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Preparing Aviation Students for the Hydrogen-Powered Future: Key 
Competencies for Safety, Efficiency, and Sustainability 

 

Abstract 
 
The aviation industry is transitioning toward sustainable energy sources, with hydrogen 
emerging as a viable alternative to conventional fuels. As advancements in hydrogen propulsion, 
safety, and infrastructure accelerate, aviation education must evolve to equip future professionals 
with the necessary competencies to operate and maintain hydrogen-powered aircraft. However, 
current aviation curricula predominantly focus on conventional propulsion systems and lack 
structured training on hydrogen-specific technologies. This paper presents a literature-based 
analysis of the critical skills required for hydrogen-powered aviation, focusing on three key 
areas: technical skills, safety and risk management, and environmental sustainability. 
 
The study highlights key hydrogen specific challenges including its unique storage requirements, 
combustion properties, and safety risks. It identifies gaps in current curricula, emphasizing the 
need for specialized coursework on hydrogen propulsion, cryogenic fuel storage, and regulatory 
compliance. Additionally, it examines how these competencies align with accreditation standards 
such as ABET, ICAO, and FAA guidelines to ensure students receive structured training that 
meets industry expectations. 
 
The findings suggest that a comprehensive overhaul of aviation education is necessary to prepare 
future professionals for the hydrogen era. Universities may choose to introduce interdisciplinary 
programs that combine engineering principles, environmental science, and safety management to 
bridge existing knowledge gaps. Industry-academic collaborations, including research initiatives 
and internship programs with leading aerospace manufacturers and hydrogen energy firms, will 
play a crucial role in developing hands-on expertise. 
 
By addressing these gaps for hydrogen-related education, this paper provides a roadmap for 
integrating hydrogen technologies into aviation curricula. The recommendations presented aim 
to ensure that graduates are well-equipped to contribute to the aviation industry’s shift toward 
cleaner, more sustainable energy solutions. 
 
Introduction 
 
The aviation industry is among the most innovative industries, and due to the development of 
environmental concerns and increased regulatory pressures, it has been seeking alternative fuels. 
The aviation sector relies on kerosene-based fuels, which are linked to substantial carbon 
emissions and, hence, a major contributor to climate change, with air travel continuing to grow 
with the expansion of the global economy [1]. The aviation industry is transforming as it seeks 
sustainable alternatives to traditional fossil fuels. Aviation accounts for approximately 2.5% of 
global CO₂ emissions, and with increasing regulatory pressure, there is an urgent need for 
cleaner propulsion technologies [2]. 
 
Hydrogen has emerged as a promising alternative due to its high energy content and ability to 
enable zero-emission flights. However, challenges associated with the constrained air transport 
energy paradigm emphasize the need for alternative fuel solutions, such as hydrogen, to meet 
future energy demands [3]. When produced using renewable energy sources, hydrogen can 



significantly reduce aviation’s carbon footprint, aligning with international sustainability goals 
such as the Paris Agreement [3], [4]. 
 
Despite its potential, integrating hydrogen into aviation presents challenges, including fuel 
storage, distribution infrastructure, and safety risks. Hydrogen’s unique physical and chemical 
properties require new approaches in aircraft design, fuel management, and operational protocols 
[5], [6]. As the industry shifts toward hydrogen-powered aviation, it is essential to prepare future 
professionals with the necessary technical knowledge and practical skills to handle hydrogen 
propulsion systems safely and efficiently. 
 
However, current aviation education programs primarily focus on conventional propulsion 
technologies and lack dedicated training on hydrogen-specific competencies. Curricula typically 
emphasizes kerosene-based fuel management and traditional safety protocols, leaving a gap in 
preparing students for the emerging hydrogen-powered aviation sector. Many aviation and 
engineering programs focus on conventional propulsion systems, aerodynamics, and jet engine 
mechanics, with little to no coursework covering hydrogen technologies. As a result, students 
graduate with expertise in kerosene-based fuel systems but lack foundational knowledge of 
hydrogen energy conversion, fuel cell operation, and cryogenic fuel handling. Without targeted 
curriculum changes, graduates will be unprepared to meet the industry's evolving demands [7], 
[8], [9]. Addressing this gap requires an interdisciplinary approach that integrates engineering 
principles, environmental science, and risk management into aviation education. 
 
This paper examines the essential competencies required for aviation students to work with 
hydrogen-powered aircraft, focusing on three key areas: technical skills, safety and risk 
management, and sustainability and environmental stewardship. Additionally, it explores how 
these competencies align with accreditation standards such as ABET, ICAO, and FAA 
guidelines, ensuring that students receive structured training relevant to industry needs. 
 
The following sections systematically examine the technical, safety, and environmental aspects 
of hydrogen aviation and their implications for aviation education. The Analysis section begins 
by identifying the key technical competencies required for hydrogen-powered aviation, followed 
by an exploration of safety and risk management protocols. The discussion then moves to 
sustainability considerations, emphasizing lifecycle emissions and infrastructure challenges. 
Finally, the paper evaluates how these competencies align with existing accreditation standards 
and proposes strategies for integrating hydrogen-related topics into aviation curricula. 
 
