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Hydrogen is a clean fuel for transportation and energy storage. It has several attractive
features, including a higher energy content by weight, use in fuel cells that produces only
water as a by-product, storage in small and large quantities by various methods, and
established transportation and infrastructures [1]. A hydrogen economy consists of three
steps, i.e., hydrogen production, storage, and applications. All three steps involved in a
hydrogen economy can be divided into catalytic and non-catalytic approaches. For catalytic
processes, the efficiency highly depends on the type and physico-chemical characteristics of
the catalysts. Therefore, for the improvement of these catalytic processes, the development
of highly efficient and stable catalysts is highly required [2].

There are various methods to produce hydrogen. These methods are characterized by
the source or feedstock used for hydrogen production. These include hydrogen production
using fossil fuel (gray hydrogen); hydrogen production from fossil fuel combined with car-
bon capture, utilization, and storage (blue hydrogen); renewable energy-derived hydrogen
(green hydrogen); bioproduction of hydrogen; nuclear hydrogen production; and hydrogen
production as a by-product in various industries. Among the various methods, steam
reforming of natural gas (methane; fossil fuel) is the most industrially developed process.
A total of 95% of hydrogen in the United States is produced from the steam reforming
process, providing 10 million metric tons of hydrogen annually [3]. The disadvantages
of this method include high energy consumption, high production cost, and the use of
harsh reaction conditions. Moreover, as a heavy amount of greenhouse gases such as
carbon dioxide is released, this method is environmentally unfriendly. Electrocatalytic
hydrogen production from water splitting is the most promising and environmentally
friendly process among all methods. Nowadays, researchers are devoting efforts to de-
veloping efficient electrodes from non-precious, earth-abundant, low-cost metals [4,5]. A
review paper published in this Special Issue highlights the application of earth-abundant
electrocatalysts for water splitting to produce hydrogen [6]. This review paper describes the
current approaches to using non-precious metals and their oxides in hydrogen production
and suggests future directions to obtain highly efficient and cost-effective processes. The
photocatalytic hydrogen production technique is also gaining researchers’ attention as it is
environmentally friendly. A research paper in this Special Issue [7] presents the fabrication
of Ni complexes and their application to photocatalytic hydrogen evolution. The research
in this paper proved that the mechanisms for photocatalysis and electrocatalysis follow
different pathways using the same catalysts.

Hydrogen storage is of pivotal importance in hydrogen-based technologies, especially
in large-scale applications. The most used hydrogen storage technologies include com-
pressed gas, cold/cryo-compression, liquid hydrogen storage, metal–organic frameworks,
and metal hydrides. In recent years, researchers have considered liquid organic hydrogen
carriers and ammonia as potential hydrogen carriers [8,9]. These materials have advantages
including easy handling, transportation, and carbon-free processing. However, this process
is highly dependent on the catalysts. In Japan, researchers keenly prefer the development
of technologies for ammonia as hydrogen carriers [10]. Ammonia contains 17.6 wt% of
hydrogen compared with 12.5 wt% in methanol. At an industrial scale, the Haber–Bosch
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process is used to catalytically convert fossil fuel-derived hydrogen to ammonia, requiring
high-temperature (450–600 ◦C) and pressure (10–25 MPa) conditions [11,12]. The critical
drawbacks of this process are the use of severe reaction conditions and the release of
a heavy amount of carbon dioxide produced during hydrogen production from steam
reforming of methane. Carbon dioxide-free green ammonia cannot be produced by the
Haber–Bosch process using renewable-derived hydrogen as, firstly, it utilizes an iron-based
catalyst, which is not suitable for fluctuated hydrogen supply; secondly, renewable-derived
hydrogen is produced at room temperature, which will highly require energy to operate at
the severe conditions of the Haber–Bosch process [13,14].

The hydrogen economy concept is incomplete without considering the application of
hydrogen safely and economically as a zero-greenhouse gas emission fuel for automobiles,
industries, and power plants. Among various hydrogen applications, fuel cells are con-
sidered the main field of utilization of hydrogen as an energy source. New developments
in this field aim at lowering costs and improving the performance and durability of the
catalytic procedures. Besides being a fuel for vehicles, hydrogen is widely used in refineries,
fertilizer production, food processing, and ammonia and methanol production.

