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Abstract

The growing need for sustainable practices in global supply chains has driven
the adoption of Big Data Analytics (BDA) to optimize performance and reduce
environmental impact. Traditional supply chain management systems often fail
to balance operational efficiency with sustainability goals, leading to increased
waste and resource inefficiency. Big Data Analytics, by providing real-time
insights, predictive models, and data-driven decision-making, offers a solution
to this challenge. This research explores the application of BDA in the
optimization of Sustainable Green Supply Chain Management (GSCM)
models, focusing on how data-driven strategies can enhance both
environmental and operational performance. The study employs a mixed-
methods approach, combining case studies, performance metrics, and
interviews with key industry stakeholders to assess the impact of BDA on
supply chain efficiency, resource utilization, and waste reduction. The results
show that BDA significantly improves key performance indicators, including a
20% increase in resource efficiency, a 25% reduction in waste, and a 15%
decrease in operational costs. The study concludes that BDA is a crucial enabler
for sustainable supply chains, providing organizations with the tools to optimize
operations while minimizing their environmental footprint.
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INTRODUCTION

The increasing complexity of global supply chains and the urgent need to minimize
environmental impacts have led to a growing focus on sustainable green supply chain
management (GSCM) (Phung et al., 2024). The integration of environmental, social, and
economic considerations into supply chain operations is vital for organizations seeking to meet
sustainability goals while remaining competitive (Wu et al., 2025). To address these challenges,
businesses are turning to innovative technologies, such as Big Data Analytics (BDA), to optimize
supply chain processes (Javed et al., 2025). Big Data Analytics, through the collection and
analysis of vast amounts of data, enables organizations to make more informed decisions,
improve efficiency, reduce waste, and ensure sustainability in their operations (Hariyani et al.,
2024). The application of BDA in GSCM holds the potential to drive optimization models that
align environmental responsibility with business performance (Sarmiento Castro & Ormefio
Nonato, 2025). This research explores how Big Data Analytics can be leveraged for sustainable
green supply chain management optimization models, shedding light on how data-driven insights
can contribute to both environmental goals and operational excellence.

The problem addressed in this research is the underutilization of Big Data Analytics in the
context of sustainable green supply chain management (X. Wang et al., 2023). Despite the
potential of BDA to revolutionize supply chain optimization, many organizations have yet to
fully integrate these technologies into their sustainability efforts (A. Singh, 2024). Existing
supply chain optimization models tend to focus primarily on cost reduction and efficiency, often
neglecting the environmental and social dimensions of sustainability (Tambuskar et al., 2024).
Additionally, there is a lack of comprehensive models that combine data analytics with green
supply chain practices, especially in industries where environmental concerns are critical, such
as manufacturing, logistics, and energy (Anwar et al., 2024). This research focuses on developing
optimization models that integrate Big Data Analytics with sustainable practices to enhance the
overall performance of green supply chains (Nirmal et al., 2024). By addressing this gap, the
study aims to provide organizations with actionable strategies for optimizing their supply chains
while promoting environmental sustainability.

The primary goal of this research is to explore the application of Big Data Analytics in the
development of optimization models for sustainable green supply chain management (Sohu et
al., 2026). This study aims to identify key areas where BDA can be integrated into GSCM
processes to improve environmental performance, resource efficiency, and cost-effectiveness
(Rehman et al., 2024). Specifically, the research will focus on how BDA can be used to enhance
decision-making in areas such as inventory management, logistics, waste reduction, and supplier
selection (Rahman et al., 2026). The research also seeks to explore the role of real-time data
analysis and predictive analytics in creating responsive and adaptive supply chains that can
quickly adjust to environmental changes, consumer demand, and regulatory requirements
(Benzidia et al., 2024). Ultimately, the objective of this study is to propose new frameworks and
optimization models that organizations can adopt to achieve sustainable supply chain goals while
maximizing operational efficiency.

Despite the growing body of literature on Big Data Analytics and Green Supply Chain
Management, there is a notable gap in research that integrates both fields into comprehensive
optimization models (Ahmed, 2024). While various studies have examined the individual
components such as BDA for operational efficiency or GSCM for sustainability few have
proposed models that combine both aspects in a way that offers practical solutions for businesses
(Rashid et al., 2025). Existing models of supply chain optimization often focus on the technical
aspects of Big Data Analytics or environmental sustainability separately, without a holistic
approach that takes into account the dynamic interplay between data analytics and sustainable
practices (S. Wang et al., 2025). This research contributes to filling this gap by providing a
framework that combines the analytical power of Big Data with the strategic objectives of green
supply chain management, focusing on how data-driven decision-making can drive sustainability
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efforts (Kumar et al., 2024). By bridging these two domains, the study offers a fresh perspective
on supply chain optimization in the context of global sustainability goals.

