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as adaptive learning, smart energy management and sustainability without a contracted biblio-
metric integration. In this study, PRISMA-conducted bibliometric and network analysis ex-
haustively evaluated 1,699 Scopus-indexed papers (2020-2025) covering Al, sustainable edu-

May 26, 2026 cation, and green technology to close this gap. Key findings include bibliographic coupling, co-
Keywords: citation and keyword co-occurrence patterns that emphasize sustainable development, green in-
Artificial intelligence novation and Al-enabled pedagogy, as well as strong annual growth (30.83%), prominent outlets
Sustainable education (e.g., Sustainability), highly productive institutions (e.g., Bucharest University of Economic
Green technology Studies), and coordination structures across authors and nations. The analysis maps widely re-
Sustainability searched fields and emerging themes, emphasizing worldwide North-South partnerships asym-

Green innovation metries, and articulates a roadmap for future work combining Al-driven educational revolution

with low-carbon, resource-efficient technologies aligned to SDG 4 and SDG 13. This synthesis
presents extensive evidence to assist policy and practice toward inclusive, data driven and envi-
ronmentally responsible education systems.

© 2026 by the authors; licensee Growing Science, Canada.

1. Introduction

Sustainable Development (SD) draws growing amounts of attention from everywhere (Yang & Xiu, 2023). Recently the
terms sustainability and sustainable development have become common phrases in a wide range of contexts in daily life,
sometimes without an explicit meaning. Sustainability and sustainable development tend to be used simultaneously (Ma-
chado & Davim, 2023). The 2030 Agenda for SD was adopted by every member state of the United Nations (UN) in 2015.
The new globally sustainable development framework, which reconsiders how the international community interacts to
ensure a different future for people and the planet Earth, is a representation of the 2 1st-century social and economic agree-
ments (Grosseck et al., 2019). The implementation of artificial intelligence (Al) in sustainable practices is an emerging field
study which focuses on utilizing artificial intelligence (AI) techniques to deal with economic, social, and environmental
issues in order to promote sustainability across industries(Valencia-Arias et al., 2025).According to an in-depth study of
how Al influences the 2030 Agenda for Sustainable Development's 17 goals and 169 targets, Al might help meet 128 of the
SDGs' targets(Fan et al., 2023). A sustainable development strategy, whose primary objective is to accomplish socially and
environmentally friendly policies, is required for sustainable education (Burbules et al., 2020). By integrating data-driven
decision-making with the Sustainable Development Goals (SDGs) especially SDGs 10 (reduced inequality) and crucial to
SDG 4 (Quality Education) serves as a foundation for the achievement of all other goals (Chigbu & Makapela, 2025). To
attain the Sustainable Development Goals (SDGs), Green Innovation and sustainable economic growth are crucial ap-
proaches. Green technology innovation (GTI) in the energy sector, particularly is based on environmentally conscious tech-
nologies, may additionally boost GGR (Yikun et al., 2023).
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Since research in green technologies, sustainable education, and artificial intelligence (AI) continues to grow worldwide,
little information is known regarding how these fields work together,which respondents—nations, institutions, authors, and
journals—are encouraging cooperation, and what knowledge systems and themes are emerging (Aria et al., 2020). The
present study often looks at these subjects separately, focusing mostly on Al in education or sustainability, without analyzing
international collaboration patterns and interconnected systems that impact knowledge generation across national borders
(Donthu et al., 2021; Vinuesa et al., 2020).Additionally, there is still an extensive understanding gap between the Global
North and South concerning technological advancement, participation in research, and cooperative participation in sustain-
ability and AI (United Nations, 2019). Policymakers, educators, and researchers find it difficult to create inclusive, equitable,
and creative approaches which are in line with the UN Sustainable Development Goals, owing to the lack of extensive and
integrated data (United Nations, 2015).

A comprehensive statistical knowledge system which emphasizes publication trends and recognizes academic works of
authors, publishers, and other appropriate resources is called bibliometric analysis (Alex et al., 2022). This study utilizes
bibliometric analysis to analyze research trends, important contributors, citation analysis, and co-authorship while it ex-
plores the roles of artificial intelligence (AI), sustainable education, and green technology (Sahar et al., 2025). The following
research objectives are required to address the research gaps.

RO1: To visualize and map publication trends and thematic evolution across integrated domains
RO2: To Synthesize interdisciplinary linkages to inform sustainable development policy and practice

RO3: To explore the connections between Al and Green Technology by identifying clusters and emerging themes form
bibliometric keyword networks.

RO4: Comparing the model of collaboration and knowledge between the global south and north by conducting country
level bibliometric and network analysis.

The following research questions are adjusted with the research questions.

RQ1: Which countries, organizations, authors and journals are collaborating in Al, sustainable education and green tech-
nologies and what models emerge from their bibliometric networks?

RQ2: How does Al support sustainable education in terms of research trends and topic contributions?

RQ3: How are Al applications affiliated with green technologies, and what emerging themes can be identified from bibli-
ometric keyword co-occurrence networks?

RQ4: What are the differences in collaboration and knowledge production modes between the global south and north in Al,
Sustainable education and green technology research?

The combined bibliometric evaluation of Al, sustainable education, and green technologies—provide an extensive overview
of global collaboration trends across nations, organizations, writers, and publications. It reveals concealed topic connections
and new study groups via the utilization of co-authorship, co-citation, and keyword network analysis.By conducting an
extensive bibliometric analysis that looks at the interactions between artificial intelligence, green technology for sustainable
education, this study filled in these gaps. The paper seeks to shed the spotlight on unexplored intersections and possible
future paths for multidisciplinary research in sustainability by mapping publishing trends, identifying major contributors,
and recommending new research hotspots.

2. Literature review

The convergence of artificial intelligence (Al), adaptive learning technologies, and sustainability imperatives is driving a
transformative movement in contemporary learning. Tailored, interactive and data-informed learning engagements are dis-
placing the one-size-fits-all static learning approaches better suiting the diversity of needs of diverse students. The change
has been accelerated by the COVID-19 pandemic, which caused a sudden spike in the practice of remote and blended
educational technologies. The use of a bibliometric approach allows for the estimation of critical gaps and promising re-
search opportunities in the interlinked domains of artificial intelligence, sustainable education, sustainable development and
green technology by mapping research development, trends of publications and thematic trends (Singh et al., 2024).

