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Abstract

This study analyzes the evolution and research trends in scientific output on ecological communication and global
sustainability published between 2000 and 2024. A descriptive and retrospective bibliometric study was conducted
following the PRISMA guidelines to ensure transparency and reproducibility. Data were obtained from the Scopus
database using a search strategy that included titles, abstracts and keywords and inclusion and exclusion criteria were
applied. A total of 382 documents were selected and analysed using the Biblioshiny interface of the Bibliometrix
software. The results revealed a notable increase in scientific output since 2020, reflecting interest in green
communication. India, China and the United States consolidated their positions as leading countries and stood out for
their scientific output, which focused on energy efficiency, the Internet of Things and sustainable communication
networks. Keyword and co-occurrence analyses revealed the consolidation in interdisciplinary research topics based
on energy optimization and respect for the environment. The study concludes that it provides a bibliometric mapping
and identified that research trends connect efficient communication systems with sustainable development goals
related to good health and well-being, affordable and clean energy. Thus, the findings provide a valuable foundation for
future research and evidence-based decision-making. The findings support future interdisciplinary research on
sustainable digital infrastructures.

Keywords: Communication Networks, Global Sustainability, Internet of Things, Management, Public Policies,
Technological Innovation.

Introduction

The concept of Green Communication represents a
cross-cutting research area and constitutes one of
the main approaches to advancing global
sustainability. In a society where terms such as 5G,
6G networks and the Internet of Things are
becoming increasingly common, optimizing
energy consumption has become imperative. The
efficient identification of routing protocols that
prioritise the responsible use of renewable
energies has been required (1-4). Public services
are expected to be improved through the
implementation of artificial intelligence (5). In
recent decades, there has been a notable
preference for digital infrastructure, a situation
that has led to an increase in energy consumption
associated with information and communication
technologies. This context has given rise to
concerns about global environmental sustain-

ability, as no balance has been identified for green
communication. The latter is conceptualized from
an interdisciplinary perspective that integrates the
ecological impact of digital systems. In this way,
responsible technological governance aimed at
protecting the environment is promoted. In this
regard, the scientific literature on green
communication has been fragmented, making it
difficult to identify the evolution of the topic. The
nature of the selected topic is also multi-
disciplinary. For example, the topic has been
addressed from the perspective of energy
efficiency in smart grids, consumer behavior and
edge computing applied to smart city management
(6-8). Ecological protection has also been
promoted through sustainable and energy-
efficient system design (9). A previous bibliometric
analysis has examined 8, 244 publications in the
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period 1991-2010,
communication is

concluding that green
an emerging topic (10).
Although the study is commendable, it did not
consider the decade during which technological
use expanded most rapidly, representing a
limitation and underscoring the need to update the
information within the context of global
sustainability.
Theory of Technological Innovation
It focuses on identifying that the problem lies in the
energy consumption resulting from the increase in
information and communication technology
infrastructure, which has been identified as a
challenge for sustainability, as it requires
optimizing network performance and its impact on
the environment (11).
An interesting point arises from the acceptance of
the modernization of the electronics sector related
to communications. The optimization of energy
consumption has been enabled through this
process (6). However, the concept of Energy self-
sufficiency has been identified as one of the main
changes (3, 4). In turn, the integration of
renewable energies has been proposed through
innovation derived from artificial intelligence (5).

Environmental Communication Theory
Communication processes that shape perceptions
and behaviours have been examined (12). The
achievement of sustainable consumption has been
identified as a complex process (13), persuasion
has been identified as necessary (14), i.e., the use
of affective and moral factors have been proposed
(8). These actions have been considered within the
scope of ecological communication (15).

A key aspect to evaluate is the unintended effects
of sustainability initiatives, which may include
anxiety or cognitive stress among consumers.
Likewise, to achieve balance, sustainable
corporate communication has been promoted to
achieve balance (16, 17).

In this context, it is necessary to establish research
questions that guide the academic community with
regard to the scientific output analyzed, such as:
What are the trends in scientific output on green
communication linked to global sustainability
published between 2000 and 2024?

Which countries, institutions and documents stood
out for their academic impact in the field of study?
What thematic trends can be identified when
analyzing keywords and co-occurrence networks?
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In this regard, it should be noted that the main
objective of this study is to analyse the evolution
and academic impact of scientific output on green
communication linked to global sustainability
published between 2000 and 2024.

In this regard, it should be noted that the main
objective of this study is to analyse the evolution
and academic impact of scientific output on
ecological communication related to global
sustainability published between 2000 and 2024.
Likewise, the specific objectives are (i) to identify
trends in scientific output, (ii) to determine the
most influential countries, institutions and
documents and (iii) to explore thematic trends
through the analysis of keywords and co-
occurrence networks of the selected scientific
output.

