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1. Introduction

Generative artificial intelligence (GenAI) holds immen-
se potential for addressing critical sustainability challenges 
amid escalating environmental, social, and economic pres-
sures. By harnessing advanced capabilities in data proces-
sing, problem-solving, and content creation, GenAI offers 
innovative solutions to enhance resource efficiency, promote 
inclusivity, and accelerate progress toward the Sustainable 
Development Goals (SDGs). For example, GenAI applications 
in education can democratize knowledge access by personali-
zing learning experiences for diverse audiences and bridging 
digital divides. In business and industry, GenAI optimizes 
operations, streamlines supply chains, and drives sustainable 
innovation. Similarly, in environmental management, GenAI 
aids data-driven decision-making for climate modeling, bio-
diversity conservation, and urban planning. However, the te-
chnology’s dual nature, marked by high energy consumption 
and risks of exacerbating inequalities, necessitates ethical 
governance and strategic integration to maximize benefits 
while mitigating risks.

Following the approach of recent review articles (Dwivedi, 
2025; Dwivedi et al., 2024) on GenAI-related issues, a search 
of the Scopus database conducted in November 2024, using 
a combination of terms such as “ChatGPT,” or “Generative 
Artificial Intelligence,” or “Generative AI,” or “GenAI” in con-
junction with “Sustainability,” or “Sustainable Development 
Goal,” reveals a surge in academic interest at the intersection 
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of GenAI and sustainability over the past 2 years. Research 
spans diverse domains such as education, business strate-
gy, governance, environmental management, and societal 
equity. Studies highlight GenAI’s contributions to SDGs, such 
as quality education (SDG 4), responsible consumption and 
production (SDG 12), and global partnerships (SDG 17), while 
also addressing systemic risks such as algorithmic bias, digi-
tal divides, and the environmental costs of energy-intensive 
artificial intelligence (AI) models.

The      expanding body of literature underscores the need 
for an early synthesis  to map trends (Dwivedi, 2025; Dwive-
di et al., 2024), identify opportunities, and pinpoint research 
gaps. Such an effort provides actionable insights for policy-
makers and practitioners seeking to leverage GenAI for sus-
tainable development. This paper addresses that need throu-
gh a thematic review of recent contributions, categorizing 
findings and/or important arguments across key domains 
and analyzing both the transformative potential and inherent 
risks of GenAI in advancing sustainability. The goal is to offer 
a holistic perspective, inform future research, foster interdis-
ciplinary collaboration, and promote the ethical deployment 
of GenAI to achieve a sustainable and equitable global future.

To provide a comprehensive overview, Table 1 categori-
zes the reviewed themes and associated studies, serving as a 
roadmap for understanding existing research. The table out-
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A recurring theme across the studies is the need for strate-
gic integration and robust policy frameworks to mitigate risks 
while amplifying benefits. Alshamsi et al. (2024) and Matthew 
et al. (2024) both stress the importance of infrastructure in-
vestments and policy design to ensure equitable access and 
avoid over reliance on AI tools. However, Alshamsi et al. (2024) 
take a more quantitative approach, using structural equation 
modeling to directly link AI technologies to educational ad-
vancements and SDG attainment. This empirical perspective 
complements Matthew et al.’s (2024) qualitative focus on fos-
tering inclusivity and critical thinking, demonstrating how AI 
can be integrated into pedagogical frameworks to enhance 
digital literacy and higher-order skills. Collectively, the studies 
recognize the transformative potential of AI in education but 
highlight varying degrees of progress and challenges in im-
plementing these tools across different socio economic con-
texts (Alshamsi et al., 2024; Matthew et al., 2024).

Synthesizing the findings, it becomes evident that the 
transformative potential of GenAI in sustainability educa-
tion hinges on its contextual adaptability and the ethical fra-
meworks surrounding its deployment. While Alarcón-López 
et al. (2024) demonstrate ChatGPT’s utility in tailoring content 
to diverse learners, especially in fostering critical thinking, Al-
shamsi et al. (2024) emphasize its broader implications for 
aligning educational practices with SDG progress. Similarly, 
both Nedungadi et al. (2024) and Matthew et al. (2024) argue 
for AI’s role in enhancing vocational training and global citi-
zenship education. However, they also highlight risks, such 
as algorithmic bias and inequitable access, which could exa-
cerbate existing inequalities. These findings collectively un-
derscore the dual mandate of leveraging AI’s potential while 
addressing systemic barriers to ensure that its adoption be-
nefits all learners and fosters sustainable, inclusive educa-
tion.

lines themes such as sustainability education, AI alignment 
with SDGs, business sustainability, and ethical considerations 
critical for responsible GenAI deployment.
     
Table 1. Classification of themes with references.