Analysis 
 

Technical Skills 
 
Transitioning to hydrogen-powered aviation requires students to develop expertise in new 
propulsion systems, fuel storage technologies, and energy management strategies. Unlike 
conventional jet fuel, hydrogen presents unique engineering challenges due to its physical and 
chemical properties, necessitating specialized training in thermodynamics, cryogenic storage, 
and propulsion integration [8], [10]. Hydrogen has the highest energy content per unit mass 
among commonly used fuels. It is approximately 2.8 times that of kerosene, making it a viable 
candidate for aviation decarbonization [7]. However, its low volumetric energy density requires 
advanced storage solutions, such as cryogenic tanks maintained at -253°C to keep hydrogen in 



liquid form [11]. The design of these storage systems demands an understanding of material 
science, fluid mechanics, and heat transfer to minimize energy losses and ensure structural 
integrity during flight. 
 
Beyond storage, students must be trained in the operation and maintenance of hydrogen fuel cells 
and combustion engines. Hydrogen-powered fuel cells generate electricity through 
electrochemical reactions, eliminating carbon emissions and enabling hybrid-electric propulsion 
[8]. This technology is particularly suitable for regional aircraft and urban air mobility 
applications, where energy efficiency and sustainability are prioritized. Additionally, hydrogen 
combustion engines offer a transitional solution, allowing modified gas turbine engines to 
operate with hydrogen while reducing emissions significantly [12]. Recent advancements in 
hydrogen-powered subsonic commercial aircraft have further demonstrated the feasibility of 
these technologies for sustainable aviation [13]. 
 
To equip aviation students with the necessary technical skills, educational institutions must 
integrate hydrogen propulsion system training into their curricula. This can be achieved through 
dedicated coursework on energy conversion principles, computational fluid dynamics (CFD) 
modeling for hydrogen combustion, and experimental testing of fuel cell performance. 
Universities should also establish hydrogen propulsion research labs, where students can engage 
in hands-on experimentation with fuel cell technologies and cryogenic storage solutions. 
 
Together, the technical competencies outlined above range from cryogenic fuel storage and 
thermodynamics to hydrogen fuel cell operations and propulsion system integration, form a 
foundational knowledge base essential for the next generation of aviation professionals. By 
equipping students with a multidisciplinary understanding of hydrogen technologies through 
theoretical instruction and hands-on experience, academic programs can ensure that graduates 
are not only technically proficient but also capable of contributing to the innovation and 
deployment of hydrogen-powered aircraft. The following Competency vs Student Outcome 
Matrix illustrates how these technical skills align with key educational objectives, reinforcing 
their importance within ABET-accredited aviation curricula. 
 
Table 1 Technical Skills Competency vs Student Outcomes Matrix 

 Technical Skills 

ABET-EAC Student Outcomes Construction 
and 

Operation 

Energy 
Conversion 
Principles 

Computation 
Fluid 

Dynamics 

Fuel Performance 
Testing 

1. an ability to identify, formulate, 
and solve complex engineering 
problems by applying principles of 
engineering, science, and 
mathematics. 

x  x  

2. an ability to apply engineering 
design to produce solutions that meet 
specified needs with consideration of 
public health, safety, and welfare, as 
well as global, cultural, social, 
environmental, and economic factors. 

    



3. an ability to communicate 
effectively with a range of audiences. 

x x x x 

4. an ability to recognize ethical and 
professional responsibilities in 
engineering situations and make 
informed judgments, which must 
consider the impact of engineering 
solutions in global, economic, 
environmental, and societal contexts. 

    

5. an ability to function effectively on 
a team whose members together 
provide leadership, create a 
collaborative environment, establish 
goals, plan tasks, and meet 
objectives. 

x x x x 

6. an ability to develop and conduct 
appropriate experimentation, analyze 
and interpret data, and use 
engineering judgment to draw 
conclusions. 

 x   

7. an ability to acquire and apply new 
knowledge as needed, using 
appropriate learning strategies. 

   x 

     

ABET-ETAC Student Outcomes     

1. an ability to apply knowledge, 
techniques, skills and modern tools of 
mathematics, science, engineering, 
and technology to solve broadly-
defined engineering problems 
appropriate to the discipline; 

x  x  

2. an ability to design systems, 
components, or processes meeting 
specified needs for broadly-defined 
engineering problems appropriate to 
the discipline; 

    

3. an ability to apply written, oral, 
and graphical communication in 
broadly-defined technical and non-
technical environments; and an 
ability to identify and use appropriate 
technical literature; 

x x x x 

4. an ability to conduct standard tests, 
measurements, and experiments and 
to analyze and interpret the results to 
improve processes; and 

    



5. an ability to function effectively as 
a member as well as a leader on 
technical teams. 

x x x x  

Safety and Risk Management 
 
Existing aviation safety training is primarily designed for conventional fuel systems, covering 
topics such as fuel handling, fire suppression, and engine failure protocols. However, these 
courses do not account for the unique risks associated with hydrogen, including its wide 
flammability range, low ignition energy, and rapid diffusion properties [14], [15]. Without 
specialized training, aviation professionals may struggle to implement effective safety measures 
for hydrogen-powered aircraft. In addition to that, the underdeveloped hydrogen transportation 
infrastructure, coupled with insufficient refueling stations, significantly hampers the seamless 
movement of hydrogen [16]. This creates a critical bottleneck in logistics, disrupting supply 
chain efficiency. Such limitations pose a major obstacle to its widespread adoption and may 
severely restrict hydrogen's integration into the aviation ecosystem [17]. 
 

