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Abstract— In this work, the design and optimization of a
wind-powered hydrogen generation system to ensure
sustainable transportation of electric vehicles (EV) are
outlined. A power electronic converter is associated with
a variable-speed wind turbine that drives an electrolyzer
to generate hydrogen to power fuel cells. The system is
being modelled and tested using MATLAB/Simulink
including Maximum Power Point Tracking (MPPT) and
load-matching strategies. These methods enhance
efficiency, stability, and adaptability to variable wind
and load conditions. The suggested solution shows that a
renewable source of wind energy can be used in
conjunction with hydrogen fuel technology as a clean and
efficient solution to decrease the reliance on fossil fuels
and greenhouse gases.

Index Terms— Renewable energy, Wind turbine,
Hydrogen production, Fuel cell, Electric vehicle (EV),
Maximum Power Point Tracking (MPPT), Sustainable
transportation.

[. INTRODUCTION

Renewable energy has proven to be of a foundation in
the world shift to sustainable development since it
provides the world with a clean and dependable
alternative to fossil fuel. Wind energy is one of the
most promising sources of renewable energy sources
because it is quite abundant and can be scaled. But its
intermittency poses a difficulty of storage and
sustained power supply. To solve this, electrolysis of
hydrogen has been considered as a good method of
storing surplus renewable energy that can then be
utilized in power generation or transport systems. It is
not only that the greenhouse gas emissions are reduced
as a result of this integration but also helps in building
a green hydrogen economy [1].

Various researches have discussed hybrid renewable
systems, which are solar, wind, and hydrogen
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production. Solar energy is active during the day and
wind is more active during the night, so these two
sources of energy are complementary to ensure that the
hydrogen is always available [2]. According to
researchers, better utilization of resources and cost of
production of hydrogen goes down with these
combined schemes and this can be conducted in large-
scale.

At the system level, it is also shown that the cost and
efficiency of electrolyzers, and geographical factors
also play a role in the design of cost-effective
renewable-to-hydrogen systems. Using the case of
large-scale modelling in China, it has been established
that the performance of the electrolyzer itself and the
location where the electrolyzer is installed
significantly contributes to the overall cost and
performance of the system [3].

Artificial intelligence (Al) and other new technologies
are also contributing to the production of hydrogen by
optimizing operations of the system, predictive
maintenance and hybrid energy control. Digital twins
through Al and machine learning have been used to
enhance the effectiveness of electrolysis and hybrid
systems and have demonstrated encouraging outcomes
with respect to implementation in the future [4].

In addition, the transport industry has been one of the
greatest beneficiaries of renewable hydrogen systems,
especially the hydrogen fuel cell vehicles (HFCVs).
The cars minimize emissions and reliance on fossil
fuels. Nonetheless, the issues like high prices,
infrastructure dysconnectivity, and administrative
obstacles should be resolved to allow their large-scale
implementation [5].
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Fig. 1.1 Block diagram of the proposed wind-to-
hydrogen energy system for electric vehicle
transportation

In this paper, the authors propose the idea of a wind
hydrogen generation simulation, with the aim of
specifically proposing a system that will be used to
introduce transport to the electric vehicle (EV) sector.
A variable-speed wind turbine, which was connected
to an electrolyzer, a hydrogen storage tank and fuel
cell and has optimized control strategies such as
Maximum Power Point Tracking (MPPT) was
simulated using MATLAB/Simulink. Simulation
results show that the power output (495.3 V thereof
offered by the turbine and 25 V thereof offered by the
fuel cell) is stabilized, as well as, Hydrogen production
and storage can be successfully and reliably operated
with different wind characteristics. We find that the
synergy of wind energy and hydrogen fuel technology
could provide a long-term, efficient and
environmentally friendly solution to the transportation
challenge in the future.

II. LITERATURE SURVEY

In this paper analyses the potential of wind power and
hydrogen systems to be used as an energy system. It
balances several wind farms/ battery/ electrolyzer/
hydrogen tanks and fuel cells. The optimum system
design and operation schedule are identified by
mathematical optimization. It has actual weather data
and trade rates to make the study more realistic.
Results have shown that the price of wind and battery
is lower than the price of installing electrolyzers and
hydrogen storage. Overall, the hydrogen-stores system
coupled with a battery is a more reliable and cheaper
source of power [1].

