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Abstract: Data waste presents a growing challenge in the digital era, characterized by redun-
dant, outdated, and underutilized data that contributes to inefficiencies, increased costs, and
environmental concerns. This paper explores how circular economy (CE) principles—reduce,
reuse, recycle, repair, and rethink—can be adapted to optimize data usage, minimize waste,
and ensure responsible data handling throughout its lifecycle. Applying CE concepts to
data management can enhance sustainability, improve operational efficiency, and support
responsible digital transformation. This study examines key strategies and challenges in
implementing circular data management, emphasizing data reuse, lifecycle management,
and policy frameworks. Furthermore, real-world examples and case studies demonstrate
the impact of CE principles in reducing data waste and improving efficiency. Notably,
AI-driven data minimization strategies have led to 30% reductions in storage costs, while
centralized data-sharing initiatives have improved operational efficiency by 20%. These
findings underscore the necessity of structured data governance in the digital economy.

Keywords: circular economy; data management; sustainability; digital transformation;
data lifecycle

1. Introduction
The rapid expansion of digital data has transformed industries, enhancing operational

efficiency and innovation [1]. However, this exponential growth has also led to significant
data waste, characterized by unstructured, obsolete, and redundant information that bur-
dens storage systems, increases energy consumption, and raises security concerns [2]. As
data accumulates without proper governance, organizations face escalating financial and
environmental costs, underscoring the need for sustainable data management practices [2,3].

One critical challenge in digital data management is infobesity, which refers to the
excessive accumulation of digital information, much of which remains underutilized or
redundant [3,4]. Infobesity leads to inefficiencies in storage, increased processing costs, and
security vulnerabilities. Addressing this issue requires structured data governance that
integrates principles of reduction, reuse, and optimization to enhance data sustainability.

The circular economy (CE) model, originally developed for physical resource management,
presents a promising framework for addressing these challenges in data management. By
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applying CE principles—reducing, reusing, recycling, and optimizing resources—organizations
can minimize unnecessary data accumulation, enhance efficiency, and promote sustainable data
governance. CE principles align well with digital ecosystems, ensuring that data remains valuable,
accessible, and responsibly handled throughout its lifecycle.

This paper explores the integration of circular economy principles into data manage-
ment strategies, particularly in domains such as transportation systems, where efficient
data utilization is critical for safety, operational efficiency, and environmental sustainability.
We examine key practices such as data minimization, reuse, sharing, quality assurance, and
lifecycle management to propose a sustainable approach to digital resource governance.
Through this analysis, we highlight both the benefits and challenges of implementing circu-
lar data management strategies, providing insights into how businesses and institutions
can optimize data utilization while reducing environmental and financial costs.

While existing studies have examined CE principles within broader sustainability
contexts, limited research has specifically addressed their role in optimizing data lifecycle
management and enhancing storage efficiency. This study bridges this gap by presenting a
structured framework for integrating CE strategies into digital data governance, particularly
in transportation systems. Through real-world case studies and practical implementations,
this research lays a foundation for CE-based data management, connecting sustainability
objectives with digital transformation. Furthermore, AI-driven predictive analytics have
been shown to significantly reduce data redundancy and enhance operational efficiency
in the transportation sector [5]. By aggregating data from multiple sources, such as traffic
patterns and weather conditions, AI systems can minimize redundancy and support real-
time adaptability in decision making [6].

Despite the potential benefits of circular economy principles in data management,
organizations continue to struggle with an overwhelming influx of digital information.
This phenomenon, often referred to as infobesity, arises from the excessive accumulation of
data—much of which remains underutilized, redundant, or obsolete. To fully leverage CE
principles, it is essential to first understand the challenges posed by infobesity and the role
of effective data management in mitigating its impact.

2. Data Management and Infobesity
The rapid growth of digital data presents both opportunities and challenges [1,2].

While data drives decision making and innovation, unchecked accumulation leads to
infobesity—excessive, unstructured data that overwhelms organizations, increasing redun-
dancy, inefficiencies, and storage costs [2,3]. Without effective management, data becomes
a burden rather than an asset [7,8].

