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1 INTRODUCTION

Hydrogen is the most abundant element in the universe, being found in compound
form on planet earth (IEA, 2019). This element can be obtained by several routes,
currently obtaining is dominated by the use of fossil fuels, but it can also be obtained from
renewable sources. This energy vector can be produced through the separation of water
(electrolysis, thermolysis and photolysis) and biomass mechanisms (biological and
thermochemical), and hydrogen that is free of CO is called green hydrogen.

Hydrogen stands out for its ability to store and supply large amounts of energy,
being considered promising in the energy transition and decarbonization, since it can
reduce greenhouse gas emissions, or neutralize them, contributing to the Sustainable
Development Goals (SDGs) established by the United Nations (UN) (AGENDA, 2030).

The work is divided as follows, section 1 contemplates the introductory part,
section 2 objective of this work, section 3 presents the theoretical framework for
conducting the research based on the PROKNOW-C methodology (Knowledge
Development Process - Constructivist), section 4 describes the obtaining of the
bibliographic portfolio (BP), followed by section 5 that presents the bibliometric analyzes

and the final considerations.

2 OBJECTIVE
The aim of this article is to present a systematic review on green hydrogen, from
renewable energy sources, as well as production technologies, from the systemic and

bibliographic analysis of articles obtained using the PROKNOW-C method.




3 METHODOLOGY
To systematize the literature review of the theme, the PROKNOW-C (Knowledge

Development Process Constructivist) method will be used, which aims to obtain a
bibliographic portfolio relevant to the theme, identifying scientific articles in an efficient
and structured way.

The structured steps are: 1) selection of the bibliographic portfolio that will
provide the literature review; 2) bibliometric analysis of the bibliographic portfolio; 3)
systemic analysis of the bibliographic portfolio; 4) elaboration of the research objectives.
(Afonso et al., 2011).

In this work, the first two stages are carried out, selection and bibliometric analysis
of the portfolio. For the selection of the portfolio, the search for scientific material is
carried out in a systematized way, following a series of sequential procedures, which
begin with the definition of the search mechanism for the scientific articles to be used,
followed by a series of pre-established procedures until the filtering and selection phase
of the relevant bibliographic portfolio on the subject, as shown in Figure 1

Figure 1: Selection of the Bibliographic Portfolio (BP).
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Next, the bibliometric analysis of the bibliographic portfolio is carried out,
evaluating i) the journals in the portfolio ii) the references, the degree of relevance of the

authors, iii) the scientific recognition of the articles and iv) the keywords.

4 DEVELOPMENT

In the first step, the research question was considered: "what are the technologies
for the production of green hydrogen?", defining the research axes, where axis 1 refers to
green hydrogen and axis 2 refers to hydrogen production / obtaining technologies. Based
on these axes, the keywords (PC) were selected, being for axis 1. Green Hydrogen,

Renewable Hydrogen and Low Carbon Hydrogen, for axis 2, we have the terms




Production Technology, Energy Conversion Processes, Technological Routes. The

Boolean operator "and" was used for the combination of CP, in addition to wildcard
characters next to these operators. For the research axes and the selected CPs, 9
combinations were considered. The databases chosen were Scopus, Web of Science,
Science Direct. Data collection was performed in three languages: English, Portuguese
and Spanish. In order to collect updated information, articles published in the last 7 years
were considered.

To verify that the CPs are within the scope of the work, the adherence test was
performed, confirming that the CPs are in accordance with the scope of the research.

Until 04/07/2023, 7339 articles were found in the selected databases, which
include the combinations and keywords, these results compile the raw article database
(BAB).

As different databases were used, it was necessary to exclude duplicate articles
from the BAB. For this, two filters were applied, the first to eliminate repeated articles.
To manage the publications by exporting the articles from the databases, the MENDELEY
software and CAPES platform were used, and it was possible to eliminate the duplicate
articles, excluding 843 articles. The second filter is the alignment of the title, which
consists of reading the titles and comparing them with the research theme, the result of
this filter excluded 112 articles.

