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Abstract: The growing water shortage, dri-
ven by population growth and industriali-
zation, threatens to affect two-thirds of the 
world’s population by 2030. Desalination 
is a solution that converts saline water into 
drinking water, with lower energy con-
sumption and low environmental impact. 
Among desalination technologies, the hu-
midification-dehumidification (HDH) 
system has attractive potential in terms of 
efficiency and applicability in regions with 
limited water resources. The objective of this 
study was to conduct a bibliometric analy-
sis to show the development and trends of 
scientific articles published on HDH sys-
tems during the period from 2000 to 2023, 
analyzing trends, authors, and topics resear-
ched. A descriptive PRISMA methodology 
was used. From this, a significant increase 
in the publication of articles was observed, 
peaking in 2022, with a majority of articles 
in the areas of engineering and environ-
mental sciences. In addition, searches for 
key terms (air bubble, spray evaporation, 
exergy, and cooling) are discussed, reflec-
ting a growing interest in improving energy 
efficiency and distilled water production 
capacity. Furthermore, the collaborative 
analysis provided a multidisciplinary and 
international approach. The study highli-
ghts trends and opportunities for future 
research in HDH, such as the combination 
of advanced optimization technologies and 
the development of systems adaptable to 
specific conditions. HDH technology is a 
tool for addressing the global water crisis, 
contributing to significant advances toward 
sustainability.

Keywords: Desalination, Water scarcity, 
Energy efficiency, Humidification-dehumi-
dification (HDH), Sustainable technology.

Introduction

The availability of fresh water is in-
creasingly limited due to population grow-
th and the uneven distribution of water 
resources. Globally, it is estimated that by 
2030, two-thirds of the population will face 
water scarcity. In Mexico, this situation is 
particularly critical, as 70% of water resour-
ces are located in the south, while the nor-
thern and central regions, where the ma-
jority of the population lives, suffer from 
severe shortages (Luna & Grieger, 2015). 
According to the National Water Com-
mission (CONAGUA), nearly 15 million 
Mexicans lack access to drinking water, and 
projections show that demand could exce-
ed supply in the coming years without bet-
ter water management (Conagua, 2018). It 
is therefore imperative to urgently address 
the critical challenges related to water scar-
city in order to ensure sustainable and sta-
ble development, protecting both human 
health and ecosystems, and promoting so-
cioeconomic progress in countries. In the 
face of this crisis, desalination offers a viable 
solution for obtaining drinking water from 
saline sources, especially in coastal and arid 
regions (Martínez-Granados et al., 2022). 
Humidification-dehumidification (HDH) 
technology stands out among desalination 
options for its ability to operate with re-
newable energy and adapt to different sca-
les, facilitating the sustainable extraction 
of drinking water from seawater (Lu et al., 
2022). This approach may be key to im-
proving water security in Mexico and other 
countries at high risk of scarcity.

Among the various desalination tech-
nologies, the HDH system is a promising 
and sustainable option due to its efficien-
cy in removing salt from water through 
heat and mass transfer (Ifras Zubair et al., 
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2020). Unlike physical, chemical, or biolo-
gical desalination technologies, the HDH 
system is relatively simple, low-cost, and hi-
ghly adaptable to local conditions, making 
it ideal for application in areas with limited 
water and economic resources (Santosh et 
al., 2022). Advanced HDH systems have 
demonstrated water recovery rates of over 
50% through innovative brine recycling 
methods (Capocelli et al., 2018). In terms of 
energy efficiency, studies on HDH systems 
integrated with absorption cooling and solar 
energy show remarkable efficiency, mana-
ging to produce water at a rate of 0.58 m³/h 
and cooling of 28 t/h. This system achieved 
competitive production costs of $2.88/m³ 
of water and $0.135/ton of cooling under 
conditions of high solar radiation (Baniasad 
Askari & Shahsavar, 2022). Furthermore, 
although water obtained through reverse 
osmosis has a high cost of €0.2284/m³, it 
remains a viable and profitable option for 
agriculture compared to other sources. In 
practice, reverse osmosis water yields an an-
nual profit of €12,268, exceeding the profit 
obtained with surface water (€11,152) and 
significantly higher than that achieved with 
brackish water from wells (€3,634). This 
profit is due to the high production made 
possible by the use of high-quality water, 
which offsets the higher initial cost, de-
monstrating its value in intensive agricultu-
ral production systems (Zarzo et al., 2013). 
Although water obtained through reverse 
osmosis is a viable and profitable alternati-
ve for agriculture, especially for high-value 
crops, the high cost of production limits its 
long-term application in regions with bu-
dget constraints. In this context, humidi-
fication-dehumidification (HDH) systems 
emerge as a promising alternative for water 
production in agricultural areas. These cha-
racteristics not only promote their imple-

mentation in rural communities and coas-
tal areas, but also support their integration 
with renewable energy sources, making the 
HDH system an efficient, economical, and 
sustainable alternative for the production of 
drinking water in resource-limited environ-
ments (Elsafi, 2017). 

