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ABSTRACT

Purpose: This study explores the potential of artificial intelligence (AI) in advancing sustainability within business
practices. It focuses on three key areas: optimising energy efficiency, developing sustainable products and
services, and improving waste and resource management. By integrating Al into these domains, companies
can achieve significant advancements in operational efficiency, market competitiveness, and environmental
responsibility.

Findings: Optimisation of Energy Efficiency

Al-powered systems enable real-time monitoring and management of energy usage in businesses. Machine
learning algorithms can forecast energy demand, automate adjustments, and optimize operational processes to
minimise excessive consumption. These systems lead to substantial reductions in energy costs and carbon
emissions, contributing to financial savings and environmental sustainability.

Development of Sustainable Products and Services

Al can process vast quantities of market data and consumer behaviour to detect trends and preferences related to
sustainability. This allows companies to design products that meet these demands, incorporating environmen-
tally friendly materials and processes. Al-driven innovation facilitates the creation of products that meet con-
sumer needs while minimising environmental impact, thereby increasing market share and enhancing brand
reputation.

Improvement of Waste and Resource Management

Effective waste and resource management is crucial for sustainable business practices. Al technologies can
optimise these processes by analysing material flows and identifying opportunities for recycling and reuse.
Predictive analytics can anticipate waste generation patterns, allowing proactive measures to reduce them. Al
also enhances resource allocation and utilisation, promotes more efficient use of materials and reduces waste.
Discussion: Integrating Al into business operations boosts efficiency and profitability while aligning activities
with global sustainability objectives. Al systems provide tools for significant operational improvements, helping
companies meet environmental and social expectations. Furthermore, the development of sustainable products
through AI positions companies as leaders in responsible innovation, enhancing their competitiveness in the
market.

Originality: This study is innovative in its comprehensive approach to using AI across multiple aspects of business
sustainability. The combination of energy efficiency, sustainable product development, and waste management
represents a novel perspective that offers a holistic strategy for corporate sustainability. Its originality lies in the
simultaneous application of these technologies to achieve both positive environmental outcomes and significant
operational improvement.

Practical Implications: The implementation of Al in business sustainability has several practical implications.
Companies can significantly reduce operational costs and their carbon footprint through energy optimisation. Al-
driven sustainable products development can increase customer satisfaction and market share. Moreover, ad-
vancements in waste and resources management can generate substantial cost savings and improved operational
performance. These applications not only strengthen sustainability but also offer competitive advantages and
enhance corporate reputation. Artificial intelligence provides a robust platform for companies to achieve

E-mail addresses: josea.gomez@uah.es (J.A.G. Gandia), antonio.lucas@uah.es (A.L. Ancillo), mteresa.val@uah.es (M.T.V. Ntnez).

https://doi.org/10.1016/j.jik.2025.100792
Received 6 April 2025; Accepted 18 August 2025

Available online 29 August 2025

2444-569X/© 2025 The Authors. Published by Elsevier Espaiia, S.L.U. on behalf of Journal of Innovation & Knowledge. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://orcid.org/0000-0002-9664-0453
https://orcid.org/0000-0002-8876-7753
https://orcid.org/0000-0001-6008-7935
https://orcid.org/0000-0002-9664-0453
https://orcid.org/0000-0002-8876-7753
https://orcid.org/0000-0001-6008-7935
mailto:josea.gomez@uah.es
mailto:antonio.lucas@uah.es
mailto:mteresa.val@uah.es
www.sciencedirect.com/science/journal/2444569X
https://www.elsevier.com/locate/jik
https://doi.org/10.1016/j.jik.2025.100792
https://doi.org/10.1016/j.jik.2025.100792
https://doi.org/10.1016/j.jik.2025.100792
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jik.2025.100792&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

J.A.G. Gandia et al.

Journal of Innovation & Knowledge 10 (2025) 100792

sustainability. Adopting these technologies can transform business operations, align them with global sustain-
ability goals, and foster competitiveness and innovation.

