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The logistics sector is experiencing accelerated growth, driven by global
sustainability agendas and increasing commitments to achieving net-zero
emissions. Big Data Analytics (BDA) has been widely recognized for its
potential to enhance operational efficiency and supply chain performance.
Nevertheless, its role in advancing sustainability outcomes particularly through
an integrated capability perspective—remains insufficiently theorized and
empirically examined.

Prior research has predominantly approached BDA from a fragmented
perspective, focusing on discrete dimensions such as technological
infrastructure, data governance, or human competencies. This reductionist
approach has limited the understanding of how BDA capabilities, as a
multidimensional construct, interact to influence sustainability outcomes across
economic, environmental, and social domains. Addressing this gap, the present
study develops and applies an integrative theoretical framework that synthesizes
the Resource-Based View (RBV), Dynamic Capability View (DCV),
Technology—Organization—Environment  (TOE)  framework, —and  the
Technology Acceptance Model (TAM).

The findings demonstrate that BDA capabilities function as a strategic enabler,
facilitating opportunity recognition, strengthening competitive positioning, and
supporting the reconfiguration of organizational resources in response to
dynamic environmental pressures. This study contributes to the literature by
advancing a holistic understanding of the BDA-sustainability nexus and
extending capability-based perspectives in the context of logistics management.

2521-6341/© 2026 The Author(s). Published by Baku Engineering University.

This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

1. INTRODUCTION

Over the past two decades, the volume of data generated across both personal and
organizational contexts has increased exponentially, largely driven by the widespread adoption
of digital technologies for communication, entertainment, and operational efficiency [1,2].

Organizations continuously generate and process vast and heterogeneous datasets, including

user interactions, transactional records, and social media content. In response to the growing
scale and strategic importance of data, Big Data Analytics (BDA) has emerged as a critical
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organizational capability [3]. Although interest in BDA has significantly expanded in both
academic and practical domains, the absence of standardized approaches for effectively
managing and extracting value from large-scale data remains a persistent challenge [4].
Consequently, the concept of Big Data Analytics Capability (BDAC) has been introduced,
referring to an organization’s ability to systematically acquire, process, and derive actionable
insights from complex data environments [5]. BDA enables the transformation of raw data into
meaningful information, thereby supporting evidence-based decision-making and enhancing
organizational performance. However, the extent to which organizations benefit from big data
depends largely on their capacity to collect, store, and process high-volume, high-velocity, and
high-variety data generated from both real-world operations and analytical models [6]. Within
this context, the logistics sector plays a pivotal role in fostering both economic growth and
environmental sustainability [7]. The integration of BDA into logistics operations has
significantly transformed the sector by improving operational efficiency, reducing waste, and
minimizing environmental impact [8]. In particular, data-driven logistics practices contribute to
sustainability through optimized route planning, reduced emissions, and enhanced
transportation efficiency [9].

Despite these advancements, the relationship between Big Data Analytics and sustainability
remains insufficiently explored, particularly in terms of how BDA capabilities facilitate
innovation and influence the three dimensions of sustainability —economic, environmental, and
social performance—within organizational settings. This research gap is especially evident in
studies that examine the intersection of BDA and logistics, where comprehensive and integrative
analyses remain limited [10-13].

2. PROBLEM STATEMENT

The global logistics industry continues to face significant sustainability challenges, including
high energy consumption, substantial carbon emissions from freight transportation, suboptimal
route planning, and limited data integration across supply chains [14]. These challenges
underscore the critical need for advanced analytical approaches to support sustainability-
oriented decision-making. Although Big Data Analytics Capability (BDAC) has increasingly
been acknowledged as a strategic enabler for enhancing operational efficiency and performance,
its role in advancing environmental, social, and economic sustainability remains insufficiently
conceptualized and empirically validated. Consequently, the logistics sector encounters
persistent difficulties in balancing rapid economic growth with social equity and environmental
responsibility [15]. Existing literature has predominantly emphasized the efficiency-enhancing
aspects of BDAC, while its potential contribution to sustainability transformation has received
comparatively limited attention.

In parallel, the logistics sector has been positioned as a key driver of economic diversification and
development within broader national and global strategic agendas. Substantial investments in
infrastructure, digitalization, and international trade connectivity have accelerated the
transformation of logistics systems. Despite these advancements, critical challenges persist,
particularly in terms of data integration, digital maturity, and environmental performance [16—
18]. The energy-intensive nature of logistics operations further amplifies the need for data-driven
solutions aimed at reducing carbon emissions, optimizing fleet utilization, and enhancing supply
chain transparency [18]. Achieving alignment between sectoral growth and sustainability
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objectives therefore necessitates the adoption of innovative approaches that mitigate the
environmental impacts associated with transportation and warehousing activities [21].

