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As the world is entering a phase of realization to mend ways
to build a climate neutral, healthy, and sustainable
environment all around and many prominent steps are taken
to achieve the goal of net zero [1,2]. Advancement of
materials used for energy and production purposes are
being transformed and developed in ways which will ensure
sustainable development without the harming of the
ecology [3]. One such strong action brought is the use of
hydrogen energy towards climate neutrality [4]. Hydrogen
is now considered a very important product for aiming zero
waste as it can make possible to remove fossil fuels usage
and will play a very important role in the energy
transformation of world to sustainable development goals
[5]. It is very important to reduce the emission of carbon
from industries and vehicles, and at the same time give a
longer energy storage [6]. As the European Deal and the
United Nations moves forward for attaining a net zero goals

with introduction of clean hydrogen energy and its uses
have been the showstopper for various conversions in
various sectors which will ensure reaching the global
sustainability [7,8].

The research in hydrogen energy is has become very
popular since the past decades. From the search results of
Scopus database with the keyword “hydrogen energy”,
above 15000 documents with 7000 patents are found
(collected on 12 October 2021) [9]. If we go through the
trend, we can find that the number published articles get
steep increased from 2011 and reaches maximum in 2012,
when 2261 articles were published. Then suddenly, there
was steep fall, but after 2015, there is growing interest in
the field (Fig. 1). This is mainly due to establishment of
various hydrogen energy missions and policies for clean
energy.
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Fig. 1. Documents per year on keyword “hydrogen energy” indexed in the Scopus (collected on 07 October 2021).
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Fig. 2. Trend of documents published from the last 5 years on keyword “hydrogen energy” as indexed in the Scopus (collected on 07 October 2021).

Among the published articles, China is leading the
race. Around 1250 articles have been published from China
in the last 5-years. The 2™ position is taken by Japan with
234 articles, subsequently, 3" ranked- USA with 195
articles, 4™ ranked- India with 178 articles and 5" ranked-
South Korea with 137 articles (Fig. 3). The Ministry of
Education China, Chinese Academy of Sciences, Tsinghua
University, Russian Academy of Sciences, University of
Chinese Academy of Sciences and The University of Tokyo
are the most popular affiliations can be found in the
literature search (Fig. 4).
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The green and/or renewable hydrogen constitutes the
electrolysis of water powered by solar or wind. It has been
mentioned in the European Deal in zero emission of green
gas by 2050 [4,10]. Hydrogen energy can perform three
things which are beneficial for reducing the green gas
emission [11]. It is effective in replacing fossil fuels as a
zero-carbon feedstock in chemicals and fuel production
[12]. Renewable hydrogen has proved itself as an essential
direction for the development of green and low-carbon
energy in the future as the world leadership seeks to lower
greenhouse gas emissions [12].
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Fig. 3. Country-wise publication from the last 5 years on keyword “hydrogen energy” as indexed in the Scopus (collected on 07 October 2021).
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The hydrogen energy is clean and storable with no
tailpipe emission except water vapor after combustion [13].
It produces neither carbon dioxide. Hydrogen is an
adaptable energy carrier which can be produced from a
wide range of sources and can be used in many ways in the
entire energy sector. Hydrogen proves itself as a good fuel
in many cases. Its use for energy purposes does not cause
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greenhouse gas emissions [14]. It can also be used to
produce other gases as well as liquid fuels. Existing
infrastructure like gas transport and gas storage can be
repurposed for hydrogen. On the basis of its properties, it
has a higher density than batteries so can be used for long
distance and heavy goods transport.
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Fig. 4. Most popular affiliations from the last 5 years on hydrogen energy (collected from Scopus database on 07 October 2021).

The hydrogen produces neither carbon dioxide nor
pollutants such as sulfur oxide and nitrogen oxide. Low
carbon hydrogen can be a transition fuel which will avoid
stranded assets and prepare the world to shift to a new way
to deliver energy, which is environmentally friendly as well
as economical [15]. If we analyze the popular authors in
this field, we found that Prof. Kazunari Domen from
Shinshu University, Japan published the most articles on
hydrogen energy. The world top ranked author is followed
by Prof. Ibrahim Dincer from Ontario Tech University,

Canada; Prof. Takashi Hisatomi from Shinshu University,
Japan; Prof. Tsutomu Minegishi from University of Tokyo,
Japan; Prof. Masao Katayama from University of Tokyo,
Japan; Muhammad Bilal Tahir from University of Gujrat
and University of Sialkot, Gujrat, Pakistan, Prof. Tiejiang
Yuan from Dalian University of Technology, China; Prof.
Taro Yamada from University of Tokyo, Japan; Prof. Fatih
Sen from Dumlupinar Universitesi, Turkey; Dr. J. Dufour
from Instituto IMDEA Energia, Spain and so on (Fig. 5).

