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Abstract: In contemporary research, the digital transformation of industries and societies has increased
the importance of interdisciplinary exploration, particularly when addressing the complex challenges
faced by modern organizations and social systems. From the perspective of digitalization, this
survey examines the intricate interactions between three key research domains: behavior dynamics,
environmental impact, and fairnesss. By reviewing a wide range of studies and methodologies, it
reveals new insights, challenges, and opportunities that arise at the intersection of these areas within
digital ecosystems. Through a structured approach covering preliminary background, state-of-the-art
methods, and comprehensive analysis, this document seeks to reveal the synergies and divergences
among these domains. Special emphasis is placed on their implications in the digitalization of modern
circular economy, business models, and supply chain management contexts where these domains
converge in meaningful ways. Additionally, through an extensive review of existing literature, this
document highlights the current state of research and identifies notable gaps. These include issues such
as ensuring fairness in digitalized sustainable strategies, understanding the role of digital behavior
dynamics in promoting environmental management and managing environmental impacts in new
digitally-driven business models. By weaving together these diverse elements, this work offers a
novel perspective, emphasizing the importance of collaborative and integrative research in shaping a
sustainable and equitable digital future.

Keywords: fairness; environmental impact; behavior dynamics; circular economy; supply-chain
management; business models

1. Introduction

In today’s interconnected industrial landscape, where complexity and interdependence continue
to grow, the digital transformation of industries and societies has emerged as a critical enabler for
understanding the interplay between influencing domains within digitalized ecosystems, which has
become essential for advancing sustainable and equitable strategies [1-3]. Among essential domains,
fairness, environmental impact, and behavior dynamics have become critical focal points as industries
navigate growth [4,5]. Understanding the interplay among these three domains plays a crucial role
in influencing modern digital industrial strategies. These domains, collectively referred to as the
Key Domains, influence and are influenced by crucial industrial and societal contexts, including the
circular economy, business models, and supply chain management (referred to as the Key Contexts)
[6-8].

The significance of these Key Domains within digital ecosystems is underscored by their role
in shaping sustainable and equitable industrial strategies [9]. For instance, fairness ensures that
digitalized industrial processes and outcomes are just, equitable, and transparent, fostering trust and
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inclusivity among stakeholders [10,11]. Similarly, minimizing environmental impact is paramount to
mitigating climate change, conserving resources, and ensuring long-term ecological balance, goals that
digital tools and platforms can significantly enhance [6,12]. Meanwhile, behavior dynamics delve into
the complexities of human and organizational actions, offering insights into how digital behaviors and
interactions can align with sustainable goals through incentives, norms, and policies [13,14].

These domains are not isolated; their interactions within digitalized Key Contexts define the suc-
cess or failure of modern industrial strategies [2]. For example, understanding how digital behavioral
incentives can promote circular economy strategies [6,7] or how fairness considerations can transform
digitally integrated supply chains into more equitable systems is pivotal [8,15].

Yet, this interplay also introduces challenges in effectively integrating these domains within
digitalized ecosystems [1,2]. For instance, ensuring fairness in digital industrial strategies often
conflicts with the goals of efficiency and scalability [16]. Efforts to reduce environmental impacts are
frequently constrained by existing digital business models that prioritize short-term gains over long-
term sustainability or struggle to integrate sustainable strategies into traditionally linear frameworks
[7,12]. Adding to these challenges is the inherent complexity of human and organizational behavior.
Digital behavior dynamics significantly influence how fairness and environmental goals are perceived
and acted upon [13,14]. These challenges highlight the need for a novel approach that not only
addresses individual domains but also considers the trade-offs and synergies that arise in their
interactions within digital ecosystems. They highlight gaps in existing research and current digital
business strategies, setting the stage for this survey’s contributions to offer a pathway toward resolving
these complexities [9,15].

While other surveys address these areas individually or in combination with other domains
[2,5], this survey adopts a contemporary perspective that explicitly incorporates the role of digital
transformation in shaping these intersections. This is to address the challenges that have arisen from
the increasing complexity and interdependence of modern industrial strategies through the lens of
digitalization [9].

Here, we consider mechanisms and frameworks enabling data sharing within digital ecosystems
but exclude processes such as digitizing physical operations or collecting data at the source. The focus
is on understanding the interplay of fairness, environmental impact, and behavior dynamics within a
digitalized ecosystem of circular economy, business models, and supply chain management (Figure 1).
Rather than limiting itself to a single perspective, this survey examines all possible combinations of
these domains, often overlooked in broader studies, through a digital lens to ensure a comprehensive
exploration of their interactions [10,17]. By considering the multifaceted nature of these domains,
this paper’s primary objective is to provide a thorough analysis that captures the complexity of their
relationships while situating them within the broader narrative of digital transformation [2,4].