Introduction

Artificial Intelligence (AI) is increasingly recognised as a trans-
formative driver of sustainability in the business sector. With its capacity
to process and analyse vast volumes of data in real time, Al equips firms
with robust tools to enhance operational efficiency, develop sustainable
products and services, and optimise resource management (Gavrila
et al., 2023; M. Ahmad et al., 2024; Vomberg et al., 2024). This tech-
nological capacity is not merely instrumental—it constitutes a strategic
asset that aligns business operations with the United Nations Sustainable
Development Goals (SDGs), offering competitive advantages across
sectors and firm sizes (Bouncken et al., 2022; Quttainah & Ayadi, 2024;
Radicic & Petkovi¢, 2023).

Existing research has examined AIs potential to drive environmental
and operational improvements (Khan et al., 2023; Murugamani et al.,
2022), its applications in product innovation (Nguyen et al., 2021), and
its role in advancing the circular economy (Oluleye et al., 2023; Rita &
Ramos, 2022). However, despite this growing body of work, integrated
and systematic analyses connecting Al functionalities with specific di-
mensions of sustainability—namely, carbon footprint reduction, sus-
tainable product development, and resource circularity—within a
coherent business strategy framework remain limited. Furthermore,
prior studies often overlook of Als role in embedding sustainability
across different phases of business decision-making, particularly in
relation to the SDGs (Dana et al., 2022; Dzhunushalieva & Teuber, 2024;
Nyagadza, 2022).

This paper addresses this gap by offering a structured review of how
Al contributes to the strategic integration of sustainability in business.
The adoption of AI can transform business models by enhancing
knowledge generation, supporting environmentally conscious decision-
making, and enabling predictive capabilities that facilitate sustainable
operations (Beerepoot et al., 2023; Mohammad & Mahjabeen, 2023). In
doing so, Al functions not only as technological tool but also as a facil-
itator of long-term value creation aligned with economic, social, and
environmental goals (Gomez Gandia et al., 2025).

Specifically, we analyse three critical domains where Al exerts a
measurable impact: (1) the reduction of carbon emissions and energy
use (Chien et al., 2021; Delanoe et al., 2023), (2) the development of
sustainable and competitive products (Kiba-Janiak et al., 2021; Olabi
et al., 2023), and (3) the optimisation of resource management and
waste reduction within circular economy models (Arman &
Mark-Herbert, 2022; Rakha, 2023). By synthesising these contributions,
this study offers an updated and focused understanding of how Al sup-
ports sustainability across multiple levels of business practice.

Accordingly, the main objectives of this study are twofold:

1. To examine the extent to which artificial intelligence has contributed
to sustainability in business operations and strategic management.

2. To identify emerging trends and future directions for Al in promoting
sustainable practices aligned with global development goals.

We formulate the following research questions to address these
objectives:

e RQ1: How has artificial intelligence contributed to improving sus-
tainability in the management and operation of companies?

e RQ2: What are the future prospects and directions for artificial in-
telligence in promoting sustainability in business strategies?

By answering these questions, the article aims to provide conceptual
and empirical foundation for understanding the evolving role of Al in

shaping sustainable business ecosystems. It offers relevant implications
for scholars, practitioners, and policymakers engaged in designing Al-
driven strategies to achieve long-term sustainability targets.

Literature review

The integration of Al into organisational processes has become a
central theme in advancing sustainability, particularly in alignment with
SDGs. Adopted in 2015, these 17 goals provide a global policy frame-
work for addressing environmental, economic, and social challenges
(Biermann et al., 2022; Raman et al., 2024; Xiao et al., 2023). In this
context, both public and private sectors are increasingly required to
report and demonstrate measurable contributions towards sustainability
objectives (Kim, 2023; Leal Filho et al., 2024).

Amid intensifying concerns over climate change, energy in-
efficiencies, and unsustainable production models (Guo et al., 2022),
digital technologies—particularly Al—are being deployed as enablers of
systemic transformation (Abulibdeh et al., 2024; Balsalobre-Lorente
et al., 2023). Recent studies highlight AI's capacity to enhance opera-
tional efficiency, reduce emissions, and foster innovation through
real-time data analysis and intelligent decision-making (Gavrila et al.,
2023; Pisoni et al., 2023). These developments position Al as a strategic
tool in corporate sustainability transitions, particularly in relation to
SDG 9 (industry, innovation, and infrastructure), SDG 12 (responsible
consumption and production), and SDG 13 (climate action).

