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Abstract: Open Cathode PEM Fuel Cells (OCPEMFCs) are widely used, performance OCPEMFCs is affected by 
operating conditions such as temperature, humidity, air flow rate. In this paper, an experimental investigation 
has been carried out on the effect of fan speed on stack performance and efficiency of energy that using 
commercially from OCPEMFCs system 1kW. During the experiment, temperature, voltage and current of 
stack will be monitored and recorded under various load level. It is referred that the optimal fan speed through 
the duty cycle setting can reduce auxiliary power consumption. The results are compared with the commercial 
system. The experimental results show that by loading a fuel cell gradually from 100 - 500W will produce the 
optimum duty cycle values of the fans were obtained, namely 20, 30, and 40% respectively. From the duty 
cycle value, the stack performance is still in a stable condition, it can be seen from the range of stack voltage 
during the experiment that still allowed with nominal voltage range. Meanwhile, a comparison of the stack 
power output between the fuel cell and the Company's and the Lab's system shows that the fuel cell and the 
Lab's system have a smaller difference of about 8 W.

1 INTRODUCTION 

Fuel cells are a type of new renewable energy that can 
convert chemical energy into DC electricity through 
the reaction of hydrogen and oxygen gases(Mousavi 
& Mehrpooya, 2021)(Souleman et al., 2009). The fuel 
cell will generate electricity continuously as long as 
the supply of hydrogen gas to the anode channel and 
oxygen to the cathode channel is full. Fuel cells are 
becoming popular as an alternative energy source 
because they have high power density, zero-
emissions, and low operating temperatures(Fernandez 
et al., 2020). There are several types of fuel cells, such 
as Solid Oxide Fuel Cells (SOFC), Direct Methanol 
Fuel Cells (DMFC), and Polymer Electrolyte 
Membrane or Proton Exchange Membrane (PEM) 
Fuel Cells. Of these types of fuel cells, in general they 
have several similarities, namely having an anode and 
cathode channels as a fuel supply. While the PEMFC 
type fuel cell has several advantages compared to 
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other types such as fast dynamic response and low 
operating temperature(Pangaribowo et al., 2020) 
(Meng et al., 2022).  

PEMFCs with open cathode technology 
(OCPEMFCs) have been widely used, especially in 
electronic devices that are portable applications 
because of their small shape and simple stack 
design(Ling et al., 2016)(Zhao et al., 
2020)(Shahsavari et al., 2012). In OCPEMFCs, 
electric fans are used to provide oxygen supply from 
the surrounding air and control the stack 
temperature(Huang et al., 2014). The advantage of 
OCPEMPCs is their simple and lightweight fuel cell 
configuration. This is because several sub systems 
such as cooling, humidifier and inlet pressure control 
have been eliminated(Kurnia et al., 2021). However, 
the weakness of the open cathode type fuel cell is that 
the performance of the fuel cell is affected by the 
thermodynamic conditions of the surrounding 
environment and for a higher current density, the 
supply of reactants at the cathode may not be sufficient 
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to produce an optimal electrochemical reaction and 
the heat generated by the reaction cannot be removed 
effectively(Baik & Yang, 2020). However, in recent 
years, the demand for OCPEMFCs as a source of 
stationary energy and portable applications is growing 
rapidly(Gopi et al., 2020). 

The proton conductivity of the membrane is the 
main factor affecting OCPEMFCs performance, 
where the ionic conductivity depends on the amount 
of water content in the membrane, while the amount 
of water content is affected by flow rate, humidity and 
temperature(Zhang et al., 2008). Pei et al.(Pei et al., 
2014) shows that high stack temperatures can cause 
evaporation of water in the membrane, causing 
dehydration of the membrane which results in 
decreased stack performance.  

Sasmito et al.(Sasmito et al., 2010) have studied 
several factors that affect operating point and stack 
temperature such as fan power, single fan or fans in 
series, stack length, separate air-coolant channels. 
Meyer et al.(Meyer et al., 2015) showed that parasitic 
loads such as air blowers can affect stack performance 
and temperature distribution. For the purposes of 
energy efficiency, the effect of parasitic loads needs to 
be investigated further. Analysis of how much the 
minimum cooling air flow is needed to maintain the 
temperature when there is a change in load from the 
fuel cell, is a problem that needs to be answered. 

From the problems above, this paper reports the 
results of an experimental investigation on the effect 
of fan speed on energy efficiency produced by 
OCPEMFCs with various power loads where the fan 
is used to maintain the stack temperature to be in 
permissible conditions. The net power output, stack 
temperature and energy efficiency produced 
experimentally (which is named as the Lab's system) 
will be compared with the company's system. 

