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Abstract—This paper presents an educational framework de-
veloped by the Interreg SIAT H2GreenFuture and Interreg
ITAT EDU-CIRC projects to promote sustainable technologies
and address competency gaps. The Competence Development
Framework (CDF) focuses on sustainability, decarbonization,
hydrogen, and fuel cell technology across basic, intermediate,
and advanced levels. Utilizing the ADDIE model, the training
emphasizes remote and problem-based learning with practical
applications in learning factories and laboratories. Innovative
teaching methods like experiential learning and simulations en-
hance engagement. Pilot modules at the bachelor’s level highlight
education’s critical role in the energy transition.

Index Terms—education, sustainability, hydrogen, decar-
bonization, framework,

I. INTRODUCTION

Hydrogen technology is increasingly recognized as a cor-
nerstone for achieving sustainable energy solutions and meet-
ing global climate goals. The European Union’s initiatives,
including the Hydrogen Strategy [1] and European Green
Deal [2], highlight hydrogen’s role in reducing fossil fuel
dependency and supporting a green economy. As Europe
seeks to achieve climate neutrality by 2050, the demand for
hydrogen technology professionals has increased, presenting
an urgent need for competency-based education aligned with
industry and sustainability requirements.

However, existing engineering curricula often lack specific
training in hydrogen technologies and sustainability, leaving
graduates underprepared for the sector’s specialized needs.
The challenge of building this workforce extends to educators,
who need structured frameworks that address both theoretical
foundations and practical applications in hydrogen technology.
This gap in competencies is a barrier to advancing hydrogen-
driven sustainable practices, underscoring the need for an
educational framework that prepares students for real-world
challenges in this emerging industry.

A. Research Goals and Framework

To address this gap, this paper proposes a competency-based
framework that integrates sustainability and hydrogen tech-
nology into engineering education. The framework, grounded
in the ADDIE model (Analysis, Design, Development, Im-
plementation, and Evaluation) [3] is structured to provide a
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systematic, scalable approach to curriculum design. By orga-
nizing competencies into basic, intermediate, and advanced
levels, the framework enables a stepwise progression that
combines theoretical knowledge with hands-on skills relevant
to hydrogen technology.

• Analysis: This phase identifies specific skill gaps and
competency needs in hydrogen technology, informed by
industry insights and sustainability goals.

• Design: This phase establishes the instructional strategy
and competency modules, aligning them with desired
outcomes in hydrogen technology and sustainability.

• Development: Educational materials are created, inte-
grating both theoretical and practical learning elements
to support competency acquisition.

• Implementation: The framework is piloted in engineer-
ing programs, with an emphasis on practical applications
that mirror industry environments.

• Evaluation: The framework is refined based on feedback,
ensuring it meets evolving industry standards and educa-
tional effectiveness.

Through this structure, the framework equips educators
to deliver targeted training that addresses the technical and
interdisciplinary skills necessary for sustainable hydrogen
technology.

B. Relevance for Industry and Academia

This framework has significant implications for both in-
dustry and academia. For industry, it addresses the demand
for professionals trained in hydrogen and sustainable energy,
facilitating innovation and supporting the transition toward
decarbonized energy systems. By integrating competencies in
fuel cell technology, decarbonization strategies, and environ-
mental impact assessment, graduates can contribute to hy-
drogen’s growing role in energy transitions. The framework’s
alignment with industry needs ensures that graduates are not
only knowledgeable but also ready to apply their skills in real-
world scenarios.

For academia, this framework aligns engineering programs
with current industry standards and sustainability targets. In-
tegrating hydrogen technology competencies into engineering
curricula enhances students’ employability. The framework
encourages industry-academia partnerships by incorporating



real-world industry insights, fostering collaborative develop-
ment, and addressing immediate workforce needs in hydrogen
technology.

II. LITERATURE REVIEW

Competency-Based Education (CBE) has emerged as an
important framework for bridging the gap between traditional
educational systems and the evolving needs of industry, partic-
ularly in fast-developing technical fields such as sustainability
and hydrogen technology. This section reviews the current
literature on CBE models, best practices, and challenges,
emphasizing its unique applications and benefits. The relevant
literature [4], [5], [6] outlines the key features of CBE, which
can be summarized as follows:

• Clearly Defined Learning Outcomes CBE emphasizes
mastery of specific skills and competencies. Each learning
unit is carefully designed to develop measurable, con-
crete abilities, ensuring that students acquire the essential
knowledge required to meet industry standards.