The intersection between Al and sustainable product design is also
gaining momentum. Al is increasingly applied in life cycle assessment
(How & Cheah, 2024), eco-design (Ogundipe et al., 2024), and predic-
tive consumer analytics (Dash & Kar, 2024), allowing firms to tailor
their offerings to shifting environmental preferences (Oke et al., 2024).
Similarly, Al-driven optimisation is emerging as a cornerstone of the
circular economy, facilitating resource efficiency, waste minimisation,
and closed-loop production systems (Madzik et al., 2024; Mukherjee
et al., 2021; Munir et al., 2023).

Despite these contributions, the literature remains fragmented.
While individual studies document technological impacts on sustain-
ability, few offer integrated models that systematically map the mech-
anisms through which AI drives sustainable outcomes. Constructs such
as digital transformation, Industry 4.0, and the circular economy are
frequently referenced in isolation (Arman & Mark-Herbert, 2022; Sjodin
et al., 2020), without a cohesive explanatory framework. This high-
lilghts a conceptual gap that this present study aims to address.

Theoretical framework

To bridge the conceptual, disconnect identified in the literature, this
study proposes a model in which Al supports sustainability through
three core mechanisms: knowledge generation, automation, and pre-
dictive analytics. This responds to recent calls for integrative models
that unify digital transformation and environmental innovation for
sustainability (Pricopoaia et al., 2024). These mechanisms enable
measurable progress in three strategic domains: (1) reduction of carbon
emissions and operating costs; (2) sustainable product and service
design; and (3) process optimisation for circularity (Al Dhaheri et al.,
2024). The model is presented in Fig. 1 and theoretically substantiated
through the development of specific hypotheses in the following
subsections.



J.A.G. Gandia et al.

Energy efficiency

Artificial Automation

Intelligence

Product innovation

Circularity

Fig. 1. Conceptual model linking AI mechanisms to sustainability outcomes
(Own elaboration).

Hypothesis development

Reduction of carbon footprint and operating costs

Al technologies enable real-time optimisation of energy consumption
through intelligent energy management systems (Shah et al., 2022).
When integrated with predictive maintenance algorithms, they allow
early detection of faults, minimising unnecessary energy use and
extending equipment lifespan (Chidolue & Igbal, 2023; Hamdan et al.,
2024). These functionalities significantly contribute to SDG 13, which
targets urgent action on climate change, while also reducing operational
expenditure (Ghobakhloo et al., 2023).

H1. The integration of Al into operational processes significantly re-
duces the carbon footprint and operating costs of companies.

Sustainable product and service design

Al enables organisations to conduct life cycle assessments and eval-
uate the environmental footprint of products during the design phase
(How & Cheah, 2024). Furthermore, Al-powered consumer analytics
facilitate the development of offerings that align with environmentally
conscious market preferences (Dash & Kar, 2024; Oke et al., 2024). This
dual capability enhances sustainable innovation in line with SDG 9 and
promotes responsible consumption per SDG 12 (Fritz et al., 2021;
Ogundipe et al., 2024).

H2. Al contributes to the design of sustainable products and services
by facilitating life cycle optimisation and aligning offerings with
sustainability-oriented consumer preferences.

Process optimisation and circular economy

Al’s predictive analytics capabilities allow firms to monitor material
flows, identify inefficiencies, and implement reuse or recycling strate-
gies (Munir et al., 2023; Mukherjee et al., 2021). These functionalities
foster the implementation of circular economy models that minimise
waste and maximise material value throughout the lifecycle (Balogun
et al., 2024; Pathan et al., 2023). These practices directly support SDG
12 and indirectly enhance industrial resilience.

H3. Al optimises material flows and promotes circular economy
practices by identifying inefficiencies and enabling data-driven reuse
and recycling strategies.

Conceptual model

The conceptual model (see Fig. 1) synthesises the role of Al in driving
sustainability through three core mechanisms: knowledge generation,
automation, and predictive analytics. Each mechanism corresponds to
distinct sustainability outcomes—energy efficiency, product innovation,
and circularity. These relationships are empirically testable and
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grounded in prior empirical and theoretical research (Gandia et al.,
2025; Sliz et al., 2024; Strielkowski et al., 2023). The framework un-
derscores Al not merely as a technological enabler, but as a strategic
force in corporate sustainability transitions.

