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Abstract :

Artificial intelligence (Al) has emerged as a powerful enabler of sustainability by
supporting data-driven decision-making, resource optimization, and system-level efficiency
across multiple sectors. However, existing research on Al for sustainability is fragmented
across disciplines and varies widely in scope, methodology, and evaluation metrics. This study
presents a systematic literature review of peer-reviewed research published between 2018 and
2025 to synthesize current knowledge on Al-driven sustainability applications. Using a
structured search strategy across major academic databases, the review analyzes how Al
techniques—including machine learning, deep learning, reinforcement learning, and computer
vision—are applied in key sustainability domains such as energy systems, agriculture, urban
infrastructure, and waste management. To advance prior narrative reviews, this paper
proposes a taxonomy mapping Al techniques to sustainability sectors and outcomes,
providing a structured perspective on existing research trends. The findings indicate that Al
contributes significantly to resource efficiency, emission reduction, and operational
optimization, while also raising challenges related to energy consumption, governance,
transparency, and ethical responsibility. This review identifies critical research gaps and
outlines future directions emphasizing energy-efficient Al, standardized sustainability metrics,
and interdisciplinary collaboration. The study offers a comprehensive reference for
researchers, practitioners, and policymakers seeking to align Al innovation with long-term
sustainable development goals.
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Introduction :

Sustainability has emerged as a central global challenge, encompassing environmental
protection, economic resilience, and social well-being. Rapid urbanization, climate change, and
resource depletion have intensified the need for innovative solutions capable of addressing
complex, interconnected systems. In this context, artificial intelligence (AI) has gained
prominence as a transformative technology capable of enhancing decision-making, optimizing
resource utilization, and supporting sustainable development objectives (Nishant et al., 2020).
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Recent advances in machine learning, deep learning, and data-driven optimization have
enabled Al to be deployed across diverse sustainability domains, including energy systems,
agriculture, urban planning, and waste management (Kar et al., 2022). Al-based models can
process large-scale, heterogeneous data and identify patterns that are difficult to detect using
traditional analytical approaches. Consequently, Al has been widely adopted for applications
such as smart grid management, precision agriculture, and environmental monitoring
(Sachithra & Subhashini, 2023).

Despite growing academic and industrial interest, the literature on Al for sustainability
remains fragmented across disciplines, with varying methodologies and evaluation metrics
(Schoormann et al., 2023). Furthermore, ethical concerns and the environmental footprint of
Al systems are often underexplored (Toderas, 2025). This paper addresses these gaps by
presenting a systematic literature review of peer-reviewed studies on Al-driven sustainability
solutions.

Background and Conceptual Foundations :

Artificial intelligence (Al) refers to computational systems capable of performing tasks
that typically require human intelligence, such as learning, reasoning, perception, and decision-
making. Recent advances in machine learning and deep learning have significantly expanded
AT’s capacity to analyze large-scale and complex datasets, making it particularly suitable for
addressing sustainability challenges characterized by uncertainty and system interdependencies
(Nishant et al., 2020; Kar et al., 2022).

Sustainability is commonly conceptualized through three interrelated dimensions:
environmental protection, economic viability, and social equity. Achieving sustainability
requires balancing these dimensions while addressing long-term risks such as climate change,
biodiversity loss, and resource depletion (Kar et al., 2022). Traditional analytical and rule-
based approaches often struggle to capture the dynamic and nonlinear nature of sustainability
systems.

Al offers a complementary approach by enabling adaptive, predictive, and data-driven
solutions. For example, Al-based optimization models can dynamically balance energy supply
and demand, while predictive analytics can support early detection of environmental risks. The
integration of Al into sustainability initiatives therefore represents a shift from reactive to
proactive decision-making frameworks (Schoormann et al., 2023; Toderas, 2025).

Methodology: Systematic Literature Review

This study follows a systematic literature review (SLR) methodology to ensure rigor,
transparency, and reproducibility, consistent with established practices in sustainability and
information systems research (Kar et al., 2022).

1. Literature Search Strategy :

A comprehensive literature search was conducted across major peer-reviewed
databases, including Scopus, IEEE Xplore, ScienceDirect, and SpringerLink. The review
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focused on studies published between 2018 and 2025 to capture recent advances in artificial
intelligence applications for sustainability.

The following search string was applied to titles, abstracts, and keywords:

(“artificial intelligence” OR “machine learning” OR “deep learning”) AND
(“sustainability” OR “sustainable development” OR “environmental sustainability”)

2. Inclusion and Exclusion Criteria :

Only peer-reviewed journal articles explicitly addressing Al applications for
sustainability were included. Conference abstracts, opinion articles, and non-peer-reviewed
sources were excluded to maintain academic rigor (Schoormann et al., 2023).

3. Data Extraction and Synthesis :

For each selected study, data were extracted on application sector, Al methodology,
sustainability dimension, reported outcomes, and limitations. A thematic synthesis approach
was adopted to identify dominant research patterns and gaps (Nishant et al., 2020).

Figure 1. Systematic Literature Review Process
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Taxonomy of AI Techniques for Sustainability :

Figure 2. Conceptual Framework Linking Al Techniques,
Application Sectors, and Sustainability Outcomes
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To advance synthesis beyond descriptive analysis, this review proposes a taxonomy of
Al techniques mapped to sustainability domains, building on prior systematic reviews (Kar
et al., 2022; Toderas, 2025).

