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Abstract 
This study combines wind energy with hydrogen generation to help achieve 
Sustainable Development Goal 7 (Affordable and Clean Energy). It aims to 
create an efficient, cost-effective, and sustainable hydrogen manufacturing 
mechanism based on wind energy. Key objectives include modelling hydrogen 
production, examining the link between hydrogen output and wind input, and 
assessing system efficacy. The study aims to create a hydrogen production 
model using wind power generation, analyse the model’s output in terms of 
hydrogen levels and wind energy input, and validate the model’s performance 
by calculating the hydrogen mass rate, volume rate, and system pressure. The 
model was tested using wind speeds ranging from 1.75 m/s to 12.0 m/s, repre-
senting real-world conditions from different geographical locations. Across 
this range, the system demonstrated a significant improvement in energy ef-
ficiency, with energy consumption dropping from 136.51 kWh/kg to 35.29 
kWh/kg of hydrogen produced. Simultaneously, electrolyzer power output in-
creased from 22.4 kW to 31.3 kW, validating the model’s ability to capture the 
dynamic relationship between wind variability and hydrogen production per-
formance. The scope comprises creating a complete model in MATLAB and 
optimising the efficiency of a hybrid wind-hydrogen generation plant. This 
project intends to make a substantial contribution to the transition to a sus-
tainable, low-carbon energy future by addressing critical technological, eco-
nomic, and environmental issues of wind-generated hydrogen.  
 

Keywords 
Hydrogen Production, Wind Energy, Simulation 

 

1. Introduction 

Modelling a hydrogen production system using wind energy is at the frontier of 
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innovation, combining renewable energy with sustainable fuel technology. This 
initiative attempts to use wind energy to generate hydrogen by electrolysis, advo-
cating green hydrogen as a viable alternative to fossil fuels. This programme is 
consistent with worldwide efforts towards decarbonisation and sustainable energy 
alternatives. The project aims to address problems in efficient and cost-effective 
hydrogen generation by utilising modern modelling approaches, as well as to in-
vestigate its integration as an energy carrier in a variety of applications. The envi-
ronmental advantages are enormous, as harnessing wind power to produce hy-
drogen decreases dependency on fossil fuels and lowers greenhouse gas emissions. 
This is consistent with global climate change mitigation initiatives. Furthermore, 
the project focuses on energy storage methods, allowing for steady hydrogen gas 
generation without the need for extra storage devices, assuring a consistent hy-
drogen supply. The problem statement emphasizes the need for a comprehensive 
modelling framework for hydrogen generation from wind energy that prioritises 
efficiency, cost-effectiveness, and sustainability. This modelling approach distin-
guishes itself from previous work by integrating detailed electrical component be-
havior of rectifier and buck-boost converter with dynamic wind conditions and 
hydrogen production performance, enabling a more accurate, system-wide effi-
ciency analysis. Unlike many prior studies that focus solely on wind resource as-
sessment or electrolyzer performance in isolation, this framework provides a ho-
listic, real-time simulation that captures interactions across the entire wind-to-
hydrogen performance such as mass, pressure and power filling a critical gap in 
the literature regarding end-to-end optimization for variable renewable inputs. 
Hydrogen’s adaptability and environmental benefits make it a viable alternative 
to fossil fuels, coinciding with SDG 7 (Affordable and Clean Energy).  

2. Hydrogen 

Concerns about fossil fuels’ environmental effect drive the transition to sustaina-
ble, carbon-neutral fuels. Fossil fuels release enormous amounts of CO2, increas-
ing climate change. Transitioning to sustainable choices such as hydrogen, which 
is created by electrolysis using renewable energy, provides great energy density 
and adaptability. It drives fuel cells, which generate electricity with just water as a 
byproduct, and combustion engines, which produce only water and heat [1]. The 
International Energy Agency reports a significant increase in hydrogen consump-
tion since 1975, with worldwide demand exceeding 70 million metric tons in 2019, 
primarily from fossil fuels [2]. Countries must diversify their investments to pro-
mote green alternatives in the absence of present legislation. 