From a theoretical perspective, contemporary studies on BDAC predominantly rely on single-
theory frameworks to explain specific dimensions, such as technology adoption or capability
development. While these approaches provide valuable insights, they offer a limited
understanding of the complex and multidimensional mechanisms through which BDAC
influences sustainability outcomes.

Notably, prior research rarely integrates multiple theoretical perspectives into a unified
framework capable of capturing BDAC’s impact across micro (individual), meso
(organizational), and macro (environmental and institutional) levels. This fragmentation creates
a critical gap in explaining the dynamic interplay between technological capabilities, user
acceptance, organizational transformation, and external environmental pressures in driving
sustainability transitions within the logistics sector.

Addressing these limitations, the present study adopts an integrative analytical approach,
employing a comprehensive framework that synthesizes multiple theoretical perspectives to
examine the role of BDAC in promoting sustainability. Through an in-depth qualitative
investigation, the study aims to provide a holistic understanding of how data-driven capabilities
contribute to sustainable development within the logistics industry.

3. STUDY OBJECTIVE

The central research question guiding this study is: How does Big Data Analytics Capability (BDAC)
contribute to enhancing the three dimensions of sustainability —economic, environmental, and social —
within the logistics sector?

The primary contribution of this study lies in its comprehensive qualitative examination of the
relationship between BDAC and sustainability outcomes. Specifically, the research advances a
multi-level analytical perspective by integrating four complementary theoretical frameworks: the
Resource-Based View (RBV), Dynamic Capability View (DCV), Technology—-Organization—
Environment (TOE) framework, and the Technology Acceptance Model (TAM). Within this
integrative framework, RBV and DCV elucidate the strategic value and adaptive capacity
associated with BDAC, while the TOE framework captures the contextual technological,
organizational, and environmental determinants influencing its adoption. Simultaneously, TAM
provides insight into individual-level acceptance and utilization of BDA tools.

By synthesizing these theoretical perspectives, the study offers a more holistic understanding of
the BDAC-sustainability nexus across multiple levels of analysis. Furthermore, it extends the
predominantly quantitative and context-limited body of existing literature by delivering
nuanced, qualitative insights applicable to diverse and evolving logistics environments.

4. RESEARCH GAP AND CONTRIBUTIONS

In recent years, scholarly interest in Big Data Analytics Capability (BDAC) within logistics and
supply chain management has expanded considerably. Despite this growing body of research,
the literature remains predominantly focused on operational performance outcomes. Empirical
studies frequently conceptualize BDAC as a strategic resource that enhances efficiency,
responsiveness, resilience, and competitive advantage through improved forecasting accuracy,
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system integration, and data-driven decision-making processes [4,17-21]. Similarly, large-scale
quantitative investigations have reinforced this perspective by establishing positive relationships
between BDAC and both operational and financial performance indicators [19,22-24]. However,
within these studies, sustainability is rarely treated as a primary objective; instead, it is often
considered a secondary or indirect outcome. More recently, a subset of research has begun to
explore the relationship between Big Data Analytics and sustainability. Nevertheless, this
emerging domain remains fragmented and limited in scope. Existing studies tend to emphasize
environmental dimensions—such as emissions reduction and energy efficiency —while
comparatively neglecting the social dimension of sustainability and failing to adequately address
the interdependencies among the three pillars of the Triple Bottom Line (economic,
environmental, and social performance) [25-29]. Consequently, comprehensive analyses
examining how BDAC simultaneously supports all dimensions of sustainability within logistics
systems remain underdeveloped.

Furthermore, contextual limitations represent a critical gap in literature. The majority of BDAC-
related studies have been conducted in technologically advanced environments, primarily
within developed economies characterized by high levels of digital maturity and institutional
stability [1,30-33]. In contrast, empirical evidence from emerging and developing logistics
contexts remains scarce, particularly in environments marked by limited technical expertise,
fragmented data infrastructures, and evolving regulatory frameworks. This imbalance restricts
the generalizability of existing findings and results in an incomplete understanding of the role of
BDAC in driving sustainability outcomes across diverse contexts [13,34-37]. Addressing these
gaps, the present study advances a sustainability-oriented and multi-level perspective on BDAC
within the logistics sector. Rather than prioritizing operational or financial performance, the
study conceptualizes BDAC as an enabler of Triple Bottom Line sustainability, treating
economic, environmental, and social outcomes as interconnected and mutually reinforcing
dimensions. The principal contribution of this research lies in its comprehensive qualitative
analysis of the BDAC-sustainability relationship. Specifically, the study makes three key
contributions. First, it develops an integrative analytical framework by combining four
complementary theoretical perspectives: the Resource-Based View (RBV), Dynamic Capability
View (DCV), Technology—Organization-Environment (TOE) framework, and the Technology
Acceptance Model (TAM). This approach enables a holistic understanding of BDAC,
demonstrating that sustainability outcomes are contingent not only upon technological
investments but also on human analytical capabilities, governance structures, and organizational
learning processes. Second, the study advances theoretical development by incorporating micro-,
meso-, and macro-level dynamics into the analysis of BDAC, thereby offering a more nuanced
explanation of variations in sustainability performance across organizations. Third, it contributes
empirically by providing in-depth insights from an emerging logistics context, repositioning
BDAC research beyond operational optimization toward a broader conceptualization of
analytics capability as a driver of sustainable logistics development.