In addition, this survey emphasizes the importance of these intersections in shaping sustainable
and equitable digital industrial strategies [9,15]. It explores how digital behavioral incentives can
encourage circular economy adoption [6,16] and how fairness principles can enhance equity within
digitally integrated supply chains [8,17]. By identifying synergies, conflicts, and gaps in current
research, this paper provides actionable insights to guide both theoretical advancements and practical
applications [5,13]. The findings aim to equip researchers, industry professionals, and policymakers
with digital tools and frameworks to align environmental, social, and behavioral objectives, addressing
the challenges of modern industries with innovative and inclusive approaches [1,14]. The contributions
of this paper can be categorized into three primary areas:

¢ Foundational Concepts and State of the Art (Sections 3 and 4): This section provides an ex-
tensive literature review covering the latest digital advancements in each Key Domain within
the Key Contexts, including fairness in digital supply chains, environmental impact criteria
in digitally-driven business models, and behavior dynamics within the circular economy. It
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identifies current trends, synergies, and gaps, situating this survey firmly within the digitalized
industrial landscape.

*  Analysis and Practical Implications (Section 5): The paper introduces a structured analysis of the
interplay of fairness, environmental impact, and behavior dynamics within the digitalized Key
Contexts. This analysis highlights both synergistic opportunities and areas where conflicts arise,
offering theoretical value and a comprehensive understanding of how these domains interact
in practice. It serves as a guide for advancing research on digital transformation and its role in
sustainable and equitable business strategies.

¢  Research Gaps and Future Directions (Section 6): This survey identifies gaps in current research
on the digital landscape and suggests specific areas for future investigation. Emphasizing in-
terdisciplinary approaches, it proposes integrating fairness, environmental sustainability, and
behavior dynamics into modern strategies for digitalized industries, encouraging innovation to
improve sustainable and equitable strategies in the digital era.

Influence Key
Domains
Digital
Feedback to Transformation O\ Shape Key
Domains B % Contexts
Guide
Strategies

Figure 1. Interplay of Key Domains and Contexts.

The remainder of this paper is organized as follows: Section II outlines the methodology employed
to synthesize and analyze the literature. Section III, Motivation and Challenges, provides a foundational
understanding of the Key Domains and highlights the complexities involved in addressing their
intersections within the digitalized Key Contexts. Section IV offers a comprehensive review of the state
of the art, focusing on advancements across the Key Domains within these digital contexts. Section
V presents a structured analysis of the interactions among these domains, emphasizing synergies,
conflicts, and practical implications within digital transformation. Finally, Section VI identifies research
gaps and proposes directions for future work, with concluding remarks summarizing key findings in
Section VIL

2. Methodology

Building on the foundations laid in the Introduction, this section adopts a contemporary and sys-
tematic approach to exploring the interplay of fairness, environmental impact, and behavior dynamics
within the contexts of digitalized circular economy, business models, and supply chain management
[18]. This methodology emphasizes recent developments, interdisciplinary perspectives, and the
pressing need to address global challenges in sustainability and equity within digital ecosystems [5,9].

2.1. Literature Selection and Review

The study undertakes a systematic review of peer-reviewed journal articles, conference papers,
and industry reports from the last decade. Sources were drawn from major academic databases
such as Google Scholar, IEEE Xplore, Wiley, and MDPI, using search terms tailored to capture the
intersections of the Key Domains and their relevance within the digitalized Key Contexts. The selection
criteria prioritized contemporary works that reflect recent advancements and frameworks, ensuring the
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inclusion of recent research addressing fairness, environmental sustainability, and behavior dynamics
in digital ecosystems [3,10].

2.2. Contemporary Categorization and Analysis

To align with the principles of contemporary scientific writing, the literature was categorized
into thematic clusters that highlight synergies, conflicts, and gaps among the Key Domains within
digitalized contexts. This process focused on identifying patterns reflective of current trends, such
as the rising emphasis on digital circular economy strategies, equitable resource distribution, and
behavioral shifts toward sustainable consumption in digital ecosystems [6,14]. These themes informed
the development of analytical questions designed to probe deeper into the intersections of the domains.

2.3. Analysis Development

Building on the categorized insights, an analysis was designed to explore the dynamic interac-
tions among the Key Domains within digital ecosystems. This analysis integrates interdisciplinary
perspectives to address challenges such as balancing equity with efficiency, reducing environmental
impacts, and aligning organizational and consumer behavior with sustainability objectives in digi-
talized contexts. The analysis’s contemporary design underscores its relevance in addressing both
theoretical and practical needs in today’s rapidly evolving digital industrial landscape. By adopting
this contemporary approach, the methodology ensures that the survey remains both rigorous and
relevant, offering insights that respond to the challenges of modern digitalized industries while paving
the way for future interdisciplinary research [2,9].

3. Motivation and Challenges

The analysis of modern industrial strategies requires a deep understanding of the theoretical
foundations that support key areas of concern. This section explores the core domains of fairness,
environmental impact, and behavior dynamics, which are critical for evaluating their interactions
within digitalized supply chain management, business models, and the circular economy. By examining
these domains through the perspective of established theories and concepts, we can better understand
the complexities and challenges that arise when these areas intersect in digital ecosystems. Each
domain will be explored in terms of its core concepts and ideas, key challenges, and historical and
current perspectives, providing a comprehensive frame of reference for the analysis in Section 5.