2.1 Evolution and Growth of Al in Education
The academic study of artificial intelligence (Al) into the fields of education, adaptive learning and technology-enhanced

learning (TEL) has witnessed notable growth during the last three decades. After a few early explorations, the mass deploy-
ment of digital technologies into educational institutions around the globe has triggered a proliferation of transdisciplinary
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studies. The pandemic of COVID-19 needs rapid shifts in educational practices that highly relieve upon technological in-
fusion (Bhuiyan et al., 2025). By utilizing machine learning algorithms, adaptive learning systems can continually change
training modality by modifying factors like pace, feedback and complexity of subject matter based upon learner-generated
information. This practice holds a decidable record of promoting student motivation, understanding, interest, and academic
achievement, indicating that Al holds a big deal of promise for switching educational structures and refining scholarly
methods with a focus on sustainability (Galaz et al., 2021).

2.2 Sustainability and Technology in Education

The shift of environmental and social responsibility to the individualized learning sample is a historic shift in the cut of Al
and educational sustainability (Strielkowski et al., 2025). The Al-median enabled sustainability learning models’ environ-
mental awareness which is an incumbent element towards accomplishing the Sustainable Development Goals (SDGs) and
streamlining the process and achievement of equitable access to safe and effective learning. Constructive Al technologies
are developed and innovated with the conceptualization of deployment architectures and machine learning algorithms with
reduced environmental footprints, and reduced energy consumption (Riaj et al., 2025). These technologies would make use
of the adaptive environmental monitoring and simulations systems to make the most out of resource consumption in learning
spaces and build sustainability literacy, which subsequently would enhance experience and contextual relevance of learning
to handle complex problems of sustainability.

2.3 Green Technologies and Al to achieve Sustainable Development

Climate-conscious technologies and renewable energy are being incorporated in Artificial Intelligence to facilitate the adop-
tion of green technology in a very short period. Use of Al in application of smart energy management, Environmental
benefits and cost reduction and waste reduction (Aguilar et al., 2021). Despite pointing to institutional-based, social, and
economic obstacles such as remnant regimes, barriers to technology diffusion, and equity questions bibliometric in nature,
proponents of Al green technology and sustainability interdisciplinary communication are increasing (Khatun et al., 2025).
To counteract these barriers and achieve a revolution in Al-based green technology through education and wider structure
in society, there is the need to integrate regulatory structures and inclusive innovation systems.

2.4 Multidisciplinary integration, Policy and Governance

The call to the necessity of multifaceted and collaborative responses to the management of the dynamic relationship between
innovative learning and the protection of the environment is highlighted by sustainability research. A bibliometric analysis
of policymakers is turning out to be a necessary requirement towards the objective of developing evidence-based policies
on the necessary balance between technological innovations and environmental considerations and social justice. Studies
of adaptive learning and artificial intelligence as a fundamental element of sustainability administration entail the guidance
of creation of green technology diffusion as safe technology, sustainable curriculum development, and green skill develop-
ment, hence, producing inclusivity and smooth accessibility (Yigitcanlar et al., 2021). The effective convergence of sus-
tainable online learning and the expanding green technological solutions makes intersectoral collaborations with academia,
the government, the civil society and the essential industrialization.

Table 1
Key Themes and Focus Areas in Al, Sustainable Education, and Green Technology.
Theme Focus Area Citation
Growth and Evolution of Al in Educa-  Research trends and pandemic-driven adoption  Singh et al., (2024); Galaz et al., (2021), Atoum et al.
tion (2022); Nobanee et al. (2021)

Technological Integration in Sustaina-  Green Al, adaptive learning, and sustainability — Strielkowski et al., (2025); Yigitcanlar et al., (2021)
bility literacy
Al and Green Technology Synergies Environmental applications and smart sustaina-  Aguilar et al., (2021); Yigitcanlar et al., (2021)
ble campuses
Multidisciplinary Policy and Govern-  Ethical frameworks, green skills, and inclusion ~ Voegtlin et al., (2022); Yigitcanlar et al., (2021); Jafti et

ance strategies al. (2025)
Ethical and Research Gaps Privacy, bias, digital divide, impact evaluation  Galaz et al., (2021); Voegtlin et al., (2022)
3. Methodology

This analysis seeks to delineate and assess the current state of literature to discern the trends in Sustainability, A, sustainable
education and green tech. this study used bibliometric and network analysis methods in addition to preferred reporting items
for bibliometric reviews and meta-analyses (PRISMA) methodology (Bhuiyan et al., 2024). This study’s approach adhered
to the PRISMA criteria, which calls for bibliometric literature reviews and meta-analysis. Following the bibliometric anal-
ysis using PRISMA methodology, this methodical examination of Sustainability, Al, sustainable education and green tech
helped in identifying the most significant subject/themes and understudied research areas (Faisal-E-Alam et al., 2025). It
also demonstrated the insight of current research interest and potential future direction.
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3.1 Identify the database, keywords, and time horizon of the bibliometric study

Author collected data from the internationally renowned academic archive Scopus for bibliometric analysis. Sustainability,
Al, sustainable education and green tech field developed day by day, so we only considered research publications published
between 2020-2025.