Overall, this study extends the predominantly quantitative and context-constrained literature
by offering a rich, qualitative, and integrative perspective on the role of Big Data Analytics in
advancing sustainability within the logistics sector.
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5. DATA SATURATION

Data saturation was conceptualized as a two-stage process, distinguishing between code
saturation and meaning saturation, in accordance with established qualitative research protocols.
Code saturation refers to the point at which additional data collection no longer yields novel
first-order codes or emergent categories. In contrast, meaning saturation pertains to the extent to
which identified themes are conceptually rich, fully developed, and analytically comprehensive.
During the initial stages of analysis, open coding was conducted concurrently with data
collection. After approximately 20 semi-structured interviews, no substantively new codes
related to Big Data Analytics Capability, sustainability, or logistics practices emerged, indicating
that code saturation had been attained. Nevertheless, data collection continued, resulting in a
total of 25 interviews, to ensure that meaning saturation was fully realized.

The final five interviews did not introduce additional thematic categories or alter the
overarching structure. Instead, they contributed to deepening and refining the analysis,
particularly by highlighting variations across organizational sizes and logistics subsectors. These
interviews enhanced interpretive depth regarding the practical enactment of analytics
capabilities without expanding the thematic framework itself. The persistent absence of new
themes in the latter interviews provided robust evidence of thematic stability. Accordingly, the
decision to conclude data collection was based not only on the attainment of code saturation but
also on the assurance that sufficient analytical completeness and interpretive depth had been
achieved across the dataset.

Sample Composition

Table 1 presents a detailed overview of the study participants. The sample comprises individuals
occupying leadership, operational, technical, and sustainability-focused roles within logistics
organizations. This diverse composition ensures the inclusion of multiple perspectives—
strategic, managerial, and technical—on the adoption and utilization of Big Data Analytics
Capability (BDAC) and associated sustainability practices.

No. Job Level / Functional Area Positions Il’\; 1::::);;::5
CEOQO, VP, GM, Chief Commercial &
1 Executive Leadership Administrative Officer, Deputy CEO, Assistant 6
GM
I 2 H Sustainability, Safety, and Energy H VP, Energy Expert ” 5 |
‘ 3 H Operations and Logistics Management H Manager, Assistant Manager, Specialist, Officer ” 5 |

Manager, Head, Analyst, Specialist, Project
4 Information Technology and Data Analytics || Manager, Business Intelligence Analyst, Senior 5
Systems Administrator

Human Capital, Administration, and Business

M 4
Development anager

Total Participants: 25

This purposeful sampling strategy was designed to capture a broad range of insights into BDAC
deployment and its role in promoting sustainable logistics practices. The inclusion of participants
from executive leadership to specialized technical roles ensures comprehensive coverage of
organizational processes, decision-making structures, and operational nuances relevant to the
research objectives.
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Data Analysis

The interview data were analyzed using thematic analysis, following the six-phase procedure
proposed by Braun and Clarke (2006). This approach comprised the following stages: data
familiarization, initial coding, theme development, theme review, defining and naming themes,
and reporting. All coding and thematic organization were conducted using MAXQDA software,
facilitating systematic data management and ensuring rigor in the qualitative analysis. This
methodology enabled the identification of salient patterns and the extraction of nuanced insights
regarding the enactment of Big Data Analytics Capability (BDAC) and its influence on
sustainability practices within logistics organizations.

6. FINDINGS AND THEMATIC ANALYSIS

Quantifying Qualitative Insights- Although the primary objective of this study is interpretive
rather than statistical, descriptive quantification was employed to enhance transparency and
analytical clarity. Consistent with established qualitative research practices, the number and
proportion of participants referring to each theme and sub-theme are reported to indicate their
prevalence within the dataset, without implying statistical generalizability beyond the study
sample.

Across the 25 interviews, three core themes were identified as particularly salient. Personnel
capability emerged as the most frequently discussed theme, referenced by 21 participants (84%),
often in relation to data literacy, analytical confidence, and organizational learning practices.
Traceability was mentioned by 18 participants (72%), primarily in the context of data visibility,
integration challenges, and trust in analytics outputs. Eco-friendly or green logistics was
highlighted by 16 participants (64%), commonly associated with fuel efficiency, route
optimization, and waste reduction.

