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ABSTRACT

Artificial Intelligence (Al) is increasingly emergingan influential force in tackling the
growing threats to our environment. This paper explores the diverse applications of Al
technologies that contribute to environmental protection and sustainability across multiple
domains, such as combating climate change, improving renewable energy systems, enhancing
agricultural practices, preserving biodiversity, and managing waste more efficiently. By
leveraging advanced data processing, pattern recognition, and predictive analytics, Al helps
improve decision-making, optimize resource use, and monitor environmental conditions in
real time.

The review also addresses several obstacles that limit the broader use of Al in environmental
contexts. These challenges include not only technical issues like limited data availability and
model bias, but also ethical, legal, and policy-related concerns. Ensuring fairness,
accountability, and inclusivity in Al design and implementation is essential to its responsible
deployment.

Given the urgency of global environmental issues, the paper emphasizes that Al can be a key
driver in achieving sustainability targets—if developed and used within frameworks that
promote equity, transparency, and long-term environmental stewardship.

INTRODUCTION

Global environmental challenges—ranging from climate change and biodiversity loss to air
and water pollution—pose urgent threats to planetary health and human well-being.
Traditional approaches to environmental management often fall short in handling the
complexity, scale, and dynamics of these issues. Artificial Intelligence (Al), defined broadly
as computational systems capable of learning, reasoning, and decision-making, "Has become
a vital instrument for processing and interpreting large-scale environmental data. “Predicting
future scenarios, and optimizing resource management.

This paper reviews the current landscape of Al applications in environmental sustainability,
identifies prevailing challenges, and outlines prospective developments. The aim is to offer
researchers, policymakers, and practitioners a consolidated view of how Al can meaningfully
contribute to sustainable development goals (SDGs), particularly SDG 13 (Climate Action),
SDG 14 (Life Below Water), and SDG 15 (Life on Land).
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LITERATURE REVIEW: Al APPLICATIONS IN SUSTAINABILITY

A substantial and growing body of research highlights the expanding role of Artificial
Intelligence (Al) in supporting sustainability across various domains:

Climate Modeling: Machine learning has shown promise in enhancing climate
predictions. For example, Rolnick et al. (2019) emphasized its effectiveness in
refining climate models and anticipating extreme weather conditions. Similarly,
Chantry et al. (2021) demonstrated that deep learning methods improve sub-seasonal
to seasonal forecasting accuracy, outperforming traditional models in predicting
events like cyclones and heatwaves. Schultz et al. (2021) further examined Al's
contribution to atmospheric science, finding it useful for tracing pollutant origins and
improving the simulation of greenhouse gas movements with higher precision.

Agriculture: Al is playing a transformative role in agricultural practices. Jain et al.
(2023) found that precision agriculture driven by Al leads to better yields and more
efficient use of resources. Complementing this, Kamilaris and Prenafeta-Boldu (2018)
reviewed various deep learning techniques in agriculture, particularly noting increased
interest in visual-based crop identification post-2015. Mohanty et al. (2016)
demonstrated that convolutional neural networks (CNNs) could accurately diagnose
plant diseases using smartphone images, making Al tools accessible to farmers.

Biodiversity Conservation: Research by Kitzes and Merenlender (2014) identified
the usefulness of Al-powered tools in tracking wildlife and mapping habitats.
Waéldchen and Mé&der (2018) argued that Al can help resolve taxonomic challenges by
automating species identification. Additionally, Christin et al. (2019) emphasized AI’s
potential in conservation biology, including analyzing animal behaviors through video
data and detecting ecological patterns via drone imagery.

Waste and Pollution Management: Several studies have showcased Al’s
effectiveness in environmental management systems. Gupta et al. (2023) explored Al-
enabled recycling technologies that support circular economy initiatives. Silpa et al.
(2021) reported high accuracy in waste categorization using CNN-based smart bins,
while Patel et al. (2020) applied Al in wastewater treatment systems to forecast
pollutant concentrations in real time, enhancing operational efficiency.

Energy and Resource Optimization: In the energy sector, Al supports predictive
modelling and system optimization. Abraham and Li (2022) introduced a hybrid
model incorporating meteorological data and Long Short-Term Memory (LSTM)
networks to improve wind power forecasting. Meanwhile, Kou et al. (2020) examined
reinforcement learning’s role in managing energy trade within smart grids, allowing
for decentralized decision-making and pricing efficiency.