Although there are numerous reviews 
on HDH technology, there is a perceived 
lack of comprehensive understanding of 
research trends and collaborations in this 
field (Elsaid et al., 2020; López-Serrano et 
al., 2020; Mancuso et al., 2019; Martínez-
-Alvarez et al., 2016). Previous reviews have 
addressed technical aspects of HDH, but a 
comprehensive analysis of publication pat-
terns, geographical contributions, and the 
impact of international collaboration is still 
lacking. Recent advances have focused on 
optimizing heat and mass transfer, a critical 
aspect that improves the low efficiency of 
traditional HDH systems (He et al., 2018a). 
In addition, integration with technologies 
such as solar energy and multi-stage systems 
has been shown to increase performance and 
reduce operating costs (Ortega-delgado & 
Palenzuela, 2022). While these innovations 
promise improved efficiency and reduced 
environmental impact, HDH technology 
still faces challenges in brine management 
and energy consumption optimization (Wu 
et al., 2019). These factors reinforce the 
need for a bibliometric analysis to identify 
emerging trends and areas of HDH research 
that need further development.

The objective of this study was to con-
duct a bibliometric analysis of the scientific 
literature on HDH desalination worldwide, 
in order to identify the evolution of publi-
cations, international collaborations, and 
scientific contributions. The evolution of 
publications per year was analyzed, and pat-
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terns of emerging trends, countries leading 
research contributions, recent advances, and 
major knowledge gaps in HDH desalina-
tion were identified.

Methodology

The methodology applied is descripti-
ve with a qualitative approach. It was based 
on the methodological design suggested by 
Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses – PRISMA 
(Liberati et al., 2009; Urrútia & Bonfill, 
2010). The methodological design used is 
descriptive with a qualitative approach con-
sisting of five stages. The first stage is based 
on bibliographic compilation, the second 
stage on searching for keywords that best 
describe the object of study, the third sta-
ge filters publications that are in the subject 
area of interest, the fourth stage consists of 
a bibliometric analysis, and the last stage 
corresponds to the discussion of the data 
found. The bibliometrix library, part of 
the RStudio software (RStudio, 2022), was 
used to process the information. Bibliome-
trics offers a set of quantitative methods that 
allow for the systematic analysis of scientific 
and technological literature, facilitating the 
identification of research trends, as well as 
the contributions of different countries, ins-
titutions, and academics in the field.

Bibliographic 
search strategy

Scopus was determined to be the most 
suitable database for the bibliographic se-
arch strategy. This was based on the most 
recognized and reliable sources of academic 
references and citations for peer-reviewed 
studies. Scopus was selected due to its ex-

tensive coverage of high-impact scientific 
publications, which allowed for a detailed 
examination of current trends in HDH de-
salination. The search inclusion and exclu-
sion criteria were established in accordance 
with those set out by PRISMA. These crite-
ria can be found in the Table 1 .

Using the inclusion and exclusion cri-
teria, a search equation was created that in-
cluded keywords in the titles, abstracts, and 
key terms of the articles, as shown in Table 
2, initially generating 1,778 publications for 
analysis. However, after applying progressi-
ve filters based on thematic relevance, the 
analysis focused on publications that exclu-
sively addressed desalination using HDH, 
resulting in 632 articles. Additional refine-
ments were applied that included specific 
terms such as “water filtration” and “spray 
evaporation,” reducing the sample to 163 
publications. Finally, by restricting the se-
arch to studies focused on “generators” and 
“brine,” the final set was limited to 52 arti-
cles that comprehensively address the cur-
rent applications of HDH in desalination.

The methodological process followed 
in this study is illustrated in Figure 4 , whi-
ch describes each stage, from data collection 
in Scopus to network analysis in R using 
Bibliometrix. This diagram summarizes the 
key steps used to ensure a comprehensive 
and consistent analysis of trends in HDH 
desalination.
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Type Criterion

Inclusion Academic and commercial studies focused on desalination using 
humidification-dehumidification (HDH) systems.
Research exploring improvements in energy efficien-
cy and sustainability in HDH systems.
Articles that include terms such as “desalination,” “HDH,” “re-
newable energy,” and “heat and mass transfer.”
Publications from the emergence of HDH until July 19, 2023.
Studies analyzing practical applications of HDH in arid and water-scarce areas.

Exclusion Studies focused on desalination techniques other 
than HDH (e.g., reverse osmosis).
Articles that do not address the impact of HDH on ener-
gy efficiency, operating cost, or sustainability.
Publications that are not peer-reviewed or lack methodological rigor.

