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Abstract - The prospects and challenges of the hydrogen economy are available, and one of the keys to the very efficient
production, storage, and use is material innovation. This hydrogen storage business should be smart on its part. The research is
concerned with the general principles of operation, the level of taxonomy, and technological advancement. It also covers the
application, service life, cost, and technological/ industrial preparedness of these technologies to a great extent in the paper.
The study is also facilitated by the comprehensive database overview of all technologies researched in the field, which makes it

possible to find out the current trend of the research front and the potential of further outputs.

Keywords - Natural green Energy, hydrogen economy, materials science, storage, fuel cells, sustainability. The reports will also
further the discussion on optimization of the materials for Hydrogen, hence, contribute to the high rate of transition to an

economy that is dependent on green Hydrogen.

1. Introduction

The solution to the limitations in space of hydrogen
storage and production technologies will require the use of
materials science breakthroughs so that Hydrogen can be used
more widely as a clean energy source. In order to assist in
coping effectively with the issues surrounding the hydrogen
storage technologies, there should be an adoption of a
collaborative approach that will entail bringing together all the
players in the hydrogen economy. This type of joint venture
will aid in finding the best practices and innovative solutions,
and ultimately encourage the creation of hydrogen storage
technologies as per the sustainability goals. The continuing
research on hydrogen systems is on materials and science to
enhance effectiveness and safety, which is one of the
conditions for a sustainable hydrogen economy. It is necessary
to include advanced materials in the development of hydrogen
technologies to overcome the existing obstacles and achieve
the maximum output with various applications. Additional
developments in material science are needed to speed up the
process of non-Platinum Group Metal (non-PGM) catalysts
and further hydrogen storage systems [1]. This plays a vital
role in the future business viability of hydrogen technologies
in the interests that decay over the long run. In addition, the
development of long-lasting and economical materials is
significant towards the actualization of hydrogen energy
solutions [1]. The research discussed in this paper is an
extension of the research that is being conducted to address
some of the limitations and open new horizons for usage in
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other fields. Such collective material science initiatives will
inevitably have far-reaching effects on the landscape of
hydrogen energy technologies that will be developed and will
result in innovation and sustainability in numerous
commercial fields. Academic-industry and government
strategic collaboration will be and will become significant to
come up with new materials within a short period in
accordance with the expanding hydrogen economy [2]. The
successful transition to the hydrogen economy also depends
on renewable and sustainable technologies to store Hydrogen
and use emerging materials to facilitate safety and efficient
consumption of Hydrogen. This necessitates particular
concern for material sciences in the research and development
to come up with new materials that can positively cope with
the particular difficulties as decided by hydrogen energy
systems. The speed and commercial viability with which they
reach a clean hydrogen economy will finally be based on the
interface between material technology and hydrogen
technology. Various actors involved in this effort are required
to work together to help accelerate the implementation of
hydrogen solutions and their incorporation into currently
existing energy systems that will lead to a sustainable energy
future. The integration will also require the new approaches to
material design- the emphasis should be on nanostructured
materials to make them even more efficient in storing and
using Hydrogen [3]. The tailor-made nanostructured materials
to overcome the challenges mentioned above, including
increasing surface area and enhancing the hydrogen sorption
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kinetics [4, 5], will be significant in achieving a higher
gravimetric density of hydrogen storage materials, as
demonstrated in the recent developments in carbon aerogels.
[6] They not only increase the storage capacity but also
increase the safety and efficiency; hence, it is essential for the
future of hydrogen energy technologies [7]. Additionally, new
forms of nanostructured material are continuously being
researched, and these are likely to significantly raise the
volumetric densities of hydrogen storage as well as improve
the system performances [3]. Carbon aerogels or
nanostructured materials have been created to enhance storage
properties and safety of Hydrogen to achieve a sustainable
hydrogen economy [8]. These nanostructured material
developments play an important role in addressing the issue of
low volumetric density of Hydrogen, which is a significant
barrier to storage and use within the hydrogen economy [9].
Perpetrators of hydrogen storage and perhaps ultimately
towards such a clean economy, in summary, the design of
nanostructured materials represents a promising path to
overcome the obstacles of hydrogen storage and ultimately to
a streamlined economy of that sort. Further studies of
nanomaterials should be continued to enhance the
performance and safety of hydrogen storage that will result in
a sustainable H; economy [9]. The introduction of
nanotechnology in hydrogen storage systems enhances safety,
besides addressing the major challenges of volumetric density;
this should further encourage the extensive use of H, energy
[10]. New methods using nanomaterials are needed to improve
the hydrogen storage qualities and to address, through
volumetric density and intrinsic security, some of the
constraints that have been noted concerning optimization of
hydrogen systems [9].

Nanostructured materials are important in innovations
that enhance the storage of Hydrogen and the handling of
safety and low volumetric density of hydrogen energy in
hydrogen-powered systems. [9]. More research in this field
will result in new ways of a hydrogen economy in the future.
With the increasing number of people demanding and
requiring improved hydrogen storage procedures, the
production of new nanostructured materials will play a key
role in realizing the required performance indices of effective
implementation [11, 12]. In order to overcome the challenges
of hydrogen storage and system performance improvements,
new nanostructured materials with optimized surface areas
and tailored functionalities are an important area for
investigation [13]. The prospect of a hydrogen economy
largely depends on the successful application of new
nanostructured materials to meet problems and demands in
storage and safety related to the use of Hydrogen. [9] The
ethical concerns of hydrogen storage materials are vital,
especially in their environmental effects and sustainability. To
avoid adverse impacts on the planet, the decision of hydrogen
storage materials should give more priority to ethical
considerations and their environmental sustainability in
general. This will make sure that the development and
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utilization of hydrogen storage technologies will be in line
with sustainable practices and add value to the environment.

Among the aspects introduced, the idea of environmental
sustainability, combined with the element of ethics, will allow
us to make the hydrogen storage solutions more viable within
the context of renewable energy development. It is also a key
ingredient of the creation of a sustainable future of hydrogen
energy that can address the ethical considerations and the
environmental issues associated with energy storage
technologies [8]. The social dimension of sustainability
should also be a priority of the sustainable solutions, as recent
studies on energy storage technologies indicate [10]. By
covering these points, the development of hydrogen storage
technologies will be approached more fully. The
interdisciplinary approach of this holistic view of the problem
focuses on the necessity of collaboration between the
scientists, ethicists, and policymakers to achieve effective and
sustainable hydrogen storage solutions. Concerning safety, the
adoption of effective safety protocols ranks highest in regard
to safe storage and manipulation of hydrogen materials, due to
the peculiarities of their nature and the risks they carry. These
measures will help to reduce the risk of personnel and
infrastructure loss and increase the degree of confidence in
hydrogen technologies as a possible energy source among
people.