Methodology

This study employs a bibliometric methodology to examine the sci-
entific landscape at the intersection of Al and business sustainability.
Bibliometric analysis is a quantitative approach used to map the struc-
ture and evolution of academic research in a given domain Passas
(2024). It provides empirical insights into scholarly production, influ-
ential authors, citation patterns, thematic trends, and intellectual
foundations relevant to the research questions formulated in this paper.

To enhance methodological rigour, the search strategy was executed
using a predefined set of logical expressions and carefully selected
keywords, grounded in prior literature and aligned with the study’s
conceptual model. The analysis was performed using VOSviewer, which
facilitates the construction of co-occurrence networks and thematic
clusters based on bibliographic metadata (Van Eck & Waltman, 2013).
The time frame was restricted to 2010 - 2025, ensuring both relevance
and longitudinal coverage.

Given concerns about database scope, we acknowledge the limita-
tion of relying exclusively on ScienceDirect. To address this, all results
were subjected to manual screening to ensure alignment with the
research themes. Only peer-reviewed articles from Q1 and Q2 journals
were retained. Future iterations of this research will integrate additional
databases to improve coverage diversity.

While the inclusion of a qualitative phase, such as semi-structured
interviews could enrich the interpretative depth of the findings, this
study remains exclusively bibliometric due to time and scope constraints
at the stage. Given the breadth of the bibliometric mapping and the
complexity of thematic clustering, the present work is conceived as the
first phase of a broader mixed-method research design. A subsequent
qualitative phase—currently under planning—will be conducted in a
follow-up study to validate and contextualise the trends identified
herein. This staged approach ensures methodological coherence and
preserves analytical focus in the present contribution.

Search process

The bibliometric dataset was constructed using two sets of search
queries corresponding to each research question. Logical combinations
of keywords were designed to ensure specificity and thematic alignment.
A minimum threshold of five keyword co-occurrences was applied to
optimise network clarity in VOSviewer visualisations, following estab-
lished bibliometric standards.

For Research Question 1, the following search logic was applied in
ScienceDirect:

Al

Corporate sustainability

Sustainable operational management
Resource optimisation

Energy efficiency

Carbon footprint reduction
Environmental impact

Predictive models

Logical Expression:

“AI” AND (“Corporate sustainability” OR “Sustainable operational
management” OR “Resource optimisation”) AND (“Energy efficiency”
OR “Carbon footprint reduction” OR “Environmental impact” OR “Pre-
dictive models™)

Result: 1904 articles (2010-2025)

The outcome of this logical expression and related keyword
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Table 1
Number of occurrences and link to the first question.

combinations is summarised in Table 1, which shows the number of
occurrences relevant to Research Question 1