Table1 Inclusion and exclusion criteria according to PRISMA methodology

Word group Keyword combination Search 
results

Desalination 
treatment

TITLE-ABS-KEY (desalination OR seawater) AND 
TITLE-ABS-KEY (“humidification dehumidification” 
OR bubble OR “Spray evaporation”) AND NOT TI-
TLE-ABS-KEY (soil OR membrane OR osmosis)

1778

Desalination

HDH

(TITLE-ABS-KEY (desalination) AND  TITLE-ABS-
KEY ( “humidification dehumidification” )  AND NOT  
TITLE-ABS-KEY ( soil  OR  membrane  OR  osmosis ) )

632

Water filtration (TITLE-ABS-KEY (desalination) AND  TITLE-
ABS-KEY ( “humidification dehumidification” 
)  AND  TITLE-ABS-KEY ( “water filtration”  OR  
“spray evaporation” )  AND NOT  TITLE-ABS-
KEY ( soil  OR  membrane  OR  osmosis ) )

163

Brine

Generator

(TITLE-ABS-KEY (desalination) AND TITLE-ABS-
KEY (“humidification dehumidification”) AND TI-
TLE-ABS-KEY (brine OR generator) AND NOT 
TITLE-ABS-KEY (soil OR membrane OR osmosis))

52

Table 2 Keyword combinations used and results obtained at each filtering stage, according to the query 
performed in Scopus (accessed July 19, 2023).
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Figure 4 Flowchart of the methodological pro-
cess for bibliometric analysis of HDH desalina-

tion

Data preparation

The purpose of this activity was to orga-
nize the data so that it met the requirements 
of the study, allowing for its subsequent pro-
cessing in the RStudio Bibliometrix library. 
To meet the requirements of the study and 
facilitate processing in the RStudio Biblio-
metrix library, we began by converting the 
search databases to a format compatible with 
RStudio. This tool provides robust methods 
for constructing and visualizing bibliome-
tric networks, allowing for a comprehensive 
analysis of keywords, author collaborations, 
and trends in HDH desalination research. 
The SCOPUS records, originally in .bib for-
mat, were converted to .xlsx. Subsequently, 
duplicate records present in both databases 

were removed, following the recommenda-
tions of the PRISMA methodology.

Bibliometric analysis

In the bibliometric analysis, several 
key aspects were examined to understand 
research on HDH desalination. Using the 
bibliometrix library in RStudio, various 
aspects of the related literature were analy-
zed. First, documents were classified by type 
and language to identify the predominant 
publication formats and the language in 
which most publications appear. Annual 
publication trends were also evaluated, whi-
ch allowed us to observe the growth in the 
volume of articles on HDH over time. To 
identify trending topics, the keywords in 
the articles were analyzed, highlighting the 
terms most frequently used in different pe-
riods, which allowed us to detect patterns 
in thematic development. Next, scientific 
production by country and international 
collaborations were examined by analyzing 
the affiliation of the authors, which allowed 
the identification of the main geographical 
contributions and co-authorship links be-
tween countries.

An analysis of emerging keywords was 
also carried out, measuring the total fre-
quency of each keyword in the articles re-
viewed, as well as its appearance over time. 
To analyze thematic relationships, keyword 
networks were generated that visualized the 
connections between terms, facilitating the 
identification of thematic clusters. Similarly, 
an analysis of collaboration between authors 
was performed, representing co-authorship 
networks to identify the most active resear-
chers and groups in the field.

Likewise, the main sources of publica-
tion and the contribution of authors were 
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identified, ranking journals and authors ac-
cording to the number of publications and 
the impact of their work. Finally, a network 
analysis was performed to visualize the re-
lationships between keywords and collabo-
rations, using visualization tools in RStudio 
that allowed these interconnections to be re-
presented graphically and provided a struc-
tured view of HDH research.

Results and discussion

Types of documents and 
languages

The distribution of document types in 
research on humidification-dehumidifica-
tion (HDH) desalination reveals that most 
publications are scientific articles, represen-
ting a significant contribution with 1,448 
documents, equivalent to 81% of the total. 
This predominance of articles is followed by 
conference papers, which represent 14% of 
publications with a total of 245 documents. 
Other types of publications make smaller 
contributions, including reviews (34), book 
chapters (26), notes (8), conference reviews 
(7), complete books (4), letters (4), short 
surveys (2), summary reports (1), and edito-
rials (1). Given the high volume of scientific 
articles, these were used as the main source 
for further analysis.

In terms of publication language, En-
glish is clearly predominant, used in 1,683 
documents, representing more than 94% 
of total publications. Other languages have 
a considerably smaller share, with Chinese 
being the second most used language with 
59 publications. Among the other langua-
ges, documents were published in Japanese 
and Russian (7 each), French (6), German 
(3), Korean and Portuguese (2 each), and 

Italian and Turkish (1 each). This distribu-
tion suggests that English is the main lan-
guage of access in HDH literature, facilita-
ting the dissemination and accessibility of 
research internationally.

Publication trends

Analysis of scientific productivity on 
HDH desalination shows sustained grow-
th in article production since 2000, with 
a notable increase since 2015, a trend that 
is reported by other researchers (AlMallahi 
et al., 2024). Figure5 consists of two sub-
-graphs: Figure 2 (a), which represents the 
“Average Citations per Year,” and Figure 2 
(b), which illustrates the “Annual Scientific 
Production.”

 Figure5 (b) shows that the number 
of publications rose from a single article in 
1967 to a significant increase in 1994, with 
18 publications in that year. Since 2000, 
scientific output has grown steadily, with 
a particularly marked increase since 2015. 
Over the last decade, approximately 50% 
of total publications were concentrated in 
the last five years, indicating a growing in-
terest in HDH technology. Between 2016 
and 2020, the number of articles increased 
by 84.28%, reflecting an upward trend in 
HDH research, reaching its peak in 2022 
with 165 publications. However, in 2021, 
there was an 11.27% decrease, possibly at-
tributable to the global restrictions imposed 
by the SARS-CoV-2 pandemic, which im-
pacted research activities in many areas.

