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Keywords: Abstract: Artificial Intelligence (Al) is increasingly seen as an enabler of cor-
Artificial Intelligence (Al); porate sustainability, yet its concrete contributions remain underexplored.
Corporate Sustainability; This paper examines how narrow Al systems, particularly machine learning,
Value Chain can support sustainable value creation across the corporate value chain. Six

domains are analyzed: research and development, procurement, production,
logistics, product use, and end-of-life management.

The study employs a mixed-method design, combining a structured literature
review with three expert interviews. Findings indicate that Al generates notable
economic and ecological benefits, primarily through efficiency gains, predictive
analytics, and optimized resource allocation. Strong impacts are observed in
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1. INTRODUCTION

Weak Artificial Intelligence (Al) is increasingly positioned as a transformative force in the
pursuit of sustainable development within business contexts (Farahani & Ghasemi, 2024).
As a general-purpose technology and a central component of the megatrend of digital connectiv-
ity (Hajkowicz & Dawskon, 2019; Zukunftsinstitut, 2023), Al offers novel capabilities to collect,
process, and act upon data in ways that simulate human cognition (Canhoto & Clear, 2020). At the
same time, sustainability has evolved from a normative ideal to a strategic imperative for corporate
survival and competitiveness (Beckmann & Schaltegger, 2014; Sachs, 2015). Companies are under
mounting pressure from regulators, consumers, investors, and civil society to integrate environ-
mental, social, and governance (ESG) objectives into their core operations (Copnell, 2024). The
confluence of these technological innovations and sustainable development raises a critical question:

—  Can Al actively support the transition toward sustainable value creation in enterprises?

This paper addresses this question by exploring the potential of weak Al systems to contribute
to economic, ecological, and social sustainability in industrial companies. While strong or gen-
eral Al remains speculative (Wang & Goertzel, 2007), weak Al technologies, especially those
based on machine learning and deep learning, are already deployed in various business functions
(Dowling et al., 2021). However, their specific contribution to sustainability objectives remains
underexplored in both academic literature and practice (Naudé, 2020).
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To close this research gap, this study examines the intersection of Al and corporate sustainability
from both a theoretical and empirical perspective. Drawing on a structured literature review and
qualitative expert interviews, the analysis identifies relevant Al applications across the corporate
value chain, assesses their sustainability impacts, and discusses their limitations and risks.

The paper is structured as follows: Section 2 outlines the methodological framework. Section 3
presents the main research results, including concrete use cases across different business func-
tions. Section 4 offers an analytical synthesis of opportunities and risks, while Section 5 outlines
directions for future research. The paper concludes with key findings and implications for schol-
ars and practitioners seeking to align digital transformation with sustainable development goals.

2. METHODOLOGY

This study adopts a mixed-method research design to investigate how Al systems can contrib-
ute to corporate sustainability. The methodology combines a structured literature analysis with
qualitative expert interviews, allowing for both conceptual breadth and empirical depth. The
dual approach ensures triangulation of insights and supports the identification of robust findings
applicable across various corporate contexts.

The initial phase of the research comprised a structured literature analysis to assess the current
state of knowledge regarding Al applications in the context of sustainability. The literature review
followed a systematic screening process based on predefined inclusion criteria. Relevant publi-
cations were selected from scientific journals, institutional reports, and industry white papers,
with a focus on Al use cases related to the economic, environmental, and social dimensions of
sustainability.

The review primarily covered publications between 2010 and 2025, with an emphasis on weak
Al systems such as machine learning (ML) and deep learning (DL) models. Academic databases
and practitioner sources were used to identify relevant contributions. The identified sources were
analyzed in terms of Al application areas across the corporate value chain, including research and
development (R&D), procurement, production, logistics, usage, and recycling. Specific attention
was paid to measurable impacts on resource efficiency, emissions reduction, labor practices, and
stakeholder engagement.

The output of this phase was a synthesized matrix of Al application areas, sustainability dimen-
sions, and associated opportunities and risks. This served as the conceptual foundation for the
empirical phase and informed the design of the interview guide.

To validate and complement the findings from the literature, three semi-structured expert interviews
were conducted. The expert sample included professionals with interdisciplinary backgrounds
in Al strategy, sustainability consulting, and industrial digitalization. The selection was guided
by purposive sampling, targeting individuals with demonstrable expertise in both technological
implementation and sustainability governance.