For Research Question 2, the search focused on AI’s prospective role

id keyword occurrences total link strength
in future sustainable business strategies: P,
171 artificial intelligence 151 302
3227 sustainability 120 195
e Sustainable strategies 2011 machine learning 113 214
e Green economy 437 circular economy 60 102
e Innovation in sustainability 1736 industry 4.0 59 108
e Sustainable digitalisation 1837 Internet of Things 36 140
X . 3275 sustainable development 48 72
e Environmental responsibility 1033 edge computing 41 114
e Adoption of renewable energy 316 blockchain 40 92
e Business transformation 2791 resource allocation 33 48
483 cloud computing 29 91
. . 812 deep learning 28 62
Logical Expression: 20 6g 27 65
“AI” AND (“Sustainable strategies” OR “Green economy” OR “Sus- 1115 energy efficiency 25 39
tainability innovation”) AND (“Sustainable digitalisation” OR “Envi- 1863 iot 25 64
ronmental responsibility” OR “Adoption of renewable energy” OR 2409 optimisation 24 31
“Business transformation”) 1316 federated learning 22 51
K 2908 security 22 69
Result: 281 articles (201072025) 894 digital twin 21 44
The number of relevant articles and their association with Research 903 digitalisation 21 47
Question 2 are presented in Table 2. 892 digital transformation 20 33
8 5g 16 26
. 463 climate change 16 30
Keyw ord co-occurrence analy SLs 2803 resource management 16 38
823 deep reinforcement learning 15 26
The keywords reflect the core content of the article, capturing the 1358 fog computing 15 55
latest topics and development trends in the field, particularly in the 1838 internet of things (iot) 15 27
P . . s 2166 mobile edge computing 14 13
application of Al to business management and sustainability. In both 3207 supply chat
pply chain 14 30
cases, co-occurrence analyses were conducted to identify and visualise 274 bibliometric analysis 13 16
relationships between the select keywords. 1221 environmental sustainability 13 26
1739 industry 5.0 13 18
Research question 1 3011 smart dg . ' 13 18
A threshold of five words was applied, and 50 terms were retained. :;ZZ :ljsttaem;a;ag:;eegfmem goas 12 ;2
The number of occurrences and the strength of the links between 1233 esg 12 18
terms are presented in Table 3. 2805 optimisation of resources 12 19
The resulting co-occurrence map is displayed in Fig. 2: 94 agriculture 1 23
1102 energy 11 19
. 1591 healthcare 11 25
Research question 2 3009  smart cities 11 24
A minimum of five keyword occurrences was applied with 23 key- 3212 supply chain management 11 15
words retained. 280 big data 10 19
The number of occurrences and the strength of the links between 888 digital technologies 10 19
B 899 digital twins 10 19
terms are presented in Table 2. 1973 literature review 10 21
The co-occurrence map generated for this set is displayed in Fig. 3: 2767 renewable energy 10 14
3032 smart grid 10 20
Analysis and results 3043 smart manufacturing 10 18
3348 systematic literature review 10 17
X 756 data analytics 9 25
Overview Of the dataset 1522 green innovation 9 4
2589 predictive maintenance 9 18
A total of 2185 peer-reviewed articles published between 2010 and 2751 reinforcement learning 9 16
2025 were included to provide a comprehensive profile of the analysed 423 china 8 5
. . . . ) 871 digital economy 8 5
documents. These articles were retrieved from ScienceDirect and filtered 1131 energy management s 12
for relevance through manual screening, ensuring alignment with the 1761 innovation 8 16
study’s conceptual framework. The selection comprised contributions 2041 manufacturing 8 20
from Q1 and Q2 journals in the fields of sustainability, technology 2117 metaverse 8 10
management, an d Al 678 corporate sustainability 7 7
? ) . . X 1179 environment 7 12
In terms of temporal distribution, publications grew steadily across 3029 smart farming 7 8
the examined period, with a marked acceleration after 2018, coinciding 381 carbon neutrality 6 17
with the global policy emphasis on digital and green transitions. The 675 corporate social responsibility 6 9
most frequent sources include Journal of Cleaner Production, Technolog- 691 covid-19 6 10
. . . . . 807 decision making 6 9
ical Forecasting and Social Change, and Sustainable Production and Con- 1238 ESG performance 6 5
sumption, reflecting the interdisciplinary nature of this research area. 1343 fintech 6 6
1955 life cycle assessment 6 7
Descriptive analysis and mapping 2276 natu.ra-l langu.age processing 6 6
2575 precision agriculture 6 13
2601 privacy 6 28
The bibliometric maps generated via VOSviewer identified core 2679 Service quality 6 9

thematic clusters based on keyword co-occurrence. A minimum
threshold of five occurrences per keyword was applied to enhance

(continued on next page)
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Table 1 (continued)

id keyword occurrences total link strength
2691 quantum computing 6 26
2847 robotics 6 15
3002 smart agriculture 6 18
3404 text mining 6 10
281 big data analytics 5 7
548 communication 5 14
571 computational intelligence 5 4
709 crop management 5 15
1095 enabling technologies 5 3
1144 energy storage 5 11
1152 energy transition 5 6
1271 explainable Al 5 8
1443 generative Al 5 2
1550 green technology 5 6
1720 industrial internet of things 5 13
1913 kubernetes 5 7
1927 latency 5 8
1979 load balancing 5 4
2012 machine learning (ml) 5 8
2282 natural resources 5 8
2292 net zero 5 15
2354 non-orthogonal multiple access 5 9
2382 open innovation 5 3
2540 policy 5 9
2839 risk management 5 5
2895 sdn 5 14
2979 simulation 5 8
3255 sustainable agriculture 5 8
3284 sustainable energy 5 10
3350 systematic review 5 16
3364 task offloading 5 6
3365 task scheduling 5 11
Table 2

Number of occurrences and link to the second question.

id keyword occurrences total link strength
884 sustainability 53 55
906 sustainable development 26 24
79 circular economy 22 27
229 digitalisation 20 30
23 Artificial Intelligence 19 18
522 industry 4.0 19 26
224 digital transformation 12 8
532 innovation 12 18
92 climate change 9 10
348 environmental sustainability 9 8
54 business model 7 5
77 china 7 5
390 fintech 7 9
455 green innovation 7 3
41 big data 6 11
68 carbon neutrality 6 10
159 corporate social responsibility 6 4
524 industry 5.0 6 7
664 Natural resources 6 8
256 crecimiento econémico 5 7
556 Internet of Things 5 5
747 energia renovable 5 2
873 supply chain 5 4

network clarity and interpretability. Table 3 summarises the principal
clusters and their associated themes.

