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Abstract- This study presents the design, modelling,
construction, and optimization of a 39.4 kWh
hydrogen fuel generator. Hydrogen fuel cells are
increasingly recognized as a sustainable energy
solution, offering a clean alternative to fossil fuels.
The initial phase involved defining the system
parameters and creating a detailed simulation model
in  MATLAB/SIMULINK,  which included
components such as hydrogen storage systems, fuel
cell stacks, and power conditioning units. The
simulation allowed for the analysis of the generator's
performance under various operational conditions,
providing insights into efficiency and power output.
Following the modelling phase, a physical prototype
of the hydrogen generator was constructed. This
involved  selecting  appropriate  components,
including fuel cells and storage tanks, and ensuring
compliance with safety standards for hydrogen
handling. The constructed system was subjected to
rigorous performance testing to evaluate key
characteristics such as efficiency, load response, and
operational stability. Subsequently, optimization
techniques were applied to enhance the generator's
performance further. Data collected during testing
were analyzed to identify trends and areas for
improvement. The findings from this study
contribute to the growing body of knowledge on
hydrogen fuel technologies and demonstrate the
potential of hydrogen generators as viable solutions
for sustainable energy production.

Indexed Terms- Hydrogen Fuel Generator,
Sustainable Energy, Simulation Model, Performance
Testing, Optimisation

l. INTRODUCTION

The increasing urgency to address climate change and
the depletion of fossil fuels has propelled the search
for sustainable energy alternatives. Among
these, hydrogen fuel cellshave emerged as a
promising technology, offering a clean and efficient
means of energy generation. Hydrogen fuel cells
convert chemical energy from hydrogen into
electricity, with water and heat as the only by-
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products, making them an environmentally friendly
option [1]. This clean energy technology has garnered
significant attention due to its potential to reduce
greenhouse gas emissions and reliance on fossil fuels,
aligning with global sustainability goals [2]. Hydrogen
is considered a versatile energy carrier that can be
produced through various methods,
including electrolysis, steam methane reforming, and
biomass gasification. Among these methods,
electrolysis stands out as it utilizes renewable energy
sources such as wind or solar power to split water into
hydrogen and oxygen, thereby producing “green"
hydrogen [3]. The sustainability of hydrogen fuel cells
largely depends on the source of hydrogen; thus, the
emphasis on green hydrogen production is critical for
achieving true sustainability in this technology [4]. As
the world seeks to transition away from carbon-
intensive fuels, green hydrogen presents a viable
pathway to decarbonizing various sectors. The
application of hydrogen fuel cells spans multiple
sectors, including transportation, stationary power
generation, and  portable  applications. In
transportation, hydrogen fuel cells are being integrated
into vehicles to significantly reduce greenhouse gas
emissions. They offer a compelling alternative to
traditional combustion engines by providing longer
ranges and shorter refuelling times compared to
battery electric vehicles (BEVs) [5]. Furthermore,
advancements in hydrogen storage technologies are
crucial for enhancing the practicality of hydrogen as a
fuel source. Innovations such as high-pressure tanks
and metal hydrides are being explored to improve
storage density and safety [6].

The modelling phase of this project involves creating
a detailed representation of the hydrogen fuel
generator in MATLAB/SIMULINK. This software
provides an effective platform for simulating dynamic
systems and analyzing performance under various
operational conditions. The model will include
essential components such as the fuel cell stack,
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hydrogen storage system, power conditioning units,
and load simulations. By running simulations with
different parameters, insights can be gained regarding
efficiency and operational stability [7]. Following the
modelling process, a physical prototype of the
hydrogen generator was constructed. This step
involves selecting appropriate components based on
design specifications while ensuring compliance with
safety standards for handling hydrogen. The
construction phase will focus on integrating sensors
for monitoring critical parameters like pressure and
temperature during operation. Rigorous testing will
then be conducted to evaluate performance
characteristics such as efficiency and load response
[8]. Optimization techniques played a significant role
in enhancing the performance of the hydrogen fuel
generator. By analyzing data collected during testing
phases, various optimization algorithms can be applied
to refine system parameters for improved efficiency.
For instance, machine learning approaches may be
utilized to predict optimal operating conditions based
on historical performance data. This iterative process
is vital for ensuring that the generator operates at peak
efficiency across different scenarios. This paper aims
to contribute to the growing body of knowledge
surrounding hydrogen fuel technologies by providing
a comprehensive study on the design and optimization
of a hydrogen fuel generator. As global efforts
intensify towards achieving net-zero emissions and
transitioning to  sustainable energy  systems,
advancements in hydrogen fuel cell technology
represent a crucial pathway towards realizing these
goals. The findings from this research will not only
enhance understanding but also pave the way for
future innovations in clean energy solutions.

