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1. INTRODUCTION

The rapid development of information technology has significantly transformed the way
organizations handle operational tasks, particularly in document processing and printing. Printers
remain essential tools in various institutions, including offices, schools, and government agencies,
where daily operations often involve high-volume printing activities. However, despite their
importance, printer usage is frequently overlooked in terms of efficiency and sustainability.

Printers are seen as a critical point in green IT policies because they are resource-
intensive (use paper, ink, electricity), generate significant waste, and have the potential for
significant savings through relatively simple management policies compared to other devices.
Employee printing behavior (e.g., repeated printing, unnecessary printing, or single-sided printing)
significantly impacts resource consumption. In addition, analytics-driven policies enable institutions
to implement sustainable printing practices as part of their Green IT strategies, ensuring that
outcomes such as reduced paper demand or lower electricity consumption are not only cost-saving
but also measurable contributions toward institutional sustainability goals. This means that printers
are not just a technological tool, but also a cultural shift in supporting sustainability.

Unmonitored printer activities can result in excessive resource consumption, including
paper, ink, and electricity, ultimately leading to increased operational costs and environmental
waste. Studies such as those by Yin, J., & Li, C. (2022) emphasized that inefficient printing
practices contribute to organizational inefficiencies and carbon footprint. Furthermore, research by
Green IT advocates has highlighted the growing need to implement environmentally conscious
policies through the optimization of device usage.
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The integration of data analytics into printing systems offers a promising solution. By
collecting and analyzing print-related data such as page count, color vs. monochrome usage, paper
size, and print cancellations, institutions can identify patterns, detect anomalies, and implement
informed decisions to improve performance.

Recent advancements in machine learning (ML) have made it possible to process such
data at scale and extract valuable insights. ML techniques such as Random Forest, Support Vector
Machines, and neural networks have been widely adopted in various domains to optimize resource
usage and support automated decision-making (Hall & Rasheed, 2025; Mahajan et al., 2024). In
sectors like telecommunications and education, ML has shown significant improvements in
efficiency through anomaly detection and usage prediction (Thillaigovindhan et al., 2024; Khan et
al., 2024). These successes highlight the potential of ML in addressing inefficiencies in overlooked
processes such as printer usage.

Moreover, the adoption of explainable machine learning models ensures transparency and
trust in their recommendations, which is especially critical in institutional environments (Pichler &
Hartig, 2022). Integrating such approaches into printer usage monitoring allows institutions to make
data-driven policies that not only cut operational costs but also support environmental sustainability
goals.

This study aimed to analyze institutional printer usage through data-driven methods,
providing insights into user behavior and operational efficiency. The outcomes were intended to
support strategic policy-making to reduce unnecessary printing, cut costs, and promote sustainable
practices.

2. RESEARCH METHOD

This study employed a quantitative research methodology that utilized machine learning techniques
to analyze institutional printer usage data. The research process was structured into six distinct
stages. Each stage was designed to systematically process, analyze, and interpret the data to
derive meaningful insights.
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Figure 1. Research method data analysis flow diagram

1. Identify the data to determine the purpose of the data processing to be performed. Raw data
taken from the printer server log is imported into CSV format. Several Python libraries are
used to perform data processing and visualization, such as Numpy, Pandas, Seaborn,
Matplotlib, and Sklearn.
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2. Feature extraction was performed to identify and select the most relevant features for model
implementation. This step helps in reducing noise and improving the model’s accuracy. A
correlation matrix was utilized to analyze the relationship between each feature. By examining
the correlations, redundant or less impactful features could be excluded from the final model.

Toral et Pages

Figure 2. Correlation matrix for each variable

3. Data preprocessing involved cleaning and transforming raw print logs into a structured dataset
suitable for machine learning modeling. This included handling missing values, encoding
categorical variables, and normalization. Outlier detection and feature selection were applied
to enhance model performance and reduce noise (Khan et al., 2024; Hall & Rasheed, 2025).
Data processing was performed using three methods. First, data was normalized into numeric
form. Second, encoding was performed using the one-hot encoder method. Third, data
cleaning and normalization were performed to handle missing values and duplication.
Encoding and normalization were used to transform categorical data into numeric form. From
this numeric data, the following statistical data was obtained.

Table 1. Statistical calculations of numeric data

Variable  Total Printed Duplex Simplex
count 124878 124878 124878
mean 4.21 0.19 4.03

std 13.59 3.77 13.10
min 1 0 0
25% 1 0 1
50% 1 0 1
75% 3 0 3
max 941 270 941

4. Once the data is converted to numerical values, it can be implemented into a machine learning
model for classification. Here, we used a grid search technique from five classification models,
resulting in the Random Forest Classifier model, which selected the most influential features,
achieving the highest accuracy of 97% on the data. The Random Forest Classifier was chosen
as the primary algorithm due to its robustness against overfitting and its capability to handle
high-dimensional data (Pichler & Hartig, 2022). The dataset was split into training (80%) and
testing (20%) subsets using stratified sampling to maintain class distribution. The model was
trained to classify printing patterns based on usage behavior (e.g., efficient vs. wasteful) and
to detect anomalies that may indicate unusual or excessive printing. Hyperparameter tuning
was conducted using grid search and cross-validation to optimize performance.