On the other hand, the Figure5 (a) 
presents the average number of citations 
per year, which offers a perspective on the 
influence and relevance of the articles pu-
blished in each period. Although fluctua-
tions in the average number of citations can 
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be observed over the years, interest in the 
topic has stabilized with a constant avera-
ge of 2 to 4 citations per article in recent 
years. This behavior suggests that, although 
the number of publications has grown sig-
nificantly, the impact in terms of average 
citations has not followed a linear growth 
pattern. This may be due to the emerging 
nature of HDH research, which attracts a 
growing number of new studies, but who-
se impact is still being consolidated in the 
scientific literature.

These results reveal that HDH tech-
nology is an emerging area of research and 
growing interest, considered promising as 
a sustainable method for desalination. The 
increase in recent scientific output, accom-
panied by a moderate average number of 
citations, reflects that this technology has 
gained traction and recognition in the scien-
tific community, although its influence is 
still in a stage of growth and consolidation.

Trending topics

Figure 6 shows the analysis of emerging 
keywords in research on HDH desalination 
from 2000 to 2023. This graph represents 
the progressive use of different terms in the 
scientific literature on HDH from 2000 to 
2023. Each keyword is located on the ver-
tical axis, while the horizontal axis shows 
the time in years. The horizontal lines show 
the period in which each keyword began to 
gain relevance, extending to the last year of 
frequent use. The circles superimposed on 
these lines represent the frequency of occur-
rence of each term in a specific year, with 
the size of the circles showing the intensity 
of use: the larger the circle, the greater the 
frequency of that term in the HDH litera-
ture in that year.

This analysis highlights the thematic 
growth in HDH, with an increase in the 
appearance of terms such as “fresh water,” 
“system productivity,” “packed beds,” and 
“HDH system,” which underscores the in-
terest in optimizing the efficiency of HDH 
systems and integrating renewable energies, 
as seen in terms related to “solar power ge-
neration” and “solar collectors.” In addition, 
technical concepts such as “mass transfer,” 
“heat transfer,” and “evaporation” reflect 
a focus on the principles of heat and mass 
transfer, which are essential for improving 
performance and reducing operating costs, 
key aspects for the commercial viability of 
HDH.

The trend also shows a growing inte-
rest in the use of “mathematical models” 
and “computer simulation” to predict and 
optimize the behavior of HDH systems, 
suggesting a shift toward computational de-
sign to increase the efficiency and adaptabi-
lity of these systems in different operating 
contexts. This reflects an effort in research 
to make HDH a sustainable and advanced 
desalination technology.

Publication by Country and 
International Collaborations

7 Figure7 shows the geographical dis-
tribution and temporal behavior of publica-
tions on humidification-dehumidification 
(HDH) desalination in the countries most 
active in this research. This figure is compo-
sed of two sub-graphs: Figure 3 (a), a world 
map representing the number of documents 
produced per country, and Figure 4 (b), a 
line graph showing the cumulative grow-
th of publications in the top five countries 
from 2007 to 2023. REF _Ref181055561 
\h  \* MERGEFORMAT  
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Figure 5 Annual publications and citations on HDH desalination.

Figure 6 Trending topics in HDH research in recent years
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 Figure7 (a) reveals that Egypt is the 
leading contributor to HDH research, ac-
counting for 22% of total publications, 
followed by the United States (14%) and 
Iran (12%). The notable activity in Egypt 
(Mahmoud et al., 2019; Mohamed et al., 
2021) and other countries with arid clima-
tes (Aref et al., 2021) or semi-arid climates 
such as Saudi Arabia (D. Lawal et al., 2018) 
and China (He et al., 2018a) reflects an ur-
gent need for sustainable desalination tech-
nologies in these regions, where water scar-
city is a pressing issue. The interest in HDH 
in these areas suggests that this technology 
can offer viable solutions to improve access 
to drinking water in highly arid conditions 
(Zarei & Behyad, 2019).

 Figure7 (b) illustrates the temporal 
behavior of the number of publications in 
the five leading countries: China, Egypt, 
Iran, Saudi Arabia, and the United States. 
The cumulative growth trajectory shows 
that, although Egypt and the United States 
were pioneers in HDH research, China has 
experienced a notable increase in scientific 
output since 2007, reaching leadership in 
recent years (Pereira & Jegatheesan, 2024). 
This may be linked to China’s policies that 
encourage research and development in sus-
tainability technologies, especially in critical 
areas such as water security. The trend in 
Iran and Saudi Arabia also shows sustained 
growth, which is consistent with the impor-
tance of this technology in regions facing 
water challenges (Alazaiza et al., 2024).

 Figure7 as a whole also highlights the 
expansion of international collaborations 
over the last decade. The presence of co-
-authorship networks among leading coun-
tries, especially between Egypt, the United 
States, Saudi Arabia, and China, indicates 
that HDH research efforts are becoming in-

creasingly collaborative. These international 
alliances facilitate the exchange of knowle-
dge and resources, allowing technological 
advances in HDH to be adapted to diffe-
rent geographical and socioeconomic condi-
tions. The intensification of these collabora-
tions is crucial for the development of global 
solutions, as it allows HDH technology to 
be adapted to the specific needs of each re-
gion (Adrián et al., 2020).