Records identified from*:

Databases (Scopus n=14451)

TITLE-ABS-KEY ( Sustainable Al OR Sustainable Education OR Green

Technology OR Sustainable Business ) AND PUBYEAR > 2019 AND Records removed before screen-
PUBYEAR <2026 AND ( LIMIT-TO ( LANGUAGE , "English" ) ) AND ing: o

( LIMIT-TO ( PUBSTAGE , "final" ) ) AND ( LIMIT-TO ( DOCTYPE , |—| Range (year Publication removed
"ar" ) OR LIMIT-TO ( DOCTYPE , "re" ) ) AND ( LIMIT-TO ( SUB- before 2020 (n=5342)

JAREA , "SOCI" ) OR LIMIT-TO ( SUBJAREA , "ENVI" ) OR LIMIT- Inclusion: (2020-2025)

TO ( SUBJAREA , "BUSI" ) OR LIMIT-TO ( SUBJAREA , "ECON" ) N=9109) o

OR LIMIT-TO ( SUBJAREA , "COMP" ) ) AND ( LIMIT-TO ( EXACT- Exclusion: Records ineligible by
KEYWORD , "Sustainable Development” ) OR LIMIT-TO ( EXACT- other language except English
KEYWORD , "Sustainability" ) OR LIMIT-TO ( EXACTKEYWORD , language (n= 173)

"Green Economy" ) OR LIMIT-TO ( EXACTKEYWORD , "Business" )

OR LIMIT-TO (EXACTKEYWORD, "Green Innovation" ) )

Records excluded:
Records screened publication stage (Article in press n=317)
(n=28936) Record Inclusion
Final Publication (n=8619)

v

v

Records excluded: (n=3502)
Except article (n=4729)
and Review (n= 388)

v

Records excluded Subject area: (n=2685)

L Except Social Science (n=720)
\ Environment science (n=695)
Business, management and accounting (n=581)
Records assessed for eligibility Computer science (n=312) and

(n=5117) economics, econometrics, finance (n=124)

Records excluded keywords: (n=733)
Except sustainable development (n= 675), sustainability
(n=621), green economy (n=125), business (n=113) and
green innovation (n=157)

v

Final document included in review (n=1699)

Fig. 1. Data Collection Process by PRISMA

Source: Author’s Work
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The following keywords allowed for bibliometric analysis in this study: TITLE-ABS-KEY (Sustainable AI OR Sustainable
Education OR Green Technology OR Sustainable Business). We conducted bibliometric analysis using the PRISMA
method to combine these keywords using “AND” and “OR” operation. We thoroughly examined every potential element
mentioned and meticulously examined every keyword combination.

3.2 Inclusion and exclusion criteria

For this bibliometric study, we used a four-step procedure to extract the research papers. First, we conducted a primary
search by the keywords and found 14451 articles. Next, we removed 5342 publications we found the year before 2020. We
include 9109 articles in the year range of 2020-2025. Then, we excluded 173 articles that were ineligible by other languages
except English language before records screening. We got 8936 screened articles. We found press articles when we searched
by the keywords. So, then we exclude the publication stage (Article in press 317), and the final publication remains 8619.
Then, excluded 3502 articles except 4729 articles and 388 Review. Articles assessed for eligibility 5117. Based on these
inclusion and exclusion criteria, we excluded subject area article 2685 except Social Science 720, Environmental Science
695, Business, Management and Accounting 581, Computer Science 312 and Economics, Econometrics, Finance 124 and
our article remain 2432. Then, we exclude by the keywords 733 articles except some keywords. These keywords are Sus-
tainable Development 675, Sustainability 621, Green Economy 125, Business 113 and Green Innovation 157. These 1699
articles are final documents for review. Out of these 14451 research articles, 1699 articles are included for review and
remaining articles are excluded from review.

4. Analysis

Bibliometric Analysis is a method of systematically reviewing and substance scholarly studies based on keywords, authors,
paper titles, and affiliations to identify research gaps, current research for appointed domain, both geographically and subject
matter (Aristovnik et al., 2023; Ellili, 2023). Bibliometric analysis assists in ordaining performance and research trends
across countries, universities, authors, affiliated institutions. For execution bibliometric analysis, a standard bibliometrics
approach was used (Yumnam et al., 2024). Bibliometric analysis can easily unfold the updated research directions and
distinguish themes in a specific study objective (Umar et al., 2024). Through bibliometric measures like development of
publications, productivity of authors, institutional cooperation, and country-specific contributions, researchers may trace
new trends in the research and domains where no adequate research has been conducted (Faisal-E-Alam et al., 2025).

Table 2
Overall information about the bibliometric collection
Description Results
MAIN INFORMATION ABOUT DATA
Period 2021 — 2024
Sources (Journals, Books, etc.) 538
Documents 1699
Annual growth rate % 30.83
Document average age 2.17
Average citations per year per doc 22.12
References 13802
Keywords Plus (ID) 5112
Authors Keywords (DE) 8748
Author 5517
Authors of single-authored documents 178
AUTHORS COLLABORATION
Single-authored documents 184
Co-authors per Documents 3.49
International Co-authorship% 33.27
DOCUMENT TYPES

Article 1583
Review 115

700
600
500
400
300
200
100
0
2020 2020.5 2021 2021.5 2022 2022.5 2023 2023.5 2024 2024.5 2025

Fig. 2. The annual publication of articles
Source: Author’s Work
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Out of the 1,699 documents published between 2021 and 2024, 184 were single-authored publications, with 178 authors
contributing individually. The overall collaboration index was found to be 3.49, and the rate of international co-authorship
reached 33.27%. Fig. 2 shows the annual growth of scientific publications between 2021 and 2025. The trend clearly indi-
cates a continuous increase in research output, suggesting increased scholarly involvement and research output in recent
years.

4.1 Descriptive analysis

The results of researchers along with data specialists can be assessed utilizing descriptive bibliometrics, which defines the
characteristics or attributes of literature. Descriptive bibliographic is an evaluation of the total number of publications or
produced writings in an area of study for the goal of comparing research undertaken across different institutions, nations,
and periods.

4.1.1 Influential authors, most productive authors and their collaboration networks

Within the research cohort, Kumar Mangal Sachinkum stands out as the foremost contributor, documenting an h-index and
g-index of 7 each, an m-index of 1.4, a total of 595 citations, and seven publications since 2021. His citation volume dis-
closes coherent acknowledgement and eternal scholarly engagement in the fields. Umar Muhammad Aslam also illustrated
a robust academic footprint, with equivalent h- and g-index scores (7) and the highest total citation count (707), suggesting
wide recognition of his research across related disciplines. Moreover, Lethanh Thanh depicts notable academic momentum
(h-index = 7; g-index = 8; m-index = 1.75; TC = 476), accentuating an extending research trajectory in current years. Other
crucial contributors include Khan Syed Abdul Rehman, Kumar K, and Luthra Sunil, each upholding h-indices between 5
and 6 with stable citation trends across their studies. Albeit these authors have analogously fewer publications, their work
continues to exert substantial influence on the field.