Environmental Impacts of Al: Despite its benefits, Al's environmental cost is a
growing concern. Strubell et al. (2019) criticized the high energy demands of training
large Al models, especially in natural language processing, and advocated for low-
carbon alternatives. Schwartz et al. (2020) introduced the concept of “Green Al”
encouraging research efforts to prioritize energy-efficient and environmentally
transparent solutions.

Ethical and Governance Considerations: The integration of Al into sustainability
efforts also raises ethical and inclusivity issues. Floridi et al. (2018) proposed a
framework emphasizing the importance of transparency, accountability, and long-
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term societal impact in Al deployment. Cath et al. (2021) underscored the need for Al
systems to be inclusive, especially in contexts involving indigenous and marginalized
communities, to ensure equitable environmental governance.

SUMMARY OF EMERGING TRENDS

Theme |Key Contributors |

Climate Modeling Rolnick et al. (2019); Chantry et al. (2021); Schultz et al.
(2021)

IRenewable Energy |Abraham & Li (2022); Kou et al. (2020) |

|Sustainable Agriculture |Kamilaris&Prenafeta-Bold( (2018); Mohanty et al. (2016) |

Biodiversity Conservation [Christin et al. (2019); Wéldchen&Mader (2018) |

Waste and Pollution||.. ]

Management Silpa et al. (2021); Patel et al. (2020)

[Environmental Footprint of Al |Strubell et al. (2019); Schwartz et al. (2020) |

Ethical ~ and  Governance), . i ot a1, (2018): Cath et al. (2021)

Frameworks

APPLICATIONS OF Al IN ENVIRONMENTAL SUSTAINABILITY
1. Climate Change Mitigation and Adaptation

Al enhances climate models by improving spatial and temporal accuracy of weather
forecasts. Techniques such as convolutional neural networks (CNNs), a form of deep
learning, are applied to process satellite images and climate data, aiding in early warning
systems and disaster preparedness. Al also supports climate finance by evaluating
environmental risk in investment portfolios.

2. Renewable Energy Optimization

Al facilitates demand forecasting, energy load balancing, and predictive maintenance in solar
and wind energy systems. Algorithms such as support vector machines (SVMs) and neural
networks optimize the performance of smart grids and minimize energy waste.

3. Sustainable Agriculture

Al technologies are revolutionizing agriculture through smart irrigation, pest detection, yield
prediction, and soil monitoring. Drone-based imaging combined with Al algorithms offers
real-time insights into field health, while decision support systems recommend sustainable
farming practices.

4. Biodiversity Conservation and Environmental Monitoring

Al is increasingly used in conservation for tracking animal populations via camera traps and
acoustic sensors. Natural language processing (NLP) is also employed to analyze
conservation reports and policy documents. Remote sensing combined with Al enables real-
time monitoring of deforestation and illegal mining.

5. Waste Management and Circular Economy

Robotics powered by Al and advanced image recognition technologies are used to enhance
the accuracy of waste sorting, thereby boosting the efficiency of recycling processes.
Additionally, Al enables the use of predictive models to forecast waste production trends and
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supports the concept of industrial symbiosis, where the by-products of one operation are

repurposed as raw materials for another.

CHALLENGES IN Al DEPLOYMENT FOR ENVIRONMENTAL

SUSTAINABILITY
1. Data Scarcity and Quality

Environmental datasets are often fragmented, unstructured, or lacking in diversity. High-
quality labeled data is crucial for training effective Al models, yet many ecological regions

remain under-monitored.
2. Computational and Energy Costs
Ironically, many large-scale Al models have

significant carbon footprints. The development

of greener, more efficient algorithms is essential to ensure that Al does not contribute further

to the problems it aims to solve.
3 .Ethical and Socioeconomic Issues

Bias in datasets can lead to inaccurate or unfair decisions, especially when Al is used in
resource allocation or monitoring enforcement. There are also concerns around surveillance
and autonomy when deploying drones or remote sensors in indigenous or rural areas.