3.1. Fairness
3.1.1. Overview of Fairness

Fairness is a fundamental principle in both ethical and practical decision-making processes,
particularly in the context of modern digitalized industries. In digital industrial strategies, fairness
involves ensuring that processes, outcomes, and resource distributions are equitable and just [10,11,19].
This concept is particularly critical in areas such as digitalized supply chain management, where
decisions about resource allocation, pricing, and access to services can have far-reaching implications
[7,8]. The relevance of fairness also extends to the development of digitally driven business models
and the implementation of circular economy strategies, where ensuring equity among stakeholders is
essential for long-term sustainability and social acceptance [4,6].

3.1.2. Core Concepts and Ideas in Fairness

At the heart of fairness are several key theories and concepts that provide a foundation for
understanding how fairness can be assessed and implemented [20]. Equity theory, for instance,
suggests that individuals assess fairness by comparing their inputs and outcomes relative to others [16].
Distributive justice focuses on the fairness of outcomes, ensuring that resources are distributed in a way
that is perceived as just by all parties involved [21]. Procedural justice, on the other hand, emphasizes
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the fairness of the processes that lead to outcomes, highlighting the importance of transparency,
consistency, and impartiality in decision-making (Figure 2) [10,22]. These theories are particularly
relevant in digitalized contexts, where automated systems are increasingly used to make decisions
that impact a wide range of stakeholders [8,11].

Data Collection
and Input

Feedback and / \ Algorithm
Continuous Design and
Improvement Development

. 5°
Outcome Fairness
Assessment

Monitoring and "
Evaluation \ ‘ / and Teating
Decision-Making

and
Implementation

Fairness in
Digital
Systems

Figure 2. Fairness integration cycle in digital systems.

3.1.3. Key Challenges and Considerations in Fairness

Implementing fairness in digitalized industrial contexts presents several challenges (Figure 3),
particularly as industries become more complex and globalized. One of the primary challenges
is balancing fairness with efficiency, ensuring equitable treatment while maintaining operational
effectiveness, though this can sometimes lead to outcomes perceived as unfair by certain stakeholders
[10,11]. Another challenge is the potential for bias in digital decision-making processes, such as those
driven by algorithms and machine learning, which can unintentionally perpetuate existing inequalities
[5,23]. Addressing these biases requires careful examination of the data and processes used in decision-
making, as well as ongoing monitoring to ensure that fairness is maintained as digital systems evolve
[24,25].

Efficiency vs.

Fairness ', - - - Algorithmic Bias

Compromises “eeeeof 0 \e---- . Perpetuates
equitable existing
treatment Cha”enges inequalities

Complexity of B . f X Data Quality
Gt ' ' —ee
Systems ' ' Issues
Hinders i EEN Affects fairness
transparent h i assessments
decision-making M M
Lack of Stakeholder
Monitoring Perception
Fails to ensure Leads to claims of

ongoing fairness unfairness

Figure 3. Challenges in Implementing Fairness in Digital Industries.

3.1.4. Historical and Current Perspectives on Fairness

The concept of fairness has evolved significantly over time, from early theoretical discussions to its
application in modern digital and industrial contexts [4,5]. Historically, fairness was often associated
with legal principles of justice and equity, focusing on ensuring that individuals were treated equally
under the law [20]. In the context of industrial strategies, fairness began to take on new dimensions
as businesses sought to balance profitability with social responsibility [6,7]. Today, the rise of digital
and automated systems has brought new challenges and opportunities for fairness as businesses and
regulators work to ensure these systems operate in an efficient and equitable manner [8,10]. Current
research continues to explore how fairness can be integrated into digital decision-making processes,
particularly in dynamic environments such as digitalized supply chain management and the circular
economy [26,27].
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3.2. Environmental Impact
3.2.1. Overview of Environmental Impact

Environmental impact refers to the effect that human activities, particularly industrial and eco-
nomic activities, have on the natural environment. This concept is central to sustainability efforts,
encompassing the various ways in which processes, products, and services contribute to environmen-
tal degradation, including pollution, resource depletion, and habitat destruction [6,28]. In modern
digitalized industrial strategies, minimizing environmental impact is not only a matter of regulatory
compliance but also a key component of corporate social responsibility and sustainable development
strategies [4,7]. The relevance of environmental impact extends to areas such as digitalized supply
chain management, where companies must balance efficiency with sustainability, and the design of
digitally driven business models and the circular economy, where reducing waste and conserving
resources are critical objectives [8,29].