Incorporating ethical and environmental aspects is crucial
to the development of safety and sustainability in long-term
hydrogen storage technologies. This holistic solution will
eventually contribute to the shift towards a low-carbon
economy and the ethical and environmental concerns of
hydrogen storage solutions (Rafi et al., 2025). Such effects on
the environment of hydrogen storage technologies should be
strictly evaluated to avoid the fact that they may cause
additional greenhouse gas emissions or other environmentally
dangerous effects, as has been recently discussed in the
analysis of the hydrogen economy [7]. Thus, the hydrogen
storage technologies should be continually evaluated and
improved so that they can be considered in terms of their
contribution to the sustainability objective and to reduce the
possible adverse effects on the environment. Furthermore, it is
essential to build a partnership between the researchers,
industry stakeholders, and policymakers to come up with new
ideas to manage the issues of hydrogen storage effectively and
ensure the sustainability and ethical use of their resources.
This joint work will be very effective in the development of
hydrogen storage technologies that can not only satisfy energy
needs but also focus on ethical and environmental issues. To
be effective in tackling the challenges in materials for the
hydrogen economy, there is a need to focus on the
development of advanced materials that will boost the
efficiency of hydrogen production, storage, and utilization.
The introduction of new materials will be an essential
contribution to breaking the existing restrictions and allowing
the popularization of hydrogen technologies.



Israel Tshilembakana Kazadi & Khaled Abou-El-Hossein / IJETT, 74(6), 173-186, 2026

2. Motivation

The hydrogen economy promises much in terms of
sustainable energy, and on the other hand, it has a set of issues
that revolve around material factors (production, storage, and
use) [14]. As a substitute, these blocks should be addressed to
make Hydrogen meet its maximum promise as a clean energy
carrier, which is why the role of advanced materials in
addressing these issues cannot be understated. The research,
to fulfill this challenge of penetrating into the hydrogen
economy, should have a direct contribution, starting with the
development of new materials to enhance efficiency and
security in the production and storage of Hydrogen [15].

In this regard, material innovation plays a central role, due
to the particular issues of storage and safety that hydrogen
energy systems are forced to face when used on a large scale.
The actualization of solid-state hydrogen storage systems
using the novel nanostructured materials is a major scientific
issue of solving the issues associated with volumetric density
and safety in hydrogen technology [9]. Hydrogen storage is
significant to drive the emerging hydrogen economy, and
engineered materials can result in a drastic increase in
hydrogen storage [12].

3. Aim and Scope of the Paper

This paper was written with the purpose of speaking about
the most topical evolution of technologies of solid-state
hydrogen storage, with special emphasis on the new
nanomaterials and their perspectives as the best in the field of
efficiency and safety during the storage. The other aspects that
will be addressed in this article are the material challenges
involved in the incorporation of these materials into the
existing hydrogen systems and how their engineering should
proceed to the next level so as to fit into their operations.

4. Methodology

The paper will be based on a compilation of information
on the following areas: evaluation of the existing technologies
of hydrogen storage, their environmental effects, and ethical
considerations that should be applied to the sustainable
development of the hydrogen economy. This analysis will be
aimed at identifying the current hydrogen storage technologies
and the sustainability of these technologies, as well as the
ethical paradigms that will inform the readers and the
researchers who are involved in the investigation of the
hydrogen storage technology. This paper sets out to give a
holistic overview of hydrogen storage, sustainability, and
ethical issues by incorporating knowledge gained through the
various studies.

5. Hydrogen Economy Overview

The hydrogen economy will depend on efficient storage
methods; among the various storage forms, solid-state storage
technologies by means of nanomaterials provide quality
improvements in terms of both safety and efficiency [9]. There
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is also a demand to solve the issue of volumetric density by
the development of new materials for advanced hydrogen
applications  [16]. Thus, the development and
commercialization of a solid-state hydrogen storage
technology will not solely rely on novel materials, but also be
based on specific safety ideas in order to decrease the threat of
risks associated with hydrogen-based systems.

To succeed in hydrogen technologies, innovative
materials and efficient safety measures must be created to
address the challenges in hydrogen storage. This collaboration
will help us move in the right direction of a sustainable
hydrogen economy through creating safer and more efficient
means of hydrogen storage, which is an essential move to the
large-scale use of Hydrogen. Incidentally, solid-state
hydrogen storage systems have to be advanced to break the
physical limitation of low volumetric density of Hydrogen and
enhance the performance of the systems [9]. It is highly crucial
that advanced nanomaterials are concentrated on to enhance
the hydrogen economy and safe and efficient storage. The
innovative concepts of hydrogen energy systems need
innovative materials, which are in urgent demand to resolve
the natural issues and facilitate the creation of a sustainable
hydrogen economy.

The design of improved materials to store Hydrogen is
not just significant to offer a safer energy to store dense
Hydrogen but also to relieve the extreme constraint of the low
volumetric density of Hydrogen and consequently the smooth
pathway to a sustainable hydrogen economy. The mass use of
a hydrogen economy will be conditional on the progress of
new materials and technologies capable of offering an
affordable solution to the problem of storage, as well as an
increase in the performance of the systems.

Therefore, constructing new nanostructured materials for
hydrogen storage is needed not only to address the existing
technological bottlenecks, but also to promote a sustainable
hydrogen economy, and it will help significantly increase the
capacity of storage with better safety [9]. Investigation of
solid-state hydrogen storage materials, particularly the
nanostructured ones, is important for the development of safer
and efficient solutions to volume density problems in a
hydrogen application [9, 17]. Present research on solid state
hydrogen storage is focused on the use of advanced
nanomaterials to enhance the hydrogen storage capacity and
safety, while overcoming the key challenge related to
Hydrogen's low volumetric density [9, 12]. In the progress of
material technologies regarding solid-state hydrogen storage,
they are necessary to satisfy the future energy system,
environmental concerns, and safety in the course of using
Hydrogen.