Domen, K.
Dincer, . |
Hisatori, T,

Author name

Minegishi, T. - [ E—
Katayama, M. [—
Tahir, M.B. [ I—

Yuan, T. [ E—

sen, .

Dufour, .

0 2.5 5 7.5 10

12.5 15 17.5 20 27.5 30

Documents

Fig. 5. Most popular authors published articles on the ‘hydrogen energy’ research from the last 5 years (collected from Scopus database on 07 October

2021).
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Among the funding agencies, the National Natural
Science Foundation of China has funded the greatest
number of research and in top of the list with above 700
articles. If we look at the top five funding agencies, all of
them are from China with National Natural Science
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Foundation of China, the others are Fundamental Research
Funds for the Central Universities, Ministry of Education
of the People's Republic of China, National Key Research
and Development Program of China, Ministry of Science
and Technology of the People's Republic of China (Fig. 6).
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Fig. 6. Top funding agencies in last 5 years on hydrogen energy (collected from Scopus database on 07 October 2021).

The global leadership of all the advanced and
developing countries are now focusing on the fact that clean
hydrogen will play an important role in the saving of the
environment and lower the emission of Green Gas and at
the same time ensure a sustainable development all around
[16]. The International Energy Agency of Europe
acclaimed its high potential in its report on hydrogen in
June 2019. Bloomberg New Energy Finance said clean
hydrogen “can help address the toughest third of global
greenhouse gas emissions by 2050” in March 2020 [4].
After the pandemic hydrogen economy has been termed as
a priority for the European Deal’s post-COVID-19
economic policies [18]. The European Green Deal has high
emphasis on the use of clean hydrogen for achieving a
climate neutral Europe by 2050 for which it has aimed for
a 55% emission reduction target for 2030 [19]. The
European Commission has embarked on ideas for using
innovative energy carriers such as hydrogen, particularly
coming from renewable electricity [20]. The People’s
Republic of China is also vouching for Renewable
hydrogen as an essential direction for the development of
green and low-carbon energy in the future and aims to
lower greenhouse gas emissions [21]. Low carbon
hydrogen is an important initiative right now for countries
around the world. In 2020, the world’s production of
hydrogen was approximately 72 million tons [22]. The
People’s Republic of China produced about 20 million tons
in 2019 [21]. One percent or less was renewable energy
hydrogen with the remainder being hydrogen produced
from fossil energy and from industrial by-products.

However, with all the plus points of hydrogen energy
aiming for climate neutrality comes some limitations too
[23]. It is very crucial on the entire process of how
hydrogen is made which only can ensure its proper usage.
Only the green’ or ‘renewable’ hydrogen is made from the
electrolysis of water powered by renewables will prove
fruitful for the ultimate SDGs [24]. Clean hydrogen faces a
paradox in its business case. Companies are reluctant to pay
several times the price for a climate-friendly alternative in
the form of green hydrogen. Most hydrogen energy still
produces the carbon dioxide that contributes to climate
change [25]. More than 95% of hydrogen energy is
produced using fossil fuels containing carbon in all around
the world.

As the world governance joins in a noble movement of
achieving a climate neutral sustainable healthy
environment for the future generation to come hydrogen
energy is gaining maximum importance and its credits are
worth settling for. Green hydrogen gives renewables a
business case when the electricity cannot [26]. The
hydrogen economy is an international project as cross-
border cooperation can be seen in many countries like
North Korea, Europe, North Africa, Middle East and even
Australia and Chile [4]. The People’s Republic of China's
annual demand for hydrogen will reach 60 million tons by
2050 [27]. Japan has many important projects which
includes Hydrogen usage [28]. Many countries including
Australia, Saudi Arabia and Brunei are determining the best
way to transport green or blue hydrogen over large
distances by ship [29]. The Dutch government is aiming to
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broaden its low-carbon program [30]. These will all result
in the market-driven activation of blue hydrogen projects
and, depending on the costs ii is hoped that green hydrogen
projects in the near future will gain great momentum.
France’s own hydrogen strategy includes indicative targets
for transformation of grey hydrogen to green hydrogen in
industry which is only helpful in the saving of the
environment [31]. The French government has set targets
of usage of green hydrogen in industries to achieve the
goals of sustainable development and clean and green
environment. Germany also aims to organize combined
auctions of offshore wind fields for electrolysis, which
would imply connecting the value chain in one single tender
[32]. The global garners up to bring hydrogen energy in the
forefront with the aim of climate neutrality, a clean and net
zero environment is definitely on the way.
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