3.2.2. Core Concepts and Ideas in Environmental Impact

Several key concepts and frameworks support the study of environmental impact, with Life
Cycle Assessment (LCA) being one of the most important tools. LCA (Figure 4) is a systematic
method for evaluating the environmental aspects and potential impacts associated with a product,
process, or service throughout its entire life cycle, from raw material extraction to disposal [7,12].
Another significant concept is the Triple Bottom Line (TBL), which expands the traditional reporting
framework to include social and environmental performance in addition to financial performance [30].
Additionally, the Circular Economy (CE) (Figure 9) model aims to redefine growth by focusing on
positive society-wide benefits, decoupling economic activity from the consumption of finite resources,
and designing waste out of the system [6,7]. These frameworks are increasingly enhanced by digital
tools and technologies, which allow for more precise monitoring, analysis, and optimization of
environmental strategies [8,9]. They are crucial for understanding how businesses can reduce their
environmental footprint while maintaining economic viability in digitalized ecosystems [31].

——> Raw Material Extraction

Material Processing €é—————

uring

Distribution and Transportation ~&——

Use Phase &—————

End-of-Life (Disposal or Recycling) ¢—

Impact A

v

Figure 4. Life Cycle Assessment (LCA) process diagram, showing the progression from raw material acquisition
to the end-of-life stage.


https://doi.org/10.20944/preprints202502.0542.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 February 2025

d0i:10.20944/preprints202502.0542.v1

7 of 35

3.2.3. Key Challenges and Considerations in Environmental Impact

Addressing environmental impact in digitalized industrial contexts presents several challenges
(Figure 5). One of the primary challenges is the integration of sustainability into traditional and digital
business models, which often prioritize short-term financial gains over long-term environmental
sustainability [4,7]. Companies must find ways to align their economic objectives with environmental
goals, which can be difficult in competitive markets where cost pressures are high [6]. Another
challenge is the measurement and management of environmental impacts in digitalized global supply
chains, where data fragmentation and complexity can hinder effective monitoring and mitigation at
every stage of production and distribution [15,32]. Additionally, there is the challenge of consumer
behavior in digital environments, where businesses must educate and engage consumers on the
importance of sustainability. This requires strategies that leverage digital platforms to influence and
shift established consumption patterns [33].

Short-term
Focus

Prioritizes profits
over sustainability

Consumer
Engagement

Difficulty in
educating
consumers on
sustainability

Challenges

. Data
o Fragmentation

Hinders effective
environmental
monitoring

v
Competitive
Pressure

Limits investment
in sustainable
practices

Figure 5. Challenges in Integrating Environmental Impact in Digital Industries.

3.2.4. Historical and Current Perspectives on Environmental Impact

The concept of environmental impact has evolved significantly over time. Initially, environmental
concerns were largely oversensitive, focusing on pollution control and remediation. However, with
the rise of the environmental movement in the 1960s and 1970s, there was a shift towards more
proactive approaches, such as sustainable development and the precautionary principle [30]. In recent
decades, the focus has shifted towards comprehensive strategies like the circular economy, life cycle
thinking, and digital environmental monitoring systems, which aim to prevent harm by considering
the full environmental impact of products and processes from the outset [6,7,34]. Current perspectives
emphasize the need for systemic change, where businesses, governments, and consumers work
together to achieve sustainability goals. This includes innovations in green technology, digitalized
sustainable supply chain management, and eco-friendly, data-driven business models [8,9,35].

3.3. Behavior Dynamics
3.3.1. Overview of Behavior

Behavior dynamics in industrial and economic contexts refer to the complex interactions and
changes in behavior among individuals and groups over time. These dynamics are influenced by
various factors, including digital systems, organizational structures, and environmental conditions.
Understanding behavior dynamics is critical for optimizing processes, improving decision-making,
and ensuring the success of initiatives like sustainability efforts [14,36]. In the context of digitalized
supply chain management, business models, and the circular economy, behavior dynamics play a
significant role in determining how technologies are adopted, how resources are used, and how
environmental impacts are managed within digital ecosystems [7,37,38]. Additionally, in the design of
digital platforms, such as search engines or e-commerce sites, accurately simulating and predicting the
dynamics of user behavior is essential for creating systems that are intuitive, effective, and responsive
to user needs [13,39]. Effective management of digital behavior dynamics is essential for aligning
individual and organizational goals with broader sustainability objectives, ensuring that technological
advancements contribute to positive social and environmental outcomes [40].
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Figure 6. Behavioral Influence Model, factors that influence individual and group behavior, particularly in the
context of industrial decision-making, sustainability, and technology adoption.