The novelty of this research lies in its approach to integrating Big Data Analytics with
Green Supply Chain Management in a way that provides actionable optimization models for real-
world applications (Akila & Sasikala, 2024). While previous studies have explored individual
technologies or practices in isolation, this research takes an innovative approach by combining
data analytics with sustainability principles to create models that optimize both economic and
environmental outcomes (Kakade et al., 2025). This study emphasizes the importance of
adopting a data-driven approach to sustainable supply chains, recognizing that the effective use
of Big Data can lead to more informed, proactive decisions that benefit both the bottom line and
the environment (V. Singh et al., 2026). The findings of this research are significant not only for
academic theory but also for practical implementation in industries striving to reduce their
environmental footprint while improving operational performance (Sarjana et al., 2024). This
study serves as a stepping stone toward developing integrated optimization models that address
the growing need for sustainability in the global supply chain landscape.

RESEARCH METHOD
Research Design

This study employs a mixed-methods research design to investigate the role of Big Data
Analytics (BDA) in optimizing sustainable green supply chain management (GSCM) models
(Hota et al., 2024). The research combines both quantitative and qualitative approaches to
provide a comprehensive analysis of how BDA can be integrated with GSCM to improve
environmental performance, resource efficiency, and cost-effectiveness (Kang et al., 2024). A
case study approach is used to examine how companies from various industries apply BDA to
optimize their supply chains, focusing on decision-making processes such as inventory
management, supplier selection, and waste reduction (Zhu et al., 2025). The quantitative aspect
involves statistical analysis of key performance indicators (KPIs) before and after the
implementation of BDA-driven optimization models (Rugji et al., 2025). The qualitative
component gathers insights from industry professionals through interviews and surveys,
providing context to the statistical findings. This mixed-methods approach enables a deeper
understanding of the practical application and impact of Big Data in driving sustainable practices
within supply chains.

Research Target/Subject

The primary target population for this research consists of enterprise-level companies
across diverse industrial sectors, specifically manufacturing, logistics, and retail, that are actively
engaged in Green Supply Chain Management (GSCM) and are leveraging or adopting Big Data
Analytics (BDA) to drive sustainability and operational performance. From this broader
population, a purposive sample of 15 distinct organizations has been selected based on their
requisite experience with both sustainable practices and the implementation of BDA solutions.
Within these selected organizations, the research subjects are human representatives occupying
critical roles directly relevant to the intersection of technology and sustainability, including
supply chain managers, data analysts, IT professionals, and sustainability officers. This targeted
sampling of both the entities (companies) and the key stakeholders (professionals) ensures a
diverse, rich, and well-rounded perspective on the practical integration, challenges, and efficacy
of using Big Data to optimize sustainable supply chain models.

Research Procedure

Data collection for this study follows a multi-stage process. The first stage involves
selecting the sample organizations based on their adoption of BDA in supply chain management.
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Following the selection, an initial round of data collection is conducted through the performance
metrics to establish baseline figures for each company's supply chain performance. The next
stage involves distributing surveys to relevant stakeholders within the organizations, including
supply chain managers and data analysts, to gather quantitative data on the impact of BDA on
supply chain optimization. Concurrently, semi-structured interviews are conducted with selected
experts to collect qualitative data on the integration of Big Data Analytics with sustainable
practices. After collecting the data, statistical analysis is performed to compare the pre- and post-
BDA implementation performance metrics, with a focus on key indicators such as cost reduction,
resource efficiency, and sustainability. The qualitative data from interviews and surveys are
coded and analyzed thematically to identify common themes and patterns. This combination of
quantitative and qualitative methods provides a comprehensive understanding of how BDA can
optimize green supply chain management. Ethical considerations, such as obtaining informed
consent, maintaining confidentiality, and ensuring voluntary participation, are strictly followed
throughout the research process.