The interviews were conducted in German via online video conferencing, each lasting approxi-
mately 45 to 60 minutes. A standardized interview guide ensured comparability across interviews
while allowing flexibility for in-depth exploration of context-specific insights. The guide included
questions on Al use cases in sustainability, perceived benefits and limitations, and expectations
for future developments.
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All interviews were recorded, transcribed, and analyzed using qualitative content analysis fol-
lowing the methodology proposed by Mayring and Fenzl (2022). Categories were derived both
deductively from the literature and inductively from the interview data. Coding was performed
manually, and findings were clustered into thematic categories aligned with the structure of the
corporate value chain and sustainability dimensions.

While the combination of literature analysis and expert interviews provides a comprehensive
view, certain limitations apply. The sample size of three experts, though sufficient for exploratory
purposes, restricts generalizability. Additionally, the rapidly evolving nature of Al technologies
implies that findings reflect a snapshot of a dynamic field. Despite these constraints, the chosen
methodology provides a robust foundation for the subsequent analysis of AI’s sustainability poten-
tial in corporate settings.

3. RESEARCHRESULTS

The research results provide a comprehensive overview of how Al applications can support sus-
tainability along the corporate value chain. Drawing on both the literature analysis and expert
interviews, six functional domains were identified as primary points of intervention: R&D, pro-
curement, production, logistics, usage, and end-of-life processes such as recycling. Within each
area, relevant use cases, sustainability outcomes, and technical enablers were examined.

In R&D, Al supports sustainable innovation by enabling generative design, life-cycle simulation,
and materials optimization. For example, Al-driven generative design systems can identify light-
weight, resource-efficient product structures, reducing material consumption without compromising
performance (Becke et al., 2024; Humble & Mozelius, 2024; Mancuso et al., 2025). One expert
highlighted the case of Airbus, where Al-assisted design tools contributed to weight reduction and
thus fuel savings (Airbus, 2024). Literature also emphasizes the potential of Al in accelerating
sustainable product development cycles through data-driven scenario modeling (acatech, 2020).

Al in procurement contributes to sustainability by enhancing supply chain transparency and risk
assessment. Applications such as real-time supplier monitoring, ESG scoring, and fraud detection
improve the social and environmental performance of global sourcing. Experts noted the increasing
role of Al in identifying high-risk suppliers and ensuring compliance with due diligence regula-
tions. Dashboards integrating sustainability analytics and ML algorithms help companies track
and optimize their procurement decisions (Nyamekeh et al., 2025; Tanase, 2025).

In manufacturing, Al facilitates energy and resource efficiency through predictive maintenance,
process optimization, and quality forecasting. Use cases include smart energy management sys-
tems that balance load and demand, and predictive quality control models that reduce waste and
rework (Keramati Feyz Abadi et al., 2025; Makhanya et al., 2023; Zhong et al., 2025). According
to interview data, predictive sustainability analytics are becoming central in industrial operations,
with tangible ecological and economic benefits such as CO- savings and lower defect rates.

Al applications in logistics aim to reduce environmental impact by optimizing routing, load
capacity, and warehouse operations. Machine learning models for dynamic routing can reduce
fuel consumption, while Al-driven inventory management minimizes overproduction and waste.
One expert referred to Al-based simulations that support carbon-efficient logistics planning by
identifying optimal transportation modes, which was also indicated by literature (Heinrich &
Stiihler, 2018).
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During product use, Al enables sustainability via condition monitoring, user behavior analytics, and
smart consumption feedback. Examples include Al-enhanced IoT devices that support energy-effti-
cient usage patterns in appliances or machinery. These systems promote awareness and behavioral
change, aligning with the social dimension of sustainability by empowering users (Rohde et al., 2021).

At the end of the product lifecycle, Al improves sorting, disassembly, and material recovery. Image
recognition and sensor-based sorting systems are already employed to separate complex waste
streams, particularly in electronics and plastics. Experts emphasized the importance of tracea-
bility systems that use Al to track materials from production to end-of-life, supporting circular
economy models (BlueYonder, 2020).

Across all value chain stages, Al use cases were associated with stronger ecological and economic
outcomes than social ones. While efficiency gains and emission reductions were evident, the con-
tribution of Al to social sustainability e.g., fair labor practices, equity, remained underdeveloped.

4. ANALYSIS

The analysis builds on the empirical findings and critically evaluates the sustainability potential
of Al systems in business contexts. It highlights enabling mechanisms, systemic limitations, and
unintended consequences across the three dimensions of sustainability, while also identifying
cross-cutting tensions that influence the effective implementation of Al for sustainability.