Summarizing, the present Special Issue aims to briefly demonstrate the critical chal-
lenges in developing all aspects of the hydrogen economy. The guest editor would like to
express her gratitude to the editorial team and all the authors for their valuable scientific
contributions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Qazi, U.Y.; Javaid, R.; Tahir, N.; Jamil, A.; Adeel, A. Design of advanced self-supported electrode by surface modification of copper

foam with transition metals for efficient hydrogen evolution reaction. Int. J. Hydrogen Energy 2020, 45, 3396–33406. [CrossRef]
2. Javaid, R.; Kawasaki, S.; Ookawara, R.; Sato, K.; Nishioka, M.; Suzuki, A.; Suzuki, T.M. Continuous dehydrogenation of aqueous

formic acid under sub-critical conditions by use of hollow tubular reactor coated with thin palladium oxide layer. J. Chem. Eng.
Jpn. 2013, 46, 751–758. [CrossRef]

3. Qazi, U.Y. Silver nanoparticles formation by nanosecond pulsed laser irradiation in an aqueous solution of silver nitrate; effect of
sodium bis (2-ethyl hexyl) sulfosuccinate. J. New Mater. Electrochem. Syst. 2021, 24, 38–42. [CrossRef]

4. Chen, L.; Qi, Z.; Zhang, S.; Su, J.; Somorjai, G.A. Catalytic hydrogen production from methane: A review on recent progress and
prospect. Catalysts 2020, 10, 858. [CrossRef]

5. Qazi, U.Y.; Yuan, C.Z.; Ullah, N.; Jiang, Y.F.; Imran, M.; Zeb, A.; Zhao, S.J.; Javaid, R.; Xu, A.W. One-step growth of iron-nickel
bimetallic nanoparticles on feni alloy foils: Highly efficient advanced electrodes for the oxygen evolution reaction. ACS Appl.
Mater. Interfaces 2017, 9, 28627–28634. [CrossRef] [PubMed]

6. Qazi, U.Y.; Javaid, R.; Zahid, M.; Tahir, N.; Afzal, A.; Lin, X.M. Bimetallic NiCo–NiCoO2 nano-heterostructures embedded on
copper foam as a self-supported bifunctional electrode for water oxidation and hydrogen production in alkaline media. Int. J.
Hydrogen Energy 2021, 46, 18936–18948. [CrossRef]

7. Ibn Shamsah, S.M. Earth-abundant electrocatalysts for water splitting: Current and future directions. Catalysts 2021, 11, 429.
[CrossRef]

8. Kamatsos, F.; Bethanis, K.; Mitsopoulou, C.A. Synthesis of Novel Heteroleptic Oxothiolate Ni (II) Complexes. Catalysts 2021,
11, 401. [CrossRef]

9. Javaid, R.; Nanba, T. Effect of reaction conditions and surface characteristics of Ru/CeO2 on catalytic performance for ammonia
synthesis as a clean fuel. Int. J. Hydrogen Energy 2020, 46, 18107–18115. [CrossRef]

10. Javaid, R.; Matsumoto, H.; Nanba, T. Influence of reaction conditions and promoting role of ammonia produced at higher
temperature conditions in its synthesis process over Cs-Ru/MgO catalyst. ChemistrySelect 2019, 4, 2218–2224. [CrossRef]

11. Javaid, R.; Nanba, T. Effect of texture and physical properties of catalysts on ammonia synthesis. Catal. Today 2021, in press.
[CrossRef]

12. Nanba, T.; Nagata, Y.; Kobayashi, K.; Javaid, R.; Atsumi, R.; Nishi, M.; Mochizuki, T.; Manaka, Y.; Kojima, H.; Tsujimura, T.; et al.
Explorative study of a Ru/CeO2 catalyst for NH3 synthesis from renewable hydrogen and demonstration of NH3 synthesis
under a range of reaction conditions. J. Jpn. Pet. Inst. 2021, 64, 1–9. [CrossRef]

13. Javaid, R.; Nanba, T. MgFe2O4-Supported ru catalyst for ammonia synthesis: Promotive effect of chlorine. ChemistrySelect 2020, 5,
4312–4315. [CrossRef]

14. Javaid, R.; Aoki, Y.; Nanba, T. Highly efficient Ru/MgO–Er2O3 catalysts for ammonia synthesis. J. Phys. Chem. Solids 2020,
146, 109570. [CrossRef]

http://doi.org/10.1016/j.ijhydene.2020.09.026
http://doi.org/10.1252/jcej.13we184
http://doi.org/10.14447/jnmes.v24i1.a07
http://doi.org/10.3390/catal10080858
http://doi.org/10.1021/acsami.7b08922
http://www.ncbi.nlm.nih.gov/pubmed/28825790
http://doi.org/10.1016/j.ijhydene.2021.03.046
http://doi.org/10.3390/catal11040429
http://doi.org/10.3390/catal11030401
http://doi.org/10.1016/j.ijhydene.2020.07.222
http://doi.org/10.1002/slct.201803813
http://doi.org/10.1016/j.cattod.2021.06.007
http://doi.org/10.1627/jpi.64.1
http://doi.org/10.1002/slct.202000883
http://doi.org/10.1016/j.jpcs.2020.109570

	References