2.1. Wind Energy 

Wind energy, which dates back over three thousand years, is seeing a rebirth due 
to its environmental and economic advantages [3]. Originally utilized for pur-
poses like water pumping, it faced competition in the twentieth century but has 
since increased due to technical advancements and favorable legislation [4]. Im-
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proved turbine technology has increased yearly energy yields by 5% while lower-
ing weight and noise [4]. Mathematical models such as the Weibull and Rayleigh 
distributions are critical for determining energy production potential and site se-
lection [4]. Despite its expansion, wind energy has obstacles such as vibration and 
noise; yet technological improvements provide solutions such as supervisory con-
trols and simulation models [4]. Global trends and regulations encourage wind 
energy expansion, doubling grid-connected capacity every three years, seeking to 
reduce fossil fuel dependence and battle climate change. US research investigates 
the use of wind energy for green hydrogen generation, citing large wind potential 
and present production gaps [5]. Green hydrogen, with four times the energy den-
sity of petrol or diesel, is considered a feasible energy source [6]. An example study 
implies that an 8-MW turbine in Texas might fulfil substantial hydrogen demand, 
emphasising the importance of precision turbine placement owing to regional 
wind variability [5]. 

2.2. Hydrogen Production 

The transition to a hydrogen-based economy will first require the use of fossil 
fuels, particularly natural gas, which emits less carbon than oil and coal. Integrat-
ing hydrogen into existing natural gas infrastructure is both technically viable and 
economically beneficial [7]. Environmental advantages are dependent on manu-
facturing purity and technology. Hydrogen kinds are categorised by colour. Grey 
hydrogen is produced from hydrocarbons with CO2 emissions [8]. Blue hydrogen 
is derived from hydrocarbons and uses carbon capture and storage (CCS) to reg-
ulate emissions. Green hydrogen is produced using water electrolysis utilising re-
newable energy, with low emissions [9]. Other hydrogen varieties include brown 
(from coal gasification), turquoise (from methane pyrolysis), and pink (from wa-
ter electrolysis using nuclear power) [9]. There are more techniques for splitting 
water, such as thermochemical and photocatalytic [10]. Economic reasons, tech-
nological preparedness, and scalability are all significant difficulties for sustaina-
ble hydrogen generation technologies. Methane reforming is popular because to 
its viability, particularly for automotive applications, although blue hydrogen is 
valued for its cost advantage over electrolysis [10]. 

2.3. Electrolysis 

Water electrolysis converts water into hydrogen and oxygen using electrical en-
ergy. The system consists of an anode, cathode, electrolyte (usually an aqueous 
solution or ceramic membrane), and power source. Electrolyser efficiency ranges 
from 65% to 75%, depending on electrode distance, electrolyte quantity, and op-
erating temperature [11]. Compression, storage, and transmission of hydrogen 
result in losses of up to 35%, with an overall conversion efficiency of 70% for on-
site consumption or injection into the gas network [12]. Fuel cell efficiency suffers 
from energy losses caused by electrical resistance and mass diffusion, resulting in 
a total process efficiency of 35% [13]. Commercial electrolysis uses two basic pro-
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cesses: alkaline and PEM (proton exchange membrane). Alkaline technique, which 
has been used for decades, is well-established yet inefficient. PEM technology is 
perfect for integrating renewable energy sources because of its high efficiency, low 
size, and operational adaptability [13].  

2.4. Hydrogen Storage 

Hydrogen, while being invisible and having no taste or odour, is becoming in-
creasingly popular for energy delivery due to its high energy density and ubiqui-
tous availability [14]. Effective hydrogen storage technologies are essential for de-
veloping sustainable energy sources. The several storage techniques are as follows: 
 Compressed hydrogen gas storage is cost-effective but has a poor storage den-

sity [15]. 
 Liquid Hydrogen Storage: Provides great storage density but takes significant 

energy for cooling and is expensive [15]. 
 Hydride Storage: A solid metal absorbs hydrogen, resulting in high energy per 

unit volume but reduced energy per unit mass and sensitivity to material poi-
soning [15]. 

 Carbon-based materials are used for hydrogen physisorption because they 
have substantial surface areas and pore volumes that can store hydrogen [14]. 

 Chemical Hydrogen Storage: Involves chemisorbing hydrogen with compounds 
such as metal hydrides, which offers high-density storage but must solve ma-
terial toxicity and storage capacity loss concerns [14]. 