Methodology

A descriptive, retrospective study was conducted
based on a bibliometric analysis of scientific output
on ecological communication linked to global
sustainability. This approach was selected because
it allows for the systematic and objective
evaluation of scientific literature, which guaran-
tees the reproducibility of the study. Likewise,
bibliometric analysis makes it possible to identify
research patterns and the academic impact
generated in a field of study.

The data source used was Scopus, which is
recognized for being multidisciplinary and
bringing together high-impact journals worldwide.
It is also characterized by its rigorous indexing
policy, which raises the quality of the journals and
consolidates the transparency and reliability of
this study. This ensures that the selected

documents are directly related to green
communication and global sustainability.
Furthermore, the selected database brings

together the fields of study that are enabled for
bibliometric analysis.

The search was conducted in the Article title,
Abstract and Keywords, registering as a search
equation:
TITLE-ABS-KEY (‘green
‘sustainable communication’ OR ‘energy-efficient
network* OR ‘green radio’ OR ‘green 5G’ OR ‘green
iot) AND TITLE-ABS-KEY (“sustainability” OR
‘sustainable development’” OR ‘global sustain-
ability’ OR ‘sustainable development goal*’). The
search was conducted between 1 and 5 October

communication’” OR
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2025. The initial result was 475 documents. The
PRISMA methodology was used in the selection of
documents.

This study was based on a census-type
bibliometric sampling of documents retrieved
from the Scopus database. The search strategy was
designed to ensure the reproducibility of the
research, taking into account the title, abstract and
keywords. The search execution and time period
were also delimited, which made it possible to
determine the documentary coverage and reduce
selection bias.

The following inclusion criteria were applied to
help filter the results: year range (2000-2024), all
document types, final publication status, English
language and all available sources. Similarly,
exclusion criteria were established, resulting in the
removal of 93 documents which, upon manual
review, were determined to be unrelated to the
selected topic.

The screening process was carried out by
identifying inclusion criteria and manually
verifying that the selected documents were
relevant to the study topic. Thus, documents that
were not considered were those that did not have
a direct relationship with the study topic. This
ensured consistency in the selection of the final
sample.
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When the data was exported, it was manually
verified to check whether the results were related
to the document title, year of publication and
citations. Subsequently, automatic pre-processing
was carried out using Bibliometrix. No duplicate
documents were found.

The research team also manually documented
methodological decisions to ensure the
replicability of the study. Probability sampling
techniques were not applied.

Records were exported in CSV format from Scopus
and 382 documents were retrieved. The
Biblioshiny interface in R version 5.0 was used to
analyse the data and extract the information.
Microsoft Excel was also used to improve the
presentation of the data obtained.

Data analysis was performed using R software
(version 4.3.2) and the Biblioshiny graphical
interface from the bibliometrix package (version
4.1.2). Indicators were used to assess annual
scientific output, while impact was evaluated
through citations and the h-index per document to
analyse the impact of each document and identify
the most cited ones. Likewise, thematic relevance
was analysed through the
keywords and analysis of keyword co-occurrence
to identify research subfields.

identification of
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Figure 1: Annual Scientific Production, (A): Year 2010-2000, (B): Year 2024-2011
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In accordance with the characteristics of this study
and considering that no human participants were
involved, ethical approval or informed consent
was not required, as all data were obtained from
the Scopus database.

Results

Annual Scientific Production

Figures 1A and 1B show that between 2000 and
2010, the topic received limited attention from the
scientific community. However, interest increased
significantly in the subsequent period, reaching its
peak in 2024. Scientific production on Green
Communication linked to global sustainability
began to grow rapidly after 2020. Figure 1
illustrates the annual number of documents
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published during the study period. The data was
obtained from the Scopus database and Microsoft
Excel was used to improve visualization.

Country Scientific Production

Figure 2 shows that India stands out for the
amount of scientific production on Green
Communication linked to global sustainability with
267 documents, while China ranks second with
172 documents. The United States ranks third with
86 documents and Australia ranks tenth with 30
This figure reflects researchers'
interest in the selected topic. India's leadership is a
direct response to the need to build a massive
digital infrastructure that is sustainable and
focused on green technologies.

documents.

35

1, Nawir

Figure 2: Scientific Output of Countries on Green Communication Related to Global Sustainability

Figure 2 was generated by the authors based on
bibliographic data extracted from the Scopus
using the Biblioshiny interface
(Bibliometrix package). The map was then created

database

and redesigned in Microsoft Excel to improve its
visual presentation. The figures shown on the map
represent the total number of scientific documents
attributed to each country.