Table 3
Top 10 most productive and influential authors with the number of published papers and total citations.
Author h_index g_index m_index TC NP PY_start

KUMAR MANGLA SACHIN KUMAR 7 7 1.4 595 7 2021
LE THANHTHANH 7 8 1.75 476 8 2022
UMAR MUHAMMAD 7 7 1.4 701 7 2021
KHAN SYED ABDUL REHMAN 6 6 1.5 444 6 2022
KUMAR ANIL 6 6 1.2 691 6 2021
KWILINSKI ALEKSY 6 6 1.2 251 6 2021
LIN HAN 5 5 1 203 5 2021
LUTHRA SUNIL 5 5 1 266 5 2021
LYULYOV OLEKSII V. 5 5 1.667 172 5 2023
PIMONENKO TETYANA V. 5 5 1.667 172 5 2023

4.1.2 Collaboration Network Authors

Fig. 3 visualizes the collaboration among authors; this analysis prescribes Kumar, Anil, Kumar Mangla, Sachin Kumar,
Lyulyov, Oleksii V., Umar, and Muhammad as the key authors with comprehensive collaboration affiliations (Maghsoudi
et al., 2023). Their cubic co-authorship network indicates that a strong intellectual partnership is driving research in Sus-
tainability, Al, Sustainable Education and Green Tech. The uprising of small clusters reflects local or specialized research
collaborations that contribute to the thematic diversity of the field (Sadic et al., 2024).

2. 5.0 pimort AR ksy

Ve uthea, sunil

kumar mangla, sachin kumar R

umfk, muhammad

Fig. 3. Collaboration network between Authors in 2020-2025; Source: Author’s Contribution.

4.1.3  Country-wise analysis of publications in sustainability, green innovation, and environmental research

A country-wise assessment of the scientific output in sustainability, green innovation, and environmental research between
2021 and 2025 is represented in Figure 7. The bibliometric analysis represents the United States as the key contributor,
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followed by China, the United Kingdom, Italy, and India. These countries contribute together a significant portion of the
world’s publications in this field, indicating their active connection in environmental policy, green technology development,
and sustainable industrial practices. The analysis was performed using the Bibliometrix R-package, with countries ranked
according to their total number of publications.

Publication distribution (Fig. 5) demonstrates that there is a wide international involvement of research activities. This
international interaction emphasizes that green innovation and sustainability have been proven to be universal research
topics as well indicating the international concern on pressing environmental Challenges. A comprehensive study of the
international collaboration network (Fig. 6) reveals that there is a vital increment in cross-country research partnerships
during the review time. The USA balances as a mediator in the red cluster and maintains good relations with the United
Kingdom, China and Australia. The green cluster, headed by Italy, indicates strong intra-European partnership, and the
brown cluster, headed by Spain, offers growing research relationships with the Latin American countries, such as Brazil
and Chile.

usA

Italy

United Kingdom s xf\ >
Brazil - :) =
China \ i

Canada

Country

Australia
Sweden
South Africa

Germany

20 30 a0 50
Count of Publications

Fig. 4. Top 10 countries with papers counts in sustainabil- Fig. 5. Geographical distribution of count of publications
ity, green innovation, and environmental research (2021— in sustainability, green innovation, and environmental re-
2025). search (2021-2025).

Source: Author’s Work

4.1.4  Collaboration Network Country

The country-level network (Fig. 6) prescribes China as the most dominant hub with the strong collaboration with Pakistan
(Maghsoudi et al., 2023). These countries indicate high levels of co-authorship and cross-border cooperation. China's central
position reflects the developed leadership in Al driven sustainability initiatives and technological innovation (Gohr et al.,
2025; Pietrzak, 2025). The clustering of European countries such as Italy, Germany and Spain by the side Asian fellows like
Malaysia and Bangladesh exhibit a balanced global collaboration between developed and developing nations in sustainable
innovation (Sadic et al., 2024).

CHINA UNIVERSITY OF MINING AND... === 18
UNIVERSITATEA TRANSILVANIA DIN... ===y 19
PARTHENOPE UNIVERSITY OF NAPLES s 19
UNIVERSIDAD DE MURCIA == 20
- XI'AN JIAOTONG UNIVERSITY S 22
china UNIVERSITI MALAYSIA TERENGGANU S 26
i SUMY STATE UNIVERSITY === 29
JIANGSU UNIVERSITY S 30
- KING FAISAL UNIVERSITY S 32
B . o BUCHAREST UNIVERSITY OF ECONOMIL... 1 51

0 10 20 30 40 50 60
—
Fig. 6. Collaborative network between countries in 2020- Fig. 7. Top 10 highest contributing institutions.
2025

Source: Author’s Contribution.

4.1.5  Affiliation analysis of academic institutes

Fig. 7 displays the top 10 institutions featuring highly published researchers. The following group of contributors, on the
contrary side, is represented by Sumy State University (29 articles), Jiangsu University (30 articles), and King Faisal Uni-
versity (32 papers), each of these have significant but comparatively low output levels.

4.1.6  Collaboration Network Universities

Fig. 8 indicates the collaborative networks among academic institutions in the area from 2020-2025. The network map
represents the relationships between several universities and research institutes, with the size of the nodes (university names)
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potentially displaying their research output or influence, and the bridging lines representing co-authorship links (Maghsoudi
et al., 2023). Different colors are used to group institutions into distinct clusters. Distinguished institutions like School of
Economics and Management, Jiangsu University, Sumy State University, King Faisal University are central nodes with
strong connections, indicating their significant role in the research network (Sadic et al., 2024).

tofgji university

sumy st yniversily - king faisal university

school of econ(ﬁgﬂcg‘il?mi%?aﬁpement king abdulaziz university

»
universiti sains¥nalaysia

echnische universitat dresden

- — -
IMeSGEA Jwa@\u pﬁvm’la‘ysia y

Fig. 8. The top collaborative network between institutions in 2020-2025

Source: Author’s Contribution.
4.1.7  Publication Trend and Growth of Articles in Sustainability, Green Innovation

This bibliometric analysis emphasizes a clear evaluation of research trends across the keyword’s sustainability, Al, sustain-
able education and green technology between 2020-2025. Baseline research during 2021 focused on pandemics, detection
methods, and business education (Fauzi & Pradesa, 2022). At the same time "student" as a recurring keyword indicates how
educational systems, learners, and institutions adjust to the global disruption caused by COVID-19 (Levidze, 2024). These
topics represent the quick concerns of crisis management and the adoption of new digital strategies in higher education
(Prioteasa & Popescu, 2023).

