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Abstract—Sustainable supplier selection has become a complex decision-making problem due to the need to simultaneously consider economic
performance, environmental impact, and social responsibility. Traditional supplier evaluation methods largely rely on cost- and performance-
based criteria and are unable to process large-scale, multi-dimensional sustainability data effectively. To address this limitation, this paper
proposes a machine learning—based decision support system for sustainable supplier selection and risk assessment. The proposed system
integrates Triple Bottom Line sustainability indicators into an automated evaluation pipeline and applies multiple machine le arning models to
predict supplier risk levels. Four models—Random Forest, Support Vector Machine, Gradient Boosting Machine, and Linear Regression are
implemented and evaluated using real supplier performance data. Experimental results demonstrate that ensemble learning models, particularly
Random Forest and Gradient Boosting Machine, achieve superior prediction accuracy and robustness compared to baseline methods. Feature
importance analysis further confirms that environmental and social sustainability indicators play a significant role in supplier risk prediction.
The proposed framework enables objective, data-driven supplier evaluation, improves decision accuracy, and supports the development of
resilient and sustainable supply chains.
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I INTRODUCTION

Supplier selection is a critical function in supply chain
management, directly influencing operational performance,

cost efficiency, and organizational resilience [1]. In modern
supply chains, this task has evolved into a multi-criteria
decision-making problem due to increasing regulatory
pressure, environmental concerns, and social responsibility

requirements| 2 . Organizations are no longer evaluated solely
on economic outcomes but also on their environmental and
social impact, making sustainability an essential component of
supplier evaluation

Conventional supplier selection approaches primarily
focus on economic indicators such as price, delivery time, and

product quality[3]. While these methods are effective for
short-term operational optimization, they fail to capture
sustainability-related risks such as environmental non-
compliance, unethical labor practices, and governance failures.
These overlooked factors can lead to supply chain disruptions,
reputational damage, and long-term financial losses. As supply
chains become more data-intensive and globally distributed,
traditional evaluation techniques struggle to process complex

and high-dimensional sustainability data efficiently[4].
Recent advancements in machine learning have
demonstrated strong potential for addressing complex
decision-making problems in supply chain systems. Machine
learning models are capable of learning non-linear
relationships, handling large datasets, and generating
predictive insights that improve decision accuracy[5].
Although machine learning has been widely applied in areas
such as demand forecasting, inventory management, and
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logistics optimization, its application to sustainability -driven
supplier selection remains limited[6].

This study proposes a machine learning—based sustainable
supplier selection system that integrates economic,
environmental, and social indicators within a unified
evaluation framework. By leveraging multiple machine
learning models, the proposed system predicts supplier risk
levels and supports automated, data-driven decision-making.
The main contributions of this work are:

(1) the development of a structured decision-support system
for sustainable supplier evaluation,

(i) the integration of Triple Bottom Line sustainability
indicators into machine learning models,

(iii) a comparative performance analysis of multiple
algorithms for supplier risk prediction.

The proposed approach enhances supplier assessment
accuracy and contributes to the development of resilient and
sustainable supply chain systems.

II. LITERATURE REVIEW

1) Sustainable Supplier Selection and the Triple Bottom Line

Sustainable supplier selection has evolved from a cost-
driven procurement activity into a multi-criteria decision
problem that incorporates economic, environmental, and
social considerations[7]. This shift is commonly structured
using the Triple Bottom Line (TBL) framework, which
emphasizes balanced performance across profit, planet, and
people dimensions. In supply chain contexts, TBL enables
organizations to assess suppliers not only based on price,
quality, and delivery performance, but also on environmental
compliance, resource efficiency, labor practices, and ethical
standards[8].
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Prior studies show that suppliers with strong
environmental and social performance tend to exhibit better
governance and lower long-term disruption risk [9].
Environmental indicators such as emissions control, waste
management, and energy efficiency are increasingly linked to
regulatory compliance and reputational stability, while social
indicators including labor safety and ethical practices
influence supplier reliability. However, despite broad
agreement on the importance of TBL, many existing supplier
selection approaches[10] treat sustainability factors as
qualitative checklists or secondary constraints rather than
integrated decision variables.

Traditional sustainability-oriented supplier selection
studies often rely on expert judgment and static weighting
schemes, which limits scalability and adaptability in dynamic
supply chain environments[12]. As supply networks grow in
complexity and data volume, these methods struggle to
process multidimensional sustainability information
effectively, highlighting the need for automated and data-
driven evaluation mechanisms.

