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This editorial belongs the Special Issue titled “Catalysis for Hydrogen Storage and
Release,” which offers an updated overview of recent advances in hydrogen technolo-
gies based on the collected articles. Catalysis will remain a key enabling technology for
building a competitive hydrogen economy. Beyond improving reaction kinetics, future cat-
alytic systems must simultaneously address efficiency, durability, scalability, and economic
sustainability under realistic operating conditions.

Understanding the drivers of climate change, a phenomenon underway for decades,
remains a pressing global challenge. As early as the 1980s, U.S climate scientists warned
that greenhouse gas emissions from fossil fuel combustion would destabilize the global
climate system, triggering extreme weather events and environmental disasters. These
early warnings went largely unheeded; today, atmospheric carbon dioxide concentrations
have reached unprecedented levels, unseen in at least the last 800,000 years [1]. To mitigate
these impacts, transitioning from fossil fuels to clean, renewable energy sources, the
so-called “energy transition,” is essential. This transition relies on three fundamental
pillars: deep decarbonization, enhanced energy efficiency, and the deployment of green
energy carriers. While direct electrification is widely regarded as the primary pathway
toward decarbonization, it faces critical technical limitations in specific sectors [2]. Energy-
intensive applications, such as heavy industry (e.g., metallurgy, chemical manufacturing)
and long-haul transportation (shipping, aviation, and heavy-duty trucking), cannot be
efficiently electrified due to the prohibitive weight and volume of current battery technology.
Furthermore, grid-scale energy storage based on batteries remains constrained by low
power and energy densities, high costs, and limited operational lifespans [3]. This presents
a major bottleneck given the inherent intermittency of renewable sources, which necessitates
energy carriers capable of long-duration, high-capacity storage [4]. Nowadays, hydrogen
emerges as a paramount complementary energy carrier to electricity [5].

However, despite the remarkable scientific progress achieved over the last decade,
significant barriers still prevent hydrogen technologies from reaching widespread industrial
deployment. These include catalyst durability, process efficiency, critical raw materials, and
the absence of harmonized technological pathways across different hydrogen value chains.

Hydrogen has an exceptionally high gravimetric energy density, high versatility, and
the ability to be utilized in both thermal and electrochemical systems generating power
with water as the sole byproduct. Additionally, it can serve as a feedstock for synthetic fuels
(e-fuels), further expanding its decarbonization potential. Despite its promise, hydrogen
production remains carbon-intensive: as of 2022, over 96% of Europe’s hydrogen was
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derived from natural gas steam reforming, resulting in substantial CO, emissions [6]. The
widespread adoption of “green hydrogen” [7] is currently hampered by high production
costs and the lack of efficient infrastructure for its transport and storage. Among the
technological challenges associated with hydrogen production, storage, and utilization,
catalysis represents perhaps the most influential scientific discipline, directly determining
reaction efficiency, selectivity, process economics, and ultimately industrial feasibility.

The contributions collected in this Special Issue clearly illustrate the breadth of current
catalytic research, spanning hydrogen production, purification, storage, and catalyst design.
Together, they provide a comprehensive picture of how catalysis is evolving to address
different stages of the hydrogen value chain.

In this context, photocatalytic hydrogen production represents an attractive approach;
however, its large-scale deployment remains constrained by low solar conversion efficien-
cies, poor material stability, and high costs. To address these challenges, performance
enhancements can be achieved by designing novel ternary semiconductor architectures,
such as the g-C3N4/CoO/CoP system (Contribution 2). Such advances highlight how
rational catalyst engineering is progressively moving from empirical optimization toward
materials designed according to fundamental structure—property relationships.

Although fossil fuel-based production methods remain predominant, several strate-
gies are being developed to mitigate their environmental impact. One prominent approach
involves carbon capture and storage (CCS) integrated directly into the production line to
intensify the process. A prime example is sorption-enhanced steam methane reforming
(Contribution 3), where in situ CO, capture shifts the thermodynamic equilibrium forward
while simultaneously sequestering greenhouse gases. Such approaches exemplify the grow-
ing trend toward process intensification, where catalysis and reactor engineering evolve
synergistically. Among traditional processes, dry reforming of methane (DRM) plays a
pivotal role by utilizing two greenhouse gases, methane and carbon dioxide, as feedstocks.
While cost effective Ni-based catalysts are typically employed, they require high activation
energies and operating temperatures, which lead to severe catalyst sintering and coke
deactivation. To optimize these systems, various tuning strategies are being explored; for
instance, nitrogen-doped carbon nanotubes can act as structural stabilizers for supported
Ni nanoparticles (Contribution 1). The steam reforming of ethanol offers a sustainable path-
way to bio-hydrogen, yielding up to six moles of H, per mole of reactant. Ethanol serves as
an efficient hydrogen carrier with high gravimetric and volumetric energy densities. Recent
developments show that doping ceria-supported Ni catalysts with SmyO3 significantly
evolves and enhances current catalytic systems (Contribution 5). Downstream production,
hydrogen purity is crucial for the supply chain, particularly for proton-exchange membrane
fuel cells (PEMFCs), which strictly require CO concentrations below 5 ppm. Achieving
this purity necessitates highly selective catalysts for catalytic oxidation. Perovskite-type
structures based on Co- and Ni-doped ceria exhibit promising catalytic behavior; modulat-
ing the ratio of these two metals activates distinct reaction mechanisms, offering a tailored
pathway to engineer high-efficiency catalysts (Contribution 6).

Storing hydrogen efficiently is particularly challenging. Although hydrogen is the
lightest element in the universe, its gaseous state under ambient conditions exhibits very
low volumetric energy density, requiring energy-intensive compression or liquefaction.
Chemical storage presents a viable alternative, leveraging liquid organic hydrogen carriers
(LOHCs) or solid-state sorbents such as metal [8] and non-metal hydrides [9].

In this context, ammonia is gaining traction as a carbon-free hydrogen carrier due
to its outstanding volumetric hydrogen density and ease of liquefaction. The increasing
attention devoted to ammonia also reflects a broader shift toward integrated hydrogen
carrier strategies, where storage, transportation, and utilization are considered simultane-
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ously rather than as independent technological challenges. However, both its synthesis and
decomposition are highly energy intensive, reducing overall process efficiency. Recent stud-
ies on alumina-supported iron catalysts for ammonia decomposition demonstrate highly
competitive performances, identifying Fe;O3 as the primary active phase (Contribution 4).

The contributions collected in this Special Issue demonstrate that catalysis continues to
be one of the primary scientific drivers enabling the hydrogen economy. While significant
advances have been achieved across hydrogen production, purification, storage, and
utilization, substantial challenges remain before these technologies can be translated into
large-scale industrial applications. Future research should increasingly focus on catalyst
durability, process integration, scalability, and standardized performance evaluation under
realistic operating conditions.

Ultimately, the success of the hydrogen economy will depend not only on scientific
discoveries but also on our ability to translate catalytic innovation into reliable, scalable,
and economically viable technologies.
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