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Abstract

This quantitative experimental study aims to analyze energy consumption, carbon dioxide emissions,
and model performance under different optimization scenarios. Data were obtained from four standard
datasets, namely Iris, Digits, Wine, and CIFAR-10, and the experiments were conducted in a
laboratory computational environment. Accordingly, the spatial scope of the study was defined by the
computational environment, while the temporal scope corresponded to the experimental period. The
analytical procedure involved evaluating the models under different preprocessing scenarios and
comparing accuracy, precision, recall, F1-score, energy consumption, and carbon emissions. The
increasing energy consumption and carbon dioxide emissions associated with the development of
machine learning models and deep neural networks underscore the need for Green Atrtificial
Intelligence approaches. This study evaluates energy consumption, carbon dioxide emissions, and
model performance across four scenarios: baseline, duplicate-data removal, principal component
analysis (PCA), and 50% sampling. For the Iris and Wine datasets, accuracy, precision, recall, and F1-
score remained equal or close to 1 across all scenarios, while energy consumption decreased from
0.000005 kWh to 0.000003 kWh. For the Digits dataset, accuracy ranged from 0.96 to 0.97, while
sampling reduced energy consumption to 0.000007 kWh. In the second part of the study, a
convolutional neural network (CNN) was applied to the CIFAR-10 dataset and achieved an accuracy
of 0.56; however, its energy consumption and carbon emissions were substantially higher than those
observed for the smaller datasets. The results indicate that optimization scenarios applied to small
datasets can reduce energy consumption without compromising model accuracy, whereas larger
datasets require more advanced optimization approaches.

Keywords: Artificial Intelligence; Energy Consumption; Carbon Dioxide Emissions; Machine
Learning; Energy Efficiency.
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1. Deep Learning

2. Carbon Dioxide (COz)
3. Precision

4. Accuracy
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1. Iris dataset for machine learning, available at https://archive.ics.uci.edu/dataset/53/iris

2. Digits dataset for machine learning, available at
https://www.kaggle.com/datasets/karnikakapoor/digits

. Wine dataset for machine learning, available at https://archive.ics.uci.edu/dataset/109/wine
. CIFAR-10 dataset for machine learning, available at https://keras.io/api/datasets/cifar10/
. Baseline

. Cleaning

. Principal Component Analysis (PCA)

. Sampling

. Recall

0. F1 Score
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1. Random Forest
2. Convolutional Neural Network (CNN)
3. Carbon Dioxide (CO2)
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