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Climate change calls for a change in the
way we use and produce energy, and
carbon-free has become the future
direction of energy production and
utilization. To obtain this, we must rely
on sustainable energy sources such as
wind and sun, but their intermittence
limits the production of clean energy to
only a few hours a day. To overcome

this issue, energy storage and
production  technologies must be
developed. Although several

technologies have been proposed, the
only viable scheme that could allow
short-to-long-term storage and efficient

energy transportation at-scale is the
hydrogen economy, which relies on
three pillars of technology: electrolyzers,
hydrogen storage and fuel cells. In
recent years, there have been rapid
technological advances in hydrogen
production, new hydrogen storage
materials, and high-performance
hydrogen fuel cells, etc. However, there
are still numerous technological
difficulties to overcome in each of these
segments before hydrogen energy can
be applied on a large scale. The current
themed issue on hydrogen energy and
fuel cells, addresses these difficulties
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and gives a comprehensive and high-
level outlook to the studies conducted
nowadays in these areas and some of

the most interesting results and
prospects.
As the first journal from the

cooperation between the Royal Society of
Chemistry and the Institute of Process
Engineering of the Chinese Academy of
Sciences, Industrial ~ Chemistry &
Materials has always been committed to
promoting the green revolution and
innovation of the chemical industry and
materials manufacturing from theory to
practice. This themed issue focuses on

Minhua Shao is a Cheong Ying
Chan  Professor  of  energy
engineering and environment,
chair  professor in the
Department of Chemical and
Biological Engineering at the
Hong Kong University of Science
and Technology (HKUST). He is
also the Director of the HKUST
Energy Institute. He is an
Associate Editor for the Journal
of the Electrochemical Society.
He has published over 240 peer-
reviewed articles, 1 book and has

filed over 30 patent applications (19 issued). He has also received
a number of awards, including the International Outstanding
Young Chemical Engineer Award (2022) and the Supramaniam
Srinivasan Young Investigator Award from the ECS Energy
Technology Division (2014). He is one of the founding members of
the Young Academy of Science of Hong Kong and a fellow of the
Electrochemical Society.

© 2023 The Author(s). Co-published by the Institute of Process Engineering,

Chinese Academy of Sciences and the Royal Society of Chemistry


http://crossmark.crossref.org/dialog/?doi=10.1039/d3im90010j&domain=pdf&date_stamp=2023-08-17
http://orcid.org/0000-0003-4989-5135
http://orcid.org/0000-0003-4496-0057
http://orcid.org/0000-0002-5935-5733
http://orcid.org/0000-0002-0944-4500
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3im90010j
https://pubs.rsc.org/en/journals/journal/IM
https://pubs.rsc.org/en/journals/journal/IM?issueid=IM001003

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

Open Access Article. Published on 11 8 2023. Downloaded on 2026/02/21 0:57:59.

|
bl

Industrial Chemistry & Materials

the development of advanced catalysts
for the reactions that occur in fuel cells:
the oxygen reduction reaction (ORR) and
the hydrogen oxidation reaction, and
showcases the work on advanced Pt-
group metal-free (PGM-free) catalysts
that are essential to replace PGMs in
fuel cells because of their lower price.
This is a very challenging task, since the
current PGM-free ORR catalysts are
considered inferior in performance
when compared with catalysts with
PGMs, especially in proton exchange
membrane fuel cells. However, PGM-free
catalysts do seem to be more suited for
anion exchange membrane fuel cells,
which have been making a significant
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leap in performance in durability in
recent years, mainly due to improved
polymer chemistry which allowed the
use of advanced membrane and
polyelectrolytes. Electrolyzers face a
similar problem, mainly related to
performance and durability. The lack of
agreed-upon durability protocols
hinders the focused progress in the
field, but most recent results on PEM
and AEM electrolyzers are also very
promising. The third topic covered in
this themed issue is hydrogen storage,
addressed here in the use of chemical
hydrogen carriers such as ammonia.
These studies are at the forefront of the
effort for realizing the full potential of
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the hydrogen economy, and hopefully
will pave the way for a cleaner future.
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