Effective hydrogen storage technologies are critical to hydrogen’s widespread 
use as a sustainable energy source. Each storage system has unique benefits and 
drawbacks, necessitating continual study and innovation to overcome limitations 
and improve efficacy. 

2.5. Fuel Cell 

Considering the global energy crisis and environmental concerns, hydrogen is 
emerging as an essential component of the transition to sustainable energy [16]. 
The European Commission, for example, is extensively financing hydrogen pro-
grammes with the objective of producing 50% of hydrogen from renewable sources 
by 2030 [16]. This increased investment highlights hydrogen’s importance in tack-
ling environmental issues and developing sustainable fuel solutions. Hydrogen 
fuel cells use electrochemical principles with hydrogen and oxygen to produce 
electricity, water, and heat as byproducts [17]. The fuel cell stack, like a battery, 
consists of an electrolyte membrane sandwiched between electrodes, which are 
supported by auxiliary components in the Balance of Plant (BoP), such as heat 
and water management systems [17]. Integrating hydrogen fuel cells into marine 
transportation offers significant environmental advantages, such as a projected 
70% decrease in carbon emissions by 2030 and carbon neutrality by 2050 [18]. 
These fuel cells have great energy conversion efficiency and produce no pollu-
tants, making them a sustainable energy source [17]. 
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Despite these benefits, obstacles persist, demanding economic and environ-
mental impact studies to maximise hydrogen fuel utilisation [16]. Overcoming 
these barriers is critical for the broad implementation of fuel cell hydrogen tech-
nology. Hydrogen fuel cell cars are a successful implementation of this technol-
ogy, utilising both fuel cells and lithium batteries for energy management in trans-
portation [19]. With worldwide momentum and major investments driving hy-
drogen sector growth, the future appears bright for fuel cell hydrogen technology. 

3. Methodology 

The procedure starts with initialising system parameters such wind energy input, 
wind turbine model, electrolyzer model, hydrogen storage system, and display set-
tings. Wind energy input is processed by the wind turbine model to determine 
mechanical power output, which is subsequently transformed to electrical power. 
This electrical power powers the electrolyzer, which generates hydrogen gas. The 
hydrogen gas is kept in the hydrogen storage system. Simulation results are 
shown, and the procedure is repeated until the simulation is complete. 

Figure 1 is a process flow for wind power used to generate hydrogen by elec-
trolysis. The first process involved here is the application of kinetic energy from 
the wind on the wind generator to make alternating current (AC) power. The al-
ternating current is delivered to an AC-to-DC converter, which converts the elec-
tricity to direct current. The conditioned rectified DC power is then applied 
through a DC-to-DC converter, where both voltage and current are adjusted to 
levels that exactly meet the needs of the electrolysis equipment. Consequently, the 
sufficiently conditioned DC power is then transferred to the electrolysis units, and 
it is applied in the splitting of water molecules into hydrogen and oxygen by the 
electrolysis of water molecules. This setup will offer an effective way to utilize re-
newable wind power to produce hydrogen, a clean and versatile energy carrier. 
 

 

Figure 1. Block diagram hydrogen production. 

3.1. Wind Energy 

The energy harnessed from the motion of air at velocity V across a designated area 
A is expressed as ρAV. Therefore, 

 ( )31Power wind W
2

AVρ=  (1) 

whree, 
ρ = air density (kg/m3) 
V = wind speed (m/s) 
Wind energy is directly proportional to air density (ρ), the surface area exposed 

(A), and the cube of the wind speed ( 3V ). Air density, influenced by air pressure 
and temperature, is contingent upon the elevation above sea level. 
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 (2) 

where,  
ρ(z) = air density as a function of altitude (kg/m3) 
P0 = standard sea level atmospheric pressure (kg/m3) 
R = gas constant for air (J/K∙mol) 
T = temperature (K) 
g = gravity constant (m/s2) 
z = altitude above sea level (m) 
Wind power represents the energy available per unit of time in the wind. This 

energy is converted into mechanical rotational energy in the wind turbine rotor, 
which slows down the air mass. It’s impossible to extract all wind power because 
doing so would stop the airflow in the turbine’s path, creating congestion for in-
coming air masses. 