At the sub-theme level, individual analytical competence was emphasized by 19 participants
(76%), underscoring its centrality for effective utilization of analytics. Issues related to
governance clarity and data ownership appeared in 17 interviews (68%), highlighting the
importance of defined roles and accountability structures. Additionally, planning and
environmental efficiency practices were referenced by 15 (60%) and 14 (56%) participants,
respectively. Social sustainability concerns, including workforce well-being and transparency,
were less frequently expressed, appearing in 9 interviews (36%).

These descriptive frequencies are not intended to indicate causal importance but provide context
for the qualitative interpretations that follow. Less frequently mentioned themes were analyzed
in relation to their contextual significance, sectoral relevance, and the depth of discussion in
which they appeared. This approach strengthens interpretive rigor by linking thematic
prevalence with rich explanatory insights while adhering to qualitative research standards.

Thematic Analysis

The thematic analysis revealed significant insights regarding the perception and utilization of
BDAC in promoting sustainability within the logistics sector.

2.1 Theme 1: BDAC as a Facilitator of Eco-Friendly Logistics (Environmental Sustainability)

A prominent finding was the clear positive relationship between BDAC and environmental
sustainability, particularly in the context of green logistics. Participants emphasized BDAC as a
critical tool for collecting comprehensive, real-time data that enables proactive decision-making
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and adaptive resource management, aligning with principles of the Dynamic Capability View
(DCV).
Sub-Theme: Optimized Route Planning and Load Management

Participants reported that advanced BDAC tools leveraging real-time traffic, weather, and
delivery data allow for dynamic and optimized route planning beyond static scheduling. For
instance, enhanced route analysis helps minimize unnecessary trips, thereby conserving fuel and
reducing emissions. Additionally, monitoring systems such as refrigeration sensors support
waste reduction by ensuring perishable goods are properly maintained. Collectively, these
capabilities enable organizations to capitalize on opportunities for operational efficiency while
simultaneously mitigating environmental impacts.

Sub-Theme: Predictive Maintenance for Fleet Efficiency

The use of telematics and sensor-driven predictive maintenance was highlighted as a critical
mechanism for ensuring fleet efficiency. By anticipating equipment failures and scheduling
preventive maintenance, organizations can optimize fuel efficiency, reduce unexpected
breakdowns, and avoid costly emergency rerouting. Participants emphasized that collecting and
analyzing operational data on assets allows maintenance teams to make proactive decisions,
thereby enhancing the environmental performance of logistics operations.

Theme 1: Energy-Efficient Logistics and Warehousing (Environmental Sustainability)

Big Data Analytics Capability (BDAC) was instrumental in optimizing energy consumption
across warehouses and distribution centers. By integrating data from smart meters and
environmental sensors, organizations were able to enhance lighting, cooling, and space
utilization, leading to substantial energy savings and a reduction in carbon emissions. This
theme exemplifies the reconfiguring dimension of the Dynamic Capability View (DCV), in which
insights derived from data drive the redesign of operational processes.

Participants emphasized the dual benefits of energy optimization: reducing environmental
impact while enhancing economic efficiency. For example, one participant noted, “Efficient
energy use allows us to reduce emissions while simultaneously improving financial
performance,” illustrating the intertwined environmental and economic advantages of data-
informed operational redesign.

Theme 2: The Critical Role of Personnel Capability (Economic Sustainability)

Findings highlighted that, while robust Big Data infrastructure is essential, the competencies and
skills of personnel utilizing these systems are pivotal for achieving economic sustainability.
Personnel capability emerged as the central component of BDAC, enabling technological and
infrastructural investments to deliver tangible value. Analytical skills, critical thinking, and a
digital mindset were identified as essential for producing actionable, reliable, and high-quality
insights.

Two key sub-themes were identified:

Advanced Risk Management and Cost Optimization

Participants emphasized that BDAC-enabled staff transform complex analytical outputs into
strategies that reduce costs and optimize operations. Beyond route optimization, these
capabilities enhance demand forecasting, minimize inventory holding costs, and reduce waste —
yielding both economic and environmental benefits. Furthermore, data-driven insights allow
organizations to mitigate financial risks associated with supply chain disruptions, fluctuating

27



Shafiga Rasulzada

fuel prices, and operational delays. One participant stated, “Logistics involves moving goods
from one point to another, but data analytics allows us to reduce costs, improve efficiency, and
manage risks effectively,” illustrating the role of personnel in translating BDAC into operational
and strategic value.

Addressing the Strategic Talent Gap

A recurring challenge identified was the lack of personnel with advanced data analytics
expertise combined with in-depth logistics knowledge. This talent gap constrains the effective
deployment of BDAC for long-term economic growth. Participants highlighted the need for
targeted educational initiatives, specialized training, and capacity-building programs to
strengthen workforce capabilities. The findings underscore that reconfiguring human resources
represents both the most challenging and critical dynamic capability for achieving sustainable
economic outcomes in logistics contexts.