Table 4

Trend Topic Analysis
Term Frequency Year (Q1) Year (Median) Year (Q3)
detection method 9 2021 2021 2022
pandemic 9 2021 2021 2022
business education 8 2021 2021 2022
covid-19 70 2022 2022 2023
strategic approach 49 2022 2022 2024
student 39 2021 2022 2024
sustainable development 961 2022 2023 2024
sustainability 828 2022 2023 2024
Green economy 267 2022 2023 2024

By 2022, the discussion has changed greatly to include sustainability (828 instances), sustainable development (961 in-
stances), and reference that they play an intermediate role in the global research agenda (Ellili, 2023; Yumnam et al., 2024).
This idea took a center stage in the literature of publication as it demonstrates how this aligns with the UN sustainable
development goals (SDGs) and what is demanded to address the issue of embedding sustainability-related policies in edu-
cation, technology and business (John et al., 2025). Strategy approaches (49 events) have also become particularly important
in the same time frame, which means that sustainability is no longer discussed as a mere theory but rather as a systematic
model of activity implemented in the corporate, political, and educational spheres (Castaneda & Martinez, 2024).

Since 2023, new thematic directions have been manifested by the regulation of the green economy (267 occurrences) and
green innovation (148 occurrences) (Dai and Wilkins, 2024). Green innovation expansion underscores the adoption of Al
and innovative technologies used in supporting green solutions in financial sectors including renewable energy, waste man-
agement and sustainable industrialization (Orazalin & Baydauletov, 2025; Pietrzak, 2025).

4.1.8  Major journals publishing articles

The most important academic publications that have issued the most publications in the areas of environmental management,
green innovation, and sustainability are highlighted in this chart identified as "Most Relevant Sources." Through 398 articles,
Sustainability (Switzerland) remains the most prominent journal for research on environmental and sustainability-related
issues. Additionally, there have been a lot of ongoing activities in Business Strategy and the Environment (61 papers) and
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Environmental Science and Pollution Research (50 papers), that focus on environmental research as well as company sus-
tainability strategies. The limited contributions made by Resources Policy (27 articles) and compelling Business and Man-
agement (25 papers) reflect the growing broad interest in sustainability from the perspectives of both business and resource
administration. Other journals via smaller but significant contributions that represent specialized areas like education, en-
gineering management, and policy consist of the Journal of Environmental Management (21), Environment, Development
and Sustainability (20), the IEEE Transactions on Engineering Management (20), and the International Journal of Sustain-
ability in Higher Education (18).

INTERNATIONAL JOURNAL OF..
IEEE TRANSACTIONS ON ENGINEERING..
ENVIRONMENT, DEVELOPMENT AND..
JOURNAL OF ENVIRONMENTAL..
COGENTBUSINESS AND MANAGEMENT
RESOURCES POLICY
ENVIRONMENTAL SCIENCE AND. . .
BUSINESS STRATEGY AND THE. . . ——
JOURNAL OF CLEANER PRODUCTION .

SUSTAINABILITY (SWITZERLAND ) 15—
0 50 100 150 200 250 300 350 400 450

Fig. 9. Top 10 sources publishing.

Source: Author’s Work

Since 2021, research on sustainability and green innovation has grown rapidly and become more inclusive. Between 2021
and 2024, a total of 1,698 studies were published, showing a remarkable year-on-year growth rate of 30.83%. Figure 3
shows a steady upward trend in publications, showing increased academic participation and institutional collaboration
throughout this period. Beginning in 2022, the focus shifted toward broader sustainability-oriented areas, with sustainable
development (961 studies), sustainability (828 studies), and the green economy (267 studies) emerging as leading tropic of
inquiry. In 2023 and 2024, green innovation became a significant topic of interest, as the conceptual frameworks of sustain-
ability gave way to the innovative, practice-based ones. The increased number of Studies in 2023 and 2024 signifies the
increased global reaction to sustainability issues, technology-related adaptation, and integration of policy. Thus, to ade-
quately map developing trends, define key research contributions, and resolve the key gaps in research, there is the need to
systematize the developments.

4.1.9 Thematic Map Analysis

The thematic map that was created based on the premises of the bibliometric analysis (2020-2025) offers a visual represen-
tation of the considerate organization and the research dynamics in the fields of sustainability, Al, sustainable education and
green technology (Lee et al., 2023; Saqr et al., 2023). The map is broken and split into four quadrants (motor themes, niche
themes, emerging themes, and basic themes). These two topics can be regarded as the facilitating perspectives of recent
scholarships that focus on the combination of sustainability concepts with economic development and technological ad-
vancement (John et al., 2025; Xu et al., 2022). In niche themes include climate change, environmental protection and trade.
They are highly developed spheres, which implies the special academic focus (Gohr et al., 2025). Climate change and
environmental protection are still urgent subjects in the sustainability discourse, which frequently affects policy and regu-
latory frameworks, and business talks about the growing role of sustainable business models (Merdan, 2024).

climaté change
environmental protection
cccccccc

Relevance degree
(Centrality)

Fig. 10. Thematic Map
Source: Author’s Work
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In the surfacing trends, they include sustainability, business and business development. Although such themes are relevant,
at this point such themes are less dense, indicating either initial research project directions or slow decline of scholarly focus
when the field shifts to more narrow constructs such as innovation and the green economy (Harsono et al., 2024). The
significance of these initial subjects as the cornerstone principles of sustainable behaviors is particularly in the aspect of
sustainable education and growing awareness (Hadiyati, 2024; Sahar and Munawaroh, 2025). Their survival in this quadrant
indicates that they are essential but uncharted research fields, which present a chance to study them thoroughly, especially
when related to Al-powered teaching tools (Anisaturrizqi and Yulianti, 2025).