3.2. Power Electronic Converter 

Wind turbines generate alternating current (AC), which must be converted into 
direct current (DC) before electrolysis can produce hydrogen. This conversion 
process is necessary because electrolysis, which converts water molecules into hy-
drogen and oxygen, requires a constant DC input.  

This conversion is carried out using a rectifier. A rectifier is a device that trans-
forms alternating current to direct current by allowing electricity to flow in just 
one direction, generally using diodes. This rectification technique converts wind 
turbines’ AC output into a stable DC form suited for electrolysis. The formula for 
rectification involves the use of diodes in a rectifier circuit. The instantaneous 
output voltage (Vdc) of a single-phase, half-wave rectifier can be given by the fol-
lowing equation: 

 max
dc

VV =
π

 (3) 

Following rectification, a DC-DC converter is used to alter the voltage levels to 
meet the unique needs of the electrolysis system. The DC-DC converter is crucial 
to preserving the integrity of the DC supply, ensuring that it satisfies the appro-
priate voltage required for effective hydrogen generation or to ensure that the 
voltage supplied to the electrolyzer remains within its optimal operating range, 
improving system reliability and efficiency. 

This converter works on magnetic field principles, allowing for exact voltage 
control while also providing a steady and stable DC input to the electrolysis pro-
cess. The voltage transformation in a DC-DC converter can be mathematically 
expressed using the formula: 

 
1out in

DV V
d

= ×
−

 (4) 
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3.3. Electrolysis Device 

The electrolysis device converts direct current (DC) from a power source into a 
voltage suitable for splitting water molecules into hydrogen and oxygen. The cho-
sen model operates effectively at stable voltage (~240 V) and pressure (~0.95 bar), 
suggesting it is designed for modular, low-pressure operation suited to renewable 
energy inputs. Its consistent performance across variable power inputs supports 
its suitability for wind-powered hydrogen generation. It operates with two elec-
trodes, an anode (+) and a cathode (−), immersed in water. The anode connects 
to the positive terminal of the power supply, and the cathode connects to the neg-
ative terminal. Through this process, electrolysis produces green hydrogen and 
releases oxygen as a byproduct. The electrolysis of water involves two main elec-
trochemical reactions occurring at the anode and cathode:  

At the anode (oxidation) 

 2 22H O O 4H 4e+ −= + +  (5) 

At the cathode (reduction) 

 2 24H O 4e 2H 4OH− −+ = +  (6) 

The overall reaction 

 2 2 22H O 2H O= +  (7) 

3.4. Fuel Cell 

With the hydrogen produced, the fuel cell now takes center stage. The fundamen-
tal principle of a hydrogen fuel cell involves the electrochemical conversion of 
hydrogen and oxygen into water, releasing electrical energy in the process. The 
overall reaction in a hydrogen fuel cell is: 

 2 2 22H O 2H O electric current+ = +  (8) 

Equation (8) encapsulates the core function of the fuel cell, where hydrogen gas 
at the anode undergoes oxidation to produce protons and electrons. Simultane-
ously, oxygen gas at the cathode accepts these electrons and combines with pro-
tons to form water. The electrons generated during the oxidation half-reaction 
travel through an external circuit, generating an electric current that can be har-
nessed for various applications. 

4. Modeling and Simulation 

Figure 2 illustrates the MATLAB/Simulink simulation setup, designed for mod-
eling and simulating dynamic systems reliably. The simulation begins with the 
wind generator converting steady wind energy into alternating current (AC) elec-
trical power. This AC power is then converted into direct current (DC) by the 
three-phase converter, essential for compatibility with the electrolysis. The DC-
DC converter further regulates the DC power to meet the precise voltage and cur-
rent requirements of the electrolyze. The electrolyze utilizes controlled DC power 
to perform electrolysis, splitting water into hydrogen and oxygen. Throughout 
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this process, sensors continuously monitor electrical parameters such as current, 
voltage, and power output, providing real-time feedback. The control unit plays a 
critical role in overseeing and coordinating the entire system, adjusting parame-
ters based on sensor data to ensure stable and efficient electricity supply to the 
electrolyze for optimal performance. Data analysis tools are integrated to gather 
and analyze performance data, facilitating comprehensive evaluations of system 
efficiency and effectiveness. This data-driven approach is crucial for identifying 
potential improvements and optimizing the system for superior performance. 
 

