen.

Fig. 5 shows all the characteristics of voltage behavior in
the fuel cell with the current, time, and power when voltage-
regulating was used. The voltage controlled at 1.00 V and the
scan rate was 0.50 s. The results demonstrated fluctuations in
voltage when the current was increased. When the change in
the voltage, the cursor position voltage change were con-
trolled while the cursor position current stay at the same situa-
tion the resulted change rate illustrated in Table 1.
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Fig. 4: the electrolyzer current-voltage relationship
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TaBLE 1

THE VOLTAGE CONTROL EFFECT ON THE RESULTED CURRENT

Test No. Scan rate \oltage Cursor Cursor posi-
controlled position tion current
voltage
1. 0.50's 1.00V 0177V 0.000A
2. 0.50's 3.00Vv 0.036 VvV 0.000A
3. 0.50's 6.00 V 0.011V 0.002A
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Fig. 6 represents the current characteristics behavior of
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the fuel cell voltage, times, and power. The regulated current
and the current controlled were 1.00 and 5.00A, and the scan
rate was 0.50 s. There are fluctuations in the voltage curve
when the current increased; also, the power was increasing
with time and current. Table 2 shows the impact of controlling
current on voltage cursor position at both 1.00 and 5.00A, and
with different cursor positions.
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TABLE 2

THE CURRENT CONTROL EFFECT ON THE RESULTED VOLTAGE

Test Scan Current Cursor posi- Cursor Power W
No. rate controlled tion voltage position
A V current A
1. 0.50s 1.00 0.061 0.096 0.002684
2. 0.50s 1.00 0.061 0.081 0.002684
3. 0.50s 1.00 0.061 0.026 0.002684
4. 0.50's 5.00 0.061 0.096 0.002684
B 0.50s 5.00 0.061 0.044 0.002684

Fig. 7 represents the relation between current and voltage
for electrolyzer (Automatic) in a single fuel cell. The electro-
lyzer current and voltage values for a single fuel cell increased
until it reached 0.018A. After that, it rose gradually and
climbed until it reached the maximum value that is 0.136A
and around 1.55V. Finally, it was decreased and then leveled
off with a value of 0.046A and almost 2.08V.
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cell

Fig. 8 reveals the relationship between current and volt-

age for electrolyzer (Automatic) in the double fuel cells. The
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value of the current and voltage for the electrolyzer in double
fuel cells rose gradually and then climbed until it reached
around 2.78A and 3.75V. In comparison between single and
double fuel cells, the current-voltage relation for electrolysis,
in a double fuel cell the current was higher compared to the
single fuel cell. Furthermore, the voltage is also higher com-
pared to the single one. This result proves that fuel cell per-
formance enhances when it is in a stock instead of being sin-
gular.
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Fig. 8: the electrolyzer current-voltage relationship for double
fuel cell

Fig. 9 clarifies the relation between current, voltage, and
efficiency at power, current, and voltage for electrolyzer in
double fuel cells. The measurement options: electrolyzer effi-
ciency was selected carefully.
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Fig 9: the effect of voltage and current on electrolyzes effi-
ciency for single cell

A single fuel cell was connected to the measuring trans-
former card using the measurement cables and the supplied
power was connected to the measuring transformer card. The
value of the electrolyzer efficiency increased sharply with the
current and voltage in a single cell till it reached 0.018A and
almost 0.22V.
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Fig 9: the effect of voltage and current on electrolyzes effi-
ciency for single cell
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Fig 9: the effect of voltage and current on electrolyzes effi-
ciency for single cell
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Fig 9: the effect of voltage and current on electrolyzes effi-
ciency for single cell

After this value, it fluctuated wildly and the trend was
upward. The cell efficiency relations with power, current and
voltage started with a substantial value, and then it increased
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dramatically and fluctuated wildly. The maximum efficiency
achieved was about 34%.

Fig. 10 clarifies the relation between current, voltage, and
efficiency for electrolyzer in double fuel cells. Fig. 10a shows
the value of current and voltage in the double cells electrolyz-
er for which the current was raised gradually then it climbed
sharply. The figures 10b, ¢, and d represent the relation be-
tween the efficiency and the power, current, and voltage; in all
the figures the efficiency increased till it reached around 93%
and then fell slowly.
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Fig 10: the effect of voltage and current on electrolyzes efficien-
cy for double cells
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Fig 10: the effect of voltage and current on electrolyzes efficien-
cy for double cells

4 CONCLUSIONS

Fuel cells are electrochemical power supplies. A chemical
potential difference provides a driving force to push an ionic
current through an electrolyte and an electronic current
through an external load.