Hydrogen poses unique safety challenges that require specialized training in risk assessment, 
emergency response, and hazard mitigation. A safety management system (SMS) is a core 
building block of effective risk management in hydrogen applications. It provides a systemized 
way to predictively identify, evaluate, and control hazards before any incidents occur [17]. SMS 
frameworks are designed to respond to the special challenges presented by hydrogen; they 
systematically detect and mitigate risks using advanced tools such as Layer of Protection 
Analysis and fault tree analysis [15], [18]. These tools help identify potential failure cases and 
establish multiple independent protection layers to raise the level of safety and dependability of 
hydrogen infrastructure. Unlike kerosene, hydrogen has a wide flammability range (4-75% 
volume in air), making it more susceptible to accidental ignition [13], [15]. Furthermore, 
hydrogen leaks are difficult to detect due to the gas being colorless, odorless, and highly 
diffusive [20]. 
 
Aviation students must be trained in hydrogen detection technologies, such as metal hydride-
based sensors, which enable real-time monitoring of leaks and enhance onboard safety [20]. 
Additionally, hydrogen safety training should include fire suppression strategies tailored to 
hydrogen fires, which burn with an almost invisible flame and require specialized extinguishing 
agents [14]. 
 
Another critical aspect of hydrogen safety is cryogenic fuel handling. The extremely low 
temperatures required for liquid hydrogen storage introduce operational hazards such as frostbite, 
structural embrittlement, and pressure buildup in storage tanks. Students must develop expertise 
in cryogenic safety protocols, personal protective equipment (PPE) usage, and emergency 
venting procedures to prevent tank rupture or fuel loss [11]. 
 
To address these challenges, aviation curricula should incorporate case studies on historical 
hydrogen safety incidents, such as the Hindenburg disaster, and modern safety practices from the 
aerospace and energy industries. Risk assessment methodologies like fault tree analysis and 
Layer of Protection Analysis (LOPA) should be included in aviation training to enhance students' 
ability to evaluate and mitigate hydrogen-related hazards [15]. Previous studies have conducted 
combined hazard analyses to explore the risks associated with liquid hydrogen use in civil 
aviation, highlighting key safety concerns and mitigation strategies [22]. Simulated emergency 



response training, including hydrogen leak detection and fire suppression drills, should also be 
integrated into aviation programs. The formulation and application of international safety 
standards and norms are crucial to make the practice of risk management operable uniformly and 
efficiently. 
 
These standards, developed through historical data, experimental studies, and incident analyses, 
offer the aviation industry an organized approach to safely managing hydrogen [23], [24]. For 
example, standards such as ISO 19880-1:2020, which outlines specifications for hydrogen 
refueling stations, and the ASME Boiler and Pressure Vessel Code (BPVC), which provides 
guidelines for designing pressure vessels, play a vital role in ensuring safety and operational 
efficiency. Additionally, ISO 11114, which addresses the compatibility of cylinder and valve 
materials with gas contents, is indispensable for hydrogen storage in cryogenic tanks. These 
evolving standards not only guarantee operational safety but also foster stakeholder and public 
confidence in hydrogen technology by staying relevant with technological advancements [25], 
[26]. 
 
Table 2 Safety and Risk Management Competency vs Student Outcomes Matrix 

 Safety and Risk Management   

ABET-EAC Student Outcomes Storage 
Needs 

Risk Fire 
Suppression 

Infrastru-cture Handling Monitoring 

1. an ability to identify, 
formulate, and solve complex 
engineering problems by 
applying principles of 
engineering, science, and 
mathematics. 

 
x 

     

2. an ability to apply engineering 
design to produce solutions that 
meet specified needs with 
consideration of public health, 
safety, and welfare, as well as 
global, cultural, social, 
environmental, and economic 
factors. 

 x x  x  

3. an ability to communicate 
effectively with a range of 
audiences. 

x  x x   

4. an ability to recognize ethical 
and professional responsibilities 
in engineering situations and 
make informed judgments, 
which must consider the impact 
of engineering solutions in 
global, economic, 
environmental, and societal 
contexts. 

 x   x x 



5. an ability to function 
effectively on a team whose 
members together provide 
leadership, create a collaborative 
environment, establish goals, 
plan tasks, and meet objectives. 

   x  x 

6. an ability to develop and 
conduct appropriate 
experimentation, analyze and 
interpret data, and use 
engineering judgment to draw 
conclusions. 

x   x x  

7. an ability to acquire and apply 
new knowledge as needed, using 
appropriate learning strategies. 

 x x   x 

       

ABET-ETAC Student 
Outcomes 

      