Theme References

Sustainability education (Section 2) Alarcón-López et al. (2024), Alshamsi et al. (2024), Nedungadi et al. (2024), and 
Matthew et al. (2024)

Role in      achieving SDGs (Section 3) Fonseca et al. (2024), Raman et al. (2024), Wang      and Zhang (2025), and 
Sashida et al. (2023)

Impact on social sustainability (Section 4) Al-Emran et al. (2024), Khowaja et al. (2024), and Al-Emran et al. (2025)

Business sustainability and strategic value (Section 5) AlQershi et al. (2024), Agrawal (2023), and Ghobakhloo et al. (2024)

Sustainability      reporting (Section 6) Bronzini et al. (2024), Apostol et al. (2024), and Sashida et al. (2023)

Higher education and sustainable development (Section 7) Boustani et al. (2024), Martínez-Martín et al. (2024), and Eisenreich et al. (2024)

Ethical, cultural, and policy considerations (Section 8) Driessens      and Pischetola (2024), Sato et al. (2023), and Khowaja et al. (2024)

AI for sustainability innovations (Section 9) Bergeron et al. (2023), Bhaskar      and Seth (2024), and Giudici et al. (2023)

     
The remaining paper is structured as follows: Section 2 

explores GenAI’s role in sustainability education, followed by 
Section 3, which discusses its contributions to SDGs     . Sub-
sequent sections examine its impact on social sustainability, 
business strategies, sustainability reporting, and higher edu-
cation. Ethical, cultural, and policy dimensions are discussed, 
concluding with insights into innovative applications and fu-
ture research directions.     

     2. Generative AI and Sustainability 

Education

Four studies were found to focus on investigating how Ge-
nAI, especially ChatGPT, influences critical thinking and edu-
cational practices geared toward sustainability. Their analy-
ses suggest that the application of GenAI technologies, such 
as ChatGPT, presents both opportunities and challenges in 
advancing sustainability education, with significant overlap 
in findings across the studies. Alarcón-López et al. (2024) and 
Nedungadi et al. (2024) converge on ChatGPT’s ability to fos-
ter inclusivity and critical thinking, particularly in underserved 
or resource-constrained contexts. Both emphasize the tool’s 
capacity for personalizing learning experiences, improving 
engagement, and addressing educational disparities. Howe-
ver, while Alarcón-López et al. (2024) highlight the immediate 
cognitive gains in energy literacy and the varying adaptability 
of rural versus urban students to ChatGPT, Nedungadi et al. 
(2024) focus on long-term benefits, such as preparing lear-
ners for evolving job markets through vocational training and 
alignment with SDGs such as quality education and decent 
work. The integration of ChatGPT in rural schools further un-
derscores its democratizing potential in education, yet both 
studies warn of ethical and access-related challenges, inclu-
ding digital divides and biases, which necessitate targeted 
interventions (Alarcón-López et al., 2024; Nedungadi et al., 
2024).
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4. Impact of Generative AI on Social 

Sustainability

Three studies examined how GenAI aligns with social 
sustainability by addressing ethical considerations, digital 
divides, and societal impacts, offering complementary but 
distinct perspectives. Al-Emran et al. (2024) and Al-Emran et 
al. (2025) highlight how GenAI fosters inclusivity and equity 
by personalizing educational experiences and democratizing 
access to learning resources. They emphasize its potential to 
address barriers related to geography, socioeconomic sta-
tus, and disabilities. Meanwhile, Khowaja et al. (2024) takes 
a broader societal view, focusing on how GenAI can demo-
cratize access to resources and drive innovation but cautions 
about systemic challenges, particularly its role in exacerba-
ting digital divides. While all three studies converge on the 
transformative potential of GenAI, Khowaja et al. (2024) 
uniquely emphasizes the necessity of localized content and 
affordable infrastructure to ensure these benefits are equi-
tably distributed, complementing the accessibility concerns 
raised by Al-Emran et al. (2024; 2025).

Ethical considerations are central to all three studies, un-
derscoring the importance of responsible AI use. Al-Emran et 
al. (2025) identify perceived threats, such as data breaches 
and algorithmic biases, as significant barriers to adoption, 
aligning with Khowaja et al.’s (2024) call for regulatory fra-
meworks such as the Sustainability, Privacy, Digital Divide, 
and Ethics (SPADE) model to address these challenges. Both 
studies stress the critical need for transparency, data protec-
tion, and fairness in AI operations to build trust among users. 
Al-Emran et al. (2024) adds a unique perspective by emphasi-
zing the role of societal norms and user perceptions, such as 
perceived intelligence and animacy of AI, in driving adoption. 
Collectively, these findings illustrate that, while technological 
advancements can enhance inclusivity, robust ethical gover-
nance is necessary to mitigate risks and ensure long-term 
societal benefits.