3.3.2. Core Concepts and Ideas in Behavior

Several key theories and concepts support the study of behavior dynamics in industrial and
digitalized contexts. Behavioral Economics remains a crucial field, offering insights into how economic
decisions are made and how they evolve in response to changing conditions, explaining why individu-
als sometimes make irrational decisions that deviate from traditional economic models [5,41]. Nudge
Theory suggests that subtle changes in how choices are presented can significantly influence behavior
without restricting freedom of choice [14,42]. Bounded Rationality, introduced by Herbert Simon,
describes how individuals make decisions with limited information and cognitive resources, leading
to behavior that adapts as conditions change [16]. Social Norms Theory explores how individuals’
behavior is influenced by the evolving perceptions of what others do and what others think they should
do, which is particularly relevant in the adoption and diffusion of sustainable strategies and digital
technologies [43]. In the context of digital platforms, User Behavior Simulation is a critical concept
that involves modeling the dynamic interactions between users and systems, taking into account how
behavior might change over time in response to different stimuli. This includes understanding click
patterns, search behaviors, and decision-making processes to improve user experience and system
performance [13,44]. These theories are essential for understanding how behavior dynamics are influ-
enced by technological and environmental changes in digitalized industrial contexts. They provide the
foundation for designing systems and strategies that align user behavior with broader sustainability
and organizational goals.

Problem Identification ~€&——

H

Information Gathering &——

H

Option Generation

H

Risk and Benefit Analysis

H

Decision-Making

H

Implementation

H

Monitoring and Evaluation

Feedback Loop

Figure 7. Decision-Making process diagram, steps involved in making decisions, particularly in the context

of industrial and organizational settings, where factors like risk, uncertainty, and competing objectives play
significant roles.
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3.3.3. Key Challenges and Considerations in Behavior

Understanding and influencing behavior dynamics in industrial and digitalized settings presents
several challenges (Figure 8). A major challenge is the resistance to change that often accompanies the
introduction of new technologies or strategies [5]. This resistance can stem from factors such as fear
of the unknown, perceived loss of control, and comfort with existing routines. Another challenge is
the tension between short-term incentives and long-term goals, where individuals and organizations
may prioritize immediate gains over long-term sustainability, leading to decisions that are suboptimal
from an environmental or social perspective [37]. In digital platforms, a significant challenge lies
in accurately simulating user behavior. While models can predict general patterns, the complexity
and variability of human behavior make it difficult to create simulations that account for all possible
interactions [13]. Additionally, information overload in digital environments can overwhelm users,
leading to suboptimal decision-making or disengagement [14]. There is also the challenge of cultural
and organizational factors, which play a significant role in shaping behavior and influencing how new
strategies and digital technologies are perceived and adopted [45,46]. Addressing these challenges
requires a deep understanding of psychological, social, and organizational dynamics, as well as
strategies for managing change and improving user interaction systems.

Resistanceto , __ __ Short-term
Change . ; Incentives
Fearofthe T Immediate gains
unknown hinders Cha||enges overshadow long-
adoption term goals
User Behavior , ," ) f ‘\ ___y Information
Simulation ' ! Overload
Complexityof — ___. . ... Excess data
human behavior s : overwhelms
complicates . v users, impairing
- v . L
predictions Cultural Factors Psycho_loglcal decisions
Dynamics

Misalignment of
behavioral
insights with
strategies

Organizational
perceptions affect
technology
adoption

Figure 8. Challenges in Integrating Behavior Dynamics in Digital Industries.

3.3.4. Historical and Current Perspectives on Behavior

The study of behavior in industrial and digital contexts has evolved significantly over time. Early
approaches were influenced by classical economics, which assumed that individuals act rationally
to maximize utility. However, the limitations of this model became apparent, leading to the devel-
opment of behavioral economics, which incorporates psychological insights into economic models
[47]. The introduction of nudge theory in the early 2000s marked a significant shift, highlighting how
small, strategic changes could influence long-term behavior dynamics [48]. More recently, there has
been a growing interest in the role of social norms and cultural factors in shaping dynamic behavior,
particularly in the context of sustainability and technology adoption [4]. In digital platforms, under-
standing the dynamics of user behavior has become critical for optimizing system performance and
user experience, acknowledging that behavior is not static but continually evolving [13,49]. Current
perspectives emphasize the importance of a broad approach to behavior dynamics, integrating insights
from psychology, sociology, and economics to develop strategies that are both effective and ethical.
This approach is increasingly important as industries navigate the challenges of digital transformation,
sustainability, and global competition, where behavior dynamics play a crucial role in determining
long-term success within digitalized industrial ecosystems [50].
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Table 1. Overview of Key Domains in the Theory Section
Key Domain Core Concepts and Ideas Historical and Current Perspec- Key Challenges and Considerations
tives
Fairness - Equity in resource distribu- - Evolved from classical notions - Balancing global trade fairness
tion of equality - Addressing bias in automated
- Ethical sourcing and trade - Focus on social justice in global  decision-making
strategies supply chains - Ensuring equitable access to re-
sources
Environmental - Sustainability - Shift from environmental pro- - Measuring and reducing carbon
Impact - Life Cycle Assessment tection to sustainability footprints
(LCA) - Growing focus on circular econ- - Integrating sustainability into tradi-
- Resource efficiency omy principles tional business models
- Managing resource depletion
Behavior - Behavioral economics - Rooted in psychology and eco- - Understanding consumer resistance
Dynamics - Nudge theory nomics to change
- Decision-making processes - Recent focus on nudging behav- - Leveraging behavioral insights in
iors towards sustainability business strategies

- Promoting sustainable behaviors

4. State of the Art

In the current landscape of industrial research and practice, there is a growing emphasis on
understanding how key domains (fairness, environmental impact, and behavior dynamics) intersect
and influence each other within critical contexts such as the circular economy, business models, and
supply chain management. This interplay is essential for designing sustainable, equitable, and resilient
industrial strategies in response to global challenges such as resource scarcity, climate change, and
social inequality [4,6].