In the next step, the scientific recognition of the articles was coferred, for this the
number of citations of the articles was used, which is an important metric for the
evaluation of the articles. With the help of the Google Scholar platform, the number of
citations is verified and the spreadsheet is created to verify the representativeness of these
articles. This evaluation showed that the most cited article received 1900 citations, so to
cover more articles, it was excluded from this step. Then it was established that the articles
that accounted for 90% of all citations (except for the article with 1900 citations), and
which are equivalent to 26 articles conformed to Repository K, with more than 15
citations. Another 36 articles received between 1 and 11 citations and 14 articles had no
citations found. These articles (50) make up Repository P.

Then, for the articles that make up Repository K, the abstracts were read in order
to verify the real alignment of the article with the scope of the research and 17 aligned
articles were considered, being stored in repository A, with the elimination of 9 articles.
In the next step, Repository P with lower scientific recognition was analyzed. In this step,

factors such as publication period, abstract and alignment were considered, and if the




authors have scientific recognition, being present as authors of the articles in Repository

A, establishing 5 articles stored in Repository B. After identification, these repositories
are added together forming a single repository, called Repository C, with 22 articles.

In the last step, this repository was read, analyzing the relationship of alignment
with the research theme and checking if these articles are available in full. After being

identified and analyzed, the Bibliographic Portfolio (BP) is formed with 22 articles.

4.1 BIBLIOMETRIC ANALYSIS

The analysis of the portfolio was carried out, with respect to i) the journals of the
portfolio ii) the references, degree of relevance of the authors, iii) the scientific
recognition of the articles.

For the analysis of the portfolio, the journals where the articles that are part of the
BP were published were considered. In

it is observed that the articles are published in 14 different journals, of which the
International Journal of Hydrogen Energy has more than 6 articles, followed by the
journal Energies with 3 articles and the other journals with 1 article.

Regarding the scientific relevance of the PB articles, the authors that stand out are
Nikolaidis & Poullikkas, with more than 1900 citations followed by Acar & Dincer, with
524 citations, works published in 2018 and 2019 respectively, while the other articles
remain with less than 200 citations, articles published in 2023 maintain citations between
2 and 5 citations. (Al-Orabi et al., 2023; Benghanem et al., 2023; Sarkar et al., 2021;
Sarker et al., 2023; Tao et al., 2022). as shown in Figure 2:Journals that are part of the PB.

Figure 2:Journals that are part of the PB
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Figure 3: Number of Citations per Author
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In order to contemplate the relevance of the articles, the number of citations per
year was presented, as follows Figure 4 It can be seen that the publications start to be

relevant from 2018 onwards.

Figure 4: Number of Citations per year
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5 FINAL CONSIDERATIONS

The research aimed to survey technologies for hydrogen production. This
systematic review of the literature was carried out using the Proknow-C method, which
allowed obtaining articles relevant to the research topic, which will be used as a

benchmark for the incorporation of hydrogen, promoting the energy transition in the

energy sector aiming at carbon neutralization.




The process presented made it possible to select references aligned with the

research in the last seven years, initially a large number of articles were obtained, and as
the filters were applied, a PB with 22 scientifically relevant articles was obtained,
including national and international research.

The bibliometric review allowed to visualize some characteristics of the scientific

production in a clear way.




REFERENCES

AGENDA 2030. (2015). ODS — Objetivos de desenvolvimento sustentavel. Disponivel
em: <http://www.agenda2030.com.br/>

Abdel-Basset, M., Gamal, A., Chakrabortty, R. K., & Ryan, M. J. (2021). Evaluation of
sustainable hydrogen production options using an advanced hybrid MCDM approach: A
case study. International Journal of Hydrogen Energy, 46(5), 4567-4591.
https://doi.org/10.1016/J.1JHYDENE.2020.10.232

Acar, C., Beskese, A., & Temur, G. T. (2018). Sustainability analysis of different
hydrogen production options using hesitant fuzzy AHP. International Journal of
Hydrogen Energy, 43(39), 18059-18076.
https://doi.org/10.1016/J.1JHYDENE.2018.08.024