4. Lack of Policy and Governance Frameworks

Few national or international policies adequately address the regulation of Al for

environmental purposes. This regulatory vacu
misuse or underutilization of Al tools.

um creates uncertainty and increases the risk of

SWOT Analysis: Al for Environmental Sustainability

Strengths |

\Weaknesses |

"1 High accuracy in environmental predictior]
and modeling

'] High energy and resource consumptiorn]
(carbon footprint of Al models)

'] Enhances efficiency in energy, agriculture
and waste systems

[1 Limited access in lowincome and

marginalized communities

1 Supports reattime, scalable environmental
monitoring

1 Ethical opacity: bias, surveillance, lack of
explainability

"1 Drives datadriven decision-making in
climate policy

71 Dependence on large, high-quality datasets
(often unavailable or incomplete)

|Opportunities

|Threats |

"1 Development of Green Al and carbon-
efficient computation

1 Misuse of Al for surveillance or
ecologically harmful automation

] Global Al policy and sustainability
governance integration

O] Lack of regulatory standards; governance
gap

1 Al democratization through open-source,
edge computing, citizen science

[] Technological inequality exacerbating
environmental justice issues

1 Multi-sector integration (loT, blockchain,
satellites) for smart ecosystems

1 Overreliance on Al leading to undervaluing
traditional environmental knowledge

Special Issue: “Artificial Intelligence: Redefining Managerial Exce
Urganized By: Shri Vaishnav Institute of Management & Science,

] Copyright [@ Authors

llence for Sustainable Development”
Indore, Madhya Pradesh, India
Page 107




National Research Journal of Information Technology & Information Science

Volume No: 12, Issue No: 2. Year: 2025 (July- December)

PP 104-110

Peer Revi

ISSN: 2330-1278
ewed & Refereed Journal (IF: 7.9)
Journal Website www.nrjitis.in

Key Insights and Recommendations

|Strategic Recommendation |

Integrate Al into national sustainability frameworks
and sectoral environmental planning

Promote inclusive Al access for developing countries
and small-scale communities

|Insight

Al improves monitoring,
forecasting, and decision-making

Uneven sectoral and geographic
adoption

Invest in low-energy algorithms, use renewables in

Al can worsen carbon emissions J )
data centers, and audit model footprints

Ethical and governance issues||Develop ethical Al policies, explainability protocols,
remain unresolved and participatory technology models

Al is underused in certain|Expand Al research into water security, ocean
environmental domains ecosystems, and local conservation practices
METHODOLOGY

This review used a qualitative synthesis approach. Peer-reviewed articles, conference
proceedings, and white papers from 2014 to 2024 were selected from databases such as IEEE
Xplore, Scopus, Google Scholar, and Web of Science. Inclusion criteria emphasized recent
advancements in Al technologies applied to environmental challenges. Key themes were
coded and categorized into five domains: climate change, energy, agriculture, biodiversity,
and waste.

/Area IA1 Applications [Impact [Challenge |
Climate Forecasting, downscaling,||[Enhanced disaster|Data  quality  and
Modeling early warning systems preparedness temporal resolution
Renewable |lLoad balancing, power|Grid efficiency and||Model accuracy, real-
Energy prediction reliability time adaptation
, Smart  irrigation,  crop||increased yield and||Smallholder tech
Agriculture . e .
monitoring resource use efficiency |ladoption
Biodiversity Species . tracking, Conservation insights Sur_velllance and
ecosystem analysis ethical concerns
Waste Smart  bins,  recycling|/Circular economy|Tech accessibility,
Management |[robotics efficiency initial cost

Prospective Developments and Future Research
1. Explainable and Responsible Al

Future systems must be transparent and interpretable, especially when influencing high-
stakes environmental decisions. Research is ongoing into explainable Al (XAI) techniques
that can enhance trust and accountability.

2. Integration with Emerging Technologies

Combining Al with blockchain, 10T, and satellite technologies can create more robust,
secure, and scalable environmental solutions. For example, smart sensors combined with Al
can provide granular, real-time monitoring of air and water quality.
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3. Edge Al and Low-Carbon Computing

Shifting computation to the “edge” (closer to data sources) reduces latency and energy use,
making Al more sustainable and scalable in remote or developing regions.

4. Participatory and Inclusive Al

Citizen science, open data platforms, and co-designed technologies ensure that Al tools are
inclusive and responsive to local needs. Empowering communities with accessible Al tools
also fosters transparency and trust.

CONCLUSION

Artificial Intelligence (Al) offers significant potential to advance environmental
sustainability, with impactful uses spanning sectors such as clean energy, sustainable
agriculture, ecosystem conservation, and waste reduction. Yet, to fully harness its
capabilities, it is crucial to overcome key challenges—including issues related to data
accessibility, energy consumption, ethical considerations, and governance frameworks. As Al
becomes more deeply integrated into environmental initiatives, its implementation must be
guided by the values of sustainability, fairness, and accountability. Achieving this vision will
depend on sustained interdisciplinary research, strong partnerships across sectors, and
inclusive policy development aimed at shaping responsible and effective Al solutions for the
planet.
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