1. an ability to apply knowledge, 
techniques, skills and modern 
tools of mathematics, science, 
engineering, and technology to 
solve broadly-defined 
engineering problems 
appropriate to the discipline; 

x      

2. an ability to design systems, 
components, or processes 
meeting specified needs for 
broadly-defined engineering 
problems appropriate to the 
discipline; 

 x x  x  

3. an ability to apply written, 
oral, and graphical 
communication in broadly-
defined technical and non-
technical environments; and an 
ability to identify and use 
appropriate technical literature; 

x x x x   

4. an ability to conduct standard 
tests, measurements, and 
experiments and to analyze and 
interpret the results to improve 
processes; and 

   x x x 

5. an ability to function 
effectively as a member as well 
as a leader on technical teams. 

x  x   x 



 
 

Sustainability and Environmental Stewardship 
 
Sustainability education in many aviation programs focus on fuel efficiency improvements and 
carbon offset strategies rather than alternative energy sources. While some programs cover 
biofuels, hydrogen is rarely included in sustainability coursework[27]. Cranfield University 
offers a course on Hydrogen for Civil Aviation, which highlights hydrogen's potential in 
aviation. However, this is an exception rather than the norm in sustainability coursework [28]. 
As a result, students lack the ability to assess hydrogen’s full environmental impact, including 
lifecycle emissions and infrastructure requirements [23]. Aviation students should be equipped 
with the knowledge to assess hydrogen’s environmental trade-offs and advocate for sustainable 
fuel policies. This includes training in lifecycle emissions analysis, which evaluates the total 
carbon footprint of hydrogen production, storage, and consumption. Students gain a 
comprehensive understanding of the various methods used to produce hydrogen, including grey, 
blue, and green hydrogen, each with distinct environmental implications. Grey hydrogen, 
produced from fossil fuels, generates significant carbon emissions during the extraction or 
manufacturing process. Blue hydrogen offers an improvement by capturing and storing the 
carbon produced, mitigating its environmental impact. In contrast, green hydrogen stands out as 
the only carbon-neutral option, as it is derived entirely from renewable energy sources without 
producing carbon emissions [29]. By exploring these distinctions, students are equipped to make 
informed decisions regarding fuel sourcing and sustainability strategies in aviation. Moreover, 
this training highlights the challenges associated with hydrogen, such as production processes, 
costs, and storage, emphasizing the need for innovative solutions to integrate hydrogen as a 
viable, sustainable fuel alternative [26]. Studies on managing fuel efficiency in the aviation 
sector highlight the need for integrating alternative fuels like hydrogen to reduce environmental 
impact and meet regulatory demands [30]. 
 
Universities should incorporate sustainability-focused courses that explore hydrogen production 
methods, fuel supply chain logistics, and regulatory frameworks governing hydrogen aviation. 
Additionally, interdisciplinary coursework that combines aviation, environmental science, and 
energy policy can help students develop a holistic understanding of hydrogen’s role in aviation 
decarbonization. Having established the critical curriculum gaps in aviation education, the next 
section examines how these competencies align with existing accreditation standards and 
industry expectations. 
 
A comprehensive understanding of hydrogen's environmental impact—through lifecycle 
emissions analysis, sustainability metrics, and regulatory frameworks—equips students to 
become informed advocates and decision-makers in aviation’s shift toward greener energy 
sources. By combining scientific insight into hydrogen production methods with practical 
strategies for emissions reduction and policy compliance, students develop a holistic view of 
hydrogen’s role in aviation sustainability. These integrated sustainability competencies not only 
enhance students’ environmental literacy but also support critical academic and industry 
objectives. The Competency vs Student Outcome Matrix below highlights the alignment between 
these skills and targeted educational outcomes. 
 
Table 3 Sustainability and Environmental Stewardship Competency vs Student Outcomes Matrix 

 Sustainability 



ABET-EAC Student Outcomes LOPA Fault Tree 
Analysis 

Distribution Emissions 
Analysis 

1. an ability to identify, formulate, and 
solve complex engineering problems 
by applying principles of engineering, 
science, and mathematics. 

x x   

2. an ability to apply engineering 
design to produce solutions that meet 
specified needs with consideration of 
public health, safety, and welfare, as 
well as global, cultural, social, 
environmental, and economic factors.   

x  

3. an ability to communicate 
effectively with a range of audiences. 

  x  

4. an ability to recognize ethical and 
professional responsibilities in 
engineering situations and make 
informed judgments, which must 
consider the impact of engineering 
solutions in global, economic, 
environmental, and societal contexts. 

x x   

5. an ability to function effectively on 
a team whose members together 
provide leadership, create a 
collaborative environment, establish 
goals, plan tasks, and meet objectives. 

   x 

6. an ability to develop and conduct 
appropriate experimentation, analyze 
and interpret data, and use engineering 
judgment to draw conclusions. 

 x x  

7. an ability to acquire and apply new 
knowledge as needed, using 
appropriate learning strategies. 

x   x 

     

ABET-ETAC Student Outcomes     

1. an ability to apply knowledge, 
techniques, skills and modern tools of 
mathematics, science, engineering, and 
technology to solve broadly-defined 
engineering problems appropriate to 
the discipline; 

x x   

2. an ability to design systems, 
components, or processes meeting 
specified needs for broadly-defined 
engineering problems appropriate to 
the discipline; 

  x  



3. an ability to apply written, oral, and 
graphical communication in broadly-
defined technical and non-technical 
environments; and an ability to 
identify and use appropriate technical 
literature; 

 x x  

4. an ability to conduct standard tests, 
measurements, and experiments and to 
analyze and interpret the results to 
improve processes; and 

x    

5. an ability to function effectively as a 
member as well as a leader on 
technical teams. 