A sustainable approach is essential. The circular economy (CE) model [9], traditionally
used for physical resources, offers a framework to optimize data usage, minimize waste,
and enhance efficiency. By integrating CE principles such as reducing, reusing, recycling,
and optimizing, organizations can lower costs and environmental impact [10].

Key CE-aligned strategies for managing data include the following:

• Data minimization: Reducing unnecessary data collection and storage.
• Data reuse: Repurposing existing datasets across applications.
• Data recycling: Converting outdated data into usable formats.
• Data sharing: Encouraging collaboration to prevent duplication.
• Data quality and standardization: Ensuring accuracy and structured formats for

better integration.
• Data lifecycle management: Overseeing data from acquisition to disposal.
• Data privacy and security: Implementing encryption, anonymization, and

compliance measures.
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• Data governance and compliance: Defining policies for ethical and regulated data use.

By applying these principles [10], organizations can transition from inefficient accu-
mulation to a structured, sustainable data governance model. Treating data as a reusable
resource reduces the risks and costs of infobesity [7,8]. The next section explores strategies
for making this transition.

3. Research Methodology
This study employs a mixed-methods research approach, integrating qualitative and

quantitative methodologies to analyze the impact of circular economy (CE) principles on
data management, as illustrated in Figure 1.

Research Methodology

Qualitative Approach
- Literature review on CE
principles
- Case study: Singapore’s LTA
- Policy and framework
analysis

Quantitative Approach
- Data redundancy reduction
analysis
- Performance metrics
(efficiency, cost savings)
- AI-based data processing

Validation & Evaluation
- Compare pre/post CE
implementation
- Impact assessment using
datasets

Findings and Recommendations

Figure 1. Research methodology flowchart outlining qualitative and quantitative approaches applied
in this study.
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3.1. Qualitative Approach: Theoretical Framework and Case Study

The qualitative aspect of this study involves an in-depth literature review and a case
study analysis. The literature review examines existing research on CE principles in data
management, focusing on strategies such as reduce, reuse, recycle, repair, and rethink.
Additionally, a case study on Singapore’s Land Transport Authority (LTA) is conducted to
demonstrate real-world applications of CE in transportation data management.

3.2. Quantitative Approach: Data Analysis and Impact Assessment

The quantitative component involves a statistical analysis to assess the effectiveness
of CE-based data management strategies. Key performance indicators include data re-
dundancy reduction percentage, improvements in operational efficiency, and estimated
cost savings. The data sources include government reports, industry publications, and
AI-driven analytics applied to transportation data.

3.3. Validation and Evaluation

To validate the findings, a comparative analysis is conducted using real-world datasets,
measuring changes before and after CE implementation. Metrics such as data storage
efficiency, retrieval speed improvements, and overall system performance enhancements
are analyzed to provide a comprehensive evaluation of the proposed framework.

4. Key Strategies for Circular Data Management
To effectively implement the principles of the circular economy (CE) in data man-

agement, organizations must adopt structured strategies that optimize data collection,
storage, reuse, and governance. By applying these circular economy strategies, transporta-
tion authorities can improve sustainability, reduce operational costs, and improve overall
data efficiency. These approaches align with broader sustainability goals by reducing
unnecessary digital storage while optimizing data utility.

4.1. Data Minimization and Optimization

Uncontrolled data accumulation leads to inefficiencies, increased storage costs, and
security risks. Organizations must prioritize collecting and retaining only essential data.
Techniques such as automated data retention policies define storage durations and auto-
matically delete obsolete information. Compression algorithms reduce data size without
compromising integrity and reduce storage demands. Deduplication techniques identify
and remove redundant datasets, freeing up storage space. AI-driven data classification
uses machine learning to automatically categorize and eliminate irrelevant or outdated
data. Integrating these strategies reduces data waste and improves storage efficiency while
maintaining accessibility [11].