Enhancing Traceability and Transparency (Social Sustainability)

BDAC was reported to facilitate traceability and transparency, addressing social sustainability
dimensions that are often difficult to quantify. Enhanced visibility enabled more accountable
interactions with employees, partners, and broader stakeholder communities, fostering trust and
improving collaborative decision-making. Two primary sub-themes emerged from this domain,
illustrating how analytics capabilities contribute to socially sustainable logistics practices.

Enhanced Worker Safety and Well-Being

Participants reported that BDAC-enabled monitoring tools, including telematics, wearable
devices, and internal tracking systems, enhanced worker safety and compliance with labor
standards. Real-time alerts for driver fatigue, unsafe behaviors, or exposure to hazardous
materials were described as crucial mechanisms for risk mitigation. One participant explained,
“Continuous monitoring ensures that deviations, such as extended breaks or exposure to
chemicals, trigger immediate alerts and necessary interventions,” illustrating the role of analytics
in fostering a safer and more responsible work environment.

Supply Chain Ethics and Community Trust

BDAC also supported ethical sourcing and community trust by providing full visibility into
supply chain activities. Participants emphasized that tracking material provenance and
integrating data-driven transparency mechanisms reduced the risk of unethical practices, such as
forced labor, and reinforced accountability with consumers and regulators. Additionally,
analytics was applied to optimize operational impacts on local communities, including
minimizing noise and traffic disruptions, further demonstrating organizational commitment to
social responsibility. A participant noted, “Environmental sensors and algorithmic monitoring
allow us to manage emissions and operational impacts, generating daily insights to guide
socially responsible practices.”

Robustness and Generalization Analysis

Across organizations of varying sizes and subsectors, the same three primary themes—green
logistics, personnel capability, and traceability/transparency consistently emerged, although
their prominence varied. Larger firms typically possessed more formal analytics infrastructures
and clearly defined governance structures. However, these advantages did not uniformly
translate into superior sustainability outcomes. Factors such as organizational inertia,
fragmented data ownership, and limited cross-functional utilization of insights often constrained
the effectiveness of otherwise well-developed systems.
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Smaller firms, while facing technological limitations, frequently demonstrated greater agility in
applying analytics capabilities. In these contexts, personnel competency and managerial
commitment were central to transforming data into actionable sustainability improvements.
Several smaller organizations reported notable environmental and operational gains despite
comparatively simple analytics infrastructures, highlighting that the organization and
application of capabilities can be more decisive than the scale of technological investment alone.

Subsector-specific observations revealed that traceability and environmental monitoring were
particularly salient in ports due to regulatory pressures and safety requirements, with personnel
capabilities determining whether analytics informed routine operations or remained limited to
compliance reporting. In warehousing, green logistics and personnel capability dominated, with
sustainability outcomes closely linked to energy efficiency, space utilization, and day-to-day
operational practices. In land transportation, traceability and green logistics were interconnected
through route optimization, fuel monitoring, and delivery tracking, although fragmented data
sources and reliance on external partners often limited full supply chain visibility.

Robustness and Contextual Transferability of Findings

The patterns observed across organizations of varying sizes and subsectors indicate the
robustness of the three core themes—green logistics, personnel capability, and
traceability/transparency —across different operational contexts. While firm size and industry
subsector influence how these themes manifest, the study demonstrates that sustainability
outcomes derived from BDAC are influenced far more by how analytics capabilities are
configured, governed, and embedded in routine decision-making, rather than the scale of
investment or technological sophistication.

This observation supports the analytical transferability of the findings to other emerging logistics
economies, although contextual sensitivity remains critical. Boundary conditions affecting
applicability include institutional and regulatory frameworks, cultural and organizational
norms, digital maturity, labor-market skill availability, and the structural fragmentation of
logistics systems. The study’s qualitative insights are intended for analytical generalization
rather than statistical extrapolation, offering mechanisms expected to be held in similar
operational and organizational contexts.

Linking BDAC Components to Sustainability Outcomes-The study further examined the
relationship between the three primary BDAC components technological infrastructure,
management capability, and personnel capability —and sustainability performance indicators
reported by participants. Although sustainability outcomes were not directly measured
quantitatively, interview evidence consistently linked operational KPIs to environmental,
economic, and social dimensions of sustainability.

Technological Infrastructure-Technological infrastructure was most strongly associated with
environmental efficiency, including fuel consumption, route optimization, and CO, emissions
reduction. Participants described how telematics, real-time vehicle monitoring, and route-
planning systems facilitated optimized operations and more efficient fleet utilization. However,
technology alone was insufficient; when systems were poorly integrated or analytics outputs
were not regularly reviewed, gains in environmental performance were limited.

Management Capability-Management practices and governance were critical for translating
analytics into action. Clear data ownership, structured reporting procedures, and well-defined
responsibilities enabled integration of sustainability metrics—such as fuel efficiency, emissions,
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and health, safety, and environmental (HSE) indicators—into operational performance
assessments. In contrast, fragmented data systems reduced the operational impact of analytics on
sustainability outcomes.