  x x 

 
 
 
 
Alignment with ABET (Accreditation & Curriculum Recommendations) 
 

Curriculum Recommendations 
 
The integration of hydrogen-related competencies into aviation education requires a restructuring 
of existing curricula to accommodate the technical, safety, and sustainability challenges 
associated with hydrogen-powered flight. One possible adjustment is the inclusion of specialized 
courses on hydrogen propulsion systems. Such courses should provide students with an in-depth 
understanding of hydrogen fuel cells, combustion engines, and energy conversion principles, 
ensuring they acquire the necessary technical expertise to operate and maintain hydrogen-
powered aircraft [8], [9]. Given the unique properties of hydrogen, particularly its low 
volumetric energy density, students must also receive training on cryogenic fuel storage and 
handling. This knowledge is essential for ensuring the safe containment of liquid hydrogen at 
temperatures as low as -253°C, preventing structural embrittlement and energy losses during 
storage and transportation [11]. 
 
Beyond technical instruction, aviation curricula must address the distinct safety challenges 
associated with hydrogen. Compared to conventional aviation fuels, hydrogen is more 
susceptible to accidental ignition [13], [15]. Additionally, its rapid diffusivity complicates leak 
detection, necessitating advanced hydrogen sensors capable of real-time monitoring [17]. Current 
aviation safety training does not sufficiently address these risks, underscoring the need for a 
dedicated hydrogen safety management course that equips students with knowledge of 
emergency response protocols, fire suppression strategies, and risk assessment methodologies 
such as fault tree analysis and Layer of Protection Analysis (LOPA) [15]. The inclusion of case 
studies on historical hydrogen-related incidents, such as the Hindenburg disaster, alongside 
modern advancements in hydrogen safety technologies, would enhance student preparedness for 
handling hydrogen-related hazards in aviation settings [16]. 
 
Aviation education must also incorporate sustainability and lifecycle emissions analysis to 
ensure that students understand the environmental implications of hydrogen adoption. Although 
hydrogen-powered aircraft have the potential to achieve zero-emission flights, the sustainability 



of hydrogen depends on its production method. Currently, most hydrogen is produced through 
steam methane reforming (SMR), a process that generates significant carbon emissions, whereas 
green hydrogen produced via electrolysis using renewable energy presents a truly sustainable 
alternative [23]. Training students to differentiate between grey, blue, and green hydrogen, along 
with an analysis of hydrogen’s role in global decarbonization strategies, would enable them to 
contribute to industry discussions on fuel sourcing and regulatory compliance [24]. 
 
While introducing hydrogen-specific courses is essential, modifications to existing curricula are 
equally important. Engineering courses should integrate hydrogen propulsion case studies to help 
students contextualize emerging technologies, while flight operations and maintenance programs 
should expand risk management training to include hydrogen-specific protocols. Furthermore, 
regulatory courses must align with evolving standards from the International Civil Aviation 
Organization (ICAO) and the Federal Aviation Administration (FAA), ensuring that students are 
familiar with the policy landscape governing hydrogen adoption in aviation [18]. 
 
In addition to theoretical instruction, aviation programs should incorporate hands-on learning 
opportunities that expose students to real-world hydrogen applications. Simulation-based training 
using virtual and augmented reality (VR/AR) can enable students to engage in hydrogen aircraft 
operations in controlled environments without physical risk [20]. Research initiatives and 
capstone projects should also focus on hydrogen applications in aviation, encouraging students to 
participate in industry collaborations that provide practical exposure to fuel cell technologies, 
cryogenic storage, and propulsion system integration [28].  
 
By implementing these curricular changes, aviation institutions can ensure that graduates are 
well-equipped to support the transition to hydrogen-powered aviation. Drawing on lessons from 
other industries, such as the chemical, energy, and automotive sectors, is especially useful in an 
integrative context. The challenges of transitioning to hydrogen are similar to those that needed 
to be addressed during its introduction. In most cases, this has already been done with the 
development of solid educational frameworks for associated risks and opportunities. Chemical 
engineering specifically mentions hydrogen production, storage, transportation, and management 
of its properties in terms of safety in the curriculum [30], [29]. Similarly, the energy sector's 
training programs include life cycle analysis of alternative fuels, adding a holistic perspective to 
the trade-offs of environmental and operational choices related to these fuels [30]. By adopting 
similar educational frameworks, aviation programs can align their curricula with proven industry 
models to prepare students for hydrogen-powered aviation. 
 

Proposed Application of Competencies through Exercises and Projects 

 

The curriculum for aviation students should be structured to ensure that graduates possess the 
competencies necessary to meet industry demands while aligning with ABET-ETAC and ABET-
EAC student outcomes. The recommendations for curriculum enhancement should integrate 
theoretical instruction with practical, application-based learning experiences to reinforce key 
competencies. Competency-based learning is essential for aviation students to meet regulatory 
and industry expectations, reinforcing the need for a curriculum that emphasizes both technical 
knowledge and problem-solving skills. 
 