Organizations must focus on collecting and maintaining only essential data to maxi-
mize efficiency and business growth. High-quality data is a key driver of revenue, prof-
itability, and operational effectiveness, with companies leveraging data analytics seeing a
5–10% increase in revenue and 6% growth in EBITDA margins [12,13]. Data-driven B2B
strategies further enhance financial performance, contributing to 15–25% EBITDA gains.
Moreover, automation powered by AI and Big Data eliminates up to 80% of manual tasks,
leading to improved strategic decision making (69%), enhanced consumer insights (52%),
and 10% cost reductions [14,15]. On the other hand, poor data quality results in inefficien-
cies, wasted resources, and missed opportunities, highlighting the need for structured data
management. Techniques such as automated retention policies, compression algorithms,
and deduplication play crucial roles in optimizing storage usage while ensuring data
remains valuable and actionable [16,17].
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4.2. Enhancing Data Reuse

Maximizing the value of existing data assets is essential for sustainable data man-
agement. A notable example is the European Union’s Open Data Initiative, which has
successfully enabled cross-sector data sharing, leading to a 20% increase in operational
efficiency for businesses that adopt standardized metadata [18,19]. Implementing similar
practices can enhance interoperability across industries. Reusing data across multiple
applications prevents unnecessary duplication and optimizes resource utilization. Stan-
dardized data formats ensure compatibility between different systems, facilitating seamless
integration. Metadata tagging enhances searchability and retrieval. Open data initiatives
encourage public and private entities to share non-sensitive data for broader applications.
Data-sharing agreements establish policies that enable inter-organizational data exchange
while maintaining privacy and compliance. Implementing these approaches extends the
usability of collected data, reducing redundancy and increasing efficiency [20].

4.3. Data Recycling for Enhanced Utility

Legacy data have significant potential for repurposing in modern applications. In the
transportation sector, repurposing historical data into AI-driven predictive models has led to
significant improvements in operational efficiency. For instance, a study demonstrated that
machine learning algorithms could accurately forecast traffic speeds with a 93% accuracy rate
and flow rates with 86% accuracy, utilizing historical speed and flow data from Berlin [21].

Similarly, another case study highlighted the application of AI in predicting vehicle emissions.
By analyzing onboard diagnostics data, researchers developed a physics-aware AI model that
improved predictive accuracy by approximately 65% compared to traditional methods [22].

These examples underscore the value of recycling historical transportation data to en-
hance predictive capabilities and operational efficiency. Data recycling strategies leverage
historical datasets to extract new insights and enhance decision making. Advanced ana-
lytics apply statistical models and AI to uncover patterns in archived data. Cloud-based
storage solutions provide scalable platforms for repurposing old datasets into AI training
models and predictive analytics. Data warehouses consolidate diverse datasets into cen-
tralized repositories for retrospective analysis and operational optimization. Repurposing
historical data unlocks untapped value while reducing environmental and financial costs
associated with storage [23].

4.4. Data Repair and Quality Assurance

Ensuring data accuracy and integrity is crucial for reducing waste and improving
usability. The Land Transport Authority (LTA) of Singapore has implemented centralized
data-sharing systems to enhance traffic management efficiency. By integrating real-time
data collection technologies, such as sensors and control systems, LTA monitors and
manages traffic flow effectively, leading to improved road network efficiency and safety.
This is illustrated by the integration having resulted in a 30% reduction in redundant data
storage and a 15% improvement in real-time traffic management [24,25]. Poor-quality
data leads to errors, inefficiencies, and increased operational costs. Organizations should
implement data validation tools to automate the detection of inconsistencies and errors.
Regular audits maintain data integrity and compliance. Machine learning for anomaly
detection identifies outliers and inconsistencies that may indicate corrupted or redundant
data. Governance frameworks define clear data stewardship roles and responsibilities to
ensure accountability in data management. A structured approach to data quality assurance
prevents data-related inefficiencies and fosters a more reliable data ecosystem [26].
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4.5. Sustainable Data Governance and Compliance