Personnel Capability-Personnel capability was particularly salient for social sustainability
outcomes, including worker safety, risk mitigation, and ethical compliance. Analytical skills, data
literacy, and confidence in interpreting insights determined whether BDAC outputs were
effectively operationalized. Organizations with higher personnel capability were better able to
leverage dashboards and alerts to prevent incidents and promote responsible practices, whereas
organizations with lower capabilities struggled to translate available data into actionable
outcomes.

Integrated BDAC Impact-Sustainability outcomes were not driven by any single BDAC
component in isolation. Environmental improvements depended on alignment between
technology and management processes, while social and safety outcomes relied heavily on
personnel capability. Overall, BDAC contributes most effectively to sustainability when analytics
capabilities are actively utilized, well-governed, and embedded in everyday decision-making.

Study Contribution- This study integrates micro-level technology adoption frameworks such as
the Technology-Organization-Environment (TOE) framework and Technology Acceptance
Model (TAM) with macro-level strategic management theories, including the Resource-Based
View (RBV) and Dynamic Capabilities Theory (DCT). By doing so, it provides a multi-level
framework linking BDAC adoption, effective use, and long-term sustainability outcomes in
logistics.

The study also emphasizes the dynamic nature of analytics capabilities, which are shaped not
only by technological tools but also by ongoing organizational learning and adaptation. This
demonstrates that effective BDAC deployment is contingent on continuous capability
development, organizational flexibility, and the capacity to respond to rapidly evolving digital
environments.

Through this multi-tiered perspective, the research shows how BDAC facilitates sustainability
across environmental, economic, and social dimensions, highlighting its strategic importance for
logistics organizations in emerging markets.

MACRO
Level

Enables

1
|¢

Forms

-
[—
trengthens|

]

Develops

Figure 1.A Relationship comprehensive proposed framework.
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Multi-Level Framework for BDAC and Sustainability in Logistics- The study conceptualizes
the role of Big Data Analytics Capability (BDAC) in logistics sustainability through a multi-level
theoretical framework that integrates Micro, Meso, Macro, and Outcome perspectives.

Macro-Level (External Context): The Technology-Organization-Environment (TOE) framework
captures external pressures and contextual factors that influence organizational investments in
analytics. These environmental drivers, including regulatory requirements, competitive
dynamics, and broader market or institutional conditions shape the timing and extent to which
logistics organizations prioritize BDAC adoption.

Micro-Level (Individual Employees): At the individual level, the Technology Acceptance Model
(TAM) highlights the critical role of user perceptions in determining effective technology
utilization. Employee beliefs about the usefulness and ease of use of analytics tools influence
how seamlessly these technologies are incorporated into daily workflows. This personal
acceptance is crucial for ensuring that organizational investments in analytics yield meaningful
operational and sustainability outcomes.

Meso-Level (Organizational Capabilities): The organizational level considers the internal
configuration of analytics capabilities. The Resource-Based View (RBV) frames BDAC as a
strategic, unique, and inimitable resource that generates competitive advantage when supported
by strong management practices and robust data governance. Meanwhile, Dynamic Capabilities
Theory (DCT) emphasizes how organizations leverage analytics to identify opportunities,
reconfigure operations, and respond flexibly to evolving sustainability demands. Together, RBV
and DCT illustrate the evolution of BDAC from a technological asset to an embedded
organizational capability that continuously adapts and improves.

Outcome-Level (Sustainability Impacts): The framework demonstrates that the effective
alignment of BDAC across micro, mesa, and macro levels drives tangible sustainability
outcomes. Specifically, organizations with well-developed analytics infrastructure, skilled
personnel, and structured governance mechanisms achieve improvements across environmental,
economic, and social dimensions. Notably, these outcomes are contingent not solely on
technology adoption but also on contextual integration, employee acceptance, and ongoing
organizational development.

Contextual Variations in Adoption Pathways: Empirical evidence highlights that BDAC
adoption is influenced by distinct contextual drivers. In state-led or policy-driven environments,
adoption is often incentivized through regulatory frameworks, strategic development plans, or
public-sector investment priorities. Here, adoption is capability-contingent, meaning that the
mere presence of analytics infrastructure does not automatically generate sustainability benefits;
it must be paired with organizational learning and personnel capability. In contrast, in market-
driven economies, adoption is predominantly performance-driven, shaped by competitive
pressures, cost considerations, and customer expectations for efficiency, transparency, and
sustainability. This comparison underscores a key causal insight: while the structural enablers for
adoption differ, the realization of sustainability impacts depends on the integration of
technological, managerial, and human capabilities.

7. DISCUSSION OF FINDINGS

The thematic analysis provides robust, context-specific evidence that Big Data Analytics
Capability (BDAC) is a key determinant of sustainability in the logistics sector. Integrating four
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theoretical perspectives—TOE, TAM, RBV, and DCV —offers a multi-level understanding of
how BDAC influences environmental, economic, and social outcomes.