The key to solving the challenge, both in volumetric
density and safety in hydrogen-related applications, is the
advancement of solid-state hydrogen storage technology
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exploiting nanostructured materials [9]. With the assistance of
leading materials research, scientists are already achieving
significant advances in the creation of a hydrogen economy
and advancement of the move toward a sustainable power
system. New nanostructured materials are critical ingredients
that can fulfill both goals of enhancing efficiency and safety
of storing Hydrogen, to eliminate the disadvantages of the low
volumetric density, and drive a hydrogen economy.

One of the enablers of the hydrogen economy is materials,
which dictate the cost and performance of a system to be used
in production, storage, and the end-use of Hydrogen [14]. In
some way, improved materials, perhaps with a nanostructured
structure, may overcome growing and lowering of Hydrogen
into them and aid in answering questions as significant as how
much Hydrogen they can put in a space without it blowing up.

The continued advancement of nanostructured materials
is crucial to ensure that the use of Hydrogen as energy in
vehicles is convenient, efficient, and safe, and finally, the
transition to a sustainable hydrogen economy. The most
important feature in solving the challenges of hydrogen
storage is the development of a new generation of
nanostructured materials that will also result in the overall
increase in performance in hydrogen energy systems to one of
sustainable energy. Its effective implementation will play a
potent role in having a more efficient and safer hydrogen
economy, and thus allowing the swift introduction of
hydrogen technologies.

6. Hydrogen Storage, Methods

Alternative ways of storing Hydrogen, especially of
utilizing the state-of-the-art nanostructured materials, are very
important to research, should they wish to solve this
bottleneck of how much Hydrogen can be packed into a
limited space, and to make the whole system more efficient.

The solid-state hydrogen storage technology that utilizes
nanomaterials is crucial in improving the performance and
safety of the storage and the development of the sustainable
hydrogen economy [9, 12]. Due to the low volumetric density
of hydrogen and safety issues in application [9, 12], it is the
focus of research to design new nanostructured materials to
store Hydrogen in a solid phase that can help overcome some
of the shortcomings of the volumetric density of Hydrogen.
The ongoing research and development of solid-state
hydrogen storage are still playing a central role in the
development of competitive systems to meet the ever-growing
energy demand and safety of hydrogen applications.
Innovation in materials will be key, but also the development
of a coherent approach to safety and confidence that will
enable the safe deployment on which the application of such
technology depends. Hydrogen storage, solid state hydrogen
storage, is one of the main alternatives in which the study of
nanostructured materials is of prime importance to obtain a
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safe and efficient hydrogen storage media in the hydrogen
economy [9].

Overcoming volumetric density and safety are among the
challenges that need to be addressed for hydrogen
technologies to be implemented on a larger scale. The
discovery of new storage concepts, nanostructured materials
in particular, can solve the problems of low volumetric density
of Hydrogen and be the key to safety for hydrogen
applications. The efficient solid-state hydrogen storage
technologies with advanced nanomaterials are a key to meet
the problems of low volumetric density of Hydrogen and
safety in diverse applications [9]. Continued study and effort
between all entities will be required to fully integrate these
materials in hydrogen systems to provide a safe and effective
means of storing Hydrogen. The continued performance
enhancements in SS hydrogen storage technologies, in
particular those employing novel nanomaterials, are critical in
overcoming existing barriers and enhancing the safety and
performance of H, systems. Solid-state hydrogen storage
systems will play an important role in overcoming volumetric
density issues, thus becoming a major solution to achieve the
large-scale utilization of Hydrogen [3, 9].

Investigation on solid-state hydrogen storage as an
alternative to liquid/cavity hydrogen storage is of importance,
leading towards the development of safe and efficient
ultraviolet power systems for the sustainable hydrogen-based
economy. Once the fuel cell technologies mature further,
successful evolution to the hydrogen economy will greatly
depend on the invention of novel hydrogen storage methods
that are capable of addressing both challenges of volumetric
density and safety in hydrogen applications [9, 12]. The
difficulties in hydrogen storage, especially in terms of
volumetric density and safety, demand further studies and new
material developments for efficient and secure hydrogen
applications. The ongoing development of solid-state
hydrogen storage technologies emphasizes the significance of
novel and advanced materials in enabling both safety and
performance of hydrogen-based systems. Developments of
solid-state hydrogen storage technologies are particularly
important to tackle the challenges of volumetric density and
safety, which would finally lead to a move towards the
sustainability of the hydrogen economy [9, 18].

The discovery and development of solid-state hydrogen
storage materials with advanced nanomaterials is crucial for
safety and efficiency enhancement and is a solution to the
bottleneck of hydrogen technology applications (low
volumetric density) [19, 20]. It is imperative to develop
advanced solid-state materials for hydrogen storage to
overcome the issue of volumetric density and to increase
safety during hydrogen storage and transportation for building
a hydrogen-based economy in the future [9, 19]. A successful
development of hydrogen storage in the solid state will require
a combined deployment strategy based on the promotion of
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robust testing protocols and cooperation from many
companies, manufacturers, and suppliers. Partnership in
innovation among the stakeholders is the key to breaking the
barriers of the solid-state hydrogen storage that has been
elucidated in the recent work on material systems and the
integration challenges [17]. The hydrogen economy develops
storage technology and safety standards by working
collaboratively with academia, industry, and government.
Cooperation between the researchers and the industrial
partners is crucial for achieving efficient solid-state hydrogen
storage systems to meet the major requirements for high
volumetric density and safety in hydrogen technology [21].
Continued development in material science will be critical in
achieving the U.S. Department of Energy hydrogen storage
targets [22] and deploying commercially attractive and
acceptable technologies into the market. Overcoming these
challenges can help push the hydrogen economy further
towards a secure energy future.

This extensive investigation of solid-state storage of
Hydrogen highlights the importance of continuing
development efforts and cross-institutional partnerships that
place safety and performance at the forefront of the evolving
hydrogen economy. Developing advanced materials for
hydrogen storage technology will be of vital importance in the
future to fulfill energy needs in an environmentally friendly
and safe way in hydrogen-related applications. The goal of this
paper is to present some insights into the new developments
of solid-state hydrogen storage solutions and to set future
perspectives for clean, renewable energy sources. The results
of this review confirm the urgent need for new materials
breakthroughs toward overcoming hydrogen storage
challenges and advancing the hydrogen economy.

It is essential to study how to store Hydrogen by different
methods, particularly those that utilize sophisticated
nanostructured materials, if they are going to solve this
bottleneck regarding the amount of Hydrogen that can be
stored in a small space, as well as how best it can work.