These results suggest that HDH te-
chnology is becoming increasingly relevant 
worldwide, not only in terms of scientific 
production, but also in the formation of 
international collaboration networks that 
promote the advancement of the technolo-
gy (Berana et al., 2024). Research activity 
in countries vulnerable to water scarcity and 
collaboration between them reinforce the 
potential of HDH to mitigate problems of 
access to drinking water in contexts of water 
stress (Okasha et al., 2022).

Emerging HDH research keywords

Figure8 presents a detailed analysis of 
the cumulative frequency of keywords in 
the field of HDH desalination from 2007 
to 2023. This allows us to identify emerging 
trends and thematic developments in scien-
tific literature. Each line in the graph repre-
sents the cumulative frequency of a specific 
term over time, allowing us to observe the 
emergence of new topics in the field, as well 
as their intensity and persistence.

In this work, 1,391 keywords were 
identified, of which “desalination” and “wa-
ter filtration” stand out as the most frequent, 
showing their centrality in HDH research. 
These dominant keywords are represented 
by the top lines in the graph, suggesting 
that desalination in general and water filtra-
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Figure 7 Comparison of research growth trends in major countries.

Figure 8 Frequency of words over time
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tion systems are fundamental components 
in this field. The cumulative frequency of 
these terms has grown steadily, giving us 
an idea of their sustained relevance over the 
years. In addition, terms such as “humidity 
control” and “humidification-dehumidifi-
cation” have shown a considerable increase 
in frequency in recent years, signaling an 
emerging focus on the technical aspects of 
humidity control and efficiency of HDH 
systems. This focus is aligned with the in-
terest in optimizing the performance of the 
desalination process, especially with regard 
to reducing energy consumption and impro-
ving system efficiency (Huang et al., 2019; 
Teixeira et al., 2008). The graph also reveals 
a growing interest in topics related to the 
physical processes involved in HDH, such 
as mass transfer and heat transfer (Sharqawy 
et al., 2014). The presence of these terms in 
the literature, although less frequent than 
the dominant keywords, shows an effort 
to delve deeper into the fundamental prin-
ciples of mass and heat transfer, which are 
crucial for improving the performance of 
HDH systems and making them more sus-
tainable (Agyekum et al., 2024).

Keyword network analysis and 
collaboration between authors

 Figure9 shows a visual analysis of the 
most frequently occurring keywords in ar-
ticles and their interrelationships in HDH 
research. Central themes and interconnec-
ted areas in the literature are identified, whi-
ch is essential for understanding the focus 
and priorities in the development of this 
technology. In the network, terms such as 
“desalination,” “water filtration,” and “hu-
midity control” occupy prominent posi-
tions, reflecting their crucial role in HDH 
technology. With a frequency of 15% for 

“desalination,” followed by “water filtration” 
and “humidity control” (both with 10%), 
these terms focus primarily on ensuring the 
production of drinking water through filtra-
tion and humidity management processes, 
which are fundamental pillars of sustainable 
desalination.

Technical issues related to system op-
timization are addressed with terms such 
as “mass transfer,” “evaporation,” and “heat 
transfer” forming interrelationships. This 
indicates that research in HDH has been 
oriented toward improving heat and mass 
transfer mechanisms, which are essential for 
increasing system efficiency (Xuening et al., 
2015). Optimizing these processes allows 
for better use of energy resources, thereby 
reducing operating costs and increasing the 
amount of fresh water produced, which is 
fundamental to the commercial viability of 
HDH technology (He & Han, 2017; Mah-
dizade & Ameri, 2018).

The figure shows a growing interest 
in the integration of renewable energies, 
evidenced by terms such as “solar energy,” 
“solar power,” and “solar desalination.” This 
reveals that researchers have been explo-
ring the use of sustainable energy sources 
to reduce environmental impact and make 
HDH technology more economical and 
applicable in regions with high solar irradia-
tion. The incorporation of solar energy into 
HDH systems represents an alternative for 
improving the sustainability of the process, 
especially in remote and arid areas (Faizan et 
al., 2022).

The graph shows the presence of ter-
ms associated with design and experimenta-
tion, such as “optimization,” “experimental 
study,” and “numerical model.” This also in-
dicates a trend toward modeling and experi-
mental analysis, with the aim of optimizing 
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the operating conditions of HDH systems 
prior to their implementation (Juwad et al., 
2023). The development of numerical mo-
dels makes it possible to predict the beha-
vior of the system under different configura-
tions, facilitating the design of more efficient 
installations that are tailored to local needs 
(El-Ghetany & Khattab, 2016; Saldivia et 
al., 2021; Zhani et al., 2011). On the other 
hand, terms such as “productivity,” “con-
densation,” and “cooling” underscore efforts 
to increase the productivity and efficiency of 
HDH systems (Elattar et al., 2020; Zhang 
et al., 2018). The goal is to maximize the 
amount of fresh water generated, while em-
phasizing cooling and condensation techno-
logies (D. U. Lawal & Qasem, 2020). 