Beyond inclusivity and ethics, the studies also explore the 
environmental and systemic implications of GenAI. Khowaja 
et al. (2024) raises concerns about the carbon-intensive na-
ture of large language models and advocates for renewable 
energy adoption to mitigate environmental harm. This focus 
complements the sustainability dimensions of the Technolo-
gy-Environmental, Economic, and Social Sustainability Theory 
(T-EESST) emphasized by Al-Emran et al. (2024; 2025). Toge-
ther, the studies call for policies addressing digital literacy 
gaps, equitable resource distribution, and environmental 
consciousness, highlighting that the true potential of Genera-
tive AI lies in integrating ethical, environmental, and societal 
frameworks to achieve sustainable and inclusive technologi-
cal progress.

3. Generative AI’s Role in Achieving 

Sustainable Development Goals (SDGs)

Four existing studies have focused on how GenAI, parti-
cularly ChatGPT, aligns with and supports the United Nations 
Sustainable Development Goals (SDGs), offering valuable in-
sights into its transformative potential. Analysis from these 
studies suggests that AI can address specific challenges and 
create new opportunities for advancing sustainability objec-
tives across industries. For instance, Fonseca et al. (2024) 
highlight AI’s ability to assist small and medium enterprises 
(SMEs) in resource-constrained environments by developing 
sustainability roadmaps and tracking progress through key 
performance indicators (KPIs). Similarly, Wang and Zhang 
(2025) emphasize AI’s role in improving operational efficiency 
and fostering digital collaboration in tourism SMEs, aligning 
with SDGs such as responsible consumption and production 
(SDG 12) and decent work and economic growth (SDG 8). Both 
studies illustrate AI’s capacity to innovate within sector-speci-
fic contexts, showcasing its versatility in addressing diverse 
sustainability challenges.

Analysis also reveals that GenAI is a powerful tool for 
advancing knowledge and literacy related to sustainabili-
ty. Raman et al. (2024) demonstrate ChatGPT’s capability to 
enhance awareness and facilitate cross-sector education on 
sustainable practices, achieving high scores in SDG-focused 
assessments such as the sustainability literacy test. This alig-
ns with SDG 4 (quality education) and reflects its potential to 
bridge knowledge gaps in policy and practice. Similarly, Sas-
hida et al. (2023) discuss AI’s contributions to adaptive lear-
ning and data accessibility, further reinforcing its educational 
impact. However, these studies also identify gaps, such as 
the intermediate-level performance in critical competencies      
such as systems thinking (Raman et al., 2024) and risks of al-
gorithmic bias and energy consumption (Sashida et al., 2023). 
These challenges underscore the importance of continuous 
refinement in AI systems to ensure comprehensive and equi-
table solutions to SDG interdependencies.

Moreover, these studies suggest that GenAI fosters co-
llaboration and innovation, creating opportunities for mul-
ti-stakeholder engagement essential for achieving SDG 17 
(partnerships for the goals). Fonseca et al. (2024) highlight 
how AI supports transparency and trust through effective 
sustainability communication strategies, while Wang and 
Zhang (2025) emphasize its role in coordinating digital su-
pply chains and enabling customer co-creation. Sashida et al. 
(2023) extend this perspective by showcasing how AI-driven 
localized interventions empower communities to address 
their unique sustainability challenges. Despite these advanta-
ges, all studies converge on the need for robust ethical over-
sight to mitigate risks such as data inaccuracies and energy 
inefficiencies. Integrating AI innovations with governance 
frameworks can ensure that its potential for supporting SDGs 
is maximized while addressing associated challenges, crea-
ting a pathway for sustainable and inclusive development.
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6. Generative AI and Sustainability 

Reporting

Three recent studies published in the last 2 years utilized 
GenAI for analyzing and deriving insights from sustainability 
reports and accountability documentation. Collectively, the-
se studies illustrate the transformative potential of GenAI in 
improving transparency, efficiency, and analytical depth in 
sustainability reporting. Bronzini et al. (2024) and Sashida et 
al. (2023) both highlight the capability of AI to extract struc-
tured data from unstructured sustainability reports, though 
their focus diverges: While Bronzini et al. (2024) emphasize 
extracting environmental, social, and governance (ESG) data 
for creating knowledge graphs and statistical analyses, Sas-
hida et al. (2023) concentrate on Sustainable Development 
Goals (SDG)-related content using specific AI models such 
as Bidirectional Encoder Representations from Transformers 
(BERT) and ChatGPT. Both studies demonstrate the value of 
GenAI in managing thematic diversity and inconsistent for-
matting in reports, underscoring its role in providing actiona-
ble insights. However, their methodologies differ, with Bron-
zini et al. (2024) employing advanced frameworks such as 
retrieval-augmented generation (RAG) and Shapley Additive 
Explanations (SHAP) for interpretive analyses, while Sashida 
et al. (2023) use BERT and ChatGPT for narrative synthesis to 
standardize and simplify complex data.     