• Modular Learning Path or Curriculum: The cur-
riculum is divided into smaller, manageable modules
and units, each focused on specific competencies. This
modular structure facilitates a more targeted and efficient
learning process.

• Individual Learning Pace: Students are able to progress
at their own pace, working on each competency until
they achieve mastery before moving on to the next.
This flexibility allows learners to spend more time on
challenging topics and progress more quickly through
areas they already understand.

• Continuous Assessment and Feedback: Assessment in
CBE is ongoing, designed to monitor learner progress and
provide regular feedback. Rather than a final exam, learn-
ers receive feedback throughout their education, helping
them improve their skills incrementally.

• Practical, Hands-On Learning, Lab Exercises: Assess-
ment in CBE is ongoing, with regular feedback designed
to monitor student progress. Rather than relying on a
single final exam, learners receive continuous feedback
throughout their education, helping them refine their
skills incrementally.

• Personalized Learning Paths: Since students advance at
their own pace, learning paths can be individualized. This
makes the CBE model more flexible and student-centered,
catering to the unique needs, goals, and interests of each
learner.

As global demand for sustainable energy solutions grows,
educational models in sustainability and hydrogen technology
must equip students with highly specialized and continually
evolving skill sets. Additionally, it is important to raise
awareness of these technologies among younger students,
ensuring that they are introduced to these fields early on.
Key competencies in sustainability include systems thinking,
environmental policy knowledge, and technical engineering
skills. In hydrogen technology, competencies extend to un-
derstanding fuel cells, energy storage and production solu-

tions, and regulatory frameworks for hydrogen use. Given this
context, CBE is particularly well-suited for technical fields
such as hydrogen technology, where specialized knowledge
and precise skills are essential. As [4] points out, CBE is
especially effective in engineering education, where skills
must be specific, measurable, and demonstrable. For example,
mastering the operation of fuel cells or understanding the
hydrogen production process requires breaking down these
complex skills into smaller, more manageable units that can
be adapted to the learner’s level. Furthermore, each compe-
tency can be measured against industry standards, ensuring
that the education provided aligns with real-world practices.
Despite its benefits, implementing CBE in fields like hydrogen
technology presents several challenges. One major issue is
the resource-intensive nature of CBE, which often requires
specialized equipment, laboratories, and extensive instructor
training. As noted by [6], limited resources can hinder the
ability to provide the hands-on learning experiences crucial
for mastering competencies in technical fields. Another chal-
lenge, highlighted by [7], is the rapid pace of technological
advancements, which necessitates frequent updates to the
curriculum and modules. In sectors like hydrogen technology
and sustainability, competencies must be adaptable to new
regulations, tools, and practices. Therefore, successful CBE
programs in these fields require flexible structures and active
collaboration with industry partners to ensure they remain
relevant. Industry and project collaborations allow for timely
updates to learning modules, which is particularly important
in emerging sectors like hydrogen technology, where rapid
developments require continuously updated competencies. The
literature consistently underscores CBE as a powerful model
for addressing the educational needs of the sustainability and
hydrogen technology sectors. It offers a flexible, modular
framework for building industry-relevant skills, ensuring that
students are well-prepared to meet the demands of these
dynamic fields.

III. COMPETENCY DEVELOPMENT FRAMEWORK

As the demand for sustainability professionals grows, edu-
cational institutions and training programs face the challenge
of providing a structured yet adaptable learning framework.
The development of the Competency Development Framework
(CDF) presented here addresses this challenge by offering a
modular system that not only covers technical knowledge but
also emphasizes sustainable practices. The CDF is organized
into core competency categories designed to equip learners
with both technical and interdisciplinary skills. The total
number of modules, courses and units is not limited to a
specific number. This means that in the future, this framework
can be adapted to new objectives. At the top category, modules
represent broad blocks of learning, covering primary topics
within hydrogen technology, such as sustainability, technical
fundamentals and interdisciplinary applications. These mod-
ules are designed to provide comprehensive knowledge and
enable learners to focus on specific areas. Each module is
associated with ECTS credits, ensuring compatibility with



academic systems and formal recognition of learning achieve-
ments. (Fig. 1) gives an overview of CDF structure. Within
each module, course units provide a more focused insight into
particular topics, such as hydrogen production methods, sys-
tem integration or environmental impacts. Courses are struc-
tured to build specific competencies within the overarching
module theme, and are broken into manageable components
that allow learners to progress in stages. This structure is
particularly beneficial for people with limited time, such as
professionals in SMEs who may only need knowledge in a
specific area and can complete a single course rather than an
entire module.