To develop solid-state hydrogen storage technologies
with a lower cost for safe storage and utilization of high-
pressure hydrogen gas, it is paramount to utilize nanomaterials
in improving the storage properties [9, 12]. Due to the low
volumetric density of Hydrogen that can be safely used [9, 12],
it is crucial to develop novel nanostructured materials for
solid-state storage of Hydrogen, which are able to address
some of the limitations related to traction applications on high
hydrogen density. (Research into solid-state hydrogen
storage.) Work on epitaxial hydrogen adsorption to nanoscale
films and single layers of metals.

Material innovation is only a part of it, as is the
requirement for a clear approach to safety and confidence that
can allow safe deployment upon which the application of such
technology relies. Hydrogen storage in a solid phase is one of
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the most credible alternatives, and among them, studies on
nanostructured materials have become a natural choice to
achieve a safe and portable hydrogen storage medium in the
hydrogen economy [9].

Volumetric density and safety are the problems to be
solved in the heavier application of hydrogen technologies.
Novel storage concepts, nanostructured materials especially,
may provide solutions to the problems of the low volumetric
density of Hydrogen and access to its safe use. The highly
efficient solid-state hydrogen storage using nanomaterials can
solve problems of low volumetric density and safety in various
applications [9]. Ongoing work and collaboration between all
such organizations will be necessary to mature these materials
within the hydrogen infrastructure to support safe, efficient
hydrogen storage. Further advancement of SS hydrogen
storage technologies, particularly with new emerging
nanomaterials that exceed the existing challenges and increase
safety and performance of the H, system, is greatly needed.
Solid-state hydrogen storage systems are likely to provide a
lead in getting around the volumetric density problem and
hence could be the dominant potential in the realization of
large-scale application of Hydrogen [3, 9].

Exploring solid-state hydrogen storage for liquid / cavity-
based hydrogen storage substitute is one of the important
issues on the way to realizing a safe and efficient UV-solar
power system toward a sustainable Hp-based economy. When
fuel cell technology itself is further matured, the transition to
the hydrogen economy will certainly depend more on
developing new ways of storing Hydrogen that can solve both
the issue of volumetric density and safety for Hydrogen's
application [9, 12]. The challenge of hydrogen storage,
particularly in volumetric densities and safety issues, needs
further investigations and new material fabrication for
effective and safe hydrogenase applications. The current
activities in solid-state-based hydrogen storage technologies
are an example, where new innovative and advanced materials
play a critical role for both safety and performance of
hydrogen-based  systems. Among the inputs, the
materialization of solid-state hydrogen storage technologies
stands out as increasingly relevant for facing volumetric
density and safety issues that would ultimately shift towards
sustainability in the hydrogen economy [9, 18]. Search and
development of advanced nanomaterials-based solid-state
hydrogen storage materials are important for the safety,
efficiency improvement, and a potential resolution of the
bottleneck in hydrogen technology applications (low
volumetric H, density) [19, 20]. For a future hydrogen-based
economy, the development of advanced solid-state materials
for H, storage is enormously important to address the problem
of volumetric density as well as safety during H. storage and
transport [9, 19]. For solid-state hydrogen storage to be
successfully developed, this will require a joint deployment
strategy leading the way for testing protocols and significant
buy-in from corporations, OEMs, and suppliers. Stakeholder
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innovation partnership is the answer to overcoming these
solid-state hydrogen storage barriers identified in recent work
on material systems and integration challenges [17]. The
hydrogen economy, together with academia, industry, and
government, develops storage technology/safety standards.
For the development of efficient solid-state hydrogen storage
technologies, which corresponds to the main conditions for H,
technology, such as high volumetric density and higher safety,
collaboration between scientists and industrial partners 173 is
needed [21]. Further development in materials science is
required to meet the U.S. Department of Energy hydrogen
storage goals [22] and to marshal commercially viable and
attractive technologies into the commercial sector. Addressing
these challenges can greatly contribute to the development of
the hydrogen economy, well along toward an energy-
sustainable future.

This comprehensive study of solid-state hydrogen storage
reinforces the need for ongoing research and co-institutional
collaboration aimed at production, performance, and safety as
the industry works toward a hydrogen economy. It will be
significant in the future to contribute to implementing an
environmentally friendly and safe energy utilization system
for hydrogen-related applications, by using advanced
materials of hydrogen storage technology. The purpose of this
paper is to address and provide an overview of the recent
advances in solid-state hydrogen storage, with some
reflections on prospects from which clean sources of
renewable energy can be specified. The findings of this review
provide compelling evidence that new materials innovations
are needed to address the hydrogen storage issue in a timely
manner and to further develop the hydrogen economy.

7. Materials for

Storage

Not only are the materials used in the hydrogen storage to
be efficient, but it is also necessary to have a safety
consideration that can reduce the risk that is involved in the
application of Hydrogen, which is important in a sustainable
future hydrogen economy. High sorption capacity to
Hydrogen and high durability/stability under operating
conditions should also be inherent in the materials in case
hydrogen energy storage is to be employed with adequate
safety and efficiency in real-life practice. It is also significant
that materials science is still on the path of development in this
sphere, so that the newly emerged demands, which are being
posed concerning hydrogen storage systems, can be
addressed.

Requirements Hydrogen

Hydrogen economy realization will require new materials
that will radically enhance hydrogen storage safety and /or
efficiency, such as challenging-to-address issues like
volumetric density and sorption Kkinetics. It involves a
symbiotic working relationship between the researchers,
industries, and the policy makers to ensure the successful
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application of these advanced materials in the hydrogen
technologies. The complementary materials science research
work is essential in creating new breakthroughs, which will
assist in developing more efficient and safe hydrogen storage
systems and, therefore, the shift to a sustainable hydrogen
economy. Solid-state hydrogen storage is one of the key areas
that have been given importance in solving the dilemmas
facing solid-state storage, like volumetric capacity and safety,
in the pursuit of a sustainable global hydrogen economy [12].

The present research highlights the importance of new
materials to be used to facilitate safe and efficient hydrogen
storage, which is imperative to the future of the hydrogen
economy and a clean environment. Only when the innovative
answers in the materials are employed in creating higher
geometries that will resolve the problem of storage, the
technology maturity of the arrival of the hydrogen economy
can be assured, and, therefore, will significantly enhance the
performance of systems. The advanced (nanostructured, in
particular) materials are in high demand to enhance the
hydrogen storage systems as well as manage the issues of
volumetric density and safety in hydrogen use [13]. Besides,
the hydrogen storage materials should also be of low cost and
lightweight to ensure that they are present in every aspect of
the hydrogen economy. These efforts will not only enhance
the efficiency of hydrogen storage but will also offer more
safety and reliability to hydrogen energy systems. The insight
into the rapid kinetics of H: sorption performed using
sophisticated materials in hydrogen storage will help to
understand H: storage processes better.