 

Figure 2. Overall simulation diagram. 

5. Results 

This study examines the feasibility of producing hydrogen through wind energy 
under the given parameter. Overall, the general objective of this research is to as-
certain the effectiveness of the hydrogen production model through an evaluation 
of performances regarding different wind speeds. The characteristics of the wind 
turbine remain constant because RPM is the primary input due to simulation. 
Such research conducted in multiple locations with different wind speeds will col-
lect all necessary information about the influence of location specific wind condi-
tions on turbine performance and energy yield. Through this approach, the best 
possible configurations for achieving the maximum available efficiencies of prac-
tical operations of the turbines and maximum possible improvements can be iden-
tified. 

5.1. Melaka 

The first data is from Melaka, Malaysia. Table 1 presents the Wind Turbine Pa-
rameters for Simulation Study in Melaka, Malaysia. 
 
Table 1. Wind turbine parameters for simulation study in Melaka, Malaysia. 

Parameter Value 

Rotor diameter (m) 80 
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Continued 

Wind speed (m/s) 1.75 

Tip Speed Ration, (TSR) 7 

RPM rotor (rpm) 2.924 

Gear ratio 1:100 

RPM Generator (rpm) 292.4 

 
Figure 3 shows the Data Analysis of Hydrogen Production at Melaka, Malaysia. 

 

 

Figure 3. Data analysis of hydrogen production at Melaka, Malaysia.  

5.2. Kota Kinabalu 

The second data is from Kota Kinabalu, Malaysia. Table 2 presents the Wind Tur-
bine Parameters for Simulation Study in Kota Kinabalu, Malaysia. 
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Table 2. Wind turbine parameters for simulation study in Kota Kinabalu, Malaysia. 

Parameter Value 

Rotor diameter (m) 80 

Wind speed (m/s) 2.8 

Tip Speed Ration, (TSR) 7 

RPM rotor (rpm) 4.679 

Gear ratio 1:100 

RPM Generator (rpm) 467.9 

 
Figure 4 shows the Data Analysis of Hydrogen Production at Kota Kinabalu, 

Malaysia. 
 

 

Figure 4. Data analysis of hydrogen production at Kota Kinabalu, Malaysia.  
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5.3. Tafila, Jordan 

The third data is from Tafila, Jordan. Table 3 presents the Wind Turbine Param-
eters for Simulation Study in Tafila, Jordan. 
 
Table 3. Wind turbine parameters for simulation study in Tafila, Jordan. 

Parameter Value 
Rotor diameter (m) 80 
Wind speed (m/s) 8.5 

Tip Speed Ration, (TSR) 7 
RPM rotor (rpm) 14.20 

Gear ratio 1:100 
RPM Generator (rpm) 1420 

 
Figure 5 shows the Data Analysis of Hydrogen Production at Tafila, Jordan. 

 

 

Figure 5. Data analysis of hydrogen production at Tafila, Jordan. 
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5.4. Gansu, China 

The fourth data is from Gansu, China. Table 4 presents the Wind Turbine Param-
eters for Simulation Study in Gansu, China. 
 
Table 4. Wind turbine parameters for simulation study in Gansu, China. 

Parameter Value 
Rotor diameter (m) 80 
Wind speed (m/s) 12 

Tip Speed Ration, (TSR) 7 
RPM rotor (rpm) 20.05 

Gear ratio 1:100 
RPM Generator (rpm) 2005 

 
Figure 6 shows the Data Analysis of Hydrogen Production at Gansu, China. 

 

 

Figure 6. Data analysis of hydrogen production at Tafila, Jordan. 
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The data in Table 5 demonstrates the relationship between wind speed and hy-
drogen production efficiency across various system components for 4 cases.  
 
Table 5. Relationship between wind speed and hydrogen production efficiency across var-
ious system components for 4 cases. 