4.1.10  Keyword analysis.

The purpose of this study is to find out which words appeared most frequently in the article titles and author keywords. The
author’s keywords and the titles of 418 publications were combined to create a word cloud consisting of 1,297 distinct terms
to determine the most significant areas of study. To prevent bias, frequently heard search terms like ergonomics, human
factors, environment, and green have been removed prior visualization, and synonymous terms were merged to avoid re-
dundancy. The 50 most frequently used keywords are shown in the generated word cloud (Fig. 11).

Sustainability and sustainable development are shown to be the most used terms, showing their vital place in the field of
study. The green economy, innovation, business, supply chain management, and green innovation are other common topics
which demonstrate an important emphasis on the links between sustainability and organizational procedures. Although they
have become fewer in number, keywords including "climate change," "circular economy," "corporate social responsibility,"
and "education" highlight emerging areas of interest that enhance the overall sustainability discussion.

The top 10 author keywords (Fig. 12) reflect consistency between the areas of focus indicated in article titles and author-
defined topics. This alignment shows that sustainability research is systematically framed through published works as well
as becoming thematically connected.

lﬂlll |lI|IW
sustama |G ei'lélonmem

“““““ = green econom

Fig. 11. Word cloud of top 50 author keywords. Fig. 12. Top 10 author-keywords.
Source: Author’s Work

The ten most popular keywords used in study articles during 2021 and 2024 are highlighted in the chart. "Sustainable
Development" and "Sustainability" are the most frequently used keywords in each of the years. They both show significant
rise, especially during 2024, as they reach 961 and 828 occurrences per year, accordingly.

Other phrases including "Green Economy/Business," "Innovation," and "Green Innovation" indicate an ongoing upward
trend, showing an increase in research interest in the technological and financial aspects of sustainability. Although they
currently are present in reducing volumes, terms such as "Environment/Economy," "Circular Economy," and "Climate
Change" continue to be significant but not as common.

4.1.11 Citation analysis in sustainability and green innovation

Citation analysis highlights the intellectual influence of research articles in sustainable, green technology and innovation-
related areas. The citation frequency of a study in studies from the same academic topic is analyzed to reflect its influence
and attention in relevant research work. For the dataset containing 1,699 documents published between 2021 and 2024, the
average citation rate was 22.12 per document per year, a significant level of academic contribution in this field (see Table
2). Table 5 presents the top 10 most-cited papers within the bibliometric collection, classified according to citation perfor-
mance.

A gap exists between local and global citation counts, suggesting that although sustainability-related research is expanding
rapidly, cross-domain scholarly integration remains limited. The concentration of highly cited publications between 2021
and 2023 indicates that the study area is still in a phase of accelerated growth and conceptual coordination rather than
complete development. These developments highlight that sustainability and green innovation are forming as dynamic,
continuously developing domains in the context of international research areas.
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Table 5
The top 10 papers based on citation measures

Paper title/author(s)/journal LC GC R (%) NLC NGC
A, 2021, BUS STRATEGY ENVIRON 0 52 0.00 0.00 1.23
A, 2021, BUS STRATEGY ENVIRON-a 0 85 0.00 0.00 2.02
A, 2021, CASE STUD ENVIRON 0 4 0.00 0.00 0.09
A, 2021, CLEAN RESPONSIBLE CONSUM 0 12 0.00 0.00 0.28
A, 2021, CRIT STUD MENS FASH 0 2 0.00 0.00 0.05
A, 2021, ENVIRON SCI POLLUT RES 0 33 0.00 0.00 0.78
A, 2021, EUR J INNOV MANAG 0 68 0.00 0.00 1.61
A, 2021, INT J LEARNG CHANG 0 5 0.00 0.00 0.12
A, 2021, CLEAN PROD 0 46 0.00 0.00 1.09
A, 2021, J CLEAN PROD-A 0 38 0.00 0.00 0.90

Other phrases including "Green Economy/Business,”" "Innovation," and "Green Innovation" indicate an ongoing upward
trend, showing an increase in research interest in the technological and financial aspects of sustainability. Although they
currently are present in reducing volumes, terms such as "Environment/Economy," "Circular Economy," and "Climate
Change" continue to be important but not as common. Overall, the data mentioned an enormous spike in studies on sustain-
ability concepts, with 2024 showing the greatest number of keyword applications, reflecting an ongoing and increasing
academic focus on topics related to sustainability and innovation.

4.1.12  Global Citation Analysis

Global citation examines offers perception into the cross-border impact and scholarly recognition of individual publications.
Global citation table defines the ten most cited papers in the world, compared in terms of total citations (TC), annual cita-
tions (TC/year) and normalized citation scores. The most frequently cited paper internationally was written by M (2022),
which was published in Sustainable Operations and Computers and has 611 citations with the average citation per year
being 152.75 and the normalized TC is 19.07 that reflects unique global recognition.

HB (2021) in Science of the Total Environment (361 total citations) and AO (2024) in Journal of Cleaner Production (352
citations), the latter with the highest normalized TC (37.64), followed with the top normalized TC with 361 total citations,
respectively, despite its relatively recent date of publication. Supplementary research includes S (2021) and A (2021) in
Journal of Cleaner Production and Journal of Retailing and Client support, respectively, each showing notable academic
reach and impact.

This evidence indicates that string influence journals such as Journal of Cleaner Production, Science of the Total Environ-
ment, and Sustainable Operations and Computers play a pivotal role in promoting sustainability-related research and ensur-
ing broad international propagation.

Table 6

Global Citation Analysis
Paper DOI Total Citations TC per Year Normalized TC
M, 2022, SUSTAIN. OPER. COMPUT. 10.1016/j.sus0c.2022.01.008 611 152.75 19.07
HB, 2021, SCI. TOTAL. ENVIRON. 10.1016/j.scitotenv.2021.149605 361 72.20 8.56
AO, 2024, J. CLEAN. PROD. 10.1016/j.jclepro.2023.140527 352 176.00 37.64
S, 2021, J. CLEAN. PROD.-a-b 10.1016/j.jclepro.2020.125233 343 68.60 8.14
A, 2021, J. RETAIL. CONSUM. SERV. 10.1016/j.jretconser.2020.102270 310 62.00 7.35
M, 2021, BUS. STRATEGY ENVIRON. 10.1002/bse.2867 296 59.20 7.02
D, 2021, ECOL. ECON. 10.1016/j.ecolecon.2021.107143 283 56.60 6.71
M, 2021, J. ENVIRON. MANAG. 10.1016/j.jenvman.2021.113156 242 48.40 5.74
AL, 2021, SENSORS 10.3390/s21051709 239 47.80 5.67
Z,2021,J. CLEAN. PROD. 10.1016/j.jclepro.2020.125529 237 47.40 5.62

LC: local citations; GC: global citations; R: ratio of LC/GC; NLC: normalized local citation; NGC: normalized global
citation Note. Ranking based on total papers in Scopus; Analysis conducted on 14 September 2021.