Hydrogen storage materials should possess high
hydrogen storage capacity, good absorption and desorption
kinetic properties, and safe properties under suitable
temperature and pressure. In addition, materials should be
lightweight, of a small size, and low cost, for engineering
applications, especially in transportation engineering [23].
Successful research on hydrogen storage materials shall rely
on innovative outlooks for the design of hydrogen storage
materials, which put the emphasis on efficiency and safety to
support the wide application of hydrogen technologies in all
types of sectors.

Below are the main material needs:

The material demands for practical hydrogen storage are
mainly concentrated on the high sorption capacity, durability,
good mechanical properties, lightweight, and low price, to
realize both efficient and secure applications. These demands
can only be satisfied by intensive research and development,
resulting in the identification of materials that not only fulfil
the requirements for performance and safety in hydrogen
storage but are also suitable for industrial applications. This
summary of material requirements highlights that novel and
advanced concepts, which take into account the efficiency and
safety of hydrogen storage systems, will be of paramount
importance in practice in all areas. Continuing study of the
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advanced materials for storing Hydrogen is indispensable in
dealing with the challenges unique to the volumetric density
and safety in order to realize a sustainable hydrogen economy
[24].

Development of novel materials is one of the only ways
to develop high-capacity hydrogen storage solutions that are
safe, lightweight, and fuel-efficient, and facilitate the
hydrogen economy. The continuous improvement of
advanced materials, especially nanostructured materials, is
essential to increase the safety and efficiency of hydrogen
storage systems, which is a crucial requirement for the
transition to a sustainable hydrogen society [25].

The successful application of these materials can also be
used not only to increase the efficiency of hydrogen storage
but also to make the overall safety and reliability of the
hydrogen energy system, which is an important basis of the
hydrogen economy, be greatly enhanced [16, 18]. The search
for new materials is crucial for the solution of the problems of
storage of Hydrogen in making the systems related to the
hydrogen economy safer and more efficient.

To achieve enhanced efficacy, it is necessary that
hydrogen storage materials should not only be safe, but also
be safety-conscious with the aim of minimizing risk in using
Hydrogen, particularly in the hydrogen economy of the
environment. When Hydrogen is stored effectively and safely
in practical applications, besides the high sorption capacity of
Hydrogen, the materials must also possess good
durability/stability in conditions of operation. It is also
essential that the development in the material science of this
field is in support of these new and challenging demands that
emerge in hydrogen storage systems.

Hydrogen economic implementation will demand novel
materials with a radical influence on safety and/or efficiency
of hydrogen storage to combat challenges, including
volumetric density or sorption rate. It will require
collaboration of the researchers, industries, and the decision
makers bone to conceptualize these sophisticated materials in
the hydrogen technologies. Additional research studies in the
field of materials science are required for the new innovative
breakthroughs that are favorable to the development of
effective and safe hydrogen storage systems, thus in the
direction of a sustainable hydrogen economy. The solid-state
hydrogen storage technologies are an additional frontier
project to address the challenges that solid-state-based
technologies, such as volumetric capacity, etc., present in
converting to an environmentally sustainable global hydrogen
market [12].

The results highlight the role of the new materials in the
efficient and safe storage of Hydrogen, which is especially
significant in the hydrogen economy and environmentally
friendly technology in the future. The technology maturity of
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the advent of the hydrogen economy will be fulfilled by
enabling further research on materials innovation with higher
geometries that will resolve the storage problem and hence
greatly accelerate the functionality of the systems. Among
them, the innovative (nanostructured in particular) materials
are fervently needed to achieve a superior hydrogen storage
technology and address the issue of large volumetric density
and safety as regards the application of Hydrogen [13].
Besides, the hydrogen storage materials should be cheap and
lightweight to ensure that they can be employed in any aspect
of the hydrogen economy. These efforts can not only improve
the hydrogen storage capacity further, but also make it safer
and more reliable in the application of hydrogen energy
systems. The realization that H, adsorption in materials that
can support hydrogen storage has formidable fast kinetics will
assist in explaining H storage mechanisms.

Hydrogen storage material is expected to have high
hydrogen capacity, good kinetic characteristics of absorption
and desorption, and under a specific temperature and pressure
condition, it has safe properties. Furthermore, materials must
be light, with a small size and low cost, particularly for
engineering applications such as transport engineering [23].
Prosperous study of hydrogen storage materials will depend
on new perspectives where the focus is on efficiency and
safety of hydrogen storage materials' design to secure
sustained deployment of all sectors of hydrogen technology.

Here are some of the primary material needs:

To achieve effective and safe applications, practical
hydrogen storage needs to focus largely on a high sorption
capacity, durability, excellent mechanical properties, low cost,
and lightweight. These requirements can be met only through
an intensive process of research and development that will
lead to the discovery of new materials which, besides fulfilling
all the necessary performance and safety characteristics for
hydrogen storage, are, at the same time, suited for industrial
purposes. This inventory of material needs shows that novel,
advanced systems addressing efficiency and safety of
hydrogen storage are highly desired in application priority
vertical domains. Further research into the advanced materials
in hydrogen storage is necessary to face the problems
regarding volumetric density and safety, with the vision of a
sustainable hydrogen economy [24].

There are few, if any, other roadways to safe, lightweight,
high-capacity hydrogen storage that will enable the hydrogen
economy to develop new materials. To meet the safety and
efficiency of hydrogen storage systems, namely high
absorption/release capability (1 - 8 wt.%), recently, a
considerable interest has been devoted to the analysis of these
materials, especially nanostructured materials [25].

The successful application of these materials could also
be utilized to not only improve the hydrogen-absorbing
efficiency but also further improve the overall safety and
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reliability of an important foundation for the hydrogen
economy - hydrogen energy system [16-18]. New materials
need to be identified in order to solve the problems of storage
of Hydrogen with the aim of making the systems related to the
hydrogen-based economy safer and more cost-effective.

8. Types of Storage

Among the several hydrogen storage systems
(compressed gaseous, liquid, and solid-state), all of them have
different characteristics and limitations with barriers that are
necessary to overcome in order to reach a desirable
optimization toward the hydrogen economy.