One fundamental competency is safety procedures, which should be embedded in multiple 
courses throughout the program. To develop proficiency, students should engage in scenario-
based simulations that replicate real-world aviation safety challenges. For instance, a capstone 
course could require students to conduct a comprehensive safety audit of an airport facility, 
identifying hazards and proposing mitigation strategies that align with industry regulations. 
Integrating safety case studies, such as historical accident investigations, will further solidify 
their understanding of risk assessment and mitigation. 
 
Risk assessment is another core competency that requires a structured, analytical approach. This 
can be reinforced through coursework that incorporates probability modeling and decision-
making frameworks. An applied learning exercise could involve students evaluating risk factors 
in aircraft maintenance operations and using failure mode and effects analysis (FMEA) to 
propose preventive measures. Collaboration with industry partners to provide case studies on risk 
management in airline operations would further enhance student engagement with real-world 
applications. 
 
Engineering principles, including computational fluid dynamics and energy conversion, should 
be integrated into coursework that bridges theory with practice. A hands-on project could involve 
students designing an aircraft winglet using computational tools to optimize aerodynamic 
efficiency. Similarly, an energy systems course could task students with assessing the 
environmental impact of different propulsion technologies and proposing innovative solutions 
for fuel efficiency. Practical exercises involving wind tunnel testing or computational 
simulations will provide students with hands-on exposure to industry-standard tools. 
 
Fire suppression, infrastructure and storage needs, and handling and distribution are vital 
competencies that can be covered through laboratory-based training and field visits to aviation 
facilities. A structured lab course should require students to test and evaluate fire suppression 
systems under controlled conditions, simulating various aircraft fire scenarios. For storage and 
distribution, students can develop logistics models that optimize fuel delivery to remote airfields, 
addressing challenges such as regulatory compliance and environmental sustainability. Site visits 
to fuel storage facilities and hands-on training with industry-grade equipment will enhance their 
applied knowledge. 
 
Sustainability and emissions analysis should be embedded in coursework that promotes 
environmental responsibility in aviation operations. A sustainability-focused project could 
involve students conducting a life-cycle assessment of alternative aviation fuels, comparing their 
carbon footprints with traditional jet fuels. Another effective approach is to have students 
participate in industry-sponsored competitions that challenge them to propose innovative 
solutions for reducing greenhouse gas emissions in commercial aviation. Interactive assignments 
requiring students to analyze carbon offset strategies and regulatory frameworks will further 
deepen their understanding of sustainability challenges in the industry. 
 
To ensure these competencies are effectively integrated into the curriculum, a continuous 
feedback mechanism should be established through industry partnerships and accreditation 
bodies. Engaging students in internships and cooperative education programs will provide them 
with firsthand experience in applying their skills to real-world aviation challenges. Additionally, 
embedding interdisciplinary collaboration within coursework, where students from aviation, 



engineering, and management disciplines work together on problem-solving projects, will further 
enhance their ability to address complex industry issues. 
 
The competency matrix provides a clear framework for aligning academic coursework with 
industry needs. By incorporating experiential learning, technology-driven applications, and 
industry engagement, the curriculum will not only fulfill ABET student outcomes but also ensure 
that graduates are equipped with the practical skills and analytical capabilities required in the 
evolving aviation sector. 
 
By integrating these exercises and projects, students will gain the applied knowledge necessary 
to bridge theoretical concepts with real-world aviation challenges, ensuring they meet both 
academic and industry expectations. 

Accreditation Alignment and Industry Collaboration 

 
 Ensuring that hydrogen-powered aviation education aligns with the Accreditation Board for 
Engineering and Technology (ABET) student outcomes provides a structured approach to 
curriculum development that prepares students for industry demands. ABET's accreditation 
standards emphasize student outcomes that integrate theoretical knowledge with practical 
application, ethical awareness, and professional skills [33], [34]. Programs tailored to hydrogen 
technologies must align their educational objectives with student outcomes, embedding relevant 
competencies into their structure. 
 
Depending on the program, there are multiple ABET student outcomes that may best apply. 
Engineering technology programs accredited through ABET-ETAC may find easy alignment 
with student outcome 1. An ability to apply knowledge, techniques, skills, and modern tools of 
mathematics, science, engineering, and technology to solve broadly defined engineering 
problems appropriate to the discipline [35]. Conversely, engineering programs may align best 
with student outcome 2. an ability to apply engineering design to produce solutions that meet 
specified needs with consideration of public health, safety, and welfare, as well as global, 
cultural, social, environmental, and economic factors [36]. A more comprehensive comparison of 
the alignment between the key competencies identified in this study and ABET student outcomes 
is shown in Table 1. 
 
The successful integration of hydrogen-related competencies into aviation education requires 
alignment with accreditation standards to ensure industry relevance. Within engineering 
programs, ABET) emphasizes the importance of sustainability, interdisciplinary problem-
solving, and hands-on experimentation in technical education [35]. Given the increasing demand 
for hydrogen-powered aviation, ABET accredited programs must incorporate experimental 
coursework focused on hydrogen propulsion systems, combustion analysis, and cryogenic 
storage. Laboratory-based instruction should enable students to conduct fuel cell efficiency tests, 
evaluate material properties for hydrogen containment, and assess thermal management 
strategies for hydrogen-powered aircraft [29].  
 