Table 1. Taxonomy of Al Techniques and Sustainability Applications

Al Technique | Energy Agricultu | Urban Waste Sustainabilit
Systems re Systems Managem |y
ent Contribution
Machine Load Yield Traffic Waste Resource
Learning forecasting prediction | optimization | prediction | efficiency
Deep Learning | Fault Crop Air  quality | Automated | High accuracy
detection disease monitoring recycling
detection
Reinforcement | Smart  grid | Irrigation | Adaptive Logistics Dynamic
Learning control optimizati | traffic routing optimization
on systems
Computer Infrastructure | Pest Surveillance | Waste Real-time
Vision inspection detection sorting monitoring

Sector-Wise Applications :
1. Energy Systems :

Al techniques are widely used for load forecasting, grid stability, and renewable energy
integration. Machine learning models have demonstrated significant potential for reducing
energy losses and improving operational efficiency (Kar et al., 2022).

2. Agriculture :

In agriculture, deep learning and computer vision enable precision farming through
crop disease detection, yield estimation, and optimized irrigation, contributing to reduced
resource consumption (Sachithra & Subhashini, 2023).

3. Urban Systems :

Urban sustainability applications include intelligent transportation systems and smart
infrastructure. Al-driven traffic optimization contributes to emission reduction and improved
urban livability (Schoormann et al., 2023).

4. Waste Management :

Al-based waste sorting and predictive analytics enhance recycling efficiency and
support circular economy initiatives (Toderas, 2025).

5. Cross-Sectoral Insights :

While Al applications differ across sectors, several cross-sectoral patterns emerge
from the reviewed literature. First, machine learning is predominantly used for prediction and
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classification tasks, whereas deep learning is favored for image- and sensor-intensive
applications. Reinforcement learning is increasingly applied in domains requiring real-time
adaptive control, such as smart grids and intelligent transportation systems.

Second, the effectiveness of Al-driven sustainability solutions is strongly dependent
on data availability, quality, and interoperability. Many studies highlight that data limitations
remain a major barrier, particularly in developing regions. Third, scalability and
transferability of Al models across geographic and institutional contexts remain
underexplored, indicating a need for standardized datasets and benchmarking practices.

Comparative Analysis of Representative Studies :

Table 2. Representative Peer-Reviewed Studies

Author (Year) Sector Al Sustainability Limitation
Method Outcome
Kar et al. (2022) Energy ML Reduced energy | Data intensity
losses
Sachithra & | Agriculture | DL Reduced chemical | Limited
Subhashini (2023) inputs generalization
Schoormann et al. | Urban Al systems | Emission reduction | Governance
(2023) complexity
Nishant et al. (2020) | Cross- Conceptual | Research agenda Limited empirical
sector data

Challenges and Future Research Directions :

Despite its potential, Al adoption raises concerns regarding energy consumption,
transparency, and governance. Training large-scale Al models can increase carbon emissions,
undermining sustainability objectives if not carefully managed (Nishant et al., 2020; Toderas,
2025). Future research should prioritize energy-efficient AIl, standardized sustainability
metrics, and interdisciplinary collaboration.

Figure 3. Research gap map highlighting over-studied
and under-studied areas in Al-driven sustainability rese-

High Impact
_~

> ” Energy
Ethics 8 Bias B Systems

e 7 = Urban
- 7 Sustainability
o Low-Impact Sectors ,-="‘y'
E 7~ icul
...? Agriculture
% Global south
< -
= o~
— ”~ Waste
v g Management
Energy
Systems
Low ] ct
Research Coverage
P Published In Collaboration With
i i, a Nabira Mahavidyalay, Katol

INTERNATIONAL CONFERENCE ON ARTIFICIAL INTELLIGENCE & THE FUTURE OF SOCIETY Page-2 79



Volume-7 (2026) RESEARCH HUB ISSN

Special Issue-2 (March) |nterpational Peer-Reviewed Multidisciplinary E-Journal 2582-9173
Website : www.researchhub.org.in/research-hub I Email : researchhubjournal@gmail.com

Conclusion :

This systematic review highlights AI’s growing role in advancing sustainability across
multiple sectors. By proposing a taxonomy of Al techniques and synthesizing peer-reviewed
evidence, this study contributes a structured understanding of current research trends and
challenges. Addressing ethical and environmental concerns will be critical to ensuring Al’s
long-term contribution to sustainable development.

Policy and Practical Implications :

The findings of this review have important implications for policymakers, practitioners,
and technology developers. Policymakers play a critical role in enabling Al-driven
sustainability by supporting open data initiatives, investing in digital infrastructure, and
establishing regulatory frameworks that promote transparency and accountability. Clear
governance mechanisms are essential to mitigate risks related to data privacy, algorithmic bias,
and unequal access to Al technologies.

From a practical perspective, organizations adopting Al for sustainability should
prioritize energy-efficient models and lifecycle-based assessments to ensure that Al
deployment does not inadvertently increase environmental burdens. Collaboration between
academia, industry, and government is necessary to translate Al research into scalable and
socially responsible sustainability solutions.
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sustainability outcomes.
. Figure 3. Research gap map highlighting over-studied and under-studied areas in Al-
driven sustainability research.
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