Solid-state batteries using advanced nanomaterials of
advanced device types are considered as one of the most
promising approaches for solving both safety and volumetric
density problems.

8.1. Chemical Storage

Chemical storage in materials that absorb and desorb
Hydrogen has received attention as an alternative way to store
Hydrogen with potentially added value. This may enhance
security and explore solutions to accommodate the low
volumetric density of Hydrogen, which plays a vital role in the
hydrogen economy. [26] Chemical storage systems,
incorporating recent nanostructured materials, are necessary
for realizing increased storage in the form of Hydrogen and
simultaneously retaining high safety margins in a variety of
applications. Reports on chemical storage of Hydrogen keep
appearing due to the key role played by new nanostructured
materials for enhancing both storing-and-releasing-of-activity
as well as on account of the importance that utilization of
Hydrogen as a clean energy carrier will have [3]. Novel
chemical storage performance technologies and especially
nanostructured materials must be exploited to address the
challenges related to Hydrogen's low volumetric density and
the safety of the entire system.

8.2. Physical Storage

Physical storage systems, including gaseous compressed
systems, are limited by safety and efficiency, so that the
continued development of materials suitable for use in a
hydrogen economy is necessary to optimize performance.
Physical storage studies need to create better materials, not
solve problems based on how Hydrogen has a low volumetric
density in the real world. The problems related to hydrogen
storage imply the necessity of constantly making progress in
this field of material science to find safe, effective, and
inexpensive solutions, which will contribute to an ever-
expanding hydrogen economy when the direct storage of
Hydrogen as hydrocarbons starts being difficult [22] New
materials in material science are paramount for efficient
hydrogen storage, addressing both the volumetric density and
the safety issues [21], even for many applications [22]. For the
hybridized storage systems of anion-stored systems and
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cation-stored systems involved in programmed conversion
from physical storage to chemical storage, the study can help
make a pathway suitable for high performance and safety of
hydrogen gas storage, as well as solve the problems occurring
in the application of the hydrogen economy. A comprehensive
study on the compound of storage systems provides a new
insight for improving the hydrogen storage properties and
security, as well as expanding the application area for the
utilization of Hydrogen in energy clusters. Advanced storage
systems have been considered as promising ones to address
the shortcomings of traditional H, storage methodologies and
as a possibility for sustainable growth of the hydrogen
economy. These nano spaces allow storing Hydrogen to be
safe and effective, and substitute the use of carbon for energy
technology, using safe and efficient Hydrogen, thereby
contributing to the development and application of hydrogen
technologies in various fields. The investigation of hybrid
storage systems in the current article should open new
solutions, which allow exploiting (more efficiently) the
benefits of chemical and physical hydrogen storage for
applications [20]. "The role of hybrid hydrogen storage
systems in the enhancement of safety and performance of
onboard hydrogen storage.” They waste useful space, a
forementioned Application's density [27, 28].

Their successful design and development of these hybrid
systems are expected to address the limitations in the current
methodologies for hydrogen storage and their implementation
within the hydrogen economy. Both advanced materials and
hybrid storage systems need to be developed and integrated to
address this challenge, as well as make the hydrogen-based
economy usefully safe and efficient [29].

8.3. Adsorptive Storage

Other hydrogen storage alternatives that rely on
adsorption consider more sophisticated materials to optimize
the amount of Hydrogen stored, which would be a solution to
challenges of volumetric density, and overcome constraints of
safety and performance in most applications. The adsorptive
storage has great potential to be retained due to the use of
lightweight materials, high gravimetric and volumetric
hydrogen adsorption capacity, safety, and reversibility under
different conditions [30]. The adsorptive storage systems,
particularly those based on nanostructured material, have
enormous performance benefits that will result in greater
hydrogen adsorption to achieve greater safety and efficiency.
The adsorptive storage with the emergent nanostructured
materials is promising for radical improvement of efficiency
and safety of hydrogen storage that is required to handle such
challenges as volume and energy density of hydrogen power.
Studying adsorptive storage methods shows the necessity to
obtain new materials in order to design a safe and efficient
way of hydrogen storage, which is one of the most important
stages for establishing a market value oriented on the
utilization of Hydrogen. The development of adsorptive
storage technologies is still required to meet the performance
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for safe and efficient hydrogen preoxygenation, and to cope
with both the issues of volumetric density and refinements on
the system [31]. Further research on the adsorptive storage
method and next-generation nanostructured materials is
necessary to make hydrogen storage a safer and more efficient
process, as this technology would offer a way to create an
economically viable hydrogen-based economy [32].

Concurrent ongoing first-principal R&D of these
adsorptive storage technologies is essential to deal with the
inherent low volumetric density of Hydrogen and further
enhance overall system safety for a smooth and safe transition
to a hydrogen economy. Similarly, a hydrogen-based society
will entail the development of safety rules and regulations to
reduce risk associated with the storage and use of Hydrogen
[33]. There is an importance to this emphasis on safety; also,
public trust for safe use of hydrogen technology cannot be
acquired, and society would not accept it. It is essential to
implement the rules related to safety in regulatory frameworks
and involve society in outreach to be able to generate trust and
support for hydrogen technologies that integrate successfully
into a hydrogen energy system. The transition to Hydrogen
will be well accepted in large parts due to safety records and a
public strategy that builds confidence with the new solutions.
The key to solving safety problems and improving efficiency
is to apply advanced materials in a hydrogen storage system,
which will help implement the dream of Hydrogen as a
sustainable energy source in the future.

Education has always been the mainstay of their society,
a twofold light entering into the minds of individuals and
holding together against individual growth. It provides human
beings with the tools and the information that they require so
that they can be in a position to flourish and live full, work
lives in society. Besides book learning, an education also
instructs individuals how to think in more and more complex
forms, which may resolve problems and result in the creation
of things, and consequently, what they refer to as creativity.
Educational institutions such as schools impart knowledge to
people of all ages that will help them manage the troubles of
tomorrow. This is the way education fosters the philosophy of
lifelong learning and instills in its people the habits necessary
to achieve success in the workplace and in life. And when they
make the investment in education, they are making the
investment not only in individual achievement, but in
professional achievement. And in aiding the future of society,
they also give talent a chance to arrive at it.