Acar, C., & Dincer, 1. (2019). Review and evaluation of hydrogen production options for
better  environment.  Journal of Cleaner  Production, 218, 835-849.
https://doi.org/10.1016/J.JCLEPRO.2019.02.046

Afonso, M. H. F., Souza, J. V. de, Ensslin, S. R., & Ensslin, L. (2011). Como Construir
Conhecimento Sobre O Tema De Pesquisa? Aplicacdo Do Processo Proknow-C Na Busca
De Literatura Sobre Avaliacdo Do Desenvolvimento Sustentavel. Revista de Gestéo
Social e Ambiental, 5(2), 47-62. https://doi.org/10.5773/rgsa.v5i2.424

Al-Orabi, A. M., Osman, M. G., & Sedhom, B. E. (2023). Analysis of the economic and
technological viability of producing green hydrogen with renewable energy sources in a
variety of climates to reduce CO2 emissions: A case study in Egypt. Applied Energy, 338,
120958. https://doi.org/https://doi.org/10.1016/j.apenergy.2023.120958

Benghanem, M., Mellit, A., Almohamadi, H., Haddad, S., Chettibi, N., Alanazi, A. M.,
Dasalla, D., & Alzahrani, A. (2023). Hydrogen Production Methods Based on Solar and
Wind Energy: A Review. Energies, 16(2), 757. https://doi.org/10.3390/en16020757

Ceran, B. (2020). Multi-Criteria Comparative Analysis of Clean Hydrogen Production
Scenarios. Energies, 13(16), 4180. https://doi.org/10.3390/en13164180

Chien, F., Kamran, H. W., Albashar, G., & Igbal, W. (2021). Dynamic planning,
conversion, and management strategy of different renewable energy sources: A
Sustainable Solution for Severe Energy Crises in Emerging Economies. International
Journal of Hydrogen Energy, 46(11), T7745-7758.
https://doi.org/10.1016/j.ijhydene.2020.12.004

IEA — International Energy Agency (2019). The Future of Hydrogen. Seizing today’s
opportunities. Report prepared by the IEA for the G20, Japan. Disponivel em:
https://webstore.iea.org/download/direct/2803

Ishag, H., & Dincer, I. (2021). Comparative assessment of renewable energy-based
hydrogen production methods. Renewable and Sustainable Energy Reviews, 135,
110192. https://doi.org/10.1016/J.RSER.2020.110192



https://doi.org/10.1016/J.IJHYDENE.2020.10.232
https://doi.org/10.1016/J.IJHYDENE.2018.08.024
https://doi.org/10.1016/J.JCLEPRO.2019.02.046
https://doi.org/10.5773/rgsa.v5i2.424
https://doi.org/https:/doi.org/10.1016/j.apenergy.2023.120958
https://doi.org/10.3390/en16020757
https://doi.org/10.3390/en13164180
https://doi.org/10.1016/j.ijhydene.2020.12.004
https://webstore.iea.org/download/direct/2803
https://doi.org/10.1016/J.RSER.2020.110192

Ji, M., & Wang, J. (2021). Review and comparison of various hydrogen production
methods based on costs and life cycle impact assessment indicators. International Journal
of Hydrogen Energy, 46(78), 38612-38635.
https://doi.org/10.1016/J.1JHYDENE.2021.09.142

Kumar, G., Shobana, S., Nagarajan, D., Lee, D.-J., Lee, K.-S., Lin, C.-Y., Chen, C.-Y.,
& Chang, J.-S. (2018). Biomass based hydrogen production by dark fermentation—recent
trends and opportunities for greener processes. Current Opinion in Biotechnology, 50,
136-145. https://doi.org/https://doi.org/10.1016/j.copbio.2017.12.024

Nikolaidis, P., & Poullikkas, A. (2017). A comparative overview of hydrogen production
processes. Renewable and Sustainable Energy Reviews, 67, 597-611.
https://doi.org/10.1016/j.rser.2016.09.044