The voltage-regulated original curve recording of a fuel
cell, the fuel cell provides energy until the source voltage
drops below the regulated voltage. Beyond this point, the fuel

cell ability to supply power begins to descend, as long as, it is
below the required voltage to produce the maximum power
for the fuel cell.

-\._."__"i-\—»___'__‘__

80 L -
= 60
]
= 40
&

0=y L | s e s |

01 23 & 5 6 7 8 9 101112
Poarar W]
(c)

Fig 10: the effect of voltage and current on electrolyzes efficien-
cy for double cells
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Fig 10: the effect of voltage and current on electrolyzes efficien-
cy for double cells

This study aimed to investigate the characteristic curves
of a fuel cell. The current and voltage relationship in electroly-
sis was determined and the minimum voltage of the electroly-
sis of water is -0.001 V. The fuel cell must be supplied by hy-
drogen and oxygen from the electrolyzer as a power source.
The processes in the fuel cell are the reverse of those that take
place in electrolysis.

The difference between a single fuel cell and a double
fuel cell was studied. It requires more current for electrolysis
to take place for double cells to break water into hydrogen and
oxygen while the resulted efficiency from double cells is high-
er than that produced from a single cell.

REFERENCES
[1] M. Isa, B. Ismail, CM. Hadzer, H. Daut and F. Abu-Bakar, "Characteristic

IJSER © 2016
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 7, Issue 2, February-2016

ISSN 2229-5518
Curve of a Fuel Cell", American Journal of Applied Sciences, vol. 3, no. 11, pp.
2134-2135, 2006.

[2] A.Husar, S, Strahl and J. Riera, "Experimental Characterization Methodology
for the Identification of Voltage Losses of PEMFC: Applied to an Open Cath-
ode Stack," International Journal of Hydrogen Energy, vol. 37, no. 8, pp. 7309-
7315,2012.

[3] S.Strahl, A. Husar and M. Serra, "Development and Experimental Validation
of a Dynamic Thermal and Water Distribution Model of an Open Cathode
Broton Exchange Membrane Fuel Cell," Journal of Power Sources, vol. 196, no. 9,
pp- 4251-4263,2011.

[4] D.L.Wood, JS.Yi, T.V. Nguyen, "Effect of Direct Liquid Water Injection and
Interdigitated Flow Field on the Performance of Proton Exchange Membrane
Fuel Cells," Electrochem. Acta, vol. 43, pp. 3795-3809, 1998.

[5] PH. Lee, SA. Cho, SS. Han, SS. Hwang, "Performance Characteristics of
Proton Exchange Membrane Fuel Cell (PEMFC) with Interdigitated Flow
Channel, Int. . Automot. Technol., vol. 8, pp. 761-769,2007.

[6] B.Sreenivasulua, G. Vasub, D. Dharma Raoc, and S.V. Naidud, "Effect of Back
Pressure and Flow Geometry on PEM Fuel Cell Performance - An Experi-
mental Study, International Journal of Applied Science and Engineering, vol. 11, no.
1, pp.1-11,2013.

[7] Jj. Hawang and H.S. Hawang, "Parametric Studies of a Double-Cell Stack of
PEMFC using Grafoil TM Flow-Field Plates,' Journal of Power Sources, vol. 104,
Pp. 24-32,2002.

[8] L. Wang, A. Husar, T. Zhou, and H. Liu, "A Parametric Study of PEM Fuel
Cells Performances, International Journal of Hydrogen Energy, vol. 28, pp. 1263-
1272,2003.

[9] JP. Benziger, M.B. Satterfield, W.H.J. Hogarth, J.P. Nehlsen, 1G. Kevrekidis,
"The Power Performance Curve for Engineering Analysis of Fuel Cells," Jour-
nal of Power Sources, vol. 155, pp. 272285, 2006.

[10] P.H. Lee and S.S. Hwang, "Performance Characteristics of a PEM Fuel Cell
with Parallel Flow Channels at Different Cathode Relative Humidity Levels,"
Sensors, vol. 9, pp. 9104-9121, 2009.

[11] A.G. Christou, "Hydrogen Fuel Cell Power System Performance of Plug
Power GenCore 5B48 Unit, MSc Thesis, University of Strathclyde Engineer-
ing, 2010.

[12] J.Yan, X. Huang, HD. Moore, C.Y. Wang, M.A. Hickner, "Transport Proper-
ties and Fuel Cell Performance of Sulfonated Poly(imide) Proton Exchange
Membranes," International Journal of Hydrogen Energy, vol. 37, pp. 61536160,
2012.

[13] B.Holland, J. Zhm, L. Jamef, "Fuel Cell Technology and Application”, France,
2007.

IJSER © 2016
http://www.ijser.org


http://www.ijser.org/

	1 Introduction
	2 Experimental Setup
	3 Results and Discussions
	4 Conclusions
	References