1. BDAC as an Enabler of Green Logistics (Environmental Sustainability)

The findings confirm that BDAC significantly supports Green Logistics, primarily through the
lens of the TOE framework and the RBV/DCV perspectives.

e TOE Context: External pressures, such as national sustainability agendas and strategic
logistics policies, drive firms to adopt BDAC. Technological readiness, particularly
advanced analytics infrastructure, serves as an essential enabler.

e RBV/DCV Link: BDAC infrastructure and management capabilities constitute strategic,
inimitable resources that allow organizations to optimize route planning, reduce fuel
consumption, and implement predictive maintenance. Through the dynamic capability’s
lens, firms leverage analytics to sense environmental risks and reconfigure operations for
improved sustainability performance over time.

These results align with prior studies demonstrating that BDAC enhances environmental
outcomes in logistics through route optimization, emissions reduction, and predictive
maintenance [41-45]. However, unlike market-driven adoption in technologically advanced
economies, the findings show that in Oman, state-led sustainability initiatives strongly influence
the motivation and scope for BDAC adoption. This highlights the role of institutional and policy
contexts in shaping environmental sustainability outcomes.

The Critical Role of Personnel Capability (Economic Sustainability)

Personnel capability emerged as the most influential factor for economic sustainability,
emphasizing the importance of TAM and RBV/DCV perspectives.

e RBV/DCV Link: Skilled personnel capable of translating BDAC insights into actionable
strategies constitute a rare, non-substitutable resource. The “Strategic Talent Gap” identified
in the study underscores that human capability is central to seizing economic opportunities,
including cost optimization, demand forecasting, and risk management.

e TAM Link: The successful application of BDAC depends on employees’ acceptance and
effective use of analytics tools. Without sufficient digital literacy and analytical competence,
even advanced systems fail to generate economic value.

These findings reflect global patterns, where advanced economies generally have a workforce
with integrated analytics skills [42—47]. In contrast, developing economies—including Oman,
GCC countries, and nations such as India and Brazil —face persistent skills shortages, limiting
BDAC’s effectiveness [48-60]. The study reinforces that in emerging contexts, personnel
capability is the principal bottleneck for realizing economic sustainability.

3. Enhancing Traceability and Transparency (Social Sustainability)

BDAC’s contribution to social sustainability operates through traceability and transparency, best
explained via TOE and DCV.

e TOE Context: Organizational support for ethical practices and societal expectations for
transparency create the motivation to leverage BDAC for social outcomes.

e DCV Link: Analytics enables firms to sense, integrate, and act upon information that
enhances operational policies, worker safety, and social legitimacy. Predictive and real-time

monitoring systems facilitate compliance with labor regulations and foster trust with
stakeholders.
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The findings align with prior research showing that BDAC can enhance transparency, ethical
sourcing, and employee well-being [14, 15, 66]. Importantly, the study indicates that in emerging
markets, BDAC often has a stronger impact on social responsibility and public trust than in
developed economies [14, 36, 45, 67, 68].

4. Integrative Insights

Overall, the findings challenge the notion that BDAC’s impact on sustainability is solely
technology-driven [7, 45, 69]. Instead, the study demonstrates that sustainability outcomes
emerge from the interaction of three distinct capability dimensions:

1. Big Data Infrastructure Capability — supporting environmental efficiency,
2.
3.

These dimensions interact with contextual pressures (TOE), dynamic reconfiguration processes
(DCV), and individual acceptance behaviors (TAM), collectively shaping environmental,
economic, and social performance. This multi-level understanding addresses recent calls to
examine microfoundations of BDAC [31, 66, 70, 71] and provides practical insights for
implementing analytics-driven sustainability in emerging logistics economies.

Big Data Management Capability — ensuring governance and integration, and

Big Data Personnel Capability — enabling strategic interpretation and action.

Table 2 synthesizes the differences in BDAC-driven sustainability practices across developed,

developing, and general logistics contexts.