2) Machine Learning and Decision Support Systems in
Supplier Risk Assessment

Decision Support Systems (DSS) have long been applied
in supply chain management to support supplier evaluation,
procurement planning, and risk assessment. Early DSS
implementations were primarily rule-based or relied on Multi-
Criteria Decision-Making (MCDM) techniques such as AHP
and TOPSIS. While these methods offer transparency and
interpretability, they depend heavily on subjective expert
inputs and lack the ability to learn from historical data or adapt
to changing conditions[13].

Recent advances in machine learning have enabled more
dynamic and predictive DSS architectures [14] . Machine
learning models such as Random Forest, Support Vector
Machine, and Gradient Boosting have been increasingly
applied to supplier risk prediction due to their ability to model
non-linear relationships and handle high-dimensional data.
These models allow supplierrisk to be inferred directly from
historical performance records, enabling automated,
consistent, and scalable evaluations [15].

Several studies demonstrate that machine learning—based
DSS outperform traditional rule-based systems in detecting
supplier failures and operational risks [16]. However, many
existing approaches focus primarily on economic or
operational indicators, with limited integration of
environmental and social sustainability metrics [17].
Furthermore, purely data-driven models often face challenges
related to interpretability, which is critical for governance,
auditability, and decision transparency in procurement
processes.

3) Research Gap

Although prior research highlights the importance of
sustainability in supplier selection and demonstrates the
effectiveness of machine learning in risk prediction, a clear
gap remains in integrating these two streams [18]. Existing
studies either emphasize sustainability using static evaluation
frameworks or apply machine learning models without fully
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embedding Triple Bottom Line indicators as core predictive
features.

Specifically, there is a lack of lightweight, machine
learning—driven decision supportsystems that simultaneously
incorporate economic, environmental, and social sustainability
dimensions into supplier risk assessmentin an automated and
interpretable manner [19]. Moreover, comparative evaluations
of multiple machine learning models within a unified
sustainability-oriented framework remain limited[20].

To address these gaps, this study proposes a machine
learning—based sustainable supplier selection system that
explicitly operationalizes Triple Bottom Line indicators as
model inputs and evaluates multiple learning algorithms for
supplier risk prediction. The proposed approach aims to
enhance decision accuracy, reduce subjectivity, and support
data-driven, sustainability-aware supplier selection.

III. METHODOLOGY

This study proposes a machine learning—based Sustainable
Supplier Selection System (SSSS) designed to evaluate
supplier risk by integrating economic, environmental, and
social sustainability indicators. The methodology consists of
data collection and preprocessing, feature engineering, model
development, and performance evaluation.

3.1 Data Preparation and Feature Construction

The datasetused in this study comprises historical supplier
performance records spanning three sustainability dimensions
aligned with the Triple Bottom Line framework. Economic
indicators include cost efficiency, delivery reliability, and
product quality. Environmental indicators represent emissions
control, waste management practices, and resource utilization,
while social indicators capture labor practices, workplace
safety, and regulatory compliance.

Data preprocessing was conducted to ensure reliability and
consistency. Missing values were addressed using appropriate
imputation methods, and categorical attributes were encoded
into numerical representations. All features were normalized
to a common scale to prevent bias arising from differing
numerical ranges. Each supplier was represented as a unified
feature vector combining economic, environmental, and social
attributes. The target variable corresponds to supplier risk
level, reflecting the likelihood of sustainability-related or
operational failure.

3.2 Machine Learning Models

To assess supplier risk prediction performance, four
machine learning models were implemented: Random Forest
(RF), Support Vector Machine (SVM), Gradient Boosting
Machine (GBM), and Linear Regression (LR). These models
were selected to enable comparative evaluation across
ensemble-based, non-linear, and linear learning approaches.

3.3 Model Training and Evaluation

The dataset was divided into training and testing subsets to
evaluate model generalization. Each model was trained on the
training set and evaluated using the testing set. Performance
was assessed using standard metrics, including accuracy,
precision, recall, and Fl-score. These metrics provide a
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comprehensive evaluation of model effectiveness in predicting
supplier risk.
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Figure 1. System Design

IV. RESULTS

This section presents the experimental results of the
proposed machine learning—based Sustainable Supplier
Selection System. The objective is to evaluate the
effectiveness of integrating economic, environmental, and
social sustainability indicators into supplier risk prediction.