From an economic perspective, Al-driven optimization offers considerable benefits. Machine
learning algorithms enhance decision-making processes, reduce inefficiencies, and lower oper-
ational costs through predictive maintenance, demand forecasting, and quality assurance. These
efficiency gains strengthen corporate competitiveness while simultaneously reducing material
waste and production downtime. Interview data confirmed that most Al investments are still
predominantly justified by their financial returns, with sustainability impacts typically framed
as secondary co-benefits rather than primary objectives.

However, the economic advantages of Al are not equally accessible across the corporate landscape.
High implementation costs, the need for advanced data infrastructure, and varying levels of Al lit-
eracy pose significant barriers, particularly for small and medium-sized enterprises (SMEs). This
disparity risks reinforcing existing inequalities within and between global value chains. Furthermore,
short-term return-on-investment pressures often conflict with long-term sustainability objectives,
especially when Al initiatives are not embedded in a broader strategic ESG framework (Naude, 2020).

In environmental terms, Al exhibits significant potential for emissions reduction, resource effi-
ciency, and waste minimization. Predictive systems enable companies to anticipate equipment
failures, optimize energy use, and avoid overproduction. Applications such as Al-assisted design
or smart logistics planning can directly contribute to several United Nations Sustainable Devel-
opment Goals, particularly those addressing climate action, responsible consumption, and clean
energy. Nonetheless, ecological risks are inherent in the development and deployment of Al systems
themselves. The energy consumption associated with training large-scale Al models, especially in
deep learning, poses a growing concern, as do the material inputs required for sensors, computing
infrastructure, and networked devices.

A particularly complex environmental challenge relates to rebound effects, wherein efficiency gains
lead paradoxically to increased overall consumption. This study identified three forms of rebound
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dynamics. Material rebounds occur when saved resources are redirected into new production pro-
cesses. Financial rebounds emerge when cost savings from Al-enabled efficiency are reinvested into
expanded business operations or consumption. Psychological rebounds arise when users increase
their usage of a product or service due to the perception that it is now more environmentally friendly.
These effects, unless actively countered by policy measures or behavioral interventions, can diminish
or even negate the ecological benefits of Al applications (Santarius, 2017).

The social dimension of Al for sustainability remains underdeveloped in both research and prac-
tice. While certain Al applications support health and safety monitoring or enhance accessibility,
these remain exceptions rather than the rule. Most Al deployments are not explicitly designed
with social equity or inclusion in mind. Job displacement risks, especially in routine-intensive
sectors such as logistics and manufacturing, were repeatedly mentioned by experts and in the
literature (Canhoto & Clear, 2020). Moreover, Al systems trained on biased data or developed
without diverse stakeholder input may perpetuate existing inequalities or even create new forms
of exclusion (Chen, 2023).

In addition, the opacity of many Al systems, often referred to as their “black-box” nature (Bathaee,
2018), poses a serious challenge to corporate accountability and stakeholder trust. In sustainabil-
ity contexts, where transparency and legitimacy are central, such opacity undermines the ethical
credibility of Al-enhanced decision-making. While regulatory frameworks such as the European
Union’s Al Act and corporate due diligence laws aim to address these issues, their scope and
enforcement remain limited.

Finally, the integration of Al into sustainability strategies reveals several underlying tensions. The
pursuit of maximum efficiency through algorithmic optimization may come at the cost of resil-
ience, as lean systems become increasingly vulnerable to disruptions. Automation, while increas-
ing productivity, can lead to social exclusion and labor displacement. Data-driven sustainability
monitoring raises ethical questions regarding individual privacy and organizational surveillance.
These tensions underscore the need for robust governance structures that extend beyond technical
performance metrics to include ethical, distributive, and participatory considerations.

Even under the new Al governance regulations, significant power imbalances remain between
large technology companies and SMEs. Large providers of fundamental Al models control data,
computing infrastructure, and innovation pathways, thereby limiting the ability of smaller compa-
nies to use Al for sustainable purposes. Current governance frameworks, including the European
Union (EU) Artificial Intelligence Act, address risk management and transparency but are largely
silent on issues of economic concentration and equitable access to technological resources. Unless
governance evolves toward more participatory and redistributive approaches, such as open data
ecosystems, collaborative innovation models, and inclusive standard-setting, Al could reinforce
structural inequalities and hinder the democratization of sustainable innovation.