An area of convergence among these studies is the em-
phasis on combining AI-driven automation with human over-
sight, which has also been discussed in a recently published 
article on the impact of GenAI on academic publishing (Dwi-
vedi et al., 2024). Apostol et al. (2024) argue that, while large 
language models (LLMs) can efficiently process and classify 
sustainability data, their use should be carefully managed to 
avoid over reliance, errors, and loss of authenticity. This alig-
ns with Sashida et al.’s (2023) caution regarding the need for 
human validation of AI-generated insights to maintain con-
textual accuracy and ethical standards. Bronzini et al. (2024) 
also indirectly reinforce this perspective by focusing on trans-
parency and tailored ESG initiatives that leverage AI outputs 
for meaningful corporate performance assessments. Toge-
ther, these studies highlight that the effective use of GenAI 
is not purely technical; it also involves addressing ethical and 
interpretive considerations to preserve the integrity and rele-
vance of sustainability analyses.

Despite their shared optimism about AI’s transformative 
potential, the studies differ in addressing the limitations and 
risks associated with its implementation. Apostol et al. (2024) 
take a critical stance, highlighting potential pitfalls such as 
uncritical reliance on AI and diminished research authenti-
city, which could erode trust in sustainability disclosures. In 
contrast, Sashida et al. (2023) are more focused on technical 
integration, emphasizing how specific models such as BERT 
and ChatGPT can address inconsistencies and enhance the 
standardization of sustainability metrics. Meanwhile, Bron-
zini et al. (2024) adopt a broader perspective, showing how 
AI-facilitated analytics can enable cross-sectoral comparisons 
and strategic improvements in reporting practices. These di-

5. Business Sustainability and 

Strategic Value through Generative AI

Three recent studies have explored how firms can en-
hance strategic value and achieve sustainability goals using 
GenAI technologies, providing complementary yet distinct 
perspectives on its applications. AlQershi et al. (2024) and 
Agrawal (2023) emphasize the role of GenAI in driving orga-
nizational agility and operational efficiency. While AlQershi et 
al. (2024) highlight its ability to streamline managerial pro-
ductivity and enhance organizational support, Agrawal (2023) 
explores the transformative potential of GenAI optimization 
intelligence (GenAI-OI) in embedding agile practices and fos-
tering collective action within firms. Both studies underscore 
the importance of aligning GenAI applications with organiza-
tional strategies to maximize impact, but they differ in their 
focus. AlQershi et al. (2024) stress customer engagement and 
sector-specific applications such as education, while Agrawal 
underscores the necessity of organizational norms and conti-
nuous reflexive monitoring to ensure the sustainability of AI 
initiatives.     

Ghobakhloo et al. (2024) further expand this discussion 
by situating GenAI technologies within the Industry 5.0 fra-
mework, emphasizing their role in sustainable manufactu-
ring. Their study provides a more detailed roadmap, iden-
tifying ten distinct GenAI functions, such as data-driven 
production insights and advanced quality management, to 
achieve environmental and economic sustainability. Unlike 
AlQershi et al. (2024) and Agrawal (2023), Ghobakhloo et al. 
stress the synergistic deployment of AI functions for enhan-
ced impact, reflecting a more holistic and phased approach to 
integration. This contrasts with Agrawal’s emphasis on cogni-
tive participation and organizational coherence and AlQershi 
et al.’s focus on leveraging GenAI for competitive advantage 
in dynamic sectors. However, all three studies agree that Ge-
nAI is not a standalone solution but rather requires strategic 
alignment, employee engagement, and ethical governance 
for long-term success.     

Despite their differing contexts and focuses, the studies 
collectively highlight key challenges in adopting GenAI, inclu-
ding data accessibility, system compatibility, and ethical con-
cerns such as algorithmic bias and job displacement. Agrawal 
(2023) and Ghobakhloo et al. (2024) both highlight the role 
of proactive governance and interdisciplinary collaboration to 
address these challenges. Ghobakhloo et al. (2024) additiona-
lly stress the need for targeted investments in education and 
training, aligning with Agrawal’s call for tailored programs 
to support employee engagement. Meanwhile, AlQershi et 
al. (2024) point to the limitations of decision aids in contri-
buting to sustainability goals, adding nuance to the broader 
discourse on AI’s applicability. Together, these studies provide 
a comprehensive understanding of how GenAI technologies 
can drive strategic value and sustainability, offering actiona-
ble insights for firms to navigate the complexities of imple-
mentation in various sectors.
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verse approaches underline the need for a nuanced and in-
terdisciplinary strategy to harness GenAI’s full potential while 
managing its inherent risks in sustainability accounting and 
accountability documentation.