Fig. 1. Example of the Competency Development Framework. Modules
include different courses and within are several units implemented.

At the basic level, units address individual skills or con-
cepts within a course. These are the smallest, most targeted
components and provide significant flexibility. Learners can
select units that are relevant to their goals or areas of interest,
creating a personalized learning path. For example, students
can follow a structured path from introductory to advanced
modules, while researchers can mix units across modules for
a cross-disciplinary approach. This flexibility at the module
level is also beneficial for young learners and high school
students, as it allows them to start with basic concepts and
build their understanding incrementally. The adaptable design
of the modular framework means that it can meet diverse
learning needs, including continuous professional develop-
ment for SMEs, structured academic learning for students,
and accessible introductory content for younger audiences.
By offering customizable, skills-based learning pathways, the
CDF equips diverse learners with the skills they need to
succeed in the evolving hydrogen and sustainable technologies
sectors, ensuring that training remains relevant and aligned
with industry standards and sustainability goals.

A. Overview of the ADDIE Model in Framework Development
The ADDIE model offers a structured approach to cur-

riculum development, guiding the CDF’s creation from initial
needs assessment through implementation and iterative refine-
ment. Each phase contributes uniquely to a flexible, modular
framework that meets the evolving requirements of hydrogen
technology education.

The Analysis phase showed specific gaps and needs within
sustainability education. Based on feedback from industry
partners, academic institutions, and target learners (students,
SMEs, researchers), critical competencies were identified in
four areas: technical knowledge, sustainability, interdisci-
plinary skills, and soft skills.

• Industry Consultation: Engagement with hydrogen and
energy industry experts highlighted essential skills like
electrolysis technology, fuel cell operation, and environ-
mental impact assessments. Industry demand for cross-
disciplinary competencies such as policy knowledge and
systems thinking also emerged as significant.

• Educational Needs Assessment: Surveys and focus
groups within academic circles identified gaps in existing
engineering curricula, particularly the absence of hands-
on, sustainability-focused modules in hydrogen technol-
ogy.

• Targeted Learner Needs: Insights from students, re-
searchers, and SMEs indicated diverse needs, from foun-
dational knowledge in hydrogen processes to advanced
interdisciplinary applications.

This analysis shaped the framework’s structure, establishing
the necessity for a modular approach that can accommodate
both comprehensive foundational education and targeted skill
development. Based on the understanding of competence
needs, the Design phase structured the CDF into modules,
courses, and units. Each component is tailored to provide
both depth and flexibility, allowing for customized learning
pathways based on individual or organizational needs.

• Modules: The modular structure consists of large edu-
cational blocks covering broad topics in hydrogen tech-
nology. For instance, a module titled “Fundamentals of
Hydrogen Technology” may encompass key areas such
as hydrogen production, storage, and application. Each
module is assigned a specific European Credit Trans-
fer and Accumulation System (ECTS) value, typically
5 ECTS, representing approximately 125-150 hours of
study. This modular approach allows flexibility and en-
sures that learners can focus on foundational knowledge
before advancing to more specialized topics.

• Courses: Within each module, courses are designed to
provide more in-depth knowledge on specific subjects.
For instance, in a module on hydrogen production,
courses may include topics such as steam methane re-
forming, water electrolysis, and renewable energy inte-
gration. Each course has an assigned ECTS value propor-
tional to its content and required learning time, enabling
learners to accumulate credits incrementally and tailor
their study focus.

• Units: are the smallest, most targeted elements within
each course. Each unit focuses on a single concept or
skill, making it easy for learners to engage with specific
information without requiring full module completion.
Units enable mixing and matching across courses, cre-
ating custom learning paths.



In the Development phase, educational materials were
created to support both theoretical and practical learning,
aligned with the structure designed in the previous phase. The
CDF incorporates various instructional methods to foster an
engaging, competency-based learning environment:

• Theoretical Content: Lectures, readings, and online re-
sources cover fundamental knowledge in hydrogen tech-
nology and sustainability, laying a strong academic foun-
dation.