The integration of hydrogen fuel cells into various
applications signifies a transformative shift towards
cleaner energy systems. The ongoing research and
development efforts focused on improving efficiency,
reducing costs, and enhancing reliability are essential
for overcoming existing challenges associated with
hydrogen technology. As industries increasingly adopt
sustainable practices, hydrogen fuel cells stand out as
a key player in achieving a low-carbon future.
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Il. METHODOLOGY
2.1. METHODS

The execution of the project to design, model,
construct, and optimize a 39.4 kWh hydrogen fuel
generator involves several systematic steps. This
methodology outlines the approach taken for each
objective, ensuring a comprehensive understanding of
the processes involved.

A. Design and Modelling in MATLAB/SIMULINK

The initial phase involves defining the specifications
of the hydrogen fuel generator, including its capacity
(39.4 kwh), voltage, and current ratings. The design
process began with a thorough literature review to
identify the essential components of a hydrogen fuel
generator, such as the Proton Exchange Membrane
(PEM), catalyst layers, flow field plates, and hydrogen
storage systems (Horizon Educational, n.d.). Using
MATLAB/SIMULINK, a detailed simulation model is
created. The model includes:

i. Hydrogen Storage subsystem that simulates the
storage and supply of hydrogen. The model is shown
in figure 1. The model shows how hydrogen is
supplied to the fuel cell, where chemical reactions
occur to produce electrical energy. This energy is
converted by a boost converter to the appropriate
voltage levels required for system operations. Various
loads are powered by the converted electrical output,
with resistors and capacitors representing these loads.
The system incorporates continuous monitoring of
voltage and current, utilizing control mechanisms to
maintain stable and efficient power output. This
simulation demonstrates the behavior of hydrogen fuel
cells in energy storage systems.

Figure 1: Hydrogen Storage Subsystem

ii. Fuel Cell Stack includes the PEM fuel cell where
hydrogen reacts with oxygen to generate electricity.
The model in figure 2 shows the interaction between
hydrogen (H2) and air in a fuel cell. The subsystem
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also includes outputs for stack efficiency, voltage, and
current, reflecting real-time performance metrics. The
flow control, represented by functional blocks (f(u)),
regulates the fuel and air inputs, ensuring optimal
operation. Additionally, the system monitors these
parameters to adjust the fuel cell's current output
accordingly.
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Figure 2: Fuel Cell Stack Subsystem

iii.DC/DC Power converter subsystem in figure 3 was
modelled to regulate the output voltage of the system
that represents a pulse width modulation (PWM)
control method. The system shows a control input
(Cont) fed into a triangular wave generator (1-D T(u))
that acts as the carrier signal for modulation. This is
combined with another signal, likely representing the
desired duty cycle, to generate a PWM pulse output.
The subsystem also integrates frequency control
(freq.) and produces a PWM signal (pulses) as the final
output, which can be used for switching devices in
DC/DC conversion systems, effectively controlling
voltage regulation.
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Figure 3: DC/DC Converter Subsystem

iv. Load Simulation block that simulates various
operational conditions to analyze performance metrics
such as efficiency and power output. Figure 4 shows
the integration of a fuel cell system that regulates
hydrogen and air flow into the fuel cell stack based on
the required load. The fuel cell's core is monitored for
key performance metrics, such as stack efficiency,
voltage, and current. These metrics are processed
through a DC/DC boost converter, which adjusts the
output voltage to meet the load demands efficiently.
Additionally, the system is equipped with feedback
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mechanisms that control the flow rates to optimize the
fuel cell's operation, allowing it to maintain efficiency
while responding dynamically to variations in load.

¥

Figure 4: Load Simulation Subsystem

Simulations are conducted under different scenarios to
evaluate the generator's performance characteristics,
including efficiency under varying load conditions
(U.S. Department of Energy, 2024).

B. Construction of the Hydrogen Generator

Upon completion of the modelling and simulation, the
next step is to construct a physical prototype of the
hydrogen generator. This involves selecting high-
quality components based on design specifications:

i. Electrolyzer Cell, a core component that uses
electrolysis to produce hydrogen from water. A PEM
electrolyzer is chosen for its efficiency and ability to
produce high-purity hydrogen.

ii.Titanium alloy plates (electrodes) are selected for
their corrosion resistance and conductivity. The image
is shown in figure 5.

Figure 5: Titanium Electrodes

iii. Proton Exchange Membrane (PEM) is used for its
excellent ionic conductivity and durability.

ICONIC RESEARCH AND ENGINEERING JOURNALS 417



© JAN 2025 | IRE Journals | Volume 8 Issue 7 | ISSN: 2456-8880

Figure 6: Proton Exchange Membrane

The construction process follows these steps:

a. Assembly of Electrolyzer and flow field plates
which are made of titanium plates are installed
with appropriate gaskets to prevent leaks. The
PEM is carefully placed between the electrodes to
ensure optimal performance. The image of the
device is shown in figure 7.
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Figure 7: Electrayze Integrated with Flow Field
Plates

b. Integration of Sensors: Sensors for monitoring
temperature, pressure, and flow rates were
integrated into the system for real-time data
collection during operation.