Most influential institutions

Figure 3 shows the number of documents related
to Green Communication and their link to global
sustainability indexed in the Scopus database. It
can be seen that the Beijing University of Posts and
Telecommunications is the most
institution, with 76,318 documents. Similarly, the

influential

University of Waterloo has 127,676 documents,
the Military Institute of Science and Technology
has 2,120 documents, Sejong University has
27,244 documents, Xi'an Jiaotong University has
193,866 documents and Politecnico Di Torino has
69,010 documents. These institutions coincide
because their main contribution is associated with
Sustainable Development Goal (SDG) 7, which
focuses on affordable and clean energy.

Likewise, it should be noted that Chitkara
University has 18,789 documents, the University of
Sao Paulo has 338,162 documents, the University
of Sarajevo has 9,492 documents and Prince Sultan
University has 8,914 documents, all of which stand
out for their main contribution to SDG 3: good
health and well-being.
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Figure 3: Most Influential Institutions

Figure 3 shows the main institutions that stood out
for their scientific output on green communication
and global sustainability. The data were analyzed
using the Biblioshiny interface of the Bibliometrix
package.

Most Globally Cited Documents

Table 1 shows the 10 most cited documents in
scientific literature on Green Communication
linked to global sustainability, which have energy
efficiency and the redesign of communication
networks in common. For example, the most cited

Table 1: Most Global Cited Documents

article takes an interdisciplinary approach and
explains the importance of the of
environmental communication (18), which is
consistent with research that proposes
implementing smart networks with sustainable
communication systems (6, 19).

Likewise, the need to reduce the carbon footprint
is highlighted and the development of sustainable
smart cities is proposed as an alternative solution
(9, 20). To this end, it is essential to balance the
impact of 4G and 5G networks so that the trend is
towards energy autonomy for devices (3, 21).

limits

Title Total References
Citations

“The science, policy and practice of nature-based solutions: An interdisciplinary 931 (18)

perspective”

((“6G networks: Beyond Shannon towards semantic and goal-oriented communications” 392 (19)

“Energy-Efficient Information and Communication Infrastructures in the Smart Grid: A 388 (6)

Survey on Interactions and Open Issues”

“Green iot and edge Al as key technological enablers for a sustainable digital transition 301 9

towards a smart circular economy: An industry 5.0 use case”

“Fundamental Green Tradeoffs: Progresses, Challenges and Impacts on 5G Networks” 286 (21)

“Wireless powered communication networks: Research directions and technological 216 3)

approaches”

“Green IoT for Eco-Friendly and Sustainable Smart Cities: Future Directions and 213 (20)

Opportunities”

“Sustainability and social media communication: How consumers respond to marketing 187 17

efforts of luxury and non-luxury fashion brands”

“Green internet of things using UAVs in B5G networks: A review of applications and 167 (22)

strategies”

“An energy-efficient cooperative multicast routing in multi-hop wireless networks for 150 (9]

smart medical applications”
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Figure 4: Word Cloud

Word Cloud

Figure 4 shows that the most prominent words are
energy efficiency, Internet of things, sustainability
and energy utilization. The relationship with smart
grids and energy efficiency has been identified (3,
6). Likewise, the role of Green IoT in promoting
sustainability has been recognized (3, 9, 23).

This information was extracted from the Scopus
database and analyzed using the Biblioshiny
interface, part of the Bibliometrix package. The
display of different terms is proportional to their
frequency of occurrence. Thus, the terms with the
highest frequency were those that stood out in the
selected scientific publications.

Co-occurrence Network

Figure 5 shows different clusters. The red cluster
consists of the words: communication, sustainable
communication, social media, innovation and
marketing. This coincides with the literature,
which states that in recent years, the
implementation of digital technologies has
promoted communicative efficiency and the
efficient fulfillment of sustainable development
goals (9, 23). Likewise, research highlights that
sustainable communication transforms consumer
behaviour and disseminates ecological values that
are transmitted on social media platforms (7, 8, 12,

13).
In the blue cluster, the words that stand out are:
sustainable development, energy efficiency,

sustainability, energy utilization, energy efficient,

renewable carbon footprint,

environmental

energy,
impact,
sustainability, internet, optimisation, renewable,
energies, environmental, technology, energy and
policy. For example, there is research that
expresses the importance of ecological
communication innovation to encourage
sustainability from an educational context (7, 15,
24).
In the green cluster, the words that stand out are:
green communications, energy harvesting, green
communication, wireless networks, 5G mobile
systems, 5G,
telecommunication systems, quality of service,
cognitive radio, wireless telecommunication sys-
tems, network architecture and solar energy.
Along these lines, there is research that expresses
the vision of green communication and integrates
renewable sources, such as solar energy (9, 11).
In the purple cluster, the words that stand out are:
Internet of Things, green 10T, green computing,
green internet, energy, energy consumption, smart
city, green Internet of Things, artificial intelligence,
edge computing, [oT, environment, smart network,
Internet of Things (IoT), machine learning,
ecological, environmental protection, decision-
making and information and communication
technologies. In this regard, there is research that
links green communication with responsible
decision-making and its impact on consumer
environmental awareness (8, 13, 16).

