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Abstract. As one of the representative new energy, hydrogen has received widely
attention in recent years. PEMelectrolyzer plays a central role in hydrogen produc-
tion process. In this paper, 411 publications related to PEM electrolyzer collected
from Web of Science released between 2005 and 2022 were analyzed through
bibliometric to explore research hot-spots and future trends by analyzing publi-
cation and citation, countries and authors, journals and keywords. According to
statistics and analysis, (1) Iran andDincer Ibrahimwere themost productive coun-
tries and authors, respectively. (2) International Journal of Hydrogen Energy was
the mainly journal of PEM electrolyzer related publications. (3) Component and
Hybrid System are likely to remain prominent areas of research in the foreseeable
future. (4) Current hot-spots, such as Two Phase Flow and Hybrid System, may
receive even more attention in the foreseeable future.

Keywords: PEM electrolyzer · Bibliometric · Hydrogen energy · Trend
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1 Introduction

Hydrogen has become one of the most promising clean and sustainable energy [1] due
to its non-carbon emissions, which could make great contributions to the construction of
global carbon neutral energy system. Hydrogen can be produced from various resources
including fossil fuels [2–4], biomass [5], biological sources [6], and water electrolysis
[7]. In contrast, electrolysis is the most economical method for large-scale production of
high-purity (> 99.99%) hydrogen, which could be further classified into alkaline water
electrolysis (AWE), solid oxide electrolysis (SOE), and proton exchange membrane
(PEM) water electrolysis.

SOE is easy to achieve high producing efficiency [8], but the technology is still
trapped in the laboratory stage and lacks of industrial application. AWE has become
a well matured technology for hydrogen production up to the megawatt range, and
constitutes the most extended electrolytic technology at a commercial level worldwide
[9].But its disadvantages including lowpartial load range and limited current density [10]
limit the promotion of this technology and the enthusiasm of relevant academic research.
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PEM by contrast, as a novel electrolysis method, has the advantages of high flexibility,
compact equipment and high current density [11]. With the trial of non-noble metal
catalysts utilization [12], more and more important achievements were accomplished in
recent years, and in summary, the disadvantages of PEM are gradually overcome and
the number of published papers related to PEM electrolysis is rapidly increasing (as
summarized in Sect. 3.1).

Over the past two decades, more than 400 articles are published on the R&D of PEM
electrolyzer, and the development road map of PEM electrolyzer over the years has been
gradually clear. Thus, the purpose of this paper is to analyze the modification of research
hot-spots in the field of PEM electrolyzer based on the publications, in order to offer
beneficial inspirations and new frontiers for relevant scholars.

2 Methods

2.1 Data Collection

Relevant articles are identified from the Web of Science Core Collection (WoSCC)
database. To avoid issues due to daily updates of the database, we conducted our search
and downloaded relevant items on January 3, 2023, Tuesday (Fig. 1). We used search
formulae as TS = (“PEM Electrolyzer”). The search terms were selected from the
Science Citation Index Expanded (SCI-EXPANDED). A total of 444 publications were
retrieved. After excluding 33 publications including early access, proceeding paper,
corrections, meeting abstract, 411 articles were included in the final data set. Full records
and cited refernces were exported as plaint text files for further analyses.

Fig. 1. Screenshot of web of science searching

The obtained data were imported into Citespace software (version 6.1.6) for dedupli-
cation. The number of publications, citations, countries, authors, journals, highly cited
references, keywords, and other data were extracted by several independent researchers
(JH Li, ZF Deng, H Tan, L Li) for data recheck. The H-index and average citations per
items (ACI) utilized in the paper are calculated by ZWBai based on information at WoS
Online.
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2.2 Data Analyses

Data collected from WoSCC needed to be further analyzed to accurately acquire the
impact of each part. Citespace (version 6.1.6) and VOSviewer were introduced to bib-
liometric analysis and visual display. Microsoft Excel (version 16.58) was used to sum-
marize relevant information in tables. Flow chart of publication filtering and analysis
was shown in Fig. 2.