This indicates that HDH is not limi-
ted to desalination alone, but is expanding 
into technical and design areas that seek to 
optimize the efficiency and sustainability of 
the process (Breckle, 2009). The keyword 
network reflects a complex structure in whi-
ch multiple technical and environmental 
aspects converge, guiding the future deve-
lopment of this technology towards a com-
prehensive and sustainable approach (Ab-
delmoez et al., 2019).

In terms of collaboration between au-
thors, FigureFigure10 shows the patterns of 
collaboration between different researchers 
in the field of HDH. This network analysis 
reveals collaborative connections, in whi-
ch prominent authors such as Zubair, Lie-
nhard, and Antar emerge as central figures, 
leading the development and dissemination 
of knowledge in this area. Their position in 
the network suggests that they have played 
a key role in connecting different research 
groups, acting as links between various co-
-authorship subnetworks.

The structure of the network reflects a 
collaborative and multidisciplinary appro-
ach, where the existence of international 
connections suggests that the development 
of HDH solutions is not limited to a single 
group or region, but is nourished by the glo-
bal exchange of knowledge and perspectives. 
The links between authors, represented by 
the lines in the diagram, show that HDH 
research is a collective effort that integra-
tes diverse disciplines and methodological 
approaches. This broad and diverse collabo-
ration has enabled innovation in the field by 
combining the resources and experiences of 
researchers from different institutions and 
countries.

The presence of distinct clusters in the 
network also points to areas of specializa-
tion within HDH technology, with resear-
ch groups focusing on specific topics such 
as energy efficiency and energy- (He et al., 
2018b), system design (Elhashimi et al., 
2022), and renewable energy integration 
(Abdelmoez et al., 2019). The formation 
of these collaborative clusters suggests that, 
although HDH research is largely collabora-
tive, there are specialized sub-areas that are 
advancing in parallel.

Figure11 presents an analysis of colla-
boration between authors, highlighting the 
formation of multiple research clusters. 
These clusters reflect groups of authors who 
collaborate on a recurring basis, suggesting 
specialization in specific subtopics of HDH 
technology. Such as heat and mass transfer 
optimization, solar energy integration, water 
filtration system design, and condensation 
efficiency improvements. This organization 
into collaborative networks shows that, al-
though HDH research is multidisciplinary 
and cooperative in nature, there are areas of 
specialization that advance in parallel. The 
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Figure9 Visualization diagram of the co-keywords with the highest incidence in the database (n=163)

Figure10 Network analysis diagram based on indexed keywords
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coexistence of these clusters contributes to 
the development of specialized knowledge 
in specific areas, while promoting global ad-
vances in HDH desalination technology.

This analysis shows how shared efforts 
and simultaneous specialization in areas 
such as energy efficiency, humidity con-
trol, and the development of new materials 
strengthen the field of desalination, suppor-
ting both specific innovation and the deve-
lopment of solutions applicable to different 
contexts.

Leading journals and author 
contributions

Research on HDH has been dissemi-
nated through a wide range of journals, tota-
ling 71 publications in various fields of stu-
dy. The journal Desalination stands out as 
the main source of publications in this area, 
accounting for 29.4% of the total articles 
and accumulating 48.9% of the citations, 
consolidating its role as the most influential 
medium for the dissemination of research 
on HDH. Table3 shows that Desalination 
has published 47 articles since 2009, with 
an SJR factor of 1.632 and an average of 
18.72 citations per article, demonstrating 
its importance in the field. The second 
most influential journal, Applied Thermal 
Engineering, has 9 articles and an average 
of 25.66 citations per article, making it re-
levant in the field of thermal engineering 
applied to HDH.

Other journals, such as Energy Con-
version and Management and Energy, have 
also contributed significantly, publishing 
research that explores energy efficiency and 
HDH system design, key areas for the sus-
tainable development of this technology. 

These publications, although smaller in vo-
lume, have a high average number of cita-
tions, making a considerable impact in the 
field. This pattern of publication in high-
-impact journals underscores the multidisci-
plinary nature of HDH technology, which 
encompasses topics in engineering, mate-
rials science, and renewable energy.

In terms of author contributions, the 
Table4 highlights the most active and cited 
researchers in the field of HDH, including 
Syed M. Zubair of King Fahd University 
of Petroleum and Minerals in Saudi Arabia 
and John H. Lienhard V of the Massachu-
setts Institute of Technology in the United 
States. Zubair, with 17 articles and a total of 
1,219 citations, ranks as the most influential 
author, followed by Lienhard, who averages 
81.3 citations per article, indicating the 
high quality and relevance of his research. 
This group of authors not only contributes 
to academic production but also leads inter-
national collaboration networks, promoting 
a global and multidisciplinary approach to 
the development of solutions for desalina-
tion using HDH.