Table 2. Gridsearch technique to find the best classification model.
Model  Accuracy
Linear SVC 73.82%
KNeighbors 97.38%
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Model  Accuracy

Random Forrest 97.40%
Decision Tree 94.79%
SGD Classification 73.27%

5. From the classification results, the five most influential features were identified, as shown in
the figure. These five features were used to implement a machine learning forecasting model
to predict future print runs. The results were visualized using charts and reports to identify
departments with inefficient usage patterns. Recommendations for policy improvement, such
as print quotas or duplex defaults, were proposed based on findings. This approach follows
the data-driven governance and green IT principles discussed by Yin, J., & Li, C. (2022).

Figure 3. Feature important classification results

6. All the data obtained during the research were collected systematically. This step ensured that
relevant information from each phase was gathered accurately. The collected data were then
used to draw conclusions based on the analysis conducted.

3. RESULTS AND DISCUSSIONS

The total printer usage per division was calculated after completing the forecasting process. This
analysis provided a clear overview of how each division utilized printing resources over time. By
comparing the forecasted data with actual usage, patterns and discrepancies were identified.
These insights were then used to evaluate printing efficiency and optimize resource allocation
across divisions.

From a cross-divisional efficiency policy perspective, these findings provide a basis for
management to direct more department-specific strategies, such as implementing a duplex printing
policy, limiting the number of pages per user, or integrating a digital document management
system to reduce the need for repeated printing. Furthermore, uneven distribution of the print load
can trigger the need for redistribution of equipment or policies across divisions, for example, by
shifting some documentation processes to a shared digital system to more evenly distribute the
print load.

Table 3. Result prediction of printer usage in each division

Division Estimated Print Usage

Business Support 39446

Finance 26106

Supply Chain Management 13283
Technical Planning 13102

Surface & Project Engineering 9454
QHSE 9224
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Figure 4. Graphical prediction of printer usage in 1 year

Recommendations for efficient printer usage included the implementation of a duplex
printing policy to maximize paper efficiency. This approach aimed to significantly reduce paper
consumption and minimize waste. The forecasting model developed from the processed data
demonstrated a prediction accuracy of 80-81%. This level of accuracy indicates the model's
reliability in supporting data-driven decision-making for printer usage optimization.

accuracy 1.98 24978
macra avg . o H.81 B. 5B 244976
weighted avp 1.64 1.88 1.488 24978

Figure 5. The results of the accuracy measurement level of the model.

Second, document digitization and print quotas. By reducing unnecessary print volume,
ink/toner costs are reduced. The resulting impact is reduced toner waste and printer electricity.
Compare the average print run per employee before and after the policy, then convert this to
potential ink and electricity reductions.

4. CONCLUSION
The conclusions drawn after analyzing the data obtained were as follows the “Business Support
Department” had the highest print volume (39,446 pages). This reflects its high technical
requirements. Print Efficiency majority of prints were grayscale (82.6%), reflecting efficient use of
color ink. However, duplex printing usage was still low (6.2%) because most users printed on one
side of the paper. Distribution of print job types is “reports” (34.4%) and “Presentations” (29.0%).
other documents, such as invoices and emails, tended to require fewer prints. A predictive model
accuracy of 80-81% can serve as an initial basis for developing printer usage policies, but it is
insufficient to serve as a single, long-term reference. There is still a 19-20% chance of error, so
policies need to be flexible and evaluated periodically.

The success of internal document digitization can be measured by reducing print volume.
Print volume reduction is achieved by comparing the average number of pages printed before and
after digitization. The reduction in print volume will be visible in printer log data and operational
expenses for paper, ink, and device maintenance. If the average monthly print count before
digitization was around 40,000 pages from Business Support and after standard implementation, it
drops to 20,000 pages, a measurable 50 percent savings is achieved. Suggestions from
practitioners that can be implemented for office policy include: a) Increasing the use of duplex
printing by requiring two-sided printing for internal documents to reduce paper consumption and
providing training to users on how to utilize the duplex printing feature; b) Limiting color printing for
documents for use of color printing to external documents or important presentations with
implementing an approval system for color printing; c) Using Monitoring print activity with
implementing a regular reporting system to monitor print activity in each department and identifying
users with high print activity for further evaluation; d) Implementing digitization of internal
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documents by reducing printing for documents such as reports or emails by adopting digital formats
and using digital collaboration tools for internal presentations.
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