A robust governance framework is fundamental to enforcing CE principles in data
management. Effective governance promotes accountability, security, and ethical data use.
Key components include regulatory compliance, adhering to data protection laws such
as the General Data Protection Regulation (GDPR) to ensure responsible data handling.
Standardized protocols establish clear guidelines for data access, ownership, and sharing.
Privacy and security measures, including encryption, anonymization, and controlled access
mechanisms, safeguard sensitive information. Ethical data usage ensures practices align
with ethical considerations, preventing misuse and ensuring transparency. Integrating these
governance principles enhances data sustainability while building trust with stakeholders
and regulatory bodies [27].

5. Challenges in Implementing a Circular Data Economy
Despite the numerous benefits of adopting CE principles in data management, organi-

zations face several challenges that hinder implementation. Addressing these challenges
is critical to the successful implementation of the principles of circular economy in data
management. By strengthening privacy measures, improving interoperability, promot-
ing cultural change, upgrading technology infrastructure, and fostering collaboration,
organizations can transition to a more sustainable and efficient data governance model.

5.1. Data Privacy and Security

Ensuring data privacy and security is paramount, especially when sharing sensitive in-
formation among multiple stakeholders. Open data initiatives and data-sharing agreements
necessitate robust protection measures to prevent unauthorized access and data breaches.
Compliance with regulations like the General Data Protection Regulation (GDPR) is crucial
in CE-based data governance. Organizations should implement encryption techniques to
secure data at rest and in transit, establish access control mechanisms to restrict data access
to authorized entities, and conduct regular security audits to identify and mitigate vulner-
abilities. A study by Chowdhury et al. [28] discusses the use of blockchain technology
to enhance data security and privacy in circular economy applications, highlighting its
potential to ensure secure and ethical data management.

5.2. Interoperability Issues

The absence of standardized data formats and system compatibility poses significant
challenges in implementing a circular data economy. Many organizations utilize proprietary
data structures, hindering seamless data exchange. To overcome these interoperability
issues, adopting open data standards ensures system compatibility; utilizing application
programming interfaces (APIs) facilitates smooth data integration; and fostering cross-
agency collaboration aligns data management frameworks.

Research by Eshghie et al. [29] proposes a role-based token management scheme on
the Algorand blockchain to achieve fine-grained and scalable component management,
facilitating seamless data exchange in circular economy applications.

5.3. Resistance to Change

Organizations often hesitate to transition from traditional data management practices
to circular models due to perceived complexity and implementation costs. To mitigate
this resistance, conducting training programs educates stakeholders on the advantages
of circular data management, demonstrating cost savings and operational efficiencies
achieved through circular data models, and presenting successful case studies of CE-based
data governance to gain executive buy-in.
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A comprehensive review by Saidani et al. [30] provides a taxonomy of circular econ-
omy indicators, offering insights into effective implementation strategies and highlighting
the benefits of adopting CE principles.

5.4. Technological Constraints

Implementing circular data management necessitates infrastructure capable of support-
ing efficient data storage, retrieval, and analysis. Many organizations rely on legacy systems
not optimized for data sharing and recycling. Addressing these technological constraints in-
volves investing in cloud storage solutions for scalable and secure data management, utilizing
AI-driven data processing to automate classification and reuse of information, and upgrading
legacy systems to support real-time data access and cross-agency integration.

Zocco et al. [31] discuss the development of a computer-vision-enabled material
measurement system to enhance material management efficiency, illustrating technological
advancements that support circular data practices.

5.5. Lack of Collaboration

Effective circular data management requires active cooperation among various stake-
holders, including government agencies, private sector organizations, and technology
providers. However, competing interests and regulatory barriers often impede collabo-
ration. To foster a cooperative environment, establishing multi-stakeholder governance
models aligns interests and creates shared data policies; promoting public–private partner-
ships drives innovation and investment in circular data management; and advocating for
policy frameworks facilitates secure and ethical data-sharing practices.