In addition to these authors, collabo-
ration between institutions in different cou-
ntries, particularly between Saudi Arabia, 
Egypt, and the United States, reflects the in-
ternational nature of HDH research. Active 
researchers not only publish in influential 
journals but also contribute to the advan-
cement of the field by exploring emerging 
topics, as seen in the keyword frequency 
discussed in the Table5 . This collaborati-
ve approach and exchange of knowledge 
across disciplines suggest sustained progress 
in HDH technology, adapting it to con-
temporary challenges of sustainability and 
efficiency.
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Figure11 Network analysis diagram based on collaboration between authors.

Journal Articles SJR1 Citations Average 
citations3

1st 
Article

Last 
Article

Desalination 47 1,632 880 18.72 2009 2023
Applied Thermal Engineering 9 1,584 231 25.66 2011 2022
Energy Conversion 
and Management

7 2,829 271 38.71 2014 2019

Energy 5 2,041 314 62.8 2010 2014
International Journal 
of Energy Research

4 0.811 53 13.25 2020 2021

International Journal of 
Heat and Mass Transfer

4 1,461 185 46.25 2012 2014

International Journal 
of Thermal Sciences

4 1.132 273 68.25 2010 2014

Renewable Energy 4 1,877 115 28.75 2010 2023
Solar Energy 4 1,418 181 45.25 2012 2022
Energy Procedia 3 0.533 40 13.33 2015 2017
Energy Procedia 3 0.533 40 13.33 2015 2017

1 Scimago Journal Rank 2021,2  Total number of citations divided by the total number of articles.

 Table 3 The main journals with published documents.
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Author Articles Cita-
tions

Average 
cita-
tions1

H 
index2

City Affiliation3 First 
article

Last 
article

ORCID

Zubair, 
Syed M.

17 1219 71.7 14 Saudi 
Arabia

King Fahd 
University 
of Petro-
leum and 
Minerals,

2010 2021 https://
orcid.
org/0000-
0001-
6994-0242 

Lienhard 
V, John H

11 894 81.3 10 United 
States

Massa-
chusetts 
Institute of 
Technology

2010 2014 https://
orcid.
org/0000-
0002-
2901-0638 

Antar, 
Moha-
med A.

10 665 66.5 8 Saudi 
Arabia

King Fahd 
University 
of Petro-
leum and 
Minerals

2010 2020 https://
orcid.
org/0000-
0003-
1000-3662 

Kabeel, 
A. E.

10 495 49.5 9 Egypt Tanta 
University

2013 2022 -

El-Said, 
Emad 
M.S.

7 325 46.5 7 Egypt Faculty 
of Engi-
neering, 
Damietta

2013 2022 https://
orcid.
org/0000-
0002-
4247-5763 

Elattar, 
Hassan 
Fawzy

7 360 51.5 6 Egypt Faculty of 
Engineer-
ing in Shu-
bra , Cairo

2015 2020 -

Fouda, A. 7 360 51.5 6 Egypt Mansoura 
University, 
Mansoura

2015 2020 -

Nada, 
Sameh A.

7 360 51.5 6 Egypt Benha 
University

2015 2020 https://
orcid.
org/0000-
0002-
1975-7543 

Amidpour 
M

6 225 37.5 6 Iran K. N. Toosi 
Univer-
sity of 
Technology

2009 2013 https://
orcid.
org/0000-
0003-
2073-6106 

Table 4 Main characteristics of the most active authors in HDH research.
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Network analysis

 Figure12 provides a detailed analysis 
of the network of citations (CR), authors 
(AU), and keywords (DE) in HDH resear-
ch, showing the interconnection between 
studies and topics in this field. In the left 
panel, the citations column (CR) reveals 
which studies are most referenced, showing 
the influence of certain research on the the-
oretical and practical development of HDH 
technology. The works of prominent au-
thors such as Syed M. Zubair and Moha-
med A. Antar appear frequently, reflecting 
their central position in HDH literature. 
These authors, visible in the center column 
(AU), are recognized for their contributions 
in key areas such as thermal optimization 
and HDH system design, underscoring 
their role as leaders in this field.

The keyword column (DE) on the ri-
ght-hand side illustrates the most recurring 
terms in HDH research, with “desalina-
tion,” “humidification-dehumidification,” 
and “solar desalination” standing out as pre-
dominant terms. This focus on specific ke-
ywords suggests that researchers are oriented 
toward improving desalination efficiency 
through HDH processes, with a particular 
emphasis on harnessing renewable energies 
such as solar energy. The interrelationship 
between authors and keywords highlights 
the multidisciplinary and collaborative na-
ture of this research, with researchers sharing 
common goals in terms of sustainability and 
energy efficiency. The themes of system op-
timization and sustainability stand out, with 
a shared and consolidated focus on impro-
ving HDH technology to address problems 
of access to drinking water in areas with 
scarce resources.

Implications and limitations

The bibliometric analysis of HDH 
desalination technology conducted in this 
study offers important insights into current 
and future trends in the field. Unlike rese-
arch on more established desalination tech-
nologies, such as reverse osmosis, the study 
reveals that HDH research is still limited, 
highlighting significant potential for expan-
sion. This research gap represents an oppor-
tunity for future studies to delve deeper into 
specific aspects of HDH, such as energy ef-
ficiency, integration with renewable energy 
sources, and process optimization. Further-
more, the patterns of collaboration betwe-
en authors and institutions observed in the 
analysis suggest that progress in HDH can 
greatly benefit from more robust and mul-
tidisciplinary research networks, facilitating 
knowledge exchange and innovation in the 
field.