• Hands-On Workshops and Simulations: To reinforce tech-
nical competencies, hands-on workshops and simulation-
based learning are integrated into courses. For instance,
virtual training environments allow learners to simulate
hydrogen production and storage scenarios, which are
especially valuable for distance learners or SMEs with
limited access to laboratory facilities.

• Interactive Learning Activities: Problem-based learning
and experiential activities promote active engagement,
helping learners apply theoretical knowledge to real-
world challenges. Such activities support the practical
skills necessary in hydrogen applications, reinforcing
industry alignment.

• Assessment Tools: To ensure mastery, each unit incorpo-
rates formative assessments, allowing learners to evalu-
ate their understanding continuously. These assessments
enable educators to provide feedback and adjust in real
time, ensuring that students meet competency milestones
as they progress.

The Implementation phase focuses on deploying the frame-
work across different learning environments, adapting delivery
methods to fit various educational and professional contexts.
Implementation strategies include:

• Blended Learning: Combining online modules with in-
person workshops where possible, the blended learning
approach provides flexibility, accommodating both re-
mote learners and those in traditional classroom settings.

• Self-Paced Learning for SMEs: For SMEs, the self-paced
online component allows employees to access training
on their schedules, addressing the time constraints often
faced by professionals in the industry.

• Instructor-Led Sessions for Structured Learning: In aca-
demic settings, structured, instructor-led modules guide
students through foundational to advanced topics, sup-
porting those who benefit from a more directed ed-
ucational experience. Implementation also includes pi-
lot programs, where select courses or units are trialed
in bachelor’s or vocational programs, providing initial
feedback on the framework’s effectiveness in building
industry-relevant competencies

The last phase, Evaluation, ensures that the framework
remains responsive to learner needs and industry standards.
Evaluation methods include:

• Learner Feedback and Performance Data: Surveys and
assessments provide insights into learner satisfaction,

engagement, and competency acquisition, informing ad-
justments to improve educational outcomes.

• Industry Feedback: Periodic consultations with industry
stakeholders ensure that the curriculum remains aligned
with evolving standards and technologies in hydrogen and
sustainability sectors.

• Iterative Refinement: Based on feedback, modules,
courses, and units are periodically updated. For instance,
new competencies may be added as hydrogen technolo-
gies advance, and course content may be adjusted to
reflect updated environmental regulations.

B. Implemented Unit for Hydrogen Fuel Cell Technology
Two units from the CDF were implemented in a bach-

elor’s degree program. The first unit provides theoretical
background for engaging with hydrogen technology exercises,
covering hydrogen fundamentals, electrochemical principles,
storage methods, and safety protocols. Students began with an
overview of hydrogen as a clean energy carrier, exploring its
properties, environmental benefits, and roles in various sectors.
This foundation helped learners understand hydrogen’s signif-
icance in energy transition efforts. Next, the unit covered the
electrochemical principles behind proton exchange membrane
(PEM) fuel cells, detailing the chemical reactions that convert
hydrogen into electricity, produce water, and generate usable
power.

Fig. 2. Required equipment for lab exercises. left: H2-Engineering Kit with
proton exchange membrane; right: HydroFill Pro with inserted Hydrostik [11]

The second unit was focused on hands-on, practical en-
gagement with hydrogen fuel cell technology and hydrogen
storage systems, primarily using the H2-Engineering Kit and
HydroFill Pro (Fig. 2). These tools provide a comprehensive,
experimental environment for learning and practicing the fun-
damentals of hydrogen energy, from production and storage to
operating behavior and efficiency measurement. The learning
objectives for the students were:

• To understand the operation and basic principles of a
hydrogen fuel cell system.

• To measure and analyze the voltage-current (U/I) charac-
teristics of a PEM fuel cell.



• To calculate hydrogen consumption and efficiency under
various loads.

After conducting both units, students gained a basic un-
derstanding of fuel cell technology, focusing on practical
operation, efficiency, and safety. Through hands-on interaction
with the H2-Engineering Kit and HydroFill-Pro, they learned
essential principles and technical skills related to hydrogen
fuel cells, an increasingly important technology in sustainable
energy.