2 EXPERIMENTAL 

2.1 Experimental Setup 

The open cathode PEMFC used in this experiment is 
A commercially available fuel cell system (G-HFCS-
1kW36V hydrogen fuel cell system produces 1000 
W), which is named as the Company's system in this 
paper, and it consists of an electrical fan, an inlet 
valve, a purge valve and a control unit(Dr. Colleen 
Spiegel, 2019). The electrical fan used consists of two 
fans with a voltage specification of 12V and a current 
of 4.1A for each fan. Figure 1. is a schematic diagram 
of experimental setup.  
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Figure 1: A Schematic of experimental setup. 

The hydrogen pressure entering the anode side 
(stack inlet) is controlled by a pressure regulator at 5 
psi and also a temperature sensor which is used to 
measure the stack temperature. In addition, there are 
voltage and shunt current sensors that are used to 
monitor the fuel cell voltage and current. The fuel cell 
power levels were applied using six light bulbs 
connected to the dimmer shield as various power 
loads. The microcontroller unit (MCU) is used to 
control the fan speed. using pulse width modulation 
signal and data acquisition sensors. All information is 
processed by the microcontroller and sent to the 
computer which is then processed and recorded using 
Visual Basic.net software. 

Table 1: Specification of fuel cell system (G-HFCS 
1kW36V) (Dr. Colleen Spiegel, 2019). 

Description Values 
Nominal Power 1000W 
Nominal Voltage 36V 
Nominal Current 27.8A 
DC voltage Range 32-55V 
Hydrogen Pressure 0.004 – 0.006 MPa 
Hydrogen Consumption 11.7 L/min (at 

nominal power) 
Ambient temperature -5 to +35oC 
Ambient Humidity 10% RH to 95%RH 
Storage Ambient Temperature -10 to 50oC 

2.2 Experiment Procedure 

In this study, the fuel cell system was operated at 
various stack power outputs, ranging between 100 
and 500 W. Fan speed was controlled by varying the 
duty cycle from 10-60% with a delay every minute on 
each stack power output, where the smaller the duty 
cycle, the lower the fan speed, which means the lower 
the power consumption. During operation, the value 
of voltage, current, temperature of stack and duty 
cycle will be recorded, while the pressure of hydrogen 
gas flowing into the anode channel is set to be 
constant at 5 psi. 
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To find the optimal fan duty cycle value, namely 
the fuel cell is given a certain load constantly, then 
the duty cycle value is increased at each step with an 
initial value of 10%, 20%, 30% to 60%. Furthermore, 
observing the stack temperature, the optimal duty 
cycle value is obtained if the stack temperature value 
has started to decrease but also considering the stack 
temperature value is still within the range of 
permitted conditions, namely below 50oC. 

In efficiency analysis of the fuel cell system, the 
net power output (Pnet) between our Lab's system was 
compared with that of the company's system, where 
Pnet is the difference between the stack power output 
(Pstack) and the power consumption of the auxiliary 
components (Pauxiliary) (Bizon, 2014). 

Pnet = Pstack - Pauxiliary                                         (1) 

For the operation fan speed, controller provides 
the supply voltage with pulse width modulation 
(PWM) under duty cycle setting. A duty cycle (D) is 
expressed as 

D = tpulse / tcycle                                                  (2) 

Where tpulse is the duration of the pulse width and tcycle 
is the signal period (Brown, 1990). 

3 RESULT AND DISCUSSIONS 

Fig. 2 shows the variations in the temperature, 
voltage, and current of the OCPEMFC stack of the 
Company's system under various load levels, which 
auxiliary components of the Company’s system like 
two electric fans that controlled by using built-in 
controller so the user cannot control its velocity. It 
can be seen that stack temperature and constant fan 
speed to keep stack temperature below 50oC. 

 
Figure 2: Distribution of temperature, voltage and current 
of company’s System under variable speed fan. 

The first experiment was the fuel cell was loaded 
with 100 W where variations in the temperature, 
current, and voltage of the OCPEMFC stack of the 
Lab's system as shown in Figure 3. When the duty 
cycle of the fan was 10%, the stack temperature 
increased from 30 - 33oC in about 1 minute. When the 
duty cycle changes to 20%, the stack temperature is 
maintained constant at 33oC and the stack voltage 
value is still maintained constant at 47 V. Next, when 
the duty cycle is 30%, the stack temperature drops, 
but the stack voltage also drops, this is due to there is 
an additional load due to the faster fan speed. From 
these results it can be stated that the optimal duty 
cycle value for a 100W load is 20%. 

 
Figure 3: Distribution of temperature, voltage and current 
under variable speed fan with fuel cell loads 100W. 