Central to enabling this interplay is the role of digitalization and data sharing, which provide the
tools and infrastructure necessary for fostering collaboration, optimizing processes, and enhancing
transparency [8,51]. Technologies such as blockchain, artificial intelligence (Al), and the Internet of
Things (IoT) are among the most prominent enablers, offering capabilities that address key challenges
across these domains and contexts:

¢ Blockchain enhances traceability and accountability, supporting ethical practices and fostering
trust among stakeholders [52-54].

* Al provides advanced analytics and predictive insights, enabling resource efficiency and sustain-
able decision-making [11,22].

e JoT facilitates real-time monitoring of resource flows, waste streams, and product lifecycles,
bridging the gap between physical and digital ecosystems [55,56].

While these technologies are transformative, the primary focus of this survey is to examine the
interplay between the three domains and contexts, identifying gaps, synergies, and opportunities for
innovation. Digital tools are discussed in this context as mechanisms that operationalize and amplify
the benefits of this interplay. By framing the analysis around these domains and contexts, this section
provides a comprehensive overview of recent advancements, key trends, and ongoing challenges in
driving sustainable industrial practices [9,57].

4.1. Digitalization and Data Sharing

The rapid advancement of digital technologies and the increasing importance of data sharing
have become central to modern industrial ecosystems. These innovations provide the foundation for
addressing challenges within fairness, environmental sustainability, and behavior dynamics, enabling
collaboration, optimization, and transparency across industries [58,59].
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4.1.1. Key Frameworks and Initiatives

Digitalization and data sharing are supported by several frameworks and initiatives that align
closely with the principles of the circular economy, sustainable business models, and ethical supply
chains. Key examples include:

1. International Data Spaces Association (IDSA) and IDS Reference Architecture Model (IDS
RAM): The IDSA provides a globally recognized framework for secure and standardized data
exchange across organizations. The IDS RAM serves as a blueprint for implementing trusted data
spaces, ensuring interoperability, data sovereignty, and compliance with ethical and legal stan-
dards. These elements are particularly relevant for industries transitioning to circular economy
practices, as they facilitate the secure sharing of resources and process data [17,60].

2. GAIA-X and Catena-X: GAIA-X is an initiative aimed at building a federated data infrastructure
for Europe, promoting data availability while maintaining sovereignty. In parallel, Catena-X
focuses on creating a data-driven ecosystem for the automotive industry, integrating supply
chain participants to enhance efficiency, traceability, and sustainability. Together, these initiatives
demonstrate the role of collaborative platforms in driving digital transformation [15,58].

3. European Union’s Ecodesign for Sustainable Products Regulation (ESPR) and Digital Product
Passports (DPPs): The EU ESPR introduces measures to improve the sustainability of products
throughout their lifecycle. Digital Product Passports, a key component of this regulation, provide
a digital record of product attributes, enabling stakeholders to track and optimize environmental
performance. These tools align closely with the principles of the circular economy by supporting
resource efficiency [6,61].

4.  Industry-Specific Efforts: Beyond these broad frameworks, industry-specific initiatives play a
crucial role in advancing data sharing. For instance, the healthcare sector leverages data spaces
to streamline patient care and research, while the manufacturing industry uses real-time data
sharing to enhance production efficiency and reduce waste [9].

4.1.2. Challenges and Opportunities

While these frameworks and initiatives demonstrate the transformative potential of data sharing,
challenges remain. Ensuring data security and privacy, managing intellectual property rights, and
overcoming organizational resistance to data sharing are critical concerns [13,49]. However, the
opportunities for innovation, cost reduction, and sustainability make addressing these challenges a
worthwhile pursuit.

4.1.3. Scope Clarification

It is essential to distinguish between data sharing and broader concepts such as data collection or
industrial automation. This paper focuses on the mechanisms and frameworks enabling data sharing
within digital ecosystems. It deliberately excludes broader processes such as digitizing physical
operations or collecting data at the source. By narrowing the focus, this discussion underscores the
strategic importance of collaboration and interoperability in achieving sustainable industrial strategies
[8,62].

4.1.4. Integration with Key Contexts

The integration of data-sharing frameworks into circular economy models, business strategies,
and supply chain management holds transformative potential. For example:

¢ Inthe circular economy, data sharing facilitates the tracking of materials across product lifecycles,
enabling resource optimization and waste reduction [59,63].