Wind 
speed 
(m/s) 

Wind 
Generator 

Rectifier 
Buck 
Boost 

Electrolyze 

VAC 
(V) 

Power 
(kW) 

VDC 
(V) 

VDC 
(V) 

Voltage 
(V) 

Energy 
Consumption 

(kWh/kg) 

Hydrogen 
Mass (kg) 

Pressure 
H2 (bar) 

Power 
(kW) 

1.75 204.6 26.05 493.6 241.5 241.5 136.51 1.5 0.945 22.4 

2.80 210.5 24.95 491.3 241.5 241.5 120.24 2.0 0.945 22.8 

8.50 361.9 39.35 769.9 240.6 240.6 26.29 15.0 0.953 31.3 

12.0 393.2 45.50 817.9 240.6 240.6 35.29 20.0 0.953 31.3 

 
At lower wind speeds, such as 1.75 m/s, the wind generator produces 22.4 kW 

of power. The electrolyze requires 136.51 kWh/kg to produce 1.5 kg of hydrogen 
under these conditions, with a resulting power output of 22.4 kW at 0.945 bar 
pressure. As wind speed increases to 2.80 m/s, power output improves slightly to 
22.8 kW, reducing energy consumption to 120.24 kWh/kg and increasing hydro-
gen production to 2.0 kg.  

At a moderate wind speed of 8.50 m/s, the wind generator ramps up to 39.35 
kW, stabilizing the electrolyzed voltage at 240.6 VDC. This results in a significant 
drop in energy consumption to 26.29 kWh/kg, producing 15.0 kg of hydrogen 
with a power output of 31.3 kW. 

At the highest wind speed of 12.0 m/s, the wind generator achieves 45.50 kW 
output, maintaining steady electrolyze efficiency. Energy consumption further de-
creases to 35.29 kWh/kg while producing 20.0 kg of hydrogen, with a constant 
power output of 31.3 kW. Overall, the data highlights that as wind speed increases, 
the system’s efficiency improves, characterized by reduced energy consumption 
per kilogram of hydrogen produced. This indicates the system’s capability to ef-
fectively handle higher power inputs while maintaining efficiency in hydrogen 
production. 

5.5. Summary 

The sensitivity of hydrogen production outputs to different wind speeds under-
scores the importance of optimizing system parameters for enhanced efficiency. 
Lower wind speeds typically result in higher energy consumption and lower hy-
drogen yields, whereas moderate to high wind speeds enhance overall system per-
formance.  

Future research should focus on developing optimal configurations for electro-
lyzes tailored to variable wind conditions. This entails exploring advanced mate-
rials and technologies that can boost system efficiency. Real-time monitoring cou-
pled with adaptive control systems will be crucial in leveraging fluctuating renew-
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able energy sources effectively for hydrogen production. By addressing these ar-
eas, advancements can be made towards achieving more sustainable energy solu-
tions that harness wind power efficiently for green hydrogen production. 

6. Conclusions 

The study successfully created and verified a complete model for hydrogen syn-
thesis from wind energy, demonstrating its promise as a clean and renewable en-
ergy source. This initiative addresses the rising need for clean hydrogen in accord-
ance with Sustainable Development Goal 7: Affordable and Clean Energy. 

Key simulation studies demonstrated the efficiency and cost-effectiveness of 
using wind energy to produce hydrogen. Moderate wind speeds were found to 
optimize energy usage and hydrogen output, demonstrating the model’s useful-
ness under various situations, while higher wind speeds lead to greater hydrogen 
yield and improved energy efficiency (lower kWh/kg). This strong correlation 
from the results suggests that selecting sites with higher and more consistent wind 
speeds can significantly enhance the energy efficiency and hydrogen output of 
wind-to-hydrogen systems. 

This study has made considerable progress by developing an improved, de-
pendable, and scalable hydrogen generation model based on electrolysis, assuring 
an ecologically beneficial process with no CO2 emissions. This places the created 
model as a critical contribution to the advancement of green hydrogen technol-
ogy, aiding global efforts to battle climate change and reduce dependency on fossil 
fuels. 

Overall, the findings of this study are favorable to the integration of renewable 
energy sources into hydrogen production systems. The model not only lays the 
groundwork for future optimization, but it also indicates the feasibility of moving 
to a sustainable, low-carbon energy future. In conclusion, the study successfully 
demonstrated the feasibility and efficacy of manufacturing hydrogen using wind 
energy, setting the framework for future advances in this crucial sector and em-
phasizing the necessity of renewable energy integration in global sustainability ef-
forts. 