environmental

in

communication mobile
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Figure 5: Co-occurrence Network

Figure 5 is based on the relationships between
keywords derived from the analyzed scientific
output. The different colors correspond to the
thematic groups identified using the Biblioshiny
interface of the Bibliometrix package.

Discussion

This study focused on analysing scientific output
on Green Communication linked to global
sustainability. The results showed that there has
been a steady increase in publications over the last
five years and that India, China and the USA stand
out in terms of the number of documents indexed
in the Scopus database. This demonstrates
researchers’ interest in innovating in the field of
information and communication technologies
from an energy perspective.

The findings confirm that the topic has evolved
from a primarily technical focus on energy
efficiency toward broader perspectives that
include consumer behavior and environmental
ethics. Among the main findings, the keywords
“energy efficiency,” “Internet of Things” (IoT) and
sustainability were identified, a triad that reflects
the consolidation of ecological communication
based on the responsible use of renewable
energies. The importance of implementing
advanced communication systems has been
supported (6) that are capable of collecting energy
from the environment (3).

Similar findings have been reported in previous
studies (10). Subsequently, 5G technologies were
expanded (25, 26).

In this regard, the present study focuses on the
perspective of sustainable communication, which
coincides with the socio-environmental protection
that society wurgently requires (13). The
importance of consistent consumer behaviour has
been highlighted (7, 8, 17).

Thus, the findings have significant theoretical
implications  for  both  technology and

environmental ethics, two interdependent
dimensions that are integral to the concept of
Green Communication. In this regard, the

integration of energy systems with ICT
infrastructure has been emphasized (3, 4, 6, 22).
Along the same lines, it is recognized that the
findings described have practical implications
when it is appreciated that the scientific
production analyzed focused on the sustainable
development goals: health and well-being and
affordable and clean energy. The integration of
ecological awareness into educational contexts has
been proposed (13, 15, 24).

Limitations, Future Research and

Practical Implications

The main limitation is that only a single database
has been taken into account, which may restrict the
overall view of scientific production on the subject
under study. It should be noted that the selected
database is internationally recognized for its
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rigorous indexing process and because it brings
together high-impact journals. Thus, the
documents analysed are reliable due to their
academic quality. A second limitation is that only
documents in English have been taken into
account, omitting documents in other languages
and disregarding the importance of linguistic
contexts.

As lines of future research, it is recommended to
explore interdisciplinary perspectives related to
ecological communication, governance and arti-
ficial intelligence. In this way, it is recommended to
analyse issues such as the adaptability of
legislation on ecological communication and the
evolution of public policies on global sustainability.
From a practical perspective, the results of this
study contribute to responsible decision-making
by politicians, academic institutions and
stakeholders by recognising the importance of
consolidating the sustainable design of
communication systems and respect for the
environment.

Likewise, for academic institutions, the results of
this study highlight the importance of incorpo-
rating sustainability-oriented communication
technologies into curricula. In this way, tech-
nological development is promoted.

Conclusion

This study analyzed trends in scientific output,
academic impact, international collaboration and
thematic development in ecological commu-
nication linked to global sustainability between
2000 and 2024. The results revealed significant
growth over the last five years, led by India, China
and the United States. Co-occurrence analysis
revealed that the most frequently used terms were
energy efficiency, the Internet of Things (IoT),
sustainability and energy use, reflecting the
consolidation of an interdisciplinary field of
research at the intersection of technology,
sustainability and environmental protection.

This study contributes to the scientific literature
by providing a bibliometric mapping of green
communication in the context of global
sustainability, identifying research trends. The
results showed the growing global relevance of
efficient communication systems and a strong
alignment with the Sustainable Development
Goals, in particular Goal 3 (Good Health and Well-
being) and Goal 7 (Affordable and Clean Energy).

Vol 7 | Issue 2

This study contributes to scientific literature by
providing a bibliometric mapping of green
communication in the context of global
sustainability, identifying research trends.

The limitations of the study were identified as
considering a single database and the selected
documents being published in a single language
(English), a situation that could lead to bias in the
research by not considering other linguistic
contexts.

Future research should explore the role of green
communication in public policy, its integration into
higher education and its relationship with artificial
intelligence-driven communication systems.
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