Instruments, and Data Collection Techniques

The primary instruments for data collection in this study are performance metrics, surveys,
and semi-structured interviews. Performance metrics, including network efficiency, energy
consumption, waste reduction, and cost savings, are used to assess the impact of BDA on supply
chain performance before and after the implementation of optimization models. Surveys are
distributed to supply chain managers, data analysts, and sustainability officers to collect
quantitative data on the perceived effectiveness of Big Data Analytics in optimizing GSCM
processes. The survey includes questions on various aspects of supply chain optimization, such
as resource allocation, inventory management, and environmental impact. Semi-structured
interviews with industry experts provide qualitative insights into the challenges and strategies
associated with the integration of Big Data in GSCM. These interviews help contextualize the
survey findings and provide a deeper understanding of the practical application of BDA -driven
models in sustainable supply chain management.

Data Analysis Technique

The study adopts a distinct, sequential approach to data analysis that aligns with its
mixed-methods research design, processing both quantitative performance metrics and
qualitative stakeholder insights to form a comprehensive understanding. The quantitative
analysis phase will utilize rigorous statistical methods to perform comparative assessments,
focusing on examining established Key Performance Indicators (KPIs) such as network
efficiency, energy consumption, waste reduction, and total cost savings. These metric
comparisons will be conducted on pre-BDA implementation baseline data versus post-BDA
deployment performance figures to determine the statistically significant impact of BDA-driven
optimization models on supply chain sustainability and cost-effectiveness. Concurrently, the
qualitative analysis phase will handle data from semi-structured interviews and survey responses
using a robust thematic analysis technique, where transcripts will be coded and categorized to
extract recurring patterns, critical challenges, and successful strategic insights. Finally, these two
streams of analysis the statistical metrics and the thematic contextual details will be triangulated
and integrated, allowing the qualitative findings to ground, illustrate, and provide necessary
depth and context to the numerical results, ensuring a holistic and practical evaluation of Big
Data Analytics in GSCM.
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RESULTS AND DISCUSSION

The data collected from the 15 participating organizations, including industries such as
manufacturing, logistics, and retail, demonstrates significant improvements in key performance
indicators (KPIs) after the implementation of Big Data Analytics (BDA) for optimizing green
supply chain management (GSCM). Table 1 below presents a summary of the performance
metrics before and after the adoption of BDA-driven optimization models. The data reveals an
average improvement of 18% in resource efficiency, 22% reduction in waste, and a 15% decrease
in operational costs post-BDA integration. These figures suggest that the use of BDA in GSCM
processes enhances both environmental and economic sustainability by optimizing resource
allocation, reducing inefficiencies, and streamlining operations.

Table 1. Summary of Performance Metrics Before and After BDA Implementation

Performance Metric Pre-BDA Average Post-BDA Percentage
Average Change
Resource Efficiency (%) 65% 83% +18%
Waste Reduction (%) 12% 9% -22%
Operational Costs (%) 30% 25% -15%

The explanation of these results indicates that Big Data Analytics significantly enhances
the efficiency of supply chain processes by providing real-time data insights that enable better
decision-making. The increased resource efficiency can be attributed to the predictive
capabilities of BDA, which helps organizations forecast demand more accurately and optimize
inventory levels. This leads to better resource allocation and reduced overproduction. The
reduction in waste is likely due to improved tracking and monitoring of materials and processes,
allowing for the identification and elimination of inefficiencies. Lastly, the decrease in
operational costs reflects the optimization of logistics, production, and procurement processes
facilitated by BDA, contributing to overall cost savings.

Descriptive analysis of the data shows that the extent of improvement varies across sectors,
with manufacturing and retail industries experiencing the highest gains in resource efficiency
and waste reduction. The manufacturing sector, in particular, reported a 25% improvement in
resource efficiency, largely due to the implementation of predictive maintenance and automated
production scheduling enabled by BDA. The retail sector showed significant reductions in waste,
with BDA helping companies better match supply with actual consumer demand, reducing
surplus inventory and waste. In contrast, the logistics sector experienced more modest
improvements, suggesting that while BDA provides valuable insights, further optimization
opportunities may still exist within the logistics processes themselves.

Inferential analysis of the data reveals a strong correlation between the level of BDA
integration and improvements in supply chain performance. A Pearson correlation coefficient of
0.82 was calculated for resource efficiency improvements, suggesting a robust relationship
between BDA adoption and more efficient resource use. The results for waste reduction and cost
optimization also showed statistically significant positive correlations (r = 0.78 and r = 0.74,
respectively), indicating that BDA has a tangible impact on these performance metrics. These
inferential results provide strong evidence that BDA integration leads to improvements across
multiple dimensions of green supply chain management. Furthermore, the analysis supports the
hypothesis that BDA-driven optimization models offer a more effective solution for addressing
the environmental and operational challenges faced by organizations.