¢  Inbusiness models, transparent data sharing fosters trust among stakeholders, enhancing collab-
orative innovation [17,56].


https://doi.org/10.20944/preprints202502.0542.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 February 2025 d0i:10.20944/preprints202502.0542.v1

12 of 35

¢ In supply chain management, real-time data exchange improves operational efficiency and
ensures ethical and sustainable practices [8,15].

By aligning these frameworks and technologies with the three key domains, digitalization and
data sharing emerge as pivotal drivers for achieving sustainable and equitable industrial practices.

4.2. Circular Economy

The circular economy is a transformative approach to economic activity that emphasizes the
reuse, recycling, and sustainable management of resources. Unlike the traditional linear economy
model, which follows a "take-make-dispose" model, the circular economy aims to keep resources
in use for as long as possible, extracting maximum value and minimizing waste [6,64]. This model
has gained prominence as industries and governments seek to address environmental challenges
and resource scarcity, moving towards a more sustainable and resilient economic system. Within
digitalized contexts, the circular economy principles are enhanced by digital tools and technologies
that enable efficient resource tracking, data-driven decision-making, and the optimization of recycling
and reuse processes [51,65,66].

Desigh &———
Production ~&——
Distribution

Consumption and Use
Collection

Recycling and Recovery

Circular Feedback Loop

Figure 9. Circular Economy (CE) closed-loop system, where products, materials, and resources are kept in use for

as long as possible, minimizing waste.

4.2.1. Fairness in Circular Economy

Fairness in the circular economy involves the equitable distribution of resources, ethical labor
practices, and inclusivity across supply chains. As the circular economy grows in importance, its
implementation must not worsen existing inequalities but instead promote social equity and inclusion
[4].

In digitalized contexts, technologies such as blockchain, artificial intelligence (AI), and the Internet
of Things (IoT) are reshaping how fairness is operationalized, enhancing transparency and account-
ability [54,67]. Blockchain ensures traceability, supporting fair labor practices and ethical sourcing.
Studies have shown that blockchain platforms are effective in verifying compliance with ethical stan-
dards, fostering trust, and ensuring equitable treatment across supply chains [23,31]. Similarly, Digital
Product Passports (DPPs), as part of the European Union’s Ecodesign framework, provide lifecycle
data that empower informed decisions and promote equitable resource allocation [68,69]. Al enhances
fairness by optimizing resource allocation and addressing systemic inequities. For example, Al-driven
analytics can improve recycling infrastructure placement, ensuring that underserved areas benefit


https://doi.org/10.20944/preprints202502.0542.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 February 2025 d0i:10.20944/preprints202502.0542.v1

13 of 35

from circular initiatives [11]. IoT complements these advancements by enabling real-time tracking of
resource flows, identifying inefficiencies, and supporting the equitable distribution of resources [9].

Moreover, recent research emphasizes the importance of fair labor practices in circular supply
chains, ensuring that workers involved in recycling and remanufacturing processes are treated equi-
tably [65,70]. Addressing systemic inequities is essential to ensuring that circular strategies, such as
recycling and resource efficiency, are inclusive of marginalized communities and promote equitable
access to resources [26]. Despite these advancements, further integration of digital tools is required to
ensure widespread adoption. Frameworks that combine blockchain, Al, and IoT offer a pathway to
align fairness with broader sustainability goals [33].

4.2.2. Environmental Impact in Circular Economy

Minimizing environmental impact is a core objective of the circular economy. This economic
model is designed to reduce waste, minimize resource use, and mitigate environmental degradation
by emphasizing strategies such as recycling, remanufacturing, and product life extension. By keeping
resources in use for longer and designing products for reuse, the circular economy addresses critical
environmental challenges such as pollution, resource depletion, and climate change [6,7].

Digital technologies are critical enablers of these goals, facilitating waste reduction, improving
resource efficiency, and enhancing lifecycle management. In digitalized contexts, tools such as IoT-
based monitoring, blockchain-enabled traceability, and Al-driven predictive analytics significantly
enhance the effectiveness of circular strategies by optimizing resource use and improving process
efficiency [8,9].

Al supports lifecycle assessments (LCAs) by providing precise, real-time data for evaluating
environmental footprints [12]. For instance, Chauhan et al. [68] demonstrate how Al can identify
inefficiencies, optimize recycling, and reduce emissions throughout product lifecycles. LCAs, a key
tool in measuring environmental impact, are further enhanced by data-driven insights that enable
real-time tracking and analysis of environmental metrics. This allows organizations to pinpoint areas
where circular strategies can be most effective, ensuring resource efficiency and waste minimization
[71]. IoT further aids environmental monitoring by tracking material flows and energy use, providing
actionable data to ensure resource efficiency and reduce waste. For example, IoT-enabled sensors
allow businesses to monitor the lifecycle of products, from production to disposal, enabling more
precise resource allocation and minimizing environmental impact [57]. Blockchain enhances environ-
mental accountability by ensuring transparent reporting on resource use and emissions. For example,
Kouhizadeh et al. [67] emphasize blockchain’s ability to provide immutable records of environmental
performance, fostering trust among stakeholders. Blockchain technologies also enable companies to
verify sustainable practices across supply chains, supporting broader environmental goals [54].