9. Research and Challenges in Hydrogen Storage

Materials

Hydrogen storage materials research is a hot topic of
current interest and is also greatly significant to scientists and
engineers for achieving effective, safe, inexpensive hydrogen
energy storage and transport at sustainable future energy
systems. It is difficult for researchers to discover suitable
materials for hydrogen storage because of the complexity and
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challenges from various perspectives, such as the stability,
capacity, and kinetics of hydrogen uptake and release;
meanwhile, the demand in practice is also high for
implementing materials into practical situations. [35].
Scientists, industry, and policymakers need to work together
towards more practical hydrogen storage materials [33].

The existing research on hydrogen storage materials plays
an important role in the solution of the issues of volumetric
density and safety, and the realization of the ideal hydrogen
economy [36]. The field of material science will further
develop to produce the feasibility of new and better solutions,
resulting in further efficiency and stability of hydrogen-
storing systems. Preparation: In order to prevent bottlenecks
in the hydrogen storage, it is very important to introduce new
materials into hydrogen storage systems.

The successful implementation of H technologies will
rely on the craft systems to institute strict safety measures,
which will offer education to the people and community
participation in implementing these breakthroughs [37].
Successful popular involvement will have to create trust,
desire of the society, and acceptance of Ha-technologies in a
broad spectrum of communities [38, 39]. Public acceptability
and community participation are significant since failure to
address these challenges can render it a potential impediment
to its adoption in the form of a mass market hydrogen
infrastructure [40].

Research and development and deployment cooperation
to introduce improved nanostructured material into the market
with increased safety and enhanced performance to store
Hydrogen plays a very significant role in achieving a
hydrogen economy. In attaining the goal, it is a remedy to
encourage vast coordination between academic and industrial
researchers and policy makers, material development to social
implementation, to get new nanostructured materials
actualized at an early stage as solutions to hydrogen storage
and utilization challenges. It is not only worth studying new
nanostructured materials in the name of adding to the growing
amount of Hydrogen they can store, but it is also an essential
way of learning how to make hydrogen storage safe and
sustainable, as well as where they would ever proceed to a
practical hydrogen economy [41]. The rigorous use in the
development of new nanostructured materials is projected to
make a revolution in the hydrogen storage technology, which
would mean that the hydrogen economy is secure and
efficacious.

A shift towards a hydrogen economy can only come to
pass when new materials are accompanied by well-developed
safety measures, to make their safe usage in different
situations possible. Such precautions must be in proportion
with the hazards posed by Hydrogen, such that users and
producers can be assured that they are operating or
manufacturing something safe, regulators will have
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confidence in the technology, and they also have a successful
roadmap to moving to an economy based on Hydrogen. Such
a culture of safety and innovation will be essential in
penetrating fears of hydrogen technology in the population,
and allaying such fears will also be central to a sustainable
hydrogen economy [42]. The question of whether Hydrogen
will be adopted by the population as a new clean energy or not
will be determined by the extent to which safer and more
advanced materials will be invented by those who are known
to take safe precautions. This new material and safety solution
will prove paramount to make sure that people will accept it
and adopt it in many applications, depending on hydrogen
technologies [37].

Hydrogen storage materials and issues associated with it
are undoubtedly one of the most active and significant areas
of scientific study today, which are bedeviled by numerous
new processes to be considered and various other potential
applications of such materials in the renewable energy systems
of the future to be reduced greatly on the reliance of fossil
fuels are accompanied by great advances being made by not
only scientists but also by engineers, who have constantly
been busy in the development of highly effective, utterly safe
as well as economical methods of hydrogen storage and
transport to be used in all sorts of ways [44]. The myriad,
nuanced, and compound problems of practicable hydrogen
storage materials are many faces and places where one must
carefully tread in terms of valuing the complex-paved
montage perimeter in gout this landscape that encompasses:

The thermodynamic stability of such materials, their
eventual capacity to store as well as a clue about the
comparatively kinetic mechanism that governs the process of
H; absorption/desorption all be it in putting so much on it as
to be able to maintain, in light of their eyes on those in the
meantime more-and-more-demanding-as-one-go check point
set on the real doing of/shaped-like their everyday context
modern energy challenge needs.

More specifically, continued and relentless studies are
tackling the critical issues such as volumetric density concern
and safety issue as aforementioned that also foster and set an
agenda to support ongoing activities toward how much
Hydrogen is stored responsibly towards the development of a
sustainable ecofriendly hydrogen economy using those
already in place or likely new storage materials essential for
addressing many unanswered stackable hydrogen question
relative offering energy size able capacity supported from
within this concept where stackable limitations stand in
between expansion of the usage on one side as cost-effective
reliable sustainable they would like evolve going forward as
established through hydrogen fuel cell economics based
reliance on houses generation storage supply system of
hydrogen fuel utilizing metals oxidized by reaction limitation
to both sustain reliable can soon be expanded provable ways
just no choice but explore stakes if any height. Development
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of these advanced materials is necessary to solve the existing
challenge in hydrogen storage, so that the future Hydrogen can
be stored and released safely from any one-off or a few
applications. The general application and acceptance of
hydrogen technologies will depend mainly on the
implementation of safe working practices, through
information provided to the public to gain interpersonal trust
in new energy systems. Building trust through effective
stakeholder and community engagement to gain acceptance of
hydrogen projects by various communities and address
societal fears, they need to develop trust through well-
planned/executed public engagement strategies. The emphasis
on community involvement and public acceptability is more
than merely crucial; it is fundamental, and failure to address
these will stifle the development of an appropriate &
entrepreneurial infrastructure for Hydrogen that is considered
vital if a sustainable energy future is to be realized.

"Collaboration will be key in research and development,
especially of new nanostructured materials that improve the
safety and efficiency of hydrogen storage systems under
development. Researchers, industries, and policymakers work
together to obtain new nanostructured materials which are
crucial for the solution of hydrogen storage and energy
gasoline systems problems. The study of other nanostructured
materials is essential in order to expand the hydrogen storage
folders and provide new options for safe application of
Hydrogen, which could contribute more actively toward a
practical, hygienic, and environment-friendly nanohybrid
materialization strategy as well as sustainable development of
society. They hope that a hardened focus will bring about
major advances for the day when the hydrogen economy
becomes a reality, and safety as well as efficiency are two of
the most important factors. A successful introduction of the
hydrogen economy would not only rely on new materials
concepts, but also on establishing safety protocols for their
operation that ensure effective and safe use in a large number
and variety of applications. These safety requirements should
be carefully designed in order to adequately meet the risks and
challenges associated with Hydrogen, to garner public trust in,
and regulatory acceptance throughout what will certainly
prove to be a complex and multiple-staged incursion towards
an efficient and sustainable hydrogen economy [20].