Retrieval strategy

TS=(“PEM Electrolyzer”)

Retrieval mode: Advanced research
Retrieval database: Core Collection of WoSCC
Retrieval time span: 2005-2022
Retrieval date: January 3, 2023

Inclusion criteria:
Articles or Review articles

Step 1: Data collection
A total of 444 records were identified

Step 2: Data screening
411 publications were included in our final 

analysis

Step 3: Bibliometric and Visualizaion
Citaspace and VOSviewer were used

Analysis of publication outputs and citation 

Analysis of most productive countries

Analysis of most productive authors

Analysis of core journals

Analysis of keywords

411 publications and 13705 cited

Iran, China, USA

Dincer Ibrahim, Friedrich K. Andreas, Ahmadi, Pouria

International Journal of Hydrogen Energy

PEM electrolyzer, performance, optimization

Fig. 2. Flow chart of publication filtering and analysis

3 Results

The above mentioned 411 samples published in 99 Journals were completed by 1382
authors from 60 countries/regions and affiliated to 506 organizations. These contents
would be further described and analyzed through Publication and Citation, Regions
and Countries, Authors, Journals, and Keywords, respectively. Details are shown as
following.

3.1 Publication and Citation

As can be seen from Fig. 3, the total publications was relatively flat before 2017, and
then the numbers displayed a sharply increasing trend since 2018. Almost 73.6% of total
were published between 2018 and 2022. Citations almost rose straightly after 2018 too.
It can be seen that the PEMElectrolytic is a research hot-spots indeed. Relevant research
increases year by year.

The top 10 most-cited articles were listed in Table 1 in order to outcome the most
influential paper in this field. The most-cited paper [13] is written by Barbir, F with 708
times cited, followed by papers [14–16] which has been cited for 307 times, 294 times,
and 286 times, up to now, respectively.
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Fig. 3. Trends of publications and citations

The first mentioned one [13] is the first published paper related to PEM electrolyzer
which discussed several possible applications for PEM electrolyzer including grid con-
nected hydrogen generation, grid peak shaving, and power storage cooperated with fuel
cell. Furthermore, several specific issues including size, operation, and efficiency are
discussed in the paper. The second article [14] in the table should be paid specially
attention. Because it published recently and been cited for 43.9 times annually. This
paper is mainly study about the active and highly stable catalysts and several experi-
ments and analysis were cleverly made. The fourth publication [16] in Table 1 is the
most-cited article in 2022 which is mainly focus on the Energy and exergy analysis of
a PEM electrolyzer system, and offered better understanding of the characteristics of
PEM electrolyzer plant. This paper represents the boom of PEM electrolyzer system
related research.

3.2 Publication and Citation

Figure 4 displays the distribution of total publications about PEM electrolyzer. Iran
(88), China (61), USA (59), Germany (52), Canada (50), Turkey (50), Italy (32), France
(27), South Korea (14), Japan (12) as the top 10 most productive countries up till 2022.
These countries are mainly located in Asia, Europe and North America. Data in Fig. 4
is not directly equal to value in Fig. 3, because some articles are finished through global
cooperation and will be duplicated statistics.

3.3 Authors

Tabel 2 summaries the top 10 authors in terms of the number of publications. Dincer,
Ibrahim fromUniversity ofOntariowas themost productive authorwith 22 publishments
up to 2022. His outstanding investigation has significantly increased the number of
related papers published from Canada, accounting for about 44%. In the same way, Iran,
as themost productive countrymentioned in Sect. 3.2, also owes its outstanding scientific
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Fig. 4. Geo visualization of research distribution of PEM electrolyzer. Note Color relates to the
paper released (Note Taiwan belongs to China; England, Northern Ireland, Scotland and Wales
belongs to UK.)

research contributions to research teams led by Afshari, Ebrahim and Baniasadi, Ehsan.
As can be seen, the rise of an outstanding scholar (team) has a significant impact on the
research status of the country in relevant fields. While it is also important to find that as
the second largest publication country, China, do not have any outstanding researcher
being recorded in Table 2. It is considered as up to now, this topic has been greatly
attracted by Chinese researchers but no one has become the academic leader.