Thematic interpretation of results

Energy management and optimisation

The analysis reveals strong interlinkages between Al and concepts
such as energy efficiency, resource allocation, and smart grid, highlighting
Al's role as a catalyst for operational sustainability (Dalal et al., 2024; N.
L. Rane et al., 2024). Al-driven technologies enable precise control over

Journal of Innovation & Knowledge 10 (2025) 100792

Table 3
Summary of emerging clusters and themes.

Cluster ~ Label Core Themes

1 Al for Resource Efficiency Energy optimisation, predictive
maintenance, smart grids
2 Digitalisation and Circular  Industry 4.0, Digital Twins, waste
Economy management
3 Sustainability Strategies SDGs, green innovation, carbon
neutrality, CSR
4 Data-Driven Big Data, IoT, cloud computing,
Transformation automation

energy-intensive systems, including data centres and supply chains (Cai
& Gou, 2023; R. Singh & Subramanian, 2024).

Integration of AI and IoT

A robust connection between Al and IoT is evident, supported by
high co-occurrence with terms such as cloud computing and edge
computing. These technologies provide the digital backbone for real-time
decision-making and sustainability monitoring (Benfradj et al., 2024;
Regona et al., 2022). Their applications include predictive maintenance,
emissions reduction, and process automation (Hauashdh et al., 2024;
Scaife, 2024).

Sustainability and circular economy

Sustainability, circular economy, and environmental sustainability form
a tightly interwoven conceptual triad. Their linkage with Industry 4.0
and digital transformation illustrates how AI underpins the development
of closed-loop systems and low-impact industrial models (Bibri et al.,
2024; Rigo et al., 2024; Tao et al., 2024).

Waste management and resource reuse

The prominence of waste management and its connection with sys-
tematic literature review suggests an emerging research focus. Al appli-
cations in this domain include reverse logistics and lifecycle analysis,
supporting material circularity and cost reduction (Akhtar et al., 2024;
Fu et al., 2023; Sinha et al., 2023).

Strategic directions of Al for sustainability

Digital transformation and industry 5.0

The convergence of digital transformation, Al, Big Data, and Industry
5.0 marks a paradigm shift in sustainable business models. These tech-
nologies facilitate agile, data-informed decision-making and optimise
value chains for environmental performance (Khan et al., 2024; N. L.
Rane et al., 2024).

Green innovation and economic growth

The co-occurrence of green innovation, natural resources, and economic
growth reflects increasing interest in Al-driven business models that
balance profitability with ecological responsibility (Islam, 2025; Safitri,
2024).

Carbon neutrality and climate mitigation

Carbon neutrality emerges as a strategic anchor within the cluster
associated with climate change and sustainable development. Al facilitates
emissions monitoring, renewable energy integration, and ecosystem
protection (Chen et al., 2024; Ma et al., 2024).

Corporate social responsibility and ESG metrics

Al applications are increasingly embedded in CSR initiatives,
enabling firms to track, report, and optimise performance across ESG
dimensions (D’'Cruz et al., 2022; Du & Xie, 2021; N. Rane et al., 2024).

Sustainable supply chains and logistics
The evolution of sustainable supply chains is illustrated by the



J.A.G. Gandia et al.