These curricular revisions would not only enhance student competencies but also align with 
ABET’s emphasis on applied engineering knowledge. Continuous improvement processes ensure 
alignment with ABET outcomes. Industry feedback from partners and alumni, in addition to 
accreditation requirements, enables frequent updates to the curriculum so educational programs 



keep pae with the changes in hydrogen technologies and requirements in industry [36], [37]. The 
inclusion of case studies of successful projects involving hydrogen or industry-sponsored 
capstone projects within the curriculum would further enhance the learning of students in terms 
of the implementation of hydrogen technologies in practice. 
 
Apart from these technical skills ABET also requires the development of professional skills, 
including effective teamwork, communication, and ethical responsibility. By nature, hydrogen 
aviation is an interdisciplinary area that requires collaboration among engineers, chemists, 
policymakers, and environmental scientists [36], [37]. The ability to function properly in such 
teams is necessary for students, as is the skill of communicating technological ideas to diverse 
audiences, such as industry stakeholders, regulators, and the public. 
 
Beyond ABET accreditation, aviation programs must also adhere to regulatory frameworks 
established by ICAO and the FAA. As hydrogen becomes more widely adopted in aviation, 
international safety guidelines will require updates to account for the unique hazards posed by 
hydrogen storage and handling. To ensure that students are adequately prepared for these 
regulatory shifts, aviation curricula should integrate ICAO and FAA guidelines related to 
hydrogen fuel management, cryogenic safety, and operational risk mitigation [19]. Courses on 
aviation regulations must reflect these evolving standards, equipping graduates with the expertise 
needed to navigate compliance requirements for hydrogen-powered flight operations. 
 
Industry collaboration is essential in strengthening hydrogen aviation education and ensuring that 
academic programs align with real-world applications. Partnerships with aircraft manufacturers 
such as Airbus and Boeing provide valuable insights into the technological advancements 
shaping hydrogen aviation, allowing universities to tailor their curricula to the latest industry 
developments [38]. Additionally, collaboration with hydrogen energy companies involved in 
infrastructure development and fuel production, including Shell and Linde, would offer students 
exposure to the broader supply chain considerations associated with hydrogen adoption. 
Government agencies and research institutions, such as NASA and the FAA, also present 
opportunities for academic partnerships that facilitate joint research initiatives and knowledge-
sharing in hydrogen aviation technologies [39]. 
 
To maximize the benefits of industry collaboration, universities should establish internship and 
research opportunities that allow students to gain direct experience with hydrogen aviation 
projects. Industry-sponsored research programs could provide students with the opportunity to 
work on hydrogen propulsion system development, optimize fuel storage solutions, and conduct 
feasibility studies on hydrogen-powered aircraft [25]. Moreover, the development of certification 
programs and micro-credentialing initiatives in hydrogen aviation would ensure that 
professionals already working in the field can acquire specialized expertise in hydrogen-related 
technologies. These collaborative efforts would not only bridge the gap between academia and 
industry but also accelerate the integration of hydrogen aviation into mainstream educational 
frameworks. 
 
By aligning aviation education with accreditation standards and fostering industry collaborations, 
universities can ensure that students receive comprehensive training in hydrogen-powered 
aviation [40] [41]. As the industry continues to evolve, curriculum updates and industry 
engagement will remain critical in equipping the next generation of aviation professionals with 
the skills needed to support the transition to hydrogen-powered flight. 



 
Discussion and Future Directions 
 
The findings of this review highlight a critical gap in aviation education, particularly in preparing 
students for the transition to hydrogen-powered aircraft. Existing curricula primarily focus on 
conventional propulsion systems and kerosene-based fuel management, failing to equip students 
with the necessary competencies for handling hydrogen-based aviation technologies. This gap is 
particularly evident in three key areas: technical skills, safety and risk management, and 
sustainability education. Without targeted curriculum modifications, aviation graduates will lack 
the expertise required to contribute to the ongoing transformation of the aviation industry [8], 
[10]. 
 
One pressing issue is the absence of dedicated coursework on hydrogen propulsion systems and 
storage technologies. Many current aviation programs emphasize traditional fuel systems, but do 
not provide the technical depth required for hydrogen applications. As research progresses on 
hydrogen fuel cell integration and cryogenic storage solutions, universities must revise their 
curricula to include training on fuel cell operations, computational modeling of hydrogen 
combustion, and structural engineering considerations for cryogenic tanks [29], [33]. 
 
Safety remains another major area requiring attention. Hydrogen, despite its environmental 
advantages, introduces significant safety challenges that differ from those of traditional aviation 
fuels. Its low ignition energy, wide flammability range, and rapid diffusivity require specialized 
safety protocols, which are currently underrepresented in aviation education [13], [15]. The lack 
of hydrogen-specific risk management training creates a critical vulnerability in workforce 
preparedness. To address this, aviation programs should integrate safety methodologies such as 
Layer of Protection Analysis (LOPA), real-time hydrogen leak detection systems, and 
emergency response procedures tailored to cryogenic fuel systems [18]. This adjustment would 
align with emerging ICAO and FAA safety regulations, ensuring that students graduate with the 
necessary risk mitigation expertise to operate hydrogen-powered aircraft safely [19]. 
 