Figure 4 is the result of the fuel cell experiment 
with a load of 200W. From the figure it can be seen 
that when the duty cycle is less than 30%, the stack 
temperature rises from 31-37oC for 140 seconds. This 
phenomenon shows that the fan speed at a duty cycle 
below 30%, the stack temperature will continue to 
rise if it is operated for a long time and will cause a 
decrease in fuel cell performance and result in 
damage to the fuel cell membrane. When the duty 
cycle is 30%, the stack temperature starts to drop and 
at that time the stack voltage value is 45V. From this 
experiment it can be concluded that the optimal value 
of the duty cycle of the fan speed for a load of 200W 
is 30%. 

When the fuel cell is loaded with 300W as shown 
in Figure 5, the stack temperature increases rapidly 
from 33-43oC for 120 seconds with duty cycle values 
of 10% and 20%. The stack temperature starts to drop 
at 30% duty cycle with a constant stack voltage of 
40V. From these results, that the optimal duty cycle 
at 300W load is 30% and this is the same as at 200W 
load. 
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Figure 4: Distribution of temperature, voltage and current 
under variable speed fan with fuel cell loads 200W. 

 
Figure 5: Distribution of temperature, voltage and current 
under variable speed fan with fuel cell loads 300W. 

When the fuel cell is loaded with 400W, as shown 
in Figure 6, the stack temperature continues to rise 
when the duty cycle value is 10-30% with a value 
close to 45oC, but when the duty cycle value is that 
the stack voltage constant value is around 40V. When 
the duty cycle is increased to 40%, the stack 
temperature drops, followed by the stack voltage to 
38V. So that the optimal duty cycle value is obtained 
when the 400W load is 40%. 

When the fuel cell is loaded with 500W as shown 
in Figure 7, the fuel cell experiences a transient with 
the stack voltage rising from 33V to a peak of 40V for 
30 seconds. Besides that, the duty cycle of 10%, 20%, 
30% is not able to reduce the stack temperature, as a 
result, the stack temperature continues to increase 
from 29 –44oC. When the duty cycle is 40%, the stack 
temperature has decreased and the stack voltage has 
reached a steady state point of 38V even though the 
duty cycle value has been increased to 60%. From this 
experiment it shows that the optimal duty cycle value 
with a 500W load is 40% and this value is the same 
when the fuel cell load is 400W. 

 

Figure 6: Distribution of temperature, voltage and current 
under variable speed fan with fuel cell loads 400W. 

 
Figure 7. Distribution of temperature, voltage and current 
under variable speed fan with fuel cell loads 500W. 

Based on the experimental results above, it shows 
that the stack temperature is very dependent on the 
fuel cell load, the greater the fuel cell load, the greater 
the stack temperature. In addition, the stack voltage at 
steady state conditions also decreases when the load 
increases (see Figure 8). Figure 8 also shows the stack 
voltage to be a momentary drop caused by purging 
activity. To increase fuel cell energy efficiency, apart 
from maintaining the internal condition of the fuel 
cell within the permitted area, it can also be done by 
optimizing the power used to supply electronic 
components such as electric fans which are used to 
support the performance of the fuel cell or it is called 
Auxiliary power consumption. As a result, the fan 
needs to control its speed, where the size of the speed 
is affected by the load from the fuel cell. Table 2 
shows the conclusion of the results of the Pstack 
comparison of the fuel cell between the Lab's System 
and the Company's system during the experiment 
with a load of 100-500 W. 
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Figure 8: Comparison Stack Voltage under various 
load of fuel cell. 

Table 2: Comparison Pstack fuel cell between Lab’s System 
and Company’s system. 

Fuel cell 
loads 
(Watt) 

Pstack of 
Lab’s 

system 
(W) 

Pstack of 
Company’s 
system (W) 

ΔPstack (W) 

100 196.08 204.78 8 
200 243.96 252.66 8.2 
300 420 428.7 8.7 
400 462.38 471.08 8.9 
500 610.5 619.2 9 

4 CONCLUSIONS 

Based on the experimental results of setting the fan 
speed manually at OCPEMFC 1000 watts with a load 
of 100-500W, it can be concluded that: 
1. The stack temperature is affected by the load of 

the fuel cell. The greater the fuel cell load, the 
stack temperature will increase faster. 

2. Providing a fuel cell load of 100-500W or only 
50% of the maximum capacity of the fuel cell, the 
required duty cycle is no more than 40%. 

3. The Pstack power stack comparison between the 
company's system and Lab's system is around 8W, 
which means that the Lab's system's fuel cell can 
minimize auxiliary power consumption by around 
8W. 
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