Journal of Innovation & Knowledge 10 (2025) 100792

energy ansition

energyistorage
covig-19

netzero

sustainable energy

engiey

computationgl intelligence

smagggrid
prifacy

commupication

digital U‘( rmation
big datagmetytics s ;
environmentpustainability optimization enerfyi@fficiency
- A E srnee @ty
sustainable deggioFment goals ’“",‘““ _AsderatggJEariing
snstainabl‘/elopmem resource’ agement
green teghnology \ - sask offloading b 4
- “u‘. in bealtficare i
mrcu\e.)’nomy 5 = « iy Huantumioriputing edge a@gibuting
sustainabili " ine i = :
s e@facturing L3I0 — N rring fesourcifocation
. — - N task scugduling
digitgfghtion e -Srtifici ﬁgence % - - cloud d@@puting
. eej Jrain
> e elimatgnerie w § prme @ oy
i ; e afhings oo
Sysempbereg bloggghain fog salfiputing
/1 lntern‘thmgs non-orthogonabmGtiple access
innofgation /agriggture
| deep reinforégnent learning
dara agptyies manul@tuing Al o gswins
(€7 atufy revicwaste mifiagement \ Feinforcemgnt learnifig:
risk mardgement, digigvin machine@rning (m)

text ining
systematic ligrature/review A

bibliomets analysis digital teghnologies, L%
rongtics

y| supply chair@ifanagement crop maWigement
esg per@rmance

smart@ming @

big@hta

)/ smarteghculture

resource gptimization

quality @ service

predictive gpintenance

Simdiption

natural languige processing

llustration

Fig. 2. VOSviewer output first question.

integration of Al in logistics optimisation and ethical procurement
(Dalal et al., 2024; Edunjobi, 2024). Links with the circular economy are
particularly pronounced in this cluster.

Renewable energy integration

The connection between renewable energy and economic growth po-
sitions Al as a critical enabler of low-carbon transitions. Al supports
forecasting, storage management, and grid integration of renewables
(Evro et al., 2024; Li et al., 2024).

Validation of research questions

The bibliometric evidence robustly confirms the relevance of Al as a
multi-dimensional enabler of sustainability. Al is shown to connect
directly with critical constructs such as Industry 5.0, circular economy,
and digital transformation, thereby validating RQ1. Regarding RQ2, the
mapping of forward-looking clusters around green innovation, CSR, and
renewable integration underscores the AIs transformative role in future
business strategy.

Synthesis of key findings

The results affirm that Al operates within a broader digital ecosystem
that includes IoT, Big Data, and cloud infrastructures. Its contributions
span both operational and strategic dimensions of sustainability. Inter-
pretive analysis of the co-occurrence patterns provides nuanced insights
into the evolving discourse around Al and sustainability, offering a
roadmap for future empirical validation and policy alignment.

Discussion
Comparison with existing research

The findings of this study reinforce and extend the current body of
knowledge on the role of Al in advancing business sustainability. Prior
research has consistently highlighted AIs relevance in enhancing oper-
ational performance and enabling sustainable transitions (Chen et al.,
2024; Khan et al., 2024). Our results corroborate these insights by
identifying energy optimisation, predictive maintenance, and real-time
monitoring as dominant clusters within the bibliometric landscape.
These observations align closely with the empirical work of Dalal (2024)
and Regona (2022), who illustrate the efficiency gains derived from
Al-enabled infrastructure.

However, this study also contributes novel perspectives. While the
integration of AI and IoT has been explored in existing literature
(Benfradj et al., 2024), our analysis reveals how these technologies form
a central technological axis in achieving circular economy goals, thus
extending the findings of Akhtar (2024) and Bibri (2024). Moreover, this
research expands the conceptual understanding of AI’s multidimen-
sional influence across several SDGs by systematically mapping clusters
associated with digital transformation, sustainable product design, and
carbon neutrality..

The prominence of Al in resource circularity and green innovation,
and its interconnection with Industry 5.0 and digital twins, reflects a
clear advancement from earlier descriptive analyses (Rigo et al., 2024;
M. Singh & Khan, 2024). The study moves beyond thematic repetition
by offering structured interpretations of how these concepts are
converging into a coherent strategic agenda for sustainable trans-
formation. In doing so, it addresses a gap noted by Islam (2025) and
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Safitri (2024), who called for more integrated, system-level analyses.

Theoretical contributions and implications

This study advances theoretical discourse by proposing a multi-
mechanism model through which AI drives business sustainability:
knowledge generation, automation, and predictive analytics. These
mechanisms are empirically supported through bibliometric evidence
and conceptually grounded in sustainability and innovation theories. By
integrating digitalisation and circular economy principles into one
cohesive model, this study enriches theoretical frameworks that have
hitherto remained siloed. It also introduces a structured mapping
methodology that may be replicated in future bibliometric research
examining technology-driven sustainability.