Beyond technical and safety considerations, hydrogen adoption in aviation necessitates a broader 
understanding of its sustainability implications. The carbon footprint of hydrogen is largely 
dependent on its production pathway. While green hydrogen, produced via electrolysis powered 
by renewable energy, offers a near-zero emission solution, the aviation industry must address 
logistical and economic barriers to large-scale hydrogen deployment [24], [25]. Educating 
students on hydrogen lifecycle emissions, fuel supply chain logistics, and regulatory compliance 
is essential for fostering a workforce that can contribute to the development of sustainable 
aviation policies. Integrating these topics into aviation management and environmental science 
courses will ensure that graduates possess a holistic understanding of hydrogen’s role in 
decarbonizing the industry [8]. 
 
In addition to academic reforms, industry collaboration remains a key factor in bridging the gap 
between education and practical implementation. The aviation sector is undergoing rapid 
advancements in hydrogen-powered aircraft, with companies such as Airbus investing in ZEROe 
hydrogen propulsion technologies and other manufacturers exploring hybrid-electric 
configurations [38]. Establishing partnerships between universities and aerospace manufacturers 
would provide students with hands-on experience in hydrogen aviation projects, allowing them 
to engage in prototype testing, safety assessments, and supply chain development. Furthermore, 



internship opportunities with energy companies involved in hydrogen production, such as Linde 
and Shell, could expose students to real-world applications of hydrogen storage and distribution 
for aviation use [27], [29]. 
 
To ensure long-term success, aviation education must remain adaptable to technological 
advancements. Hydrogen propulsion research is continually evolving, and future breakthroughs 
may require further modifications to academic curricula. Continuous dialogue between 
universities, industry stakeholders, and regulatory bodies will be essential in keeping aviation 
education aligned with industry needs. Addressing educational challenges in aviation, 
particularly those related to emerging technologies like hydrogen propulsion, requires targeted 
curriculum reforms and adaptive learning approaches [42]. Future research should explore the 
development of standardized hydrogen aviation training protocols, the feasibility of hydrogen 
refueling infrastructure at airports, and the economic viability of large-scale hydrogen adoption 
in commercial aviation [43]. 
 
By addressing these gaps through strategic curriculum reforms and industry-academic 
collaborations, aviation education can actively contribute to the seamless integration of 
hydrogen-powered flight. As the industry continues to evolve, a proactive approach to hydrogen 
education will be essential to prepare future professionals for the challenges and opportunities of 
this emerging field. The following conclusion summarizes these findings and outlines key 
takeaways from this study. This discussion has outlined the key educational challenges and 
opportunities in preparing aviation professionals for hydrogen-powered flight. The following 
conclusion summarizes the major findings and presents key takeaways for aviation education 
reform. 
 
 
Conclusion 
 
The shift toward hydrogen-powered aviation presents both an opportunity and a challenge for the 
aviation industry. As sustainability becomes a central focus in global aviation policies, hydrogen 
has emerged as a promising alternative to conventional jet fuel. However, its successful adoption 
depends largely on the ability of academic institutions to equip future professionals with the 
competencies necessary to operate, maintain, and develop hydrogen-based aviation technologies. 
This literature review has identified three critical areas that require immediate attention: the 
integration of hydrogen propulsion and storage training into technical curricula, the development 
of hydrogen-specific safety protocols within aviation education, and the incorporation of 
sustainability frameworks that enable students to assess the long-term viability of hydrogen as an 
aviation fuel. 
 
To address these challenges, aviation education must undergo significant curricular reforms. 
Universities should introduce specialized courses on hydrogen propulsion, cryogenic fuel 
handling, and safety risk management, ensuring that students are well-versed in both the 
technical and regulatory aspects of hydrogen aviation. Existing courses should also be revised to 
include case studies and simulation-based training on hydrogen-powered aircraft operations. 
Moreover, hands-on learning opportunities, including internships and research collaborations 
with industry leaders, must be expanded to bridge the gap between theoretical knowledge and 
practical application. 
 



In addition to curriculum enhancements, alignment with accreditation standards such as ABET, 
ICAO, and FAA guidelines is essential in ensuring that aviation programs produce graduates 
who meet industry expectations. The aviation industry is rapidly evolving, and education must 
keep pace with emerging safety regulations, technological innovations, and sustainability 
initiatives. The integration of interdisciplinary training that combines engineering, environmental 
science, and aviation management will be crucial in preparing a workforce capable of navigating 
the complexities of hydrogen-powered flight. 
 
Future research should continue to assess the effectiveness of these educational reforms, with a 
particular focus on the development of standardized hydrogen aviation training protocols and the 
scalability of hydrogen infrastructure within the aviation sector. The long-term success of 
hydrogen aviation will depend not only on advancements in technology but also on the readiness 
of professionals who will be responsible for its implementation. By embracing proactive 
curriculum reforms and fostering stronger ties between academia and industry, aviation 
education can contribute significantly to the realization of a more sustainable and technologically 
advanced future for air travel. 
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