4.2 Networks analysis

4.2.1  Bibliographical coupling network

The bibliographic coupling network based on paper interactions in environmental sustainability can be seen in the picture
above. The vertical axis represents Impact, that represents the relative importance or impact of each cluster to the research

region, while the horizontal axis displays Centrality, which indicates the degree of interconnection and impact left by each
cluster throughout the network.
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Left Cluster (Blue Group): Environmental policy, sustainable development, and green innovation all have been featured in
this cluster. Despite the possible exception of sustainable development, which exhibits a little less cohesion (conf 23.5%),
every one of these topics show great internal uniformity (conf 100%). These themes show up in the lower-centrality region,
indicating that while they have an impact, there are not numerous connections between them and different thematic clusters.

Fig. 13. Bibliographical coupling network Fig. 14. Network of top 20 keywords co-occurring in sus-
tainability, green innovation, and environmental research
(2021-2024).

Source: Author’s Work

Right Cluster (Red Group): The next cluster contains circular economy (conf 100%), solid waste (conf 100%), and sustain-
able development (conf 76.5%). The cluster, which happens to be in the more central zone, implies the bibliographic net-
work is more interconnected. An applied and systematic study direction toward sustainable practices and resource manage-
ment is suggested through the main topics of solid waste and the circular economy.

4.3 Co-occurrence networks

The co-occurrence network analysis represents how often specific keywords co-occur across related studies. This method
helps identify conceptual connections and thematic patterns in a research field. In this study, co-occurrence mapping was
used to examine the intellectual and thematic connections among publications focusing on sustainability, artificial intelli-
gence, and green innovation from 2021 to 2024. The resulting network shows the keyword relationships through nodes and
connecting lines, where node size and color indicate their significance and thematic grouping. Main clusters have developed,
indicating a strong integration between environmental sustainability, technology-driven innovation, and business manage-
ment viewpoints in current studies

4.3.1  Keyword Co-occurrence Network

The co-occurrence network keyword refers to the primary research trends and thematic interests within the sustainability
and green innovation literature published in the last three years (2021-24). The analysis conducted with the help of Biblio-
metrics R-package helped identify two initial clusters. The clusters that can be distinguished by their color are bright exam-
ples of the different but related areas of academic interest in this field. The largest one, which is in the upper part of the
networks, is the red cluster, which revolves around the keyword sustainability. It also features similar words sustainability,
development, business, policy and management. This cluster also reflects the conceptual, managerial and policy-oriented
aspects of the sustainability research and shows an increasing interest in the topics of organizational transformation, sus-
tainable business models and strategic integration of sustainability objectives in organizational decision making. The cluster
on blue and placed on the lower part is based on the keywords of green and incorporates closely related words like innova-
tion, technology, performance and manufacturing. This cluster referred to the technology and operational pillars of sustain-
ability, and dwellers upon actual world strategies including digital transformation, environmental innovation, and sustaina-
ble production systems. The degree of links suggests that an increasing concern in the development of practical solutions
improves the level of environmental performance and makes it economically viable. The network structure denotes the fact
that the two clusters exhibit a high level of interconnection thus showing that sustainability and green innovation are be-
coming more unified areas of research as opposed to research strands. Fig. 14 is a co-occurrence network of the 20 most
popular author keywords in the field of environmental, sustainability and green innovation research between 2021 and 2024.
The data show that two major thematic clusters based on the analysis formed the red cluster. The frequency of the keywords
is the node size and the intensity of co-occurrence relationships is the connecting lines. The network, overall, demonstrates
that research into sustainability and green innovation has evolved as an interdisciplinary and cross-disciplinary field
throughout the duration of the study.

4.3.2  Trend of keywords usage

The analysis of author keywords provides an overview of the prevailing research interests and the emerging research issues
in the field. The given table represents the ten most frequent keywords used in 2011-2021, which denotes the conceptual
framework and cognitive orientation of the research corpus. The most frequent keyword, which is sustainable development
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(961 occurrences), then followed by sustainability (828 occurrences), demonstrates that the fundamental issue of the disci-
pline is finding a balance between economic development and environmental conservation. The supremacy of the two key-
words indicates congruence of the research in the field with the universal sustainability framework. The other terms that
appear most in frequent usage are green economy (267 occurrences), business (247) and innovation (212) to emphasize the
integration of sustainability into the strategic plan and the technology. Surprisingly, the keyword China (165 times) appeared
in a list of keywords as an indicator of the active involvement of the country in the study and implementation of sustaina-
bility. The keywords that further highlight the multidimensionality of the field are such ancillary keywords as green inno-
vation (148 instances), environmental economics (135), circular economy (128), and climate change (122), where ecological,
economical, and policy factors overlap.

Table 7

Trend of keywords usage
Words Occurrences
Sustainable Development 961
Sustainability 828
Green Economy 267
Business 247
Innovation 212
China 165
Green Innovation 148
Environmental Economics 135
Circular Economy 128
Climate Change 122

5. Discussion and findings

According to the literature, the contribution of research on Al and green technologies in sustainable education is increasing
exponentially, and the growth rate is 30.83 annually; a total of 1698 documents based on 538 sources have been written by
5517 authors in 2021 and 2025. This peak depicts how the environment and online advances are increasingly becoming
vital in creating a sustainable education.

Given that each article has an average of 3.49 co-authors, the single author papers of 184 articles indicate a highly cooper-
ative research atmosphere. The global demand for sustainable learning enhanced by Al and green technology is demon-
strated by the international co-authorship rate, which is 33.27, which means that there is an intense level of global academic
collaboration. Geographic inequalities still dominate if there are regions of poverty that avail relatively lower resources and
there are highly technological nations that avail more resources. These trends are like what is experienced with other areas
concerning sustainability.