An exploratory study by Van Capelleveen [32] identifies the need for collaborative
approaches across the value chain to overcome barriers in data management for the circular
economy, emphasizing the importance of stakeholder cooperation.

6. Case Study: Circular Economy in Transportation Data Management
Transportation systems generate vast amounts of data from IoT sensors, GPS tracking,

surveillance cameras, and traffic monitoring systems. Managing this data efficiently is
crucial for optimizing operations, enhancing safety, and reducing environmental impact.
However, traditional data management approaches often lead to redundancy, data silos,
and inefficiencies. Applying circular economy (CE) principles in transportation data
management can transform how data is collected, stored, shared, and utilized to create
more sustainable and efficient urban mobility systems.

6.1. Implementing Circular Data Strategies in Transportation

By leveraging CE strategies, transportation authorities can optimize data usage while
minimizing waste. Key implementations include the following:

• Optimizing traffic management: Shared data platforms enable real-time traffic mon-
itoring and congestion mitigation. For example, Google’s Wazepartners with city
governments through its Connected Citizens Program, allowing authorities to access
crowd-sourced traffic data for better urban planning.

• Reducing redundant data storage: Integrated data-sharing systems among agencies
prevent duplication. In Singapore, the Land Transport Authority (LTA) consolidates
public transit, traffic, and pedestrian flow data to improve transportation planning
and reduce inefficiencies.

• Predictive maintenance using AI: AI-driven analytics utilize sensor data to predict ve-
hicle and infrastructure failures, reducing downtime and maintenance costs. Deutsche
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Bahn, Germany’s national railway, employs predictive maintenance on trains, leverag-
ing IoT sensors to detect mechanical issues before failures occur.

• Enhancing environmental impact assessments: Improved data integration supports
sustainability efforts. London’s Ultra Low Emission Zone (ULEZ) monitors real-
time vehicle emissions using roadside sensors and ANPR (automatic number plate
recognition) cameras, enforcing policies to reduce urban air pollution.

Figure 2 illustrates the conceptual framework for applying circular economy (CE)
principles to transportation data management. At the center of the model is the circular
data economy in transportation, which promotes sustainable and efficient data usage.

Circular data
economy in

transportation

Reduce
Minimize re-

dundant traffic
and sensor data

Reuse
Share existing

traffic flow data
across agencies

Recycle
Repurpose

historical vehicle
diagnostics for
AI predictive
maintenance

Repair
Clean and stan-

dardize inconsis-
tent transporta-

tion datasets

Rethink
Develop new mod-
els for integrated,
sustainable data-

sharing platforms

Figure 2. Conceptual framework: Circular data economy in transportation.

Surrounding this core concept are five key CE principles guiding sustainable trans-
portation data management.Reduce minimizes redundant traffic and sensor data to op-
timize storage and processing. Reuse enhances coordination by sharing traffic flow data
across agencies. Recycle repurposes historical vehicle diagnostics for AI-driven predictive
maintenance. Repair improves data quality through cleaning and standardization. Rethink
fosters innovative, integrated data-sharing platforms for efficiency and collaboration.

These principles create a circular approach to data governance, reducing waste while
maximizing the value of transportation data. By adopting them, agencies enhance efficiency,
lower environmental impact, and support data-driven decision making.

6.2. Case Study: Singapore Land Transport Authority (LTA)

A practical example of CE-based data strategies is found in the Singapore Land
Transport Authority (LTA) system. The following structured steps illustrate how the CE
principles have been applied in the system:

• Step 1: Data collection and reduction—the LTA identified redundant and obsolete data
sources, consolidating essential transportation records while removing unnecessary
duplicates. This process led to a 30% reduction in redundant data storage [24].

• Step 2: Data reuse and integration—GPS and sensor data were shared across multiple
agencies, enabling real-time monitoring and predictive analytics to optimize traffic
flow [24].