’ Theme HDeveIoped Countries HDeveloping Countries HCurrent Study (Oman)
BDAC-enabled green logistics is L Sustainability occurs only
. . Sustainability outcomes are .
integrated into formal neven and indirect when technology, skilled
sustainability strategies and . . personnel, and governance are
. Environmental gains mainly . .
.. governance systems. Analytics . aligned. BDAC supports a shift
Green Logistics . . stem from efficiency and cost .
. support efficiency activities such as . ) . ..., |[from efficiency-focused
(Environmental L . reduction. Social sustainability ||, . .
. . route optimization, emission . interventions to Tnple Bottom
Sustainability) L is weak and dependent on . o
monitoring, and energy g Line sustainability through
nana . complementary capabilities || o .
gement. Outcomes are driven rather than analvtics integrated decision-making
more by governance and readiness ||, Y rather than isolated
investment [66—69]. C ..
than technology alone [61-65]. optimization.
1 o .
e Personal capability is often a Persona .capablhty func.tlons
Personal capability is an embedded . L as a multi-level mechanism
. . constraint. Sustainability e e
organizational resource enabling . connecting individual
outcomes heavily depend on .
Personal BDAC to shape outcomes through . . . competence (Micro),
o . e analytical skills, data literacy, o g
Capability broader supply chain capabilities . . organizational learning and
. . . e absorptive capacity, and .
(Economic such as integration, resilience, and : . . role clarity (Meso), and
e s e . ongoing learning. Without i .
Sustainability) ||flexibility. Effectiveness depends on capability development market-level constraints
analytical skills, learning routines, tefhnolcty rarel pbrin ; (Macro). Explains variation in
and managerial support [66-68]. . 8y Y & BDAC-driven sustainability
meaningful value [69-71]. across firms
T ili
Traceability is a socio-technical Traceability remains nfjjﬁ?l:n;}llsreﬂcorjvisen data
capability enabled by technologies ||fragmented and uneven. ownerslfi s st}ém usabili
. such as blockchain, IoT, and Al Sustainability impacts often L L. ty
Traceability R and cross-organizational
. strengthened by governance, come from partial visibility ) . . .
(Social L . .. integration are firmly in place.
. gt standardization, and supply chain |jand connectivity due to . e s
Sustainability) L . o . Otherwise, visibility is
coordination. Effective traceability ||governance gaps, adoption superficial and fails to support
requires aligned incentives and readiness, and weak ensiro ental or social pp
organizational support [72-73]. ecosystem alignment [73-74]. objectives
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Implications, Conclusion, and Future Research

This study demonstrates that Big Data Analytics Capabilities (BDAC) play a pivotal role in
enhancing sustainability within Omani logistics. The findings indicate that BDAC should not be
regarded solely as a technological investment but as a strategic resource that integrates
infrastructure, management, and personnel capabilities to drive environmental, economic, and
social outcomes. Theoretical insights from RBV, DCV, TOE, and TAM illustrate how these
capabilities operate across micro, meso, and macro levels, transforming analytics from a
functional tool into a dynamic capability that supports long-term sustainability. From a
managerial perspective, the study emphasizes the importance of developing human capital
alongside technological infrastructure. Personnel capability —data literacy, analytical confidence,
and decision-making skills—emerges as a critical enabler for translating analytics insights into
operational improvements, such as optimized routing, reduced emissions, and improved safety
performance. Organizational governance further strengthens BDAC’s impact by embedding
analytics into routine decision-making, standardizing performance metrics, and clarifying data
ownership.

These elements ensure that sustainability initiatives are actionable and not merely symbolic.

Policy implications highlight the role of targeted incentives and regulatory support in fostering
BDAC adoption. Programs that link training, data-sharing standards, green logistics incentives,
and ESG governance to measurable outcomes can enhance the sector’s contribution to Oman
Vision 2040, the Logistics Strategy 2040, and Net-Zero 2050. In particular, aligning digital
transformation with national sustainability goals enables both organizational competitiveness
and societal benefits.

The study also recognizes limitations inherent in single-country, qualitative research. Findings
are context-specific and rely on interview data rather than objective performance metrics,
suggesting caution when generalizing to other settings. Future research could extend this work
through comparative studies in other GCC countries, mixed-method designs, and the integration
of quantitative performance data to validate sustainability outcomes.

Finally, the study proposes a capability roadmap that underscores the sequential development of
personnel, governance, infrastructure, and continuous learning. Sustainability gains are
maximized when human skills and organizational practices precede large-scale technological
investment, ensuring that BDAC remains adaptive, relevant, and aligned with evolving
operational and environmental priorities. Overall, this research provides both theoretical and
practical insights into leveraging BDAC for sustainable logistics in emerging economies,
highlighting the interplay between technology, people, and governance as essential for long-
term impact.

8. OPERATIONAL MATURITY MODEL

This study further introduces an operational maturity framework that delineates the
evolutionary progression of logistics organizations from elementary data utilization to a
dynamic, sustainability-driven analytics reconfiguration. Rather than framing maturity as a
simple binary state of adoption, the model conceptualizes it as a continuous trajectory of
capability development, emphasizing the gradual accumulation of technological, managerial,
and human competencies necessary for embedding sustainability into operational decision-
making.
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Stage 1: Basic data use and descriptive
reporting

Operational Maturity Stage 2: Tool-driven analytics adaptation
Model for Analytics-
Enabled Sustainable

Logistics

Stage 3: Integrated analytics capability and
operational alignment

Stage 4: Dynamic sustainability
reconfiguration

Figure 2. Operational Maturity Model for AnalyticsEnabled Sustainable Logistics.
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