3.4 Journals

There were 99 journals used to publish PEM electrolyzer related papers, in which the
International Journal of Hydrogen Energy contributed the most articles with total pub-
lications of 147 (33.1%), and Energy Conversion and Management ranked second (36,
8.1%), followed by Journal of Power Sources (23, 5.2%) (Fig. 5).

3.5 Keywords

VOS viewer which could be used to classified the similar keywords was introduced, 411
publications contained 1891 keywords, and 180 left after merging of similar items.
Heat map of Keywords (Fig. 6) highlights the top keywords including PEM Elec-
trolyzer, Performance,Energy,HydrogenProduction, andOptimization.These keywords
related to the deep research around PEM electrolyzer especially on catalyst and system
performance.
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Table 2. Most productive authors in PEM Electrolyzer.

Rank Author Country Counts Institutions H-Index ACI*

1 Dincer, Ibrahim Canada 22 University of Ontario 104 34.43

2 Friedrich, K. Andreas Germany 14 University of Stuttgart 48 35.09

3 Ahmadi, Pouria USA 12 University of Illinois at
Urbana-Champaign

47 54.68

4 Bazylak, Aimy Canada 11 University of Toronto 34 20.17

5 Afshari, Ebrahim Iran 11 University of Isfahan 25 27.98

6 Ozturk, Murat Holland 11 Isparta University of
Applied Sciences

20 19.40

7 Gago, A. Saul Germany 10 Helmholtz Association 23 33.72

8 Baniasadi, Ehsan Iran 10 University of Isfahan 21 23.52

9 Guilbert, Damien France 9 Universite de Lorraine 13 12.11

10 Alirahmi, S. Mojtaba Denmark 9 Aalborg University 10 33.07
*ACI average cited index

45.05%

3.6% 4.95%
5.18%

8.11%

33.11%

 International Journal of Hydrogen Energy  Energy Conversion and Management
 Journal of Power Sources  Journal of the Electrochemical Society
 Electrochimica Acta  Others

Fig. 5. Pie chart visualization of the top journals of PEM electrolyzer

4 Discussion

4.1 Countries and Authors

Figure 7 demonstrates the annual publications of top 10 most productive countries since
2014. Iran, China and USA are the top 3 countries who contributed the most publications
as previous shown in Fig. 4. Iran has far more publications than any other country (20%),
most of which are finished in recent 5 years [17–21]. Iran remains the most producer in
recent five years, until been surpassed by China (23) in 2022.
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Fig. 6. Heat map of keywords in 2022
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Fig. 7. Trends of publications of the top 10 countries/regions

Author cooperation analysis revealed inter-author connection networks. In the PEM
Electrolyzer research area, Dincer Ibrahim (22), Friedrich K Andreas (14), Ahmadi,
Pouria (12) are the top 3 authors with the most paper publications. And it can be seen
from Fig. 8, which summarised the authors with more than 4 papers published, as some
of these authors have quiet close stable team cooperation. Dincer, Ibrahim and Ahmadi,
pouria used to co-work on the energy analysis and optimization of electrolyzer included
system since 2013 [22–25]. Friedrich, Wang, Abouatallah, and bazylak are together
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engaged in the characteristics investigation of gas diffusion layer and bipolar of PEM
electrolyzer [26–31].

Fig. 8. Network visualization map of co-authorship. Notes the size of the nodes reflects the
strength of their cooperation.

4.2 The Changing of Keywords

The keywords clarification through these papers are summarized as Fig. 9. It could be
seen as three cluster are summarized with different colors, System type (Exergy Anal-
ysis, Multi-objective Optimization, et al.), component type (Two Phase Flow, Oxygen
Evolution Reaction, et al.), and modeling type (Simulation, Design, et al.), which may
related to system, component, and electrolyzer, respectively. Furthermore, the annual
keywords in Fig. 10b clearly shows that the keywords on the right are newer, which
emphasize that the research focus shifted from system into component gradually. This
phenomenon is predictable, as technical research should gradually modification from
application demonstration to theoretical verification.