7. Generative AI in Higher Education 

for Sustainable Development

Three recent studies published in the last year examined 
how to integrate GenAI into higher education to support 
Sustainable Development Goals (SDGs) and knowledge dis-
semination. A common theme across these studies is the po-
tential of AI to promote SDG 4 (quality education) through 
personalized learning and inclusivity. Boustani et al. (2024) 
emphasize AI’s capacity to adapt education to diverse stu-
dent needs, optimizing resource use and reducing costs, 
particularly in underserved regions, thereby bridging the di-
gital divide. Similarly, Martínez-Martín et al. (2024) highlight 
AI’s role in creating adaptive learning environments, such as 
real-time language translation and personalized content, to 
make education more equitable. Both studies converge on 
the importance of leveraging AI to enhance accessibility whi-
le aligning curricula with sustainability-focused frameworks. 
Eisenreich et al. (2024) add to this discussion by showcasing 
how AI supports innovative teaching strategies and dissemi-
nates knowledge effectively, especially in fostering cross-dis-
ciplinary collaborations. These shared insights underscore 
the transformative power of GenAI in advancing education’s 
accessibility, effectiveness, and alignment with global cha-
llenges.

Despite the shared optimism, these studies also highlight 
significant challenges in integrating AI into education. Mar-
tínez-Martín et al. (2024) stress the ethical concerns of data 
privacy, energy-intensive AI training processes, and the risk 
of dehumanizing education. Similarly, Boustani et al. (2024) 
point to barriers such as infrastructure limitations and re-
sistance to technology adoption, emphasizing the need for 
robust information and communication technology (ICT) 
strategies and investments. Eisenreich et al. (2024) identify 
a novelty–feasibility trade-off, where AI excels in generating 
creative ideas but often falls short in practical applicability 
without expert input. Collectively, these challenges underline 
the need for careful planning, ethical oversight, and human 
validation in AI-driven education strategies to ensure sustai-
nable and impactful integration.

The synthesis of these findings reveals actionable strate-
gies for higher education institutions to harness GenAI effec-
tively. All three studies advocate for targeted investments 
in AI literacy and professional development for educators 
to maximize its potential while addressing resistance and 
ethical concerns. Eisenreich et al. (2024) propose a systems 
approach combining human expertise with AI-driven insi-
ghts to balance creativity and feasibility. Meanwhile, Martí-
nez-Martín et al. (2024) emphasize the importance of policies 
ensuring transparency and inclusivity, while Boustani et al. 
(2024) call for partnerships with global experts to tailor inte-
gration strategies to local contexts. Together, these studies 

highlight that the successful adoption of GenAI in education 
lies in fostering human–AI collaboration, addressing tech-
nological and ethical complexities and aligning educational 
practices with sustainability objectives.

8. Ethical, Cultural, and Policy 

Considerations

Three recent studies published in the past 2 years exami-
ne policy challenges, cultural perceptions, and ethical dilem-
mas surrounding the use of GenAI in sustainability contexts. 
A central policy challenge highlighted across these studies 
is the environmental cost of training and deploying large 
language models, which consume immense computational 
resources and contribute significantly to carbon emissions 
(Driessens & Pischetola, 2024; Khowaja et al., 2024). While AI 
offers avenues for enhanced efficiency and data-driven deci-
sion-making in sustainability practices, its deployment often 
lacks alignment with established environmental goals. For 
instance, GenAI’s potential to streamline administrative pro-
cesses in sustainability initiatives must be weighed against 
its resource-intensive requirements, which exacerbate eco-
logical concerns (Sato et al., 2023). These policy challenges 
underscore the necessity for robust frameworks to evaluate 
AI’s sustainability, privacy, and equity impacts and ensure its 
responsible application (Khowaja et al., 2024).     

Cultural perceptions surrounding GenAI in sustainability 
contexts reveal both optimism and critique. On one hand, 
these technologies are celebrated for democratizing access 
to information and fostering inclusivity, particularly in educa-
tional and conservation efforts (Driessens & Pischetola, 2024; 
Sato et al., 2023). For example, GenAI can enhance knowled-
ge dissemination and engage broader audiences in environ-
mental initiatives, as seen in its application in nature parks 
to boost visitor engagement (Sato et al., 2023). On the other 
hand, critics caution against the cultural homogenization and 
commodification AI may induce, particularly in heritage- and 
community-focused contexts. The reliance on AI-driven solu-
tions, often designed with a focus on global scalability, risks 
sidelining localized cultural practices and values (Khowaja et 
al., 2024). Additionally, AI’s reinforcement of global inequali-
ties, such as the digital divide, further complicates its role in 
equitable sustainability efforts, necessitating more culturally 
sensitive designs and implementation strategies. 

Ethical dilemmas emerge as a significant concern, par-
ticularly in balancing AI’s innovative potential with the risks 
of data privacy breaches, bias reproduction, and misinfor-
mation. While GenAI holds promise for behavioral guidance 
and decision-making, such as using tailored experiences to 
influence sustainable tourist behavior, this raises concer-
ns about user autonomy and informed consent (Sato et al., 
2023). Moreover, the commodification of user data without 
transparent consent mechanisms highlights the urgent need 
for ethical oversight in AI deployment (Khowaja et al., 2024). 
Surveillance capitalism and systemic biases embedded in AI 
outputs further complicate its ethical landscape, as noted 
by Driessens and Pischetola (2024). Together, these studies 
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vioral changes in individuals and communities. However, the 
associated environmental costs necessitate deliberate efforts 
to improve AI energy efficiency and sustainability. Proposals 
such as hybrid AI models (Giudici et al., 2023), regulatory 
frameworks (Bhaskar and Seth, 2024), and advanced biblio-
metric methods (Bergeron et al., 2023) offer complementary 
strategies for maximizing the benefits of GenAI while minimi-
zing its drawbacks. Together, these insights demonstrate how 
cross-disciplinary collaboration and conscious innovation can 
harness the full potential of GenAI to address complex global 
sustainability challenges effectively. 