1) Data Overview

The dataset consists of supplier performance records
structured across three sustainability dimensions. Economic
indicators capture delivery reliability and financial
performance, environmental indicators represent sustainability
scores related to emissions control and resource efficiency,
and social indicators include SCOR and SW risk levels
reflecting governance and labor practices. Prior to model
training, missing values were handled through imputation and
all features were normalized to ensure uniform scaling.

2) Model Performance Evaluation

Four machine learning models—Random Forest (RF),
Support Vector Machine (SVM), Gradient Boosting Machine
(GBM), and Linear Regression (LR)—were evaluated using
an 80/20 train—test split. Model performance was assessed
using accuracy, precision, recall, and F1-score.

TABLE 1. Performance Comparison of Machine Learning Models

Model Accuracy
Random Forest 0.9751
Support Vector Machine 0.9918
Linear Regression 0.9905
Gradient Boosting Machine 0.9918

Both Random Forest and Gradient Boosting Machine
achieved consistently high performance, demonstrating strong
capability in classifying suppliers into low-, medium-, and
high-risk categories. Linear Regression showed comparatively
weaker performance, indicating limited suitability for
modeling non-linear sustainability relationships.
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Figure 3. Predicted Supplier Risk Category Distribution Using Random Forest

Figure 3 illustrates the distribution of predicted supplier
risk categories (low, medium, and high) generated by the
Random Forest model.
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Figure 4. Actual vs. Predicted Supplier Risk Using Random Forest
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Figure 6. Predicted Supplier Risk Category Distribution Using GBM Figure 10. Predicted Supplier Risk Category Distribution Using Linear
Regression
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machine learning driven decision support systems can
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selection outcomes. Future work may extend this framework
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V.  DISCUSSION

The results confirm that integrating Triple Bottom Line
sustainability indicators into machine learning models
significantly enhances supplier risk prediction. Ensemble
models, especially Random Forest and Gradient Boosting
Machine, performed best due to their ability to capture non-
linear relationships and interactions among economic,
environmental, and social features.

Environmental sustainability emerged as the strongest
predictor of supplier risk, indicating that suppliers with weak
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information, and advanced leaming models to further enhance
adaptability and generalizability.

VI. CONCLUSION AND FUTURE WORKS

This study presented a machine learning—driven system for
sustainable supplier selection that integrates economic,
environmental, and social dimensions of sustainability into
supplier risk assessment. By leveraging multiple machine
learning models, the proposed framework enables automated,
data-driven evaluation of suppliers and improves the accuracy
and objectivity of risk prediction. The experimental results
demonstrate that ensemble learning models, particularly
Random Forestand Gradient Boosting Machine, outperform
traditional approaches in predicting supplier risk and
effectively capture the complex relationships among
sustainability indicators. The findings highlight the critical
role of sustainability in supply chain risk management.
Environmental sustainability scores and social risk indicators
were identified as key contributors to supplierrisk prediction,
emphasizing that suppliers with strong environmental and
social practices are less likely to pose long-term risks. These
results confirm that sustainability-oriented supplier selection
not only supports corporate social responsibility objectives but
also enhances supply chain resilience and operational
reliability. Overall, the proposed framework provides a
practical decision-support tool for organizations seeking to
align supplier selection strategies with sustainable supply
chain management goals.

While this study demonstrates the effectiveness of machine
learning for sustainable supplier selection, several
opportunities exist for future research. First, future work can
incorporate real-time and dynamic data sources to capture
emerging sustainability risks associated with changing
environmental regulations, market conditions, and social
factors. Second, the integration of unstructured data, such as
supplier reports, audit documents, and news articles, using
natural language processing techniques could enhance risk
prediction accuracy and provide early warning signals for
potential disruptions. Additionally, future studies may explore
advanced deep learning and hybrid models to further improve
predictive performance and scalability across large and
heterogeneous supply chains. Expanding the framework to
cross-industry datasets and evaluating its applicability in
different geographical and regulatory contexts would also
strengthen its generalizability. Finally, integrating the
proposed system into enterprise resource planning or supply
chain management platforms could facilitate real-world
adoption and support continuous, sustainability-driven
supplier evaluation.
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