Moreover, the verification of the keywords are summarized as Fig. 10. It is partial
similar with the result presented in Fig. 9. Not only the component study related key-
words, such as Modelling and Degradation [32–35] shows increment these years, but
also the Hybrid System related keywords, such as Geothermal and Photovoltaic [21,
36–38], show a boom increment these years. As for the System Optimum Analysis and
Oxygen Evolution Reaction, these keywords fail to present a continuous research trend
and seem suspended.

4.3 Recent Research Trends

To analyze the subtle changes in research over recent years, the heat map of keywords
till 2020 is drawn(as shown in Fig. 11) to compare with Fig. 6. The hot keywords related
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(A)Network visualization map of keywords 

(B)Overlay visualization of keywords co-occurrence year 

Fig. 9. Analysis of keywords for PEMelectrolyzer (Notes the size of the nodes reflects the strength
of their frequency)

to Performance and Optimization are slightly decreased during 2020–2022, which are
replaced by publications about Modelling and Two Phase Flow. This trend modification
is consistent with the research topic timeline as shown in Fig. 10.

Moreover, several outstanding authors are chosen for case analysis for the trend
modification on researching area in PEM electrolyzer. The most prolific authors in the
area are summarized in Table 3 as basic data, and their latest publications during 2020–
2022 are utilized for special analysis.
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Fig. 10. Cluster timeline of co-cited reference (Notes the size of the nodes reflects the strength
of their frequency)

Fig. 11. Heat map of keywords in 2020

Based on the chosen publications, it should be mentioned that Aimy and Kieran are
closely cooperated [32, 39, 40] around porous transport layers research. Meanwhile,
Mojtaba and Ehsanolah were deeply co-worked [41–43] on electrolyzer related hybrid
system investigation. Ibrahim is one of the greatest researchers who has made a signifi-
cant contribution on PEM electrolyzer utilizing renewable energy [44, 45]. Marcelo was
devoted to improve the electrolysis efficiency through novel components and operating
conditions [46, 47]. These researchers have carried out their previous research directions
in the past three years.
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Table 3. Most productive authors in PEM electrolyzer during 2020–2022

Rank Author 2020 2021 2022 Summary

1 Guilbert, Damien 5 3 0 8

2 Bazylak,Aimy 4 2 0 6

3 Alirahmi, Seyed Mojtaba 2 1 3 6

4 Fahy, Kieran F. 3 2 0 5

5 Assareh, Ehsanolah 0 1 4 5

6 Dincer, Ibrahim 1 3 1 5

7 Carmo, Marcelo 2 1 2 5

Summary 17 13 10 40

Damien engaged in electrolyzer modeling and experimental verification for sev-
eral year. His latest publication on ‘Journal of Processes’ in 2021 turn to study elec-
trolyzer related testing applications [48]. This slightly variationmaybe signify the further
development of electrolysis related technology in application level.

Journal statistics help researchers choose the most suitable journal for their work.
The publication Journal clusters show a clearly verification for the chosen publications,
changing from ‘Journal of International Journal of Hydrogen Energy’ into other Journals
instead, such as Energies and sustainable energy technology, which can easily be seen
in Fig. 12.

2020 2021 2022
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Fig. 12. Analysis of publication journals

However, even the weight of ‘International Journal of Hydrogen Energy’ among the
articles significantly decreased, this Journal is still the mainly journal for publishing
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work about PEM electrolyzer for most researchers. Data analysis indicates that some
Journals, such as Sustainable Energy Technologies, Journal of Power Sources, Energies,
are becoming more attractive to the related research. This phenomenon maybe related
to the transfer of the research topics of the journals, so that gives authors more choices
(Fig. 13).

Fig. 13. Overlay visualization of journals co-occurrence year (Notes the size of the nodes is
weighted by publications)

5 Conclusion

Based on the bibliometric analysis of the 411 PEM Electrolyzer publications released
between 2005 and 2022, it is found that the research has increased explosively with the
Iran being the leading producer, especially in recent 5 years. China lacks top scholars
and core leader in the field. Most researchers have stable cooperative relationships, and
continues their research direction in recent years. Component and hybrid system related
study are investigation hot-spots recently. Furthermore, keywords including two phase
flow and geothermal hybrid systemare more concerned than ever. More journals are
joining the publications about hydrogen, but the status of the main journal (International
Journal of Hydrogen Energy) is still unshakable.