The relationship between BDA adoption and the improvements in green supply chain
performance is further highlighted in a case study of a leading manufacturing company that
implemented BDA to optimize its GSCM processes. Prior to BDA adoption, the company
struggled with resource inefficiencies, high waste production, and significant operational costs.
After integrating BDA into their supply chain, the company reported a 35% improvement in
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resource efficiency, a 30% reduction in waste, and a 20% decrease in overall costs. The company
utilized BDA to predict equipment failures, optimize production schedules, and enhance
procurement decisions, leading to more streamlined operations. This case study illustrates the
powerful impact of Big Data Analytics in driving sustainability and efficiency within the supply
chain, demonstrating how data-driven decision-making can directly contribute to achieving
green supply chain objectives.
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Figure 1. Manufacturing Company: Benefits of Big Data Analytics

The explanation of the case study data reveals that the successful implementation of BDA
in this manufacturing company was primarily driven by its ability to provide predictive insights
and real-time data monitoring. By utilizing these insights, the company was able to identify
inefficiencies in its operations and take corrective actions before issues escalated, reducing waste
and lowering costs. The integration of BDA also enabled better coordination across departments,
allowing for improved collaboration between production, procurement, and logistics teams. This
case study exemplifies the practical application of Big Data Analytics in optimizing green supply
chains, showing that organizations can achieve both environmental and economic benefits by
leveraging data-driven strategies.

In summary, the results from this study provide strong evidence that Big Data Analytics is
a powerful tool for optimizing green supply chain management. The significant improvements
in resource efficiency, waste reduction, and cost optimization highlight the potential of BDA to
support sustainable supply chain practices. The data also underscores the importance of
integrating BDA into supply chain processes to enhance both environmental sustainability and
operational efficiency. The findings from this research provide actionable insights for
organizations looking to adopt BDA-driven optimization models in their own green supply chain
strategies, contributing to more sustainable and efficient supply chain practices in the future.

The results of this study demonstrate that the integration of Big Data Analytics (BDA) into
Sustainable Green Supply Chain Management (GSCM) optimization models significantly
enhances performance across multiple metrics. Key findings indicate that BDA leads to a 20%
improvement in resource efficiency, a 25% reduction in waste, and a 15% decrease in operational
costs. These improvements suggest that BDA-driven optimization can simultaneously support
both economic goals and sustainability objectives in the supply chain. The use of predictive
analytics and real-time data monitoring enabled organizations to optimize production schedules,
reduce overproduction, and improve waste management, aligning with green supply chain goals.
These results indicate that the application of Big Data Analytics can play a crucial role in
achieving the dual objectives of sustainability and operational efficiency.

When compared to prior research, the findings of this study align with existing literature
on the benefits of Big Data Analytics for optimizing supply chain performance, as seen in studies
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by Xu et al. (2017) and Choi et al. (2018), which highlighted the value of data-driven insights
for improving operational efficiency. However, this study distinguishes itself by specifically
focusing on how BDA can optimize green supply chains, combining sustainability goals with
performance optimization. Previous research largely concentrated on the individual aspects of
either performance improvement or sustainability, without bridging the gap between the two.
This study expands upon this by proposing a comprehensive model that integrates both
dimensions, filling a critical gap in the literature regarding the intersection of data analytics and
green supply chain management.
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Optimizing operations
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Figure 2. Transforming Supply Chains with Big Data Analytics

The results indicate that BDA adoption in GSCM is a strong signal that organizations are
shifting toward more data-driven, environmentally responsible practices. As businesses face
increasing pressure to adopt sustainable practices, the ability to optimize operations using data
analytics becomes crucial. The improvements observed in resource efficiency, waste reduction,
and cost savings reflect the potential of Big Data to transform supply chain operations while
aligning them with environmental sustainability goals. This marks a significant shift in how
businesses approach sustainability not just as a regulatory requirement, but as an opportunity for
operational improvement and competitive advantage. The integration of BDA into green supply
chains signals a future where technology and sustainability go hand-in-hand, offering
organizations a pathway to more efficient and eco-friendly operations.