10. Discussions

Sections 2–9 collectively examine GenAI’s varied contribu-
tions to sustainability, offering insights into its applications 
across education, Sustainable Development Goals (SDGs), so-
cial equity, business strategy, sustainability reporting, ethics, 
and innovation. A consistent theme throughout these sec-
tions is the potential of GenAI to support responses to com-
plex sustainability challenges. At the same time, each section 
highlights distinct focus areas, reflecting the diverse opportu-
nities and risks associated with its implementation.

The role of GenAI in transforming education is a central 
focus in Sections 2 and 7. Studies by Alarcón-López et al. 
(2024) and Nedungadi et al. (2024) emphasize ChatGPT’s abi-
lity to reduce educational disparities by fostering critical thin-
king and personalized learning in underserved communities. 
Section 7 builds on this by illustrating how GenAI can support 
adaptive learning environments, as highlighted by Eisenreich 
et al. (2024). These insights are closely related to those in Sec-
tion 3, which explores how GenAI contributes to SDGs such 
as quality education (SDG 4) and decent work (SDG 8). For 
example, Fonseca et al. (2024) describe how AI tools enhance 
digital collaboration and knowledge dissemination, helping      
address resource limitations and promote sustainability li-
teracy. Section 6 adds another layer by demonstrating how 
tools such as ChatGPT and BERT improve data accessibility 
and standardization in sustainability reporting. Taken toge-
ther, these studies underscore AI’s capacity to democratize 
access and enhance operational efficiency in support of sus-
tainable development.     

Despite this promise, several challenges remain. Ethical, 
environmental, and structural risks are central concerns. Sec-
tions 4 and 8 draw attention to issues such as algorithmic 
bias, data privacy, and disparities in access to technology. 
Khowaja et al. (2024) and Driessens and Pischetola (2024) 
emphasize the importance of robust governance frameworks 
to ensure that AI adoption supports environmental goals and 
social equity. Section 8 also highlights the high energy de-
mands of training large AI models, while Section 9 proposes 
hybrid approaches and energy-efficient algorithms to reduce 
environmental impact. These discussions further stress the 
need for culturally appropriate designs that avoid reinforcing 
existing inequalities, echoing the themes of social sustainabi-
lity outlined in Section 4.

emphasize that the integration of GenAI into sustainability 
initiatives must be guided by stringent ethical frameworks 
and policies to balance its benefits with accountability and 
inclusivity. 

9. Generative AI for Sustainability 

Innovations

Three recent studies published in the last 2 years highlight 
the application of GenAI for innovative practices in sustaina-
bility across various domains, including tourism, geosciences, 
and environmental management. A key theme across these 
studies is the potential of GenAI, particularly large langua-
ge models (LLMs) such as ChatGPT, to advance data analysis 
and decision-making for sustainability efforts. For example, 
Bergeron et al. (2023) emphasize the transformative role 
of LLMs in automating bibliometric mapping of the United 
Nations Sustainable Development Goals (SDGs), showcasing 
a remarkable 634% improvement in keyword comprehensi-
veness. Similarly, Bhaskar and Seth (2024) and Giudici et al. 
(2023) identify LLMs as pivotal in generating actionable insi-
ghts across domains, ranging from sustainable tourism stra-
tegies to climate change modeling in the geosciences. These 
studies collectively illustrate how LLMs enable more dynamic, 
scalable approaches to addressing sustainability challenges. 
However, they also acknowledge a common concern: the sig-
nificant energy consumption and environmental costs asso-
ciated with developing and deploying these AI systems, sig-
naling the need for more efficient AI practices. 

Despite their shared optimism about GenAI’s potential, 
the studies diverge in their emphasis on domain-specific 
applications and the strategies for mitigating AI’s environ-
mental impacts. Bergeron et al. (2023) focus on the technical 
achievements of LLMs in improving the depth and breadth 
of SDG-related data, which facilitates cross-disciplinary co-
llaboration. In contrast, Bhaskar and Seth (2024) prioritize 
operational applications, such as optimizing resource use 
in tourism and enhancing climate resilience in geosciences. 
Their work also brings attention to the environmental tra-
de-offs of GenAI, including carbon emissions and e-waste, 
and proposes solutions such as energy-efficient algorithms 
and renewable energy integration. Meanwhile, Giudici et al. 
(2023) extend the discussion to user-centric applications, 
such as embedding LLMs in smart home assistants to promo-
te sustainable behaviors such as energy conservation. Their 
proposed hybrid models and real-time data integration stra-
tegies aim to address the biases and inaccuracies in AI ou-
tputs while reducing computational demands. These varied 
approaches underscore the versatility of GenAI and highlight 
domain-specific challenges and solutions. 