Overall, electrolysis is a novel production method for clean energy. Bibliometrics is
a useful tool to discover the current research hot-spots and future trends of a field. PEM
electrolyzer related analysis in this paper clearly exhibits the research topic modification
and research trend in recent years. This paper is hoping to offer beneficial inspirations
and new frontiers for relevant scholars.

Acknowledgments. Thismaterial is based in part uponwork supported by the StateGridCo., Ltd.
Science and Technology Project: Research and Demonstration on Key Technologies of 100kW
Hydrogen Utilization (Project No. 5400-201919487A-0-0-00).



58 Z. Bai et al.

References

1. Kazim, A., Veziroglu, T.N.: Utilization of solar hydrogen energy in the UAE to maintain its
share in the world energy market for the 21st century. Renew. Energy 24, 259–274 (2001)

2. Boyano, A., Blanco-Marigorta, A.M., Morosuk, T., Tsatsaronis, G.: Exergy environmental
analysis of a steam methane reforming process for hydrogen production. Energy 36, 2202–
2214 (2011)

3. Rahimpour, M.R., Jafari, M., Iranshahi, D.: Progress in catalytic naphtha reforming process:
a review. Appl. Energy 109, 79–93 (2013)

4. Seyitoglu, S.S., Dincer, I., Kilicarslan,A.: Energy and exergy analyses of hydrogen production
by coal gasification. Int. J. Hydrogen Energy 42, 2592–2600 (2017)

5. Mujeebu, M.A.: Hydrogen and syngas production by superadiabatic combustion—a review.
Appl. Energy 173, 210–224 (2016)

6. Sivagurunathan, P., Kumar, G., Kim, S.H., Kobayashi, T., Xu, K.Q., Guo, W., et al.: Enhance-
ment strategies for hydrogen production from wastewater: a review. Curr. Org. Chem. 20,
2744–2752 (2016)

7. Dawood, F., Anda, M., Shafiullah, G.M.: Hydrogen production for energy: an overview. Int.
J. Hydrogen Energy 45(7), 3847–3869 (2020)

8. Dönitz, W., Erdle, E.: High-temperature electrolysis of water vapor-status of development
and perspectives for application. Int. J. Hydrogen Energy 10, 291e5 (1985)

9. Ursua, A., Gandia, L.M., Sanchis, P.: Hydrogen production from water electrolysis: current
status and future trends. Proc. IEEE 100(2), 410e26 (2012)

10. Schroder, V., Emonts, B., Janssen, H., Schulze, H.P.: Explosion limits of hydrogen/oxygen
mixtures at initial pressures up to 200 bar. Chem. Eng. Technol. 27(8), 847e51 (2004)

11. Stolten, M.D.: A comprehensive review on PEM water electrolysis. Int. J. Hydrogen Energy
(2013)

12. Tajuddin, A., Elumalai, G., Xi, Z., et al.: Corrosion-resistant non- noble metal electrodes for
PEM-type water electrolyzer. Int. J. Hydrogen Energy 78, 46 (2021)

13. Barbir, F.: PEM electrolysis for production of hydrogen from renewable energy sources. Sol.
Energy 78(5), 661–669 (2005)

14. Nong, H.N., Oh, H.S., Reier, T., Willinger, E., Willinger, M.G., Petkov, V., Teschner, D.,
Strasser, P.: Oxide-supported IrNiOxCore-shell particles as efficient, cost-effective, and stable
catalysts for electrochemical water splitting. Angewandte Chemie (2015)

15. Ipsakis, D., Voutetakis, S., Seferlis, P., et al.: Power management strategies for a stand-alone
power system using renewable energy sources and hydrogen storage. Int. J. Hydrogen Energy
34(16), 7081–7095 (2009)

16. Ni, M., Leung, M.K., Leung, D.Y.: Energy and exergy analysis of hydrogen production
by a proton exchange membrane (PEM) electrolyzer plant. Energ. Conv. Manage.49(10),
2748–2756 (2008)