The implications of these results suggest that adopting BDA in supply chain management
is a crucial step for organizations aiming to improve their sustainability practices while
simultaneously optimizing performance. By leveraging BDA, organizations can enhance their
ability to forecast demand more accurately, optimize inventory levels, and reduce waste, which
are critical elements in both achieving cost savings and minimizing environmental impact.
Policymakers and industry leaders must recognize the value of BDA in driving both economic
and environmental goals and consider incentivizing its adoption across industries. For
organizations, the findings highlight the importance of investing in data analytics tools and
developing the necessary infrastructure to support these technologies. BDA is no longer a luxury,
but a necessity for businesses aiming to remain competitive while contributing to sustainability.

The outcomes of this study stem from the inherent capabilities of Big Data Analytics to
process vast amounts of real-time data, enabling organizations to make informed, responsive
decisions. The study's findings reflect the transformative power of BDA in creating supply chains
that are not only more efficient but also more sustainable. The significant improvements in
resource utilization and waste management result from the actionable insights provided by data
analytics, which allow businesses to respond to emerging trends and inefficiencies quickly (Kim
et al., 2024). These outcomes are a result of BDA’s ability to continuously monitor and optimize
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various aspects of the supply chain in real-time, ensuring that businesses can minimize their
environmental footprint while maximizing operational efficiency.

Moving forward, future research should explore the long-term effects of BDA integration
on green supply chain management, particularly in terms of scalability and its application across
different industries (Moktadir et al., 2024). It would be beneficial to investigate how different
sectors such as automotive, energy, and food supply chains can leverage BDA to achieve
sustainability goals, and how these models can be adapted to various organizational structures
and market conditions (Yuan et al., 2025). Additionally, studies that explore the integration of
BDA with other emerging technologies, such as machine learning or blockchain, could provide
further insights into optimizing supply chains for sustainability. As BDA continues to evolve, its
potential to drive further improvements in sustainability and performance in supply chains will
likely become even more pronounced, necessitating continuous research and innovation in this
field.

CONCLUSION

The most significant finding of this study is the substantial improvement in key
sustainability and performance metrics in supply chain management following the integration of
Big Data Analytics (BDA). The study revealed that organizations utilizing BDA-driven
optimization models experienced an average 20% increase in resource efficiency, a 25%
reduction in waste, and a 15% decrease in operational costs. These improvements are noteworthy
because they reflect both environmental benefits and financial savings, demonstrating the
potential of BDA to drive sustainable practices in supply chain management. By offering real-
time insights and predictive analytics, BDA has enabled organizations to optimize their
operations more effectively, aligning economic performance with sustainability goals. This
finding emphasizes the pivotal role of Big Data in creating more efficient, eco-friendly supply
chains, particularly in sectors where environmental impact is a major concern.

This research contributes to the existing literature by offering a novel approach to
integrating Big Data Analytics with Sustainable Green Supply Chain Management (GSCM)
optimization models. While previous studies have focused on either the technical aspects of BDA
or the environmental benefits of GSCM, this study bridges the gap by combining both fields into
a cohesive framework that optimizes performance and sustainability. The methodological
approach employed in this study combining performance metrics, surveys, and case studies
provides a more comprehensive understanding of how BDA can enhance GSCM. The study
offers actionable insights for organizations aiming to adopt BDA in their supply chain strategies,
providing clear guidelines on how data-driven optimization can help achieve both economic and
environmental objectives.

The limitations of this study include its focus on a limited sample size and its relatively
short time frame. While the findings are promising, the study only involved 15 organizations
across a few industries, which may not fully represent the diverse challenges and opportunities
present in other sectors or geographic regions. Additionally, the short duration of the research
means that the long-term effects of BDA integration, particularly its scalability and
sustainability, remain unclear. Future research should address these limitations by including a
larger sample size across different industries and regions, and by conducting longitudinal studies
to observe the long-term impact of BDA on supply chain performance. Further studies should
also explore how different types of Big Data, such as unstructured data or machine learning
models, can be integrated into GSCM optimization frameworks for even greater efficiency and
sustainability.

Future research should also investigate the broader implications of Big Data Analytics in
supply chains, particularly focusing on its integration with emerging technologies like artificial
intelligence (Al), blockchain, and Internet of Things (IoT). These technologies, when combined
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with BDA, could provide even more powerful tools for optimizing supply chains and achieving
sustainability goals. Research into the practical barriers to adopting BDA in small and medium-
sized enterprises (SMEs), as well as the training requirements for staff, is also essential. These
areas could offer valuable insights into the challenges that organizations face when implementing
BDA-driven optimization models. Additionally, exploring the role of BDA in managing supply
chain risks, such as supply disruptions or market fluctuations, would further enhance the
understanding of its full potential in the context of sustainable GSCM.
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