This single-minded focus on the neutral aspect of safety
and innovation is the drive they believe in, for the
establishment of widespread public acceptance about
hydrogen technologies, and as anxieties toward public
perception are paramount to bring about the transition toward
a green, hydrogen economy and energy future [45]. Obtaining
new materials and safety concepts will be particularly
important for achieving public acceptance of hydrogen
technologies as an efficient, practical alternative to
"harmonize" a very "new world of power with their past world
of energy." Advanced materials and protocols with
conservative safety margins effectively make up for the lack
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of proper vehicle design, in which case, the former are crucial
to even get any level of acceptance and can possibly be the
one true enabling aspect in scaling Hanergy systems
worldwide over all competition in a future rush toward
sustainable energy [41] Solid-state hydrogen storage
mechanisms are promising candidates to address the problem
of volumetric density and safety requirements for a sustainable
hydrogen economy [12]. The academia, industry, and
policymakers must all work together in a bid to ensure that the
further development of such new solutions is attained in order
to facilitate successful exploitation against a range of
applications [46]. The development of hydrogen storage will
be successful based on the new materials, better safety
precautions, and the combined effort of scientists to address
the nature of Hydrogen. The shift to a hydrogen society will
not be easily achieved without extensive multifactorial work,
such as the development of new materials, high safety, and
establishing an agreement between the stakeholders to achieve
stable implementation and social acceptance.

10. New Technologies and New Directions in the

Research of Hydrogen Storage Materials

The knowledge of new trends in hydrogen storage
materials will be of interest to inquire about new solutions that
might effectively address the spoilers looming over Hydrogen
as a fuel and enhance the overall efficiency and safety of
hydrogen systems [20]. The continuous advancement of
hydrogen storage substances will significantly impact further
spheres of study and reflect the significance of finding new
solutions and collaboration between the industrial and
scholarly communities [47]. State-of-the-art hydrogen storage
materials would be pinpointed on the discovery of new
nanostructured materials by which the concerns of safety and
the volumetric density problem would be tackled with
practical application in the future [48]. Enhancing the interest
in advanced nanomaterials is also inseparable from
overcoming the existing disadvantages of hydrogen storage,
safety, and efficiency, for the future prescribed use of
Hydrogen [49].

It is expected that with the development of the science and
technology of advanced materials to store Hydrogen, superb
efficiency/safety improvements will be made, as well as a
significant increase in the sustainable H, economy in the end.
The current evolution of hydrogen storage materials would
make an enormous contribution to the establishment of future
trends and addressing the existing constraints in the hydrogen
economy, since it would assist in building a more sustainable
world. The development of hydrogen storage technology will
be fueled by the collaboration of researchers with industries in
order to come up with more efficient and safer materials. This
should be followed up by further studies on hydrogen storage
materials to enable the ease of innovation and achievement of
the U.S. Department of Energy's aggressive goals on a
sustainable hydrogen economy [50].
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There is a need to consider the use of advanced materials
in storing Hydrogen to address the issue of energy flow,
availability, and safety [51, 52]. The cooperation and research
on this matter are of significant importance in the creation of
hydrogen storage technologies that will lead to the hydrogen
economy. With the appearance of new materials and
technologies, knowledge about hydrogen storage problems
will need to be considered to ensure that the practical
application of Hydrogen can become more attainable and safer
in a variety of fields.

The next step in research is hybrid storage configurations
that take advantage of the best properties of different
materials, improving the efficiency and safety of hydrogen
storage. The development of hybrid systems that capitalize on
the virtues of multiple storage techniques appears to be
promising in terms not only of improved hydrogen efficiency
but also safety in use [53].

Therefore, it is highly desirable to develop hydrogen
storage materials through a new route for discovering novel
materials that can solve issues of storage and performance,
rather than pursuing performance at all, with safety in the
hydrogen systems. A study on a new hydrogen storage
material is underway; it will also be very important soon, as it
will take place for other enterprises and alliances between
industry and academia to start new construction again. In
combination, these different prospective nanostructures are
referred to as a game changer in H; storage, and their
functionality has been identified as advanced technology,
setting the future direction of development for hydrogen
storage 1-8 [47]. The focus of the hydrogen storage would
come about courtesy of the cutting-edge nanostructured
materials capable of addressing safety and application-driven
critical volumetric density. For safe and practical conditions,
it is very important to develop new nanostructured materials
to improve the currently restricted hydrogen storage with
high-performance for fuel cells [49].

New hydrogen storage advanced materials were
developed to focus on cost-effective hydrogen storage and the
safety and transport viability of Hydrogen as a fuel pursuant
to a sustainable hydrogen-energy economy. Much of the still-
unfolding developments on hydrogen storage materials will
help directly shape this next "shrink commaoditization™ in their
work, and how they may be able to address the remaining
difficulties with which the hydrogen economy has approached
a sustainable world driven by energy. The development of
hydrogen storage technologies will be strongly influenced by
the rate of collaboration between scientists and industry in
developing new suitable materials (acceptable compatibility,
safety, and performance). If freedom of design for chemists is
to be preserved, and if they are going to have any hope of
reaching the ambitious U.S. Department of Energy goals for
the hydrogen economy, then "reaching for the stars" will put
us in a good place to start with, and it should be all downhill
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from here [50]. Some of the high-performance materials can
also be used to resolve the problem associated with low
volumetric density, and safety efficiency aspects of hydrogen
storage for vehicular applications [51, 52]. More explorations,
developments, and collaborations are required to foster the
growth of the hydrogen storage industry and achieve a
sustainable hydrogen economy. It is necessary for the
hydrogen storage and hydrogenation technology of the related
industry to overcome it by studying new materials and
technologies. Hybrid storage technologies would be explored
further to take advantage of the benefits offered by different
materials for improved efficiency and safety in hydrogen
storage. They believe that the future hydrogen storage will rely
on the design successfully achieved in a hybrid system,
combining the advantages of different forms of hydrogen
storage methods and simultaneously ensuring high efficiency
in practical applications and safety [53].

11. Conclusion

This comprehensive review has established that
breakthroughs in materials science and engineering have
contributed to the ultimate success of the global transition to a
sustainable, green hydrogen economy. In this paper, they
attempt to thoroughly assess the technological maturity and
service life of hydrogen storage materials and other materials
that have found their way into the rest of the hydrogen
production cycle.

The paper indicates the recent significant advances

reached in nanostructured materials that are characterized by
their higher density and safer solid-state storage.
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