The current review is concerned with the integration
of solar and wind energy with hydrogen generation in
order to establish clean energy systems that will be
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reliable. Solar is more effective during the day and
wind mostly at night, which makes solar and wind
complementary to keep the hydrogen production
consistent. The research demonstrates that hybrid
systems will lower the cost of hydrogen production
and more appropriately utilize the resources. Greater
efficiency is also being assisted by better technologies
of electrolysis. Issues such as energy intermittency and
scalability are brought into the limelight but the
systems demonstrate great potential of energy in the
future. These solutions will be able to bring a step
towards a carbon-neutral world [2].

This is where the renewable energy and hydrogen
system analysis are carried out using a large-scale
system analysis in China. The model comprises of
energy generation, energy storage, chemical
transformation and distribution in order to identify the
most effective model. Sensitivity tests indicate that the
biggest factors which influence the total system cost
are the costs and the efficiency of the electrolyzer. The
geographical conditions also dictate where the solar
and wind plants are to be constructed and majority of
the capacity is located in the northern part of China.
Findings indicate that hydrogen is able to evenly
supply and demand in regions. The work gives
valuable guidance on the development of cost-
effective hydrogen infrastructure [3].

The paper summarizes the potential of the artificial
intelligence (AI) to enhance renewable hydrogen
production. Machine learning and deep-learning Al
techniques are implemented to optimize electrolysis,
biomass and solar-to-hydrogen systems. Over 150
papers and reports published in 2014-2024 are used in
the review. It demonstrates that Al can be used to assist
in predictive maintenance, cost optimization, energy
prediction, and designing of hybrids. New theories
such as Al-based digital twins and quantum-AI models
are being created. Nevertheless, there are still issues
such as the quality of data and high computing
requirements. The research comes to the conclusion
that Al may increase the development and use of
hydrogen technologies [4].

This review studies the role of green hydrogen in
transport and energy systems, especially through
hydrogen fuel cell vehicles (HFCVs). These vehicles
contribute to lowering the emission and ensure that the
integration of renewable is a more feasible option to
the grid. Hydrogen production and refuelling stations
are developing, which helps HFCV development.
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Nevertheless, the barriers such as expensive pricing,
lack of infrastructure and policy loopholes hamper
adoption. The review emphasizes the necessity of
increased investment and conducive policies. A
strategic plan is suggested to enhance the contribution
of hydrogen to energy and transport systems in the
long run [5].

The paper is a discussion on the possibility of
renewable hydrogen in energy production as well as
storage. It examines different production processes
including electrolysis, biomass systems and
photocatalysis. The benchmark is water electrolysis
because it is efficient. Storage and transportation are
also discussed and recommendations to viable
solutions presented. These applications, such as power
plants, mobility systems and combined heat and power
(CHP) plants are described in case studies. The
findings only emphasize that hydrogen can be used in
the effort to minimize carbon emissions, with an added
mention of the effect of its source and transport on its
actual carbon footprint [6].

III. PROPSOED METHOD

This research methodology will be proposed to design
and optimize a renewable energy system based on
wind power to produce hydrogen to be used in
sustainable transportation. The method is subdivided
into various phases, and each phase revolves around
converting energy, storing energy, and using it.
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Fig.3.1 Block diagram for propsoed method
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3.1 Wind Energy Conversion: A wind turbine that has
a variable speed is taken as the primary source of
renewable energy. A power electronic converter is
connected to the turbine to guarantee the maximum
power to be extracted under various wind conditions.
In order to do this, we use Maximum Power Point
Tracking (MPPT) techniques. This makes the power
flow more stable and the system more efficient.

3.2 Hydrogen Production through Electrolysis

The electrification of the turbine is sent to an
electrolyzer. This appliance divides water into
hydrogen and oxygen with the help of the input
electrical energy. The resulting hydrogen is used as a
carrier of energy and this allows us to store excess
wind energy that can be used later.