Acknowledgements 

The author would like to acknowledge “Robotic & Industrial Automation Re-
search Group” (RIA), “Centre of Research and Innovation Management” (CRIM), 
Universiti Teknikal Malaysia Melaka (UTeM) and Ministry of Higher Education 
Malaysia (MOHE) for supporting this project. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Goelzer, H., et al. (2020) The Future Sea-Level Contribution of the Greenland Ice 

https://doi.org/10.4236/jpee.2025.138012


M. A. Firdaus et al. 
 

 

DOI: 10.4236/jpee.2025.138012 220 Journal of Power and Energy Engineering 
 

Sheet: A Multi-Model Ensemble Study of ISMIP6. Cryosphere, 14, 3071-3096.  
https://doi.org/10.5194/egusphere-egu2020-2682 

[2] Seo, K., Lim, T., Mills, E.M., Kim, S. and Ju, S. (2016) Hydrogen Generation Enhanced 
by Nano-Forest Structures. RSC Advances, 6, 12953-12958.  
https://doi.org/10.1039/c5ra26226g 

[3] Ackermann, T. and Söder, L. (2000) Wind Energy Technology and Current Status: A 
Review. Renewable and Sustainable Energy Reviews, 4, 315-374.  
https://doi.org/10.1016/s1364-0321(00)00004-6 

[4] Joselin Herbert, G.M., Iniyan, S., Sreevalsan, E. and Rajapandian, S. (2007) A Review 
of Wind Energy Technologies. Renewable and Sustainable Energy Reviews, 11, 1117-
1145. https://doi.org/10.1016/j.rser.2005.08.004 

[5] Sedai, A., Dhakal, R., Gautam, S., Kumar Sedhain, B., Singh Thapa, B., Moussa, H., et 
al. (2023) Wind Energy as a Source of Green Hydrogen Production in the Usa. Clean 
Energy, 7, 8-22. https://doi.org/10.1093/ce/zkac075 

[6] Oliveira, A.M., Beswick, R.R. and Yan, Y. (2021) A Green Hydrogen Economy for a 
Renewable Energy Society. Current Opinion in Chemical Engineering, 33, Article 
100701. https://doi.org/10.1016/j.coche.2021.100701 

[7] United Nations Environment Programme Division of Technology (2006) The Hy-
drogen Economy: A Non-Technical Review. UNEP DTIE Energy Branch.  
https://www.unep.org/resources/report/hydrogen-economy-non-technical-review  

[8] Boyano, A., Blanco-Marigorta, A.M., Morosuk, T. and Tsatsaronis, G. (2011) Exer-
goenvironmental Analysis of a Steam Methane Reforming Process for Hydrogen Pro-
duction. Energy, 36, 2202-2214. https://doi.org/10.1016/j.energy.2010.05.020 

[9] Bicer, Y., Dincer, I., Zamfirescu, C., Vezina, G. and Raso, F. (2016) Comparative Life 
Cycle Assessment of Various Ammonia Production Methods. Journal of Cleaner Pro-
duction, 135, 1379-1395. https://doi.org/10.1016/j.jclepro.2016.07.023 

[10] Czelej, K., Colmenares, J.C., Jabłczyńska, K., Ćwieka, K., Werner, Ł. and Gradoń, L. 
(2021) Sustainable Hydrogen Production by Plasmonic Thermophotocatalysis. Ca-
talysis Today, 380, 156-186. https://doi.org/10.1016/j.cattod.2021.02.004 

[11] Opu, M.S. (2015) Effect of Operating Parameters on Performance of Alkaline Water 
Electrolysis. International Journal of Thermal and Environmental Engineering, 9, 53-
60. https://doi.org/10.5383/ijtee.09.02.001 

[12] Marchenko, O.V. and Solomin, S.V. (2015) The Future Energy: Hydrogen versus 
Electricity. International Journal of Hydrogen Energy, 40, 3801-3805.  
https://doi.org/10.1016/j.ijhydene.2015.01.132 

[13] Lucia, U. (2014) Overview on Fuel Cells. Renewable and Sustainable Energy Reviews, 
30, 164-169. https://doi.org/10.1016/j.rser.2013.09.025 

[14] Mulky, L., Srivastava, S., Lakshmi, T., Sandadi, E.R., Gour, S., Thomas, N.A., et al. 
(2024) An Overview of Hydrogen Storage Technologies—Key Challenges and Op-
portunities. Materials Chemistry and Physics, 325, Article 129710.  
https://doi.org/10.1016/j.matchemphys.2024.129710 