2.2. PERFORMANCE CHARACTERISTICS AND
OPTIMIZATION

Upon generator constructing, rigorous testing was
conducted to assess its performance characteristics.
The following the metrics that were tested:
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a. Efficiency Testing: The generator's efficiency is
measured by comparing input energy (from water
electrolysis) with output energy generated by the
fuel cell. This relations is represented by:

NElectrolizer
Energy content of hydrogen produced

Input energy from water electrolysis

b. Load Response Testing: The system is subjected to
varying loads to evaluate its stability and response
time. Optimization techniques are then applied to
enhance system performance.

I1l.  RESULTS AND DISCUSSION
3.1. RESULTS

Table 1: Performance Metrics of 39.4kWh/kg
Hydrogen Generator

Time Voltag Curren Electricit Efficienc

(Min e(v)  t() y y (%)
) Consume
d (kwh)
5 12.20 0.49 30 16.78
10 15.40 0.23 35 66.25
15 18.83 0.14 40 75.86
20 22.42 0.09 45 77.15
25 24.96 0.08 50 78.15
30 27.12 0.07 55 77.95
35 31.11 0.06 60 77.90
40 34.38 0.05 65 76.80
45 36.98 0.04 70 75.60
50 39.11 0.04 75 70.40

Table 1 presents the performance metrics of a
hydrogen generator with an energy capacity of 39.4
kWh/kg. It records changes in voltage, current,
electricity consumption, and efficiency over a period
of 50 minutes. The voltage increases steadily from
12.20V at 5 minutes to 39.11V at 50 minutes, while
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the current decreases gradually from 0.49A to 0.04A.
Energy consumption rises linearly, reaching 75 kWh
by the end of the period. The generator's efficiency
starts low at 16.78% but rises sharply, peaking at
78.15% at 25 minutes, before slightly decreasing to
70.40% by 50 minutes. This indicates that the
generator operates most efficiently between 15 and 35
minutes, with a decline in efficiency afterward. That
is, the generator becomes more efficient over the first
25 minutes, maintaining a high efficiency level before
slightly declining after 35 minutes. This pattern
suggests an optimal operating window for the
hydrogen generator between 15 and 35 minutes where
it achieves its highest efficiency.
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Figure 8: Hydrogen Fuel Efficiency (%) Curve with
Respect to Load (kwWh)

Figure 8 shows the relationship between the efficiency
of hydrogen fuel systems and varying loads in
kilowatt-hours (kWh). The curve starts at a lower
efficiency of about 40% for loads around 30 kWh. As
the load increases, efficiency rapidly climbs, peaking
at around 80% efficiency between 50 and 60 kWh.
After reaching this peak, the efficiency begins to
decline gradually, settling at just above 70% when the
load reaches 75 kWh. This indicates that hydrogen fuel
systems operate most efficiently at mid-level loads,
with efficiency tapering off at higher loads.

CONCLUSION

This study underscores the significant potential of
hydrogen fuel cells as a sustainable energy solution.
The comprehensive approach taken from initial
parameter definition and simulation modelling in
MATLAB/SIMULINK to the physical construction
and rigorous performance testing demonstrates a
thorough understanding of the complexities involved
in developing efficient hydrogen energy systems. The
findings indicate that with proper design and
optimization, hydrogen fuel generators can achieve
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commendable efficiency and operational stability,
making them viable alternatives to traditional fossil
fuels. This study not only contributes valuable insights
into the performance characteristics of hydrogen
generators but also highlights the importance of
continuous innovation in hydrogen technologies. As
the world increasingly seeks cleaner energy solutions
to combat climate change, the development of such
systems is crucial for transitioning towards a more
sustainable future.

To further advance the field of hydrogen fuel
technology, it is essential to enhance research on
hydrogen production methods, particularly through
renewable sources like electrolysis powered by solar
or wind energy, ensuring that the hydrogen used in
generators is genuinely sustainable. Long-term
performance evaluations of hydrogen fuel generators
under various environmental conditions should be
conducted to assess their durability and reliability over
time. Additionally, investigating the integration of
hydrogen generators with existing renewable energy
systems can create hybrid solutions that maximize
energy efficiency and minimize carbon footprints.
Developing comprehensive safety protocols and
guidelines for handling and storing hydrogen will also
be critical in mitigating associated risks. Finally,
increasing public awareness and education about the
benefits of hydrogen fuel technology will foster
acceptance and encourage investment in sustainable
energy solutions. By implementing these strategies,
the viability and adoption of hydrogen fuel generators
can be enhanced as part of a broader strategy for
achieving sustainable energy goals.
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