Implications for practice

The results hold several practical implications for business managers
and policymakers. First, the identification of dominant thematic clusters
can guide strategic investment in Al applications most aligned with
sustainability goals, such as energy efficiency, lifecycle analysis, and
ESG monitoring. Second, the findings suggest that firms should adopt Al
not as a standalone tool, but as a component of a broader digital infra-
structure involving IoT, Big Data, and edge computing. SMEs, in
particular, may benefit from leveraging cloud-based Al platforms pow-
ered by renewable energy to reduce operational emissions and lower
infrastructure costs (Chidolue et al., 2024; Morgan, 202.3).

Moreover, expanding Al implementation to include participatory
approaches such as citizen science offers a promising avenue for real-
time sustainability monitoring and stakeholder engagement (Fraisl
et al., 2025).

In practice, companies that integrate Al into sustainable strategies
are likely to gain environmental benefits as well as market differentia-
tion. This reinforces the idea that sustainability should not be
approached solely as a matter of regulatory compliance or social re-
sponsibility, but as a source of competitive advantage.

Limitations and future research directions

While this study provides a comprehensive bibliometric overview, it
is not without limitations. The exclusive reliance on ScienceDirect,
despite manual curation, may restrict the diversity of perspectives
captured. Moreover, the absence of a qualitative component limits
interpretative depth regarding user experiences and organisational
behaviour.

Future research should consider triangulating bibliometric data with
expert interviews or case studies to validate the observed thematic
patterns and their real-world implications. Longitudinal bibliometric
studies could also assess how A5 contribution to sustainability evolves
in response to technological breakthroughs or regulatory developments.
Additionally, future work should address the environmental impact of
Al itself, including the energy consumption associated with algorithm
training and data storage, thereby ensuring a holistic assessment of AI's
role in sustainability transitions.

Lines to follow

Future research on the impact of Al on business sustainability can
explore diverse and promising directions that encompass both the
technical challenges and ethical considerations of AI implementation.
First, developing energy-efficient Al models is crucial. Optimizing al-
gorithms and utilising specialised hardware can lower the energy
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consumption involved in training and deploying AI models, thereby
reducing their environmental impact.

In addition, the integration of AI with the circular economy repre-
sents an innovative direction for promoting efficient management of
resources and waste. Al can identify opportunities to reuse and recycle
materials throughout supply chains, fostering more sustainable business
operations.

These research paths address not only the technical obstacles related
to Al implementation but also the ethical and sustainability consider-
ations, providing a comprehensive framework to fully leverage the po-
tential of Al in the business context.

Conclusions

This study demonstrates the pivotal role of Al in advancing business
sustainability through a systematic bibliometric analysis. By identifying
and interpreting key thematic clusters across more than two thousand
peer-reviewed articles, the research empirical validates AI's multifac-
eted impact on operational efficiency, environmental performance, and
strategic innovation.

Unlike prior studies that have often treated digitalisation, circular
economy, and Al as isolated phenomena, this study offers a unified
conceptual framework grounded in three interdependent mechanisms:
knowledge generation, automation, and predictive analytics. These
mechanisms were shown to intersect with strategic domains such as
green innovation, renewable integration, and corporate responsibility,
thereby addressing the research questions with precision and depth.

A distinctive contribution of this work lies in its comprehensive
mapping of how AI technologies are embedded across multiple sus-
tainability pathways—from energy optimisation to ESG metrics—and
how these technologies are shaping forward-looking business strategies.
The study also advances bibliometric methodology by illustrating the
added value of co-occurrence interpretation beyond surface-level trend
analysis.

For practitioners, the findings highlight where strategic investment
in Al is most likely to yield sustainability dividends, particularly when
integrated with complementary technologies such as IoT and Big Data.
For scholars, the study identifies critical thematic gaps and invites future
research to explore the contextual and organisational factors that
mediate the Al-sustainability nexus.

By framing Al not merely as a technical tool but as a systemic enabler
of sustainability, this paper contributes to a more nuanced under-
standing of digital transformation in contemporary business ecosystems.
It offers actionable insight for firms seeking to embed sustainability into
their digital strategies and establishes a foundation for more integrative,
empirically grounded research in this domain.
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