[15] Wan, L., Zhang, W. and Xu, Z. (2020) Overview of Key Technologies and Applica-
tions of Hydrogen Energy Storage in Integrated Energy Systems. 2020 12th IEEE PES 
Asia-Pacific Power and Energy Engineering Conference (APPEEC), Nanjing, 20-23 
September 2020, 1-5. https://doi.org/10.1109/appeec48164.2020.9220454 

[16] Andrade, T.S. and Thiringer, T. (2023) From Hydrogen Fuel to Wheels: Characteriz-
ing the Powertrain Hydrogen/Energy Consumption for Battery versus Hydrogen 
Fuel Cell Vehicle. 2023 IEEE IAS Global Conference on Renewable Energy and Hy-

https://doi.org/10.4236/jpee.2025.138012
https://doi.org/10.5194/egusphere-egu2020-2682
https://doi.org/10.1039/c5ra26226g
https://doi.org/10.1016/s1364-0321(00)00004-6
https://doi.org/10.1016/j.rser.2005.08.004
https://doi.org/10.1093/ce/zkac075
https://doi.org/10.1016/j.coche.2021.100701
https://www.unep.org/resources/report/hydrogen-economy-non-technical-review
https://doi.org/10.1016/j.energy.2010.05.020
https://doi.org/10.1016/j.jclepro.2016.07.023
https://doi.org/10.1016/j.cattod.2021.02.004
https://doi.org/10.5383/ijtee.09.02.001
https://doi.org/10.1016/j.ijhydene.2015.01.132
https://doi.org/10.1016/j.rser.2013.09.025
https://doi.org/10.1016/j.matchemphys.2024.129710
https://doi.org/10.1109/appeec48164.2020.9220454


M. A. Firdaus et al. 
 

 

DOI: 10.4236/jpee.2025.138012 221 Journal of Power and Energy Engineering 
 

drogen Technologies (GlobConHT), Male, 11-12 March 2023, 1-5.  
https://doi.org/10.1109/globconht56829.2023.10087509 

[17] Park, S., Chung, B. and Kim, J. (2023) Concept Design of Intelligent Bop Based on 
Slot-/Rack-Type Fuel Cell for Integrated Management of Hydrogen Fuel Cells. 2023 
IEEE International Conference on Consumer Electronics-Asia (ICCE-Asia), Busan, 
23-25 October 2023, 1-2. https://doi.org/10.1109/icce-asia59966.2023.10326379 

[18] Chavan, H.R., Knollmeyer, J. and Khan, S. (2023) A Study on the Potential of Hydro-
gen Fuel Cells for Maritime Transportation Applications. SoutheastCon 2023, Or-
lando, 1-16 April 2023, 498-503.  
https://doi.org/10.1109/southeastcon51012.2023.10115221 

[19] Li, G., Chen, J., Zheng, X., Xiao, C. and Zhou, S. (2020) Research on Energy Manage-
ment Strategy of Hydrogen Fuel Cell Vehicles. 2020 Chinese Automation Congress 
(CAC), Shanghai, 6-8 November 2020, 7604-7607.  
https://doi.org/10.1109/cac51589.2020.9326669  

https://doi.org/10.4236/jpee.2025.138012
https://doi.org/10.1109/globconht56829.2023.10087509
https://doi.org/10.1109/icce-asia59966.2023.10326379
https://doi.org/10.1109/southeastcon51012.2023.10115221
https://doi.org/10.1109/cac51589.2020.9326669

	Potential of Hydrogen Production System from Wind Generation
	Abstract
	Keywords
	1. Introduction
	2. Hydrogen
	2.1. Wind Energy
	2.2. Hydrogen Production
	2.3. Electrolysis
	2.4. Hydrogen Storage
	2.5. Fuel Cell

	3. Methodology
	3.1. Wind Energy
	3.2. Power Electronic Converter
	3.3. Electrolysis Device
	3.4. Fuel Cell

	4. Modeling and Simulation
	5. Results
	5.1. Melaka
	5.2. Kota Kinabalu
	5.3. Tafila, Jordan
	5.4. Gansu, China
	5.5. Summary

	6. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