Considering that the average number of citations per article was 22.12, the sources exhibited an average level of scientific
influence and increasing authority in the sector of academia. The field is underdeveloped, but it is evolving rapidly with an

average document of 2.17 years. Early adopters have already contributed to the theoretical foundation and practical value
of this field of study.

After analysis of 398 articles submitted to the dataset, it was discovered that Sustainability (Switzerland) is the liveliest
journal that carries out studies on environmental management, green innovation, and sustainability. This preeminence in-
troduces the important role of the journal in bringing knowledge of the sustainability of education and Al-based environ-
mental management.

Based on another country-specific analysis (Fig. 7), the US dominates the world in sustainability and green innovation
research results, followed closely by China, the UK, Italy, and India. Whenever considered as a whole, these nations make
up a significant portion of the worldwide publications in this area.

As reported by (Maghsoudi et al. 2023), the country collaboration network (Figure 6) additionally shows that China retains
strong cooperative connections with Pakistan that occupies an important position within the global research system. The
growing importance of South-South interaction in sustainability research is represented by this connection. In a comparable
way, the United Kingdom's extensive links with both European and Asian nations highlight its significance in the global
diffusion of knowledge and policy consequences.

With 51 published articles, or a majority in the study, Bucharest University of Economic Studies is the most productive
institution, according to institutional analysis. This institution's continuous contribution emphasizes its significant focus on
technological advancement, environmental economics, and preservation.
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5.1 Findings from the conceptual structure map

The most common cluster (RED) is obtained using such key terms as sustainable development goal, circular economy,
sustainable development, climate change, decision making, and supply chain management (Figure 15). Indicatively, re-
search has been directed to the models in the field of sustainable supply chain that is driven by the circular economy, which
ensures reduced greenhouse gas emissions (Agyemang et al., 2019). Otherwise, with the aim of achieving the Sustainable
Development Goals (SDGs) by adopting climate-aware managerial practices, sustainability has been noted to be of strategic
importance when making decisions. Moreover, the cluster implies that there is an emerging fascination with a systematic
orientation towards mitigation and adaptation of global warming (Rockstrom et al., 2017), which means that SDG-oriented
innovations are also having an increasingly prominent effect on organizational and environmental policies (Dahlmann and
Grosvold, 2017).

Social responsibility in expansion of businesses, and green economics are all covered in the (GREEN) cluster, which signi-
fies study that integrates ethical behavior with continuous economic expansion. This cluster highlights why the concept of
corporate social responsibility (CSR) has changed from an effort to help others to a competitive company strategy for
sustainable innovation (Carroll, 2021; Bansal & Song, 2017). The importance of business ethics in promoting green econ-
omy transitions has also been highlighted by practical research (Sarkis et al., 2011). The available literature also examines
how economically viable strategies are employed by CSR-oriented companies to become financially stable.

Dim 1 (56.89%)

Fig. 15. Conceptual structure map of Integrating Artificial Intelligence and Green Technologies for Sustainable Education
(2020-2025) using Multiple Correspondence Analysis (MCA) technique.

Source: Author’s Work

The (BLUE) cluster, which covers business, sustainability, education, and higher education, has highlighted education and
instructional facets of the environment. This cluster demonstrates that a combination of environmental skills into business
and management courses is a necessity among higher education institutions. The results are consistent with the trends around
the world which emphasize academic institutions as the driver of sustainable tomorrow.

The (PURPLE) cluster has incorporated innovation, manufacturing, China and environmental economics and has demon-
strated research on industrial sustainability and technological innovation, especially amongst the economies in Asia. Re-
search has established China as the leader in green technology as well as radical production. The trend to the low-carbon
manufacturing system and the optimization of eco-efficiency can be observed through the connection between green eco-
nomics and industry transformation.

Lastly, the (ORANGE) cluster commerce and preservation of the environment. studies are focused mostly on the intersec-
tion of economic activity and conservation efforts, which is mainly achieved through small-scale environmental-friendly
processes (D’ Amato et al., 2020). The conceptual structure map in its entirety shows that sustainability research has evolved
out of environmental management to an integrated, multidisciplinary approach that embraces technological, education and
economic viewpoints.

6. Limitations

The present study has been based solely on the Scopus database, which although comprehensive, might still not cover
related scholarly contributions that are indexed in such databases as Web of Science or Google Scholar. The time frame of
2020-2025 also limits the analysis, possibly missing the newest advancements in generative Al and green machine learning.
The bibliometric approach is inherently quantitative in its metrics (citation counts and keywords frequency) and less quali-
tative in its depths compared to the qualitative depth of the nuanced policy effects or ethical complexities of sustainable Al
in education.
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7. Future Directions

To make the scope of this study more comprehensive, any future study needs to provide a more balanced global represen-
tation, especially of the Global South. Going beyond descriptive mapping, further research will be integrated with longitu-
dinal predictive modeling and qualitative case studies to get a better understanding of the practical application of Al in
sustainable development. There is an urgent necessity of creation of ethical governance frameworks of Green Al in educa-
tion, such that technological innovation is directly supportive of SDG4 (Quality Education) and SDG13 (climate Action).

8. Conclusion

The outcome of this literature review that has been performed as a bibliometric study demonstrates the new tendencies on
the interface of artificial intelligence, sustainable education, and green technology, thus, making it a characteristic research
field in the 21 st century. The results have seen that a transition regarding the traditional model of fixed education systems
has been witnessed into one that is more dynamic, data oriented and environmentally sensitive. The radical change in the
sphere of education can be achieved with the adaptive learning system on Al, which incorporates the notion of sustainability
(Strielkowski et al., 2024). In future, research should be done in a trans- disciplinary manner, as per the findings of the fields
of Computer Science, Education, Environment, and even Social Sciences. The sustainability indicators can be based on the
development of empirical models of the so-called Green Al in an educational environment (Tabbakh et al., 2024). To some
extent, Al-driven sustainable education represents more than a change in technology, it is a change in the direction of a
balanced future.
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