The findings of this study underscore 
the need for improvements in the manage-
ment and efficiency of HDH technology. 
Emerging research trends, especially in ter-
ms of humidity control, mass transfer, and 
solar energy, could guide the development 
of more sustainable HDH systems adapted 
to specific contexts, such as regions with wa-
ter scarcity. Institutions and researchers can 
use this information to direct their efforts 
toward areas of high relevance and poten-
tial impact, optimizing the use of resources 
and maximizing social and environmental 
benefits.

However, this study has limitations. 
The reliance on a single database, Scopus, 
means that the results may not fully capture 
the landscape of HDH research, potentially 
excluding relevant articles indexed in other 
sources. Furthermore, due to the dynamic 
nature of HDH technology, certain articles 
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Place Keyword Occurrences
1 Desalination 238
2 Water filtration 162
3 Humidity control 160
4 Humidification/dehumidification 132
5 Desalination system 59
6 Solar energy 49
7 Water desalination 40
8 Mass transfer 32
9 Evaporation 28
10 Solar desalination 24

Table 5 Total link strength of the 10 most frequently occurring keywords.

Figure 12 Network analysis of citations, authors, and keywords in humidification-dehumidification 
(HDH) research
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may be outdated, affecting the representati-
veness of some topics in the analysis. Future 
studies could benefit from a wider variety 
of sources and constant updating of the da-
tabase to reflect ongoing progress in HDH 
technology.

Future research opportunities in 
HDH

The bibliometric analysis of HDH te-
chnology reveals several promising areas for 
future research that can strengthen its appli-
cation in sustainable desalination. First, al-
though HDH demonstrates efficiency and 
adaptability, specific gaps requiring further 
research have been identified. The integra-
tion of advanced heat and mass transfer 
technologies, such as energy recovery and 
the use of innovative materials, appears to 
be a priority for improving energy efficiency 
and reducing the operating costs of HDH 
systems.

In addition, comparative studies 
evaluating the performance of HDH 
against other desalination techniques, such 
as reverse osmosis and membrane distilla-
tion, are suggested as a way to establish the 
conditions under which HDH offers signi-
ficant advantages. This comparison could 
clarify the optimal scenarios for its imple-
mentation, highlighting its value in terms of 
efficiency and sustainability. Similarly, the 
exploration of hybrid systems, which com-
bine HDH with renewable energy sources, 
especially solar, is proposed as a path toward 
autonomous desalination solutions suitable 
for regions with limited resources.

The development of simulation and 
performance prediction models is also iden-
tified as a fundamental need, as these would 
facilitate the adaptation of HDH to various 

operating conditions and scales of applica-
tion. Research in modeling, combined with 
economic and cost- r production analyses, 
provides a critical basis for decision-makers 
to evaluate the viability of HDH in speci-
fic environments. Finally, the importance of 
studying the management of brine waste ge-
nerated by the HDH process is recognized, 
with a focus on environmentally responsible 
reuse or disposal methods.

Conclusion

This bibliometric study provides an 
overview of the evolution of research into 
humidification-dehumidification (HDH) 
desalination, highlighting the main lines of 
research, emerging trends, and existing gaps. 
Through the analysis of 163 publications 
between 2007 and 2023, there is a growing 
interest in HDH as a sustainable desali-
nation technology, especially in countries 
with arid climates and water scarcity, such 
as Egypt, the United States, and Iran. This 
increase in scientific output reflects greater 
social and political awareness of the need 
for sustainable solutions to environmental 
challenges and water scarcity exacerbated by 
climate change.

The findings show that the main rese-
arch topics include solar energy integration, 
humidity control, mass transfer, and the im-
plementation of heat pump systems, sugges-
ting a focus on improving the efficiency and 
sustainability of HDH systems. Analysis of 
journal contributions reveals that Desalina-
tion and Applied Thermal Engineering lead 
the field in publications, lending scientific 
relevance to these studies in high-impact 
journals. In addition, influential authors 
such as Zubair, Lienhard, Antar, and Kabeel 
have played a significant role, contributing a 



DOI https://doi.org/10.22533/at.ed.8208112615016

A
rt

ic
le

 6
BI

BL
IO

M
ET

RI
C 

A
N

A
LY

SI
S 

O
F 

TH
E 

H
U

M
ID

IF
IC

AT
IO

N
-D

EH
U

M
ID

IF
IC

AT
IO

N
 D

ES
A

LI
N

AT
IO

N
 S

YS
TE

M
: T

RE
N

D
S 

A
N

D
 O

PP
O

RT
U

N
IT

IE
S.

21

considerable percentage of the total articles 
published.

The review highlights the potential of 
HDH as an emerging technology in desa-
lination, with opportunities to optimize 
its efficiency and reduce costs. This study 
aims to guide researchers and institutions in 
identifying priority areas and formulating 
research strategies that address the technical 
and economic challenges facing HDH, thus 
contributing to the development of sustai-
nable solutions in water resource manage-
ment in regions with high levels of water 
stress.
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