Upon synthesizing these findings, it becomes clear that, 
while Generative AI presents ground breaking opportunities 
for advancing sustainability, its effective integration requires 
a balance between innovation and responsibility. Across the 
studies, a shared vision emerges: GenAI can redefine sustai-
nability practices by enabling precise environmental monito-
ring, facilitating eco-friendly planning, and fostering beha-
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While many sections raise shared concerns around ethics 
and governance, each one offers a different perspective ba-
sed on its area of focus. Section 5, for instance, concentrates 
on business applications of GenAI. Ghobakhloo et al. (2024) 
describe how AI can support strategic agility and operatio-
nal performance within Industry 5.0 frameworks. This busi-
ness-oriented view contrasts with Section 2’s focus on inclu-
sive education and Section 4’s emphasis on equitable access. 
Section 9 adds yet another perspective, focusing on innova-
tion in specific domains such as climate modeling and sustai-
nable tourism. These contrasts reinforce the multifaceted na-
ture of GenAI’s impact and the need for tailored approaches 
to its application across sectors.

Together, these insights suggest that the potential of 
GenAI to advance sustainability depends on integrating te-
chnical capabilities with ethical, cultural, and environmental 
considerations. Achieving this balance will require cross-dis-
ciplinary collaboration, alignment with policy frameworks, 
and engagement with a broad range of stakeholders. This 
broader understanding provides the foundation for the re-
search propositions developed in the remainder of this sec-
tion.

To bring structure to the wide-ranging themes in Sections 
2–9, Table 2 connects the reviewed literature with the propo-
sitions that follow. Table 2 aligns GenAI’s key areas of applica-
tion with relevant scholarly insights and identifies the specific 
propositions that emerge from each domain. It is organized 
around eight core areas: education, SDG alignment, social 
sustainability, business strategy, sustainability reporting, hi-
gher education, ethics and policy, and domain-specific inno-
vation. Table 2 reflects the complex and context-sensitive role 
that GenAI plays in advancing sustainability.

Table 2. Mapping Generative AI’s engagement with sustainability areas 

and related propositions.

Domain Key focus areas Example references Related proposition

Sustainability education Personalized learning, digital inclusion, 
critical thinking, and SDG 4

Alarcón-López et al. (2024),      Nedungadi et 
al. (2024),      and Matthew et al. (2024)

Strategic integration of Generative AI in 
education can bridge digital divides and 
foster inclusivity.

Higher      education Adaptive platforms, interdisciplinary collabo-
ration, and access equity

Eisenreich et al. (2024),      Boustani et al. 
(2024), and      Martínez-Martín et al. (2024)

AI-driven innovations in higher education can 
promote sustainable development by perso-
nalizing learning and fostering cross-discipli-
nary collaboration.

SDG      enablement KPI-based progress, SME support, digital 
collaboration, and operational efficiency

Fonseca et al. (2024),      Wang      and Zhang 
(2025), and      Raman et al. (2024)

Generative AI accelerates SDG achievement 
by facilitating cross-sector collaboration and 
optimizing resource use.

Sustainability      reporting Automation, narrative synthesis, ESG data 
analysis, and transparency

Sashida et al. (2023),      Bronzini et al. (2024), 
and      Apostol et al. (2024)

Generative AI enhances sustainability repor-
ting through automated data synthesis and 
actionable insights.

Social      sustainability Digital equity, access barriers, ethical design, 
and localized interventions

Al-Emran et al. (2024;      2025) and      Khowa-
ja et al. (2024)

Generative AI fosters social sustainability by 
enhancing inclusivity and equity, contingent 
upon localized interventions.

Business      and Industry 5.0 Agility, strategic value, manufacturing optimi-
zation, and employee engagement

Ghobakhloo et al. (2024),      Agrawal (2023), 
and      AlQershi et al. (2024)

Generative AI, when embedded within 
Industry 5.0 frameworks, enhances business 
sustainability through strategic alignment 
and agility.

Ethics and      policy Data privacy, algorithmic bias, digital 
divide, energy consumption, and regulatory 
frameworks

Khowaja et al. (2024),      Driessens and      Pis-
chetola (2024), and      Sato et al. (2023)

Policy frameworks are essential to mitigate 
AI’s ethical and environmental risks, balan-
cing innovation with accountability.

Domain-specific innovation Smart tourism, geosciences, climate mode-
ling, and hybrid AI models

Giudici et al. (2023),      Bhaskar and      Seth 
(2024), and      Bergeron et al. (2023)

Domain-specific applications of Generative AI 
can drive sustainability innovations, provided 
energy-efficient practices are adopted.