• Step 3: Data recycling and repurposing—archived transport data was repurposed for AI-
driven predictive modeling, enhancing congestion management and route optimization.
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• Step 4: Standardization and interoperability—data formats were standardized across
platforms to ensure seamless integration and accessibility for multiple stakeholders [24].

• Step 5: Evaluation and impact—the integration of CE principles resulted in a 15%
improvement in real-time traffic management and significant cost savings in data
storage [24].

These structured steps demonstrate the effectiveness of CE principles in optimizing
data management, improving efficiency, and reducing waste in transportation systems.

Table 1 illustates the real-world applications that highlight the tangible benefits of
integrating circular economy principles into data management.

Table 1. Application of circular economy (CE) principles in transportation data management.

CE Principle Application in Transportation Data Management Impact

Reduce Eliminating redundant traffic data 20% storage savings

Reuse Sharing GPS and sensor data across agencies Improved efficiency

Recycle Repurposing archived transport data for AI models Better predictions

Repair Standardizing data formats for integration Enhanced interoperability

Rethink Developing innovative data-sharing platforms Cross-sector collaboration

6.3. Challenges in Adopting Circular Data Management

Despite the benefits, several challenges hinder the adoption of CE-based transportation
data management:

• Data privacy and security: Sharing transportation data raises privacy concerns, partic-
ularly with GPS tracking and surveillance data. Regulations such as GDPR impose
strict requirements on data handling.

• Interoperability issues: Integrating data from various stakeholders (e.g., traffic man-
agement, public transport, logistics) requires standardized formats and compatible
systems, which remain a challenge in many cities.

• Stakeholder collaboration: Effective circular data management requires coordination
between government agencies, private companies, and technology providers, which
can be difficult due to differing priorities and regulations.

7. Discussion
The integration of circular economy (CE) principles into transportation data man-

agement presents both opportunities and challenges. While CE strategies enhance data
efficiency, minimize redundant storage, and promote sustainability, several obstacles hinder
adoption, including privacy concerns, interoperability issues, and resistance to new gover-
nance models. Ensuring data security while fostering reuse requires advanced governance
frameworks and technological innovation [33].

Figure 3 illustrates the Improved Circular Data Governance Model, which integrates
CE principles into transportation data governance. The model consists of three intercon-
nected layers: the circular data economy core, the data process layer, and the stakeholder
layer. These elements work together to establish a more efficient, sustainable, and collabo-
rative framework for data governance [34].
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Circular Data Economy
(Minimize, Reuse, Recycle,

Repair, Rethink)

Data Collection

Storage

Processing & Analysis

Disposal & Optimization

Government & Policy Makers

Technology ProvidersTransportation Authorities

Researchers & Data Scientists

Figure 3. Improved circular data governance model. The yellow circle represents the core principle of
the circular data economy. The blue rectangles represent data lifecycle stages (e.g., collection, storage,
processing). The green ellipses indicate the key stakeholders involved in each stage.

7.1. Circular Data Economy Core

At the center, the circular data economy core applies the five CE principles: Minimize,
reuse, recycle, repair, and rethink. These principles guide transportation data manage-
ment by reducing redundancy, optimizing resource allocation, and ensuring long-term
sustainability [35].

7.2. Data Process Layer

Encircling the core, the data process layer consists of four inter-related operations that
ensure a circular approach to transportation data governance. The process begins with
data collection, where transportation data is gathered from multiple sources, including IoT
sensors, GPS tracking, and traffic monitoring systems. This data is then securely stored
using cloud solutions and cross-agency platforms, reducing redundancy and improving
accessibility. The processing and analysis stage applies advanced analytics, AI-driven
insights, and predictive modeling to extract valuable information that supports urban
mobility planning and infrastructure optimization. Finally, the disposal and optimization
phase ensures responsible data lifecycle management through techniques such as data min-
imization, deduplication, and automated deletion policies. These interconnected processes
align with CE principles by promoting efficient data utilization and reducing unnecessary
digital waste [36].