Sarkar, O., Katakojwala, R., & Venkata Mohan, S. (2021). Low carbon hydrogen
production from a waste-based biorefinery system and environmental sustainability
assessment. Green Chemistry, 23(1), 561-574. https://doi.org/10.1039/d0gc03063e

Park, J., Kim, C.-H., Cho, H., Kim, S.-K., & Cho, W. C. (2020). Techno-Economic
Analysis of Green Hydrogen Production System based on Renewable Energy Sources.
Trans. Korean Hydrog. New Energy Soc, 31, 337-344.

Sarkar, O., Katakojwala, R., & Venkata Mohan, S. (2021). Low carbon hydrogen
production from a waste-based biorefinery system and environmental sustainability
assessment. Green Chemistry, 23(1), 561-574. https://doi.org/10.1039/d0gc03063e

Shagdar, E., Lougou, B. G., Shuali, Y., Ganbold, E., Chinonso, O. P., & Tan, H. (2020).
Process analysis of solar steam reforming of methane for producing low-carbon
hydrogen. RSC Advances, 10(21), 12582-12597. https://doi.org/10.1039/c9ra09835f

Tao, M., Azzolini, J. A., Stechel, E. B., Ayers, K. E., & Valdez I, T. (2022). Review-
Engineering Challenges in Green Hydrogen Production Systems. JOURNAL OF THE
ELECTROCHEMICAL SOCIETY, 169(5). https://doi.org/10.1149/1945-7111/ac6983

Wang, M., Wang, G., Sun, Z., Zhang, Y., & Xu, D. (2019). Review of renewable energy-
based hydrogen production processes for sustainable energy innovation. Global Energy
Interconnection, 2(5), 436-443. https://doi.org/10.1016/J.GLOEI.2019.11.019

Xu, L., Shah, S. A. A., Zameer, H., & Solangi, Y. A. (2019). Evaluating renewable energy
sources for implementing the hydrogen economy in Pakistan: a two-stage fuzzy MCDM
approach. Environmental Science and Pollution Research, 26(32), 33202-33215.
https://doi.org/10.1007/s11356-019-06431-0

Xu, L., Wang, Y., Shah, S. A. A., Zameer, H., Solangi, Y. A., Walasai, G. Das, & Siyal,
Z. A. (2019). Economic Viability and Environmental Efficiency Analysis of Hydrogen
Production Processes for the Decarbonization of Energy Systems. Processes, 7(8), 494.
https://doi.org/10.3390/pr7080494



https://doi.org/10.1016/J.IJHYDENE.2021.09.142
https://doi.org/https:/doi.org/10.1016/j.copbio.2017.12.024
https://doi.org/10.1016/j.rser.2016.09.044
https://doi.org/10.1039/d0gc03063e
https://doi.org/10.1039/d0gc03063e
https://doi.org/10.1039/c9ra09835f
https://doi.org/10.1149/1945-7111/ac6983
https://doi.org/10.1016/J.GLOEI.2019.11.019
https://doi.org/10.1007/s11356-019-06431-0
https://doi.org/10.3390/pr7080494

Zghaibeh, M., Barhoumi, E. M., Okonkwo, P. C., Ben Belgacem, I., Beitelmal, W. H., &
Mansir, 1. B. (2022). Analytical model for a techno-economic assessment of green
hydrogen production in photovoltaic power station case study Salalah city-Oman.
International ~ Journal ~ of  Hydrogen Energy, 47(31), 14171-14179.
https://doi.org/https://doi.org/10.1016/j.ijhydene.2022.02.180

Zhiznin, S. Z., Vassilev, S., & Gusev, A. L. (2019). Economics of secondary renewable
energy sources with hydrogen generation. International Journal of Hydrogen Energy,
44(23), 11385-11393. https://doi.org/10.1016/j.ijhydene.2019.03.072



https://doi.org/https:/doi.org/10.1016/j.ijhydene.2022.02.180