As shown in Table 2, each proposition is supported by 
thematic evidence drawn from the literature. Together, the-
se propositions illustrate the dual nature of GenAI: It can su-
pport inclusive and forward-looking sustainability practices, 
while also introducing important ethical, policy, and infras-
tructure challenges. By synthesizing these elements, Table 2 
provides a foundation for the research propositions outlined 
in the following paragraphs.

A research proposition emerging from Section 2 posits 
that strategic integration of GenAI in education can brid-
ge digital divides and foster inclusivity. For example, Alar-
cón-López et al. (2024) highlight ChatGPT’s capacity to perso-
nalize learning and democratize access, particularly in rural 
areas. However, digital inequalities persist, necessitating in-
frastructure investments and equitable policy frameworks to 
ensure that AI benefits all learners. This aligns with the pro-
position emerging from Section 7 that AI-driven innovations 
in higher education can promote sustainable development 
by personalizing learning and fostering cross-disciplinary 
collaboration. Eisenreich et al. (2024) emphasize AI’s role in 
creating adaptive educational environments, though ethical 
concerns such as data privacy and resistance to technology 
adoption must be addressed.

From Section 3, another proposition can be deduced-     
that GenAI accelerates SDG achievement by facilitating 
cross-sector collaboration and optimizing resource use. Stu-
dies such as Fonseca et al. (2024) demonstrate AI’s ability to 
align SMEs with SDGs through KPI-based progress tracking. 
Despite its potential, challenges such as algorithmic bias and 
energy consumption require robust ethical oversight to en-
sure inclusive progress. Similarly, Section 6 provides a basis 
for proposing that GenAI enhances sustainability reporting 
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11. Conclusions 

This review demonstrates that Generative AI (GenAI) 
holds significant promise for advancing sustainability across 
education, business, policy, and innovation. Its strengths in-
clude democratizing access to knowledge, improving opera-
tional efficiency, and supporting practices aligned with the 
Sustainable Development Goals (SDGs). However, this trans-
formative potential is accompanied by challenges such as 
algorithmic bias, digital inequality, and the environmental 
cost of energy-intensive AI systems. As the literature shows, 
realizing the benefits of GenAI requires ethical frameworks, 
cultural sensitivity, and collaboration across sectors. Effective 
integration depends on domain-specific strategies, responsi-
ble governance, and the adoption of energy-efficient techno-
logies. GenAI’s impact is inherently complex, acting both as a 
driver of inclusive progress and a source of new risks. To fully 
leverage its potential, we must align technological develop-
ment with ethical, environmental, and social priorities. Loo-
king ahead, a critical question remains: Can we design GenAI 
systems that not only produce sustainable outcomes but are 
themselves built on sustainable foundations?

Disclosure: This manuscript has been edited with the as-
sistance of GPT-4o for grammar correction, and stylistic im-
provements. All content, intellectual contributions, and final 
interpretations remain the responsibility of the authors, who 
have thoroughly reviewed and approved the final version of 
the manuscript.
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Al-Emran et al. (2024) demonstrate how AI personalizes re-
source access, addressing barriers related to geography and 
socioeconomic status. However, systemic challenges such 
as digital divides and environmental costs persist, requiring 
localized content strategies and affordable infrastructure to 
ensure equitable distribution of benefits. 

A proposition can be drawn from Section 5: GenAI, when 
embedded within Industry 5.0 frameworks, enhances busi-
ness sustainability through strategic alignment and agility. 
Ghobakhloo et al. (2024) highlight AI’s role in sustainable 
manufacturing through advanced quality management and 
data-driven production insights. However, ethical governance 
and employee engagement are critical for long-term success, 
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tance of aligning AI initiatives with organizational norms. 
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al. (2024) emphasize the need for culturally sensitive GenAI 
designs and policies that bridge digital divides while aligning 
technological advances with sustainability goals. Ethical cha-
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lation to the ethical challenges posed by GenAI for copyright 
and intellectual property rights, highlighting the need for a 
policy governance framework to tackle such challenges. Fi-
nally, Section 9 underpins the proposition that domain-speci-
fic applications of GenAI can drive sustainability innovations, 
provided energy-efficient practices are adopted. Giudici et al. 
(2023) highlight hybrid AI models as scalable solutions for 
challenges      such as climate modeling and sustainable tou-
rism, though balancing innovation with environmental res-
ponsibility remains a priority. 

Together, these propositions reflect GenAI’s potential to 
drive transformative change in sustainability practices across 
education, business, and governance. However, they also 
emphasize the necessity of addressing ethical, cultural, and 
environmental complexities to realize this potential. By foste-
ring cross-sector collaboration and implementing robust go-
vernance frameworks, stakeholders can harness the power 
of GenAI I to achieve inclusive and impactful sustainability 
outcomes. This holistic approach ensures that AI’s benefits 
are maximized while its risks are carefully mitigated, making 
the way for sustainable development in a rapidly evolving te-
chnological landscape.
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