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Introduction: Information retrieval plays a crucial role in organizing and
accessing data within systems such as digital libraries, search engines, and
recommender systems. In recent years, the adoption of deep learning models and
large language models has significantly enhanced the performance of these
systems. However, these models require substantial computational resources,
leading to increased energy consumption and environmental impact. This paper
aims to draw the attention of the scientific community to the necessity of
designing intelligent systems with environmental sustainability in mind, by
exploring the concept of Green Al and its application in the field of information
retrieval.

Methodology: This study, conducted as a systematic review, examined English-
language scientific articles published between 2015 and 2024. The literature
search was performed using two academic databases, Scopus and Web of Science.
Article selection followed a multi-stage process. Initially, 1,200 articles were
retrieved based on their titles, abstracts, and keywords. These articles were then
reviewed by a subject-matter expert, and irrelevant studies were excluded,
reducing the number to 779. Subsequently, duplicate articles across the two
databases were identified and removed, leaving 563 unique articles for the final
analysis. Content analysis of this collection was conducted using natural language
processing methods to accurately identify and analyse the thematic structure of
the articles.

Main findings: The results revealed a growing trend in attention to green
artificial intelligence over the past decade. The number of publications in this
field increased significantly from just 1 article in 2015 to 276 articles in 2024.
Approximately 67% of the studies focused on optimizing energy consumption,
and 24% addressed carbon reduction, while other environmental aspects such as
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ecological footprint received comparatively less attention. In terms of academic
disciplines, the highest contributions came from the fields of energy, computer
science, engineering, and decision sciences, highlighting the interdisciplinary
nature of this domain. Proposed solutions included reusing pre-trained models,
compressing models, and leveraging cloud computing to reduce resource
consumption. Additionally, some studies introduced frameworks for accurately
measuring greenhouse gas emissions produced during various stages of model
training and inference.

Discussion and conclusions: Recent advancements in information retrieval have
enabled faster and more accurate access to data; however, they have also raised
concerns about their environmental impact. Emerging concepts such as Green Al
and Sustainable Information Retrieval aim to reduce energy consumption and
greenhouse gas emissions in these processes. With the growing use of deep
learning models in retrieval systems, designing optimized algorithms with lower
computational costs has become essential. This includes minimizing unnecessary
server queries and experiments, utilizing pre-trained models, and leveraging
existing datasets. Additionally, employing cloud computing, reducing data
dimensionality, and optimizing hardware resources can significantly decrease
computational load. Research in this area requires an interdisciplinary approach
and the use of innovative tools to assess environmental impacts. Ultimately, these
approaches seek to raise awareness and foster responsibility within the scientific
community regarding the environmental footprint of research activities, thereby
promoting the development of sustainable technologies that contribute to climate
change mitigation, conservation of natural resources, and improved quality of
human life.

Keywords: Green Artificial Intelligence, Sustainable Information Retrieval,
Greenhouse Gas Emissions, Red Al, Neural Networks.