17. Akrami, E., Nemati, A., Nami, H., Ranjbar, F., et al.: Exergy and exergoeconomic assessment
of hydrogen and cooling production from concentrated PVT equipped with PEM electrolyzer
and LiBr-H2O absorption chiller. Int. J. Hydrogen Energy 43(2), 622–633

18. Toghyani, S, Afshari, E., Baniasadi, E., et al.: Energy and exergy analyses of a nanofluid
based solar cooling and hydrogen production combined system. Renew. Energy (2019)

19. Seyedmatin, P., Karimian, S., Rostamzadeh, H., et al.: Electricity and hydrogen co-production
via scramjet multi-expansion open cooling cycle coupled with a PEM electrolyzer. Energy
199, 117364 (2020)



Global Trends in PEM Electrolyzer Research 59

20. Musharavati, F., Ahmadi, P., Khanmohammadi, S.: Exergoeconomic assessment andmultiob-
jective optimization of a geothermal-based trigeneration system for electricity, cooling, and
clean hydrogen production. J. Therm. Anal. Calorim.Calorim. 145(3), 1673–1689 (2021)

21. Mehrenjani, J.R., Gharehghani, A., Sangesaraki, A.G.: Machine learning optimization of a
novel geothermal driven systemwithLNGheat sink for hydrogen production and liquefaction.
Energy Convers. Manage. 254, 115266 (2022)

22. Ahmadi, P., Dincer, I., Rosen, M.A.: Energy and exergy analyses of hydrogen production
via solar-boosted ocean thermal energy conversion and PEM electrolysis. Int. J. Hydrogen
Energy 38(4), 1795–1805 (2013)

23. Ahmadi, P., Dincer, I., Rosen, M.A.: Performance assessment and optimization of a novel
integratedmultigeneration system for residential buildings. EnergyBuild. 67, 568–578 (2013)

24. Ahmadi, P., Dincer, I., Rosen, M.A.: Multi-objective optimization of a novel solar-based
multigeneration energy system. Solar Energy 108, 576–591 (2014)

25. Ahmadi, P., Dincer, I., Rosen, M.A.: Performance assessment of a novel solar and ocean
thermal energy conversion based multigeneration system for coastal areas. J. Sol. Energy
Eng. 137(1), 352–362 (2014)

26. Lettenmeier, P., Wang, R., Abouatallah, R., et al.: Durable membrane electrode assemblies
for proton exchange membrane electrolyzer systems operating at high current densities.
Electrochimica Acta, 502–511 (2016)

27. Lee, C.H., Zhao, B., Abouatallah, R., et al.: Compressible-gas invasion into liquid-saturated
porous media: application to polymer-electrolyte-membrane electrolyzers. Phys. Rev. Appl.
11(11), 54029 (2019)

28. Lee, C.H., Banerjee, R., Ge, N., et al.: The effect of cathode nitrogen purging on cell per-
formance and in operando neutron imaging of a polymer electrolyte membrane electrolyzer.
Electrochimica Acta (2018)

29. Lettenmeier, P., Ansar, A., Gago, A., et al.: Protective coatings for low-cost bipolar plates and
current collectors of proton exchange membrane electrolyzers. In: International Conference
on Electrolysis (2017)

30. Lee, C.H., Hinebaugh, J., Banerjee, R., et al.: Influence of limiting throat and flow regime
on oxygen bubble saturation of polymer electrolyte membrane electrolyzer porous transport
layers. Int. J. Hydrogen Energy 42(5), 2724–2735 (2016)

31. Lettenmeier, P., Wang, R., Abouatallah, R., et al.: Coated stainless steel bipolar plates for
proton exchange membrane electrolyzers. J. Electrochem. Soc.Electrochem. Soc. 163(11),
F3119 (2016)

32. Lee, C.H., Lee, J.K., Zhao, B., et al.: Temperature-dependent gas accumulation in polymer
electrolyte membrane electrolyzer porous transport layers. J. Power Sour. 446, 227312 (2020)

33. De Lorenzo, G., Agostino, R.G., Fragiacomo, P.: Dynamic electric simulation model of a
proton exchange membrane electrolyzer system for hydrogen production. Energies 15(17),
6437 (2022)