7.3. Stakeholder Layer

The outermost layer, the stakeholder layer, includes key actors who facilitate circular
data management. Government and policymakers establish regulatory frameworks like
GDPR to ensure compliance and support circular data strategies. Technology providers
develop AI-driven analytics tools and cloud storage solutions to enhance efficiency. Trans-
portation authorities use these technologies to optimize urban mobility and traffic manage-
ment. Researchers and data scientists analyze datasets to improve predictive maintenance
and congestion forecasting. Their collaboration fosters a well-governed data-sharing ecosys-
tem aligned with circular economy principles [34].

The Improved Circular Data Governance Model demonstrates how circular economy
principles can be applied to transportation data management. By promoting data reuse,
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minimizing waste, and fostering cross-sector collaboration, the model enhances operational
efficiency, environmental sustainability, and decision making. This structured approach
provides a roadmap for policymakers, organizations, and researchers to transition from
traditional linear data management to a more resilient, circular system.

7.4. Comparison of Traditional and Circular Data Management

The transition from traditional data management to a circular data economy model represents
a fundamental shift in how organizations handle, utilize, and govern digital resources. Table 2
provides a comparative analysis of key aspects that differentiate the two approaches.

Table 2. Comparison of traditional data management and circular data economy model.

Aspect Traditional Data Management Circular Data Economy Model

Data storage Siloed, redundant storage Shared, optimized storage with
deduplication

Data utilization Limited reuse, frequent data loss Maximized reuse and recycling for new
applications

Governance approach Compliance-focused, rigid policies Flexible, sustainability-driven governance

Environmental impact High energy consumption due to excess
storage

Reduced digital carbon footprint through
efficiency

Decision making Reactive data analysis Proactive AI-driven insights

Traditional data management is characterized by siloed storage systems, leading to
inefficiencies, redundant datasets, and frequent data loss. In contrast, the circular data
economy prioritizes optimized storage, deduplication, and shared data resources, ensuring
greater efficiency and sustainability [35]. From a governance perspective, conventional
models focus on compliance and rigid policies, whereas circular data governance fosters
adaptability and sustainability-driven policies, facilitating cross-sector collaboration and
ethical data sharing [36]. The environmental impact of traditional data storage is substantial,
with high energy consumption due to excess data processing. A circular approach mitigates
this by minimizing redundant storage and enhancing processing efficiency, thereby reduc-
ing the digital carbon footprint [33]. Finally, decision making in traditional models remains
reactive, relying on retrospective data analysis. The circular model, however, leverages
AI-driven analytics and predictive modeling to enhance real-time decision making and
proactive resource optimization [34].

Adopting a circular data economy model offers organizations the opportunity to
enhance efficiency, sustainability, and decision making. By shifting from rigid, siloed data
management practices to an optimized, collaborative framework, businesses can unlock
the full potential of their digital resources. Finally, collaboration between policymakers,
transportation authorities, and technology providers will be essential in addressing these
challenges and fostering a transition toward a more sustainable and efficient transportation
data ecosystem.

8. Conclusions and Future Directions
This research highlights the transformative role of circular economy (CE) principles

in transportation data management, emphasizing efficiency, sustainability, and smarter
decision making. By adopting circular data practices—such as reuse, optimization, and
predictive analytics—transportation systems can minimize redundancy, enhance collabo-
ration, and reduce their digital carbon footprint. Future advancements in AI, blockchain,
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and machine learning will further accelerate the transition toward a circular and intelligent
transportation ecosystem, ensuring long-term resilience and sustainability.

The key contributions of this study include the introduction of a structured framework
for applying circular economy (CE) principles to digital data management. The research
demonstrates real-world benefits through a transportation data case study, providing strategies
for reducing data waste and enhancing sustainability. Additionally, this study identifies key
challenges in implementing CE-based data governance and proposes viable solutions. Looking
ahead, the findings highlight the potential of AI-driven automation to further optimize
sustainable data use, ensuring a more efficient and responsible digital ecosystem.
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