3.3 Hydrogen Storage System

The hydrogen gas is stored in a special storage facility.
This will see to it that energy can be stored when the
wind slows down or when the energy output of the
turbine is lower than the demand. The storage system
enables constant supply and minimizes intermittency
challenges that are characteristic of renewable sources.

3.4 Fuel Cell Utilization

The stored hydrogen is passed through a fuel cell
system. The hydrogen is also converted to electrical
energy that can be utilized to power electric vehicles
(EVs) by the fuel cell. This is necessary so that the
transportation sector can gain directly out of the
renewable system.

3.5 Simulation and Optimization

The whole system is simulated and verified in
MATLAB/Simulink. The wind turbine, electrolyzer,
storage tank, and fuel cell are simulated separately and
then plotted with an entire model. The balance of
supply and demand is achieved with the help of
optimization strategies such as load matching. The
findings are discussed to determine stability in voltage,
efficiency in production of hydrogen and storage
capacity.

3.6 Performance Validation

The last stage is to verify the system performance in
terms of output voltage, hydrogen generated and
ability to withstand changing wind and load
conditions. It proves that the proposed arrangement is
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efficient, environmentally friendly, and can help
decrease dependence on fossil fuels and promote
sustainable transportation.

ﬁill;iie —* Converter H Electrolyzer —{ Storage [—*| EV

Fig.3.1 Block diagram

IV. RESULTS

4.1 Simulation Model:

e

Fig 4.1Simulation Diagram Illustrating the
Optimization of a Renewable Wind-to-Hydrogen-
Based Fuel Cell Energy System for Sustainable
Transportation

This is a diagram of the general layout of the proposed
wind-to-hydrogen system. It links all systems to each
other, including the conversion of wind energy into
hydrogen storage and the use of a fuel cell.

4.2 Sub Systems:
4.2.1 Wind energy

Fig 4.2 Subsystem of the wind energy generation
simulation model

This block is the wind turbine and converter
subdivision of the system. It also taps the energy in the
wind and stabilizes it.
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4.2.2 Electrolyzer

0

Figure 4.3 illustrates the subsystem of the
electrolyzer simulation model

In this case the input electricity is used to separate
water into hydrogen and oxygen. Hydrogen is the most
important energy carrier generated to store and be used
subsequently.

4.2.3 Hydrogen storage system
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Fig 4.4 Subsystem of the hydrogen storage
system/tank simulation model

This block shows the way the hydrogen generated is
captured and stored. Continuous supply even under
low wind conditions since the hydrogen is stored.

4.2.4 Fuel cell

[
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Fig 4.5 Fuel Cell Subsystem Simulation Model
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4.3 Simulation Results

Fig 4.6 Simulation results of output voltage from
wind generation system

The figure presents the constant output voltage of the
wind turbine. It proves the fact that the system is able
to produce consistent power varying under the wind
condition.

Fig 4.7 Simulation results of output hydrogen
quantity from Electrolyser

This value shows the quantity of hydrogen that is
generated by the electrolyzer. It demonstrates that the
system is efficient to convert the wind energy into
usable hydrogen.

Fig 4.8 Simulation results of hydrogen level from
hydrogen storage tank

The trend in the chart is the rising level of hydrogen in
the storage unit. It points out that the system can store
energy, which can be used later.
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Fig 4.9 overall output voltage from fuel cell of
Optimization of a Renewable Wind-to-Hydrogen
Based Fuel Cell Energy System for Sustainable
Transportation

This number reflects the electro generation product of
the fuel cell. It validates the fact that hydrogen stored
can be used to reliably power electric vehicles.

V. CONCLUSION

In this paper, the design and optimization of a wind-
powered hydrogen generation system to ensure
sustainable transportation of electric vehicles (EV) are
outlined. A power electronic converter is associated
with a variable-speed wind turbine that drives an
electrolyzer to generate hydrogen to power fuel cells.
The system is being modelled and tested using
Matlab/Simulink including Maximum Power Point
Tracking (MPPT) and load-matching strategies. These
methods enhance efficiency, stability, and adaptability
to variable wind and load conditions. The suggested
solution shows that a renewable source of wind energy
can be used in conjunction with hydrogen fuel
technology as a clean and efficient solution to decrease
the reliance on fossil fuels and greenhouse gases.
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