34. Hernández-Gómez, Á., Ramirez, V., Guilbert, D., et al.: Cell voltage static-dynamic mod-
eling of a PEM electrolyzer based on adaptive parameters: development and experimental
validation. Renew. Energy 163, 1508–1522 (2021)

35. Kheirrouz, M., Melino, F., Ancona, M.A.: Fault detection and diagnosis methods for green
hydrogen production: a review. Int. J. Hydrogen Energy (2022)

36. Sun, W., Feng, L., Abed, A.M., et al.: Thermoeconomic assessment of a renewable hybrid
RO/PEM electrolyzer integrated with Kalina cycle and solar dryer unit using response surface
methodology (RSM). Energy 260, 124947 (2022)

37. Zhang, X., Zeng, R., Du, T., et al.: Conventional and energy level based exergoeconomic
analysis of biomass and natural gas fired polygeneration system integratedwith ground source
heat pump and PEM electrolyzer. Energy Convers. Manage. 195, 313–327 (2019)



60 Z. Bai et al.

38. Shapiro, D., Duffy, J., Kimble, M., et al.: Solar-powered regenerative PEM electrolyzer/fuel
cell system. Sol. Energy 79(5), 544–550 (2005)

39. Kim, P.J., Lee, C.H., Lee, J.K., et al.: In-plane transport in water electrolyzer porous transport
layers with through pores. J. Electrochem. Soc.Electrochem. Soc. 167(12), 124522 (2020)

40. Kim, P.J., Lee, J.K., Lee, C.H., et al.: Tailoring catalyst layer interface with titanium mesh
porous transport layers. Electrochim. Acta. Acta 373, 137879 (2021)

41. Alirahmi, S.M., Assareh, E., Chitsaz, A., et al.: Electrolyzer-fuel cell combination for grid
peak load management in a geothermal power plant: power to hydrogen and hydrogen to
power conversion. Int. J. Hydrogen Energy 46(50), 25650–25665 (2021)

42. Alirahmi, S.M., Assareh, E., Pourghassab, N.N., et al.: Green hydrogen & electricity
production via geothermal-driven multi-generation system: Thermodynamic modeling and
optimization. Fuel 308, 122049 (2022)

43. Alirahmi, S.M., Assareh, E., Arabkoohsar, A., et al.: Development and multi-criteria opti-
mization of a solar thermal power plant integrated with PEM electrolyzer and thermoelectric
generator. Int. J. Hydrogen Energy 47(57), 23919–23934 (2022)

44. Temiz,M.,Dincer, I.: A unique ocean and solar basedmultigenerational systemwith hydrogen
production and thermal energy storage for Arctic communities. Energy 239, 122126 (2022)

45. Yuksel, Y.E., Ozturk, M., Dincer, I.: Development of a novel combined energy plant for
multigeneration with hydrogen and ammonia production. Int. J. Hydrogen Energy 46(57),
28980–28994 (2021)

46. Zaccarine, S., Shviro, M., Nelson Weker, J., et al.: Multi-scale multi-technique characteri-
zation approach for analysis of PEM electrolyzer catalyst layer degradation. J. Electrochem.
Soc. (2022)

47. Keller, R., Rauls, E., Hehemann,M., et al.: An adaptivemodel-based feedforward temperature
control of a 100 kW PEM electrolyzer. Control. Eng. Pract.Pract. 120, 104992 (2022)

48. Yodwong, B., Guilbert, D., Hinaje, M., et al.: Proton exchange membrane electrolyzer
emulator for power electronics testing applications. Processes 9(3), 498 (2021)

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

http://creativecommons.org/licenses/by/4.0/

	Global Trends in PEM Electrolyzer Research Based on Published Articles
	1 Introduction
	2 Methods
	2.1 Data Collection
	2.2 Data Analyses

	3 Results
	3.1 Publication and Citation
	3.2 Publication and Citation
	3.3 Authors
	3.4 Journals
	3.5 Keywords

	4 Discussion
	4.1 Countries and Authors
	4.2 The Changing of Keywords
	4.3 Recent Research Trends

	5 Conclusion
	References


