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Abstract: Information retrieval plays a fundamental role in organizing
and searching data across various information systems including digital
libraries, search engines, recommender systems, and online platforms.
These systems are widely used to facilitate access to information across
different scales, including in scientific, commercial, and social domains.
However, the use of complex models such as deep neural networks and
large language models, which require high computational power and rely
on powerful hardware has introduced new challenges related to energy
consumption and environmental impact.

This paper addresses these challenges and explains the concept of
green artificial intelligence. Green Al is presented as an approach to
developing intelligent algorithms and systems while considering the
limitations of energy resources and their environmental impact. Given the
recent advancements-in Al technologies, particularly in natural language
processing and deep learning, it is essential to focus on the environmental
impacts of these models. Specifically, the increased energy consumption
and greenhouse gas emissions during the training and inference processes
of complex models necessitate innovative approaches to mitigate these
effects. The paper also introduces the concept of sustainable information
retrieval and presents methods for measuring greenhouse gas emissions
and strategies to reduce these emissions in information retrieval processes.
The findings of this study indicate that in recent years, interest in green
artificial intelligence has grown significantly with the number of published
articles in this field increasing from 1 article in 2015 to 276 articles in
2024. A content analysis of the articles reveals that most researches have
focused on energy efficiency (67%) and carbon reduction (24%), while
other environmental aspects such as ecological footprint, have received
less attention. In terms of scientific disciplines the highest contributions
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have come from the fields of energy, computer science, engineering, and decision sciences,
respectively, highlighting the interdisciplinary and practical nature of this domain.

The primary objective of this paper is to raise awareness within the scientific community
about the importance of minimizing environmental impacts when designing and implementing
information retrieval systems. The paper emphasizes that researchers and system designers
should consider environmental effects alongside system performance and accuracy. To
achieve sustainable information retrieval, energy consumption and costs can be reduced by
optimizing algorithms, reusing pre-trained models and leveraging cloud computing. These
approaches not only reduce costs and improve system efficiency but also contribute to
environmental sustainability. Furthermore, the paper encourages researchers to consider
environmental impacts as a critical parameter in their research processes.

Keywords: Green Atrtificial Intelligence, Sustainable Information Retrieval, Greenhouse Gas
Emissions, Red Atrtificial Intelligence, Neural Networks
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1. information retrieval system
2. search engine

3. artificial intelligence

4. machine learning

5. user experience
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1. floating Point Operation Per Second (FLOPS)
2. tensor processing unit (TPU)

3. transformer

4. BERT
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1. green deep learning
2. federated learning
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1. dimensionality reduction
2. pre-trained models

3. cloud computing
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1. https://aws.amazon.com/

2. https://cloud.google.com/

3. https://azure.microsoft.com/en-us/
4. https://www.docker.com/

5. https://kubernetes.io/
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1. https://trec.nist.gov
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https://github.com/mlco2/codecarbon * * * CodeCarbon
https://github.com/powerapi-ng/pyJoules * * * pyJoules
https://github.com/responsibleproblemsolving/ * * * Energyusage

energy-usage

https://github.com/Ifwa/carbontracker * * Carbontracker
https://github.com/Breakend/experiment-impact- * * Experiment Impact
tracker Tracker
https://github.com/EPFLiGHT/cumulator * * * * Cumulator
https://github.com/GreenAlgorithms/green- * * * *  Green Algorithms
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