IV. DISCUSSION AND CONCLUSION

The presented Competency Development Framework (CDF)
effectively addresses the growing demand for specialized ed-
ucation in hydrogen technology and sustainability. Developed
within the scope of the Interreg SIAT H2GreenFuture and
Interreg ITAT EDU-CIRC projects, this framework leverages
insights from these initiatives to ensure industry relevance and
sustainability alignment. Key takeaways include:

Relevance to Industry and Academia: By integrating out-
comes from H2GreenFuture and EDU-CIRC, the CDF aligns
with industry standards, addressing critical workforce gaps in
hydrogen technologies and sustainability. It supports academia
in preparing students for emerging roles in the energy transi-
tion.

Flexible and Modular Structure: Building on EDU-CIRC’s
focus on circular economy principles and H2GreenFuture’s
emphasis on hydrogen innovation, the framework provides
personalized learning paths to meet diverse educational and
professional needs while adapting to technological and regu-
latory changes.

Innovative Learning Approaches: The inclusion of hands-on
workshops, simulations, and problem-based learning, inspired
by pilot activities from H2GreenFuture, ensures that learners
develop practical competencies for real-world challenges in
hydrogen technology.

Pilot Success: The implementation of hydrogen fuel cell
technology units in a bachelor’s program, supported by
H2GreenFuture’s resources and experimental setups, high-
lighted the framework’s capacity to combine theoretical
knowledge with practical engagement.

Sustainability and Scalability: Based on the circular econ-
omy principles from EDU-CIRC and the sustainability focus
of H2GreenFuture, the CDF ensures applicability across di-
verse educational contexts and scalability for future advance-
ments.

By integrating the innovative methodologies and
sustainability-focused goals of H2GreenFuture and EDU-
CIRC, the CDF will become a key tool for bridging skills
gaps in hydrogen and sustainable technologies. Future
efforts should expand the framework, encourage greater
collaborations with industry and academic stakeholders, and
refine curriculum elements to adapt to the fast-evolving
energy landscape.

ACKNOWLEDGMENT

This work and these projects have received funding from the
Interreg VI-A Italy-Austria 2021-2027 cooperation program
and the Interreg SI-AT 2021-2027 program.

REFERENCES

[1] European Commission, “A Hydrogen Strategy for a Climate-Neutral
Europe” , 2020,

[2] European Commission, “The European Green Deal” , 2019,
[3] Branson, R.K.; Rayner, G.T.; Cox, J.L.; Furman, J.P.; King, F.J.;

Hannum, W.H., ”Interservice procedures for instructional systems de-
velopment”, (TRADOC Pam 350-30, NAVEDTRA 106A Vol. 1-5 ed.),
1975

[4] Voorhees, A., “Creating and implementing competency-based learn-
ing models.,” New Directions for Institutional Research, in press.,
2001(110), pp. 83–95

[5] Eljim, P, Cuyacot., Marilo, T, Cuyacot. ”Competency-based education:
Learner’s new process for success.” International Journal of Research
Studies in Education, 11 (2022). doi: 10.5861/ijrse.2022.165

[6] Ford, Kate, “Competency-Based Education: History, Opportunities, and
Challenges”, (2014), Doi: 10.13140/RG.2.1.4679.0885 .

[7] Thakkar, J., Smith, T., & Brown, A., ”Aligning competency-based
education with industry needs in STEM fields”, 2022, International
Journal of STEM Education, 9(1), 12.

[8] Oliver, B., & Jorre de St Jorre, T., ”Employability and micro-
credentialing in CBE: The next steps in technical education”, Higher
Education Research & Development, 2018, 37(5), pp. 914–929.

[9] Jones, K., Garcia, M., & Lee, S., ”Challenges and strategies in
competency-based education for emerging energy technologies”, Journal
of Energy Education and Technology, 2021, 8(4), pp. 345–362.

[10] Henrickson, S., ”Adaptability in technical competency-based education:
Curriculum responsiveness to technological change”, Technical Educa-
tion Review, 2020, 19(3), pp. 98–112.

[11] Werth W., Madritsch C., Warmuth A., ”Work in Progress: Steps to
Green Future With Hydrogen Technologies - Implementation of a New
Teaching Concept”, IEEE Global Engineering Education Conference
(EDUCON 2023), Salmiya, Kuwait, May, 2023