5. FUTURE RESEARCH DIRECTIONS

While the present study offers a structured foundation for understanding the potential of Al to
support corporate sustainability, it also reveals significant gaps that warrant further scholarly
investigation. These gaps span both conceptual and empirical domains and highlight the need for
interdisciplinary research that bridges technological innovation with sustainability science and
corporate governance. First, future research should explore the causal mechanisms through which
Al applications contribute to sustainability outcomes. Current studies, including this one, largely
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rely on correlative or descriptive insights. There is a need for longitudinal, impact-oriented research
that can quantify and compare the actual sustainability performance of Al-enabled systems. This
includes assessing the net ecological effects of Al implementations across different sectors and
value chain stages, considering rebound effects, lifecycle emissions, and indirect impacts (Santarius
etal., 2023). Methodologically, this calls for integrated sustainability assessment frameworks that
combine environmental accounting with machine learning evaluation metrics (Verma et al., 2025).

Second, the social dimension of Al for sustainability remains conceptually underdeveloped. Further
investigation is needed into how Al systems can be intentionally designed to enhance equity, inclu-
sion, and stakeholder participation (Arnott-Neenee et al., 2022). This involves exploring participatory
algorithm design, inclusive data governance models, and ethical-by-design frameworks that align Al
systems with principles of social justice (Khan & Park, 2024). Empirical studies should also examine
the labor dynamics of Al adoption, especially in low- and middle-income economies where automation
pressures may have disproportionate consequences for vulnerable groups (Canhoto & Clear, 2020).

Third, research should focus on the organizational and managerial capabilities required to embed
Al within sustainable business strategies. While much attention has been paid to technical devel-
opment, less is known about the organizational conditions under which Al deployments yield
sustainable outcomes. Future studies could investigate how leadership styles, corporate cultures,
or governance structures influence the responsible use of Al in business settings (Naud¢, 2020).
Emphasis should be placed on the role of cross-functional integration between IT departments,
sustainability units, and executive leadership.

Another promising avenue lies in sector-specific case studies that provide granular insights into
Al adoption across industries such as manufacturing, agriculture, logistics, and energy. These
studies can help contextualize general findings and identify best practices or sectoral peculiarities.
Such research would also benefit from hybrid methodologies that combine qualitative fieldwork
with quantitative performance data.

Finally, given the growing influence of regulatory frameworks, future research should systemati-
cally examine the interaction between Al governance and sustainability regulation. This includes
analyzing how emerging policies, such as the EU’s Artificial Intelligence Act, digital product
passports, and sustainability disclosure requirements, shape the incentives and constraints for
Al-based sustainability innovation. Cross-national comparative studies could reveal how regu-
latory environments impact the deployment of Al for sustainability and provide policy guidance
for harmonization efforts.

Overall, the evolving intersection of Al and sustainability represents a rich and underexplored
research field. Advancing this agenda requires not only technical innovation but also normative
clarity, methodological rigor, and institutional reflexivity. Interdisciplinary collaboration across
Al research, sustainability studies, business ethics, and public policy will be essential to ensure
that Al becomes a genuine enabler of sustainable transformation rather than a driver of accelerated
extraction and inequality.

6. CONCLUSION

This paper set out to explore the potential of narrow Al systems to support sustainability in cor-
porate settings. Through a combination of structured literature analysis and expert interviews,
it identified key application areas of Al along the value chain and assessed their contributions to
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the economic, environmental, and social dimensions of sustainability. The findings demonstrate
that Al can act as a lever for sustainable transformation, particularly through efficiency gains,
emissions reductions, and improved decision-making. However, these benefits are not automatic,
nor are they evenly distributed.

While economic and ecological advantages were clearly observable, the social dimension of
sustainability remains insufficiently addressed in current Al applications. Moreover, systemic
challenges such as rebound effects, digital inequalities, and algorithmic opacity raise concerns
about the uncritical adoption of Al technologies in sustainability contexts. The analysis revealed
that AI’s sustainability potential is heavily contingent upon the surrounding governance structures,
corporate values, and regulatory environments within which it is deployed.

Al should therefore not be viewed as a universal solution to complex sustainability problems.
Rather, it must be understood as a socio-technical instrument whose effects depend on intentional
design, transparent implementation, and ethical alignment. To fully leverage Al’s transformative
potential, businesses and policymakers must ensure that its deployment is guided by long-term
sustainability goals rather than short-term efficiency metrics.

The study concludes that Al can contribute meaningfully to sustainable development in the cor-
porate sector, but only if integrated within a holistic, values-driven framework that recognizes
the interdependence of technological progress, environmental limits, and social justice. Realizing
this vision requires not only innovation, but also institutional learning, participatory governance,
and a fundamental shift in how value is created and measured in the digital age.
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