Despite the advancements offered by digital tools, challenges remain in scaling their application
across industries. The implementation of digital technologies often requires significant upfront
investment, while barriers such as data privacy concerns and the digital divide can limit their adoption.
Furthermore, industries must navigate the integration of these technologies into existing frameworks
to achieve the circular economy’s environmental objectives [72].

4.2.3. Behavior Dynamics in Circular Economy

Behavior dynamics are critical to the successful implementation of the circular economy, as they
influence how consumers, businesses, and governments adopt and engage with circular strategies.
Understanding these dynamics is key to promoting sustainable practices such as reuse, recycling, and
resource efficiency [6,40]. Behavioral economics and psychology offer valuable insights into how to
encourage circular behaviors, including the use of incentives for recycling or creating social norms
around sustainable consumption. For example, strategies for shifting consumer behavior toward
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sustainability have been studied in the context of the circular economy, with an emphasis on aligning
individual actions with broader environmental goals [33].

Digital technologies further enhance efforts to shape behavior dynamics. Al-driven personal-
ization tools and gamification platforms can engage consumers more effectively by aligning product
offerings with individual values and preferences. For instance, digital tools have been shown to
increase recycling and reuse behaviors by making sustainable practices more accessible and rewarding
[13]. Similarly, IoT technologies provide actionable feedback, such as real-time waste reduction insights,
encouraging users to adopt circular behaviors in their daily lives [73]. Al and blockchain technologies
also play a significant role in informing ethical decision-making within the circular economy. For
example, blockchain ensures transparency and fosters trust by providing immutable records, while Al
optimizes resource allocation to meet consumer demands for sustainable products [67].

The transition to a circular economy requires significant changes at multiple levels, from indi-
vidual consumers to entire organizations and industries. Recent research emphasizes the need for
systemic behavioral shifts, highlighting the role of digital ecosystems in driving these changes [3,51].
For example, digital platforms leveraging behavioral data can predict and influence adoption patterns,
aligning business strategies with consumer preferences to facilitate sustainable practices [72]. Al-
though significant progress has been made in understanding and shaping behavior dynamics, further
research is needed to explore how digital tools can drive systemic behavioral changes, particularly
at organizational and policy levels. Addressing barriers such as digital access and consumer trust is
essential for ensuring widespread adoption of circular economy practices and achieving long-term
sustainability goals [74].

4.2.4. Intersections and Emerging Themes

The circular economy is deeply interconnected with fairness, environmental sustainability, and
behavior dynamics, forming a framework where these domains reinforce one another. Recent research
highlights that achieving environmental goals within circular systems is inseparable from ensuring
equitable resource distribution and fostering widespread behavioral engagement [6,75]. The alignment
of fairness with environmental sustainability is evident in initiatives that aim to make resource
recovery systems and recycling programs accessible to all stakeholders. Blockchain-enabled traceability
and lifecycle data tools enhance transparency and accountability, ensuring that circular strategies
effectively address social inequities while reducing environmental impact [67,68]. For example,
inclusive infrastructure initiatives supported by digital technologies promote equitable resource access,
benefiting communities most affected by environmental degradation [4].

Behavior dynamics further shape the success of circular strategies. Effective recycling, reuse, and
sustainable consumption hinge on behavioral incentives that align individual actions with environ-
mental priorities. Research underscores the importance of behavior in determining the environmental
outcomes of circular strategies, with tools like gamification platforms and Al-driven analytics showing
promise in promoting sustainable practices at scale [13,14]. These tools not only encourage circular
behaviors but also address accessibility challenges, though ensuring fair access to digital platforms
remains an ongoing issue [9].

Emerging research calls for an integrated approach that embeds fairness, environmental sustain-
ability, and behavior dynamics into circular systems. This approach must address gaps in accessibility,
policy alignment, and stakeholder collaboration to ensure that the circular economy achieves its full
potential. Digital transformation plays a pivotal role in enabling this integration, offering tools to create
systems that are not only environmentally sustainable but also socially equitable and behaviorally
viable [3]. By aligning fairness with environmental sustainability and leveraging behavioral insights,
the circular economy can evolve into a comprehensive system capable of addressing the complex
challenges of the 21st century. A collaborative, multi-stakeholder approach is essential to fostering
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inclusivity, ensuring that marginalized groups benefit from circular initiatives, and creating lasting
impact [31,72].

4.3. Business Models

Business models serve as the strategic frameworks through which organizations create, deliver,
and capture value. Unlike the circular economy, which focuses on systemic approaches to resource
optimization, and supply chain management, which emphasizes operational logistics, business models
define how organizations align their strategies with stakeholder needs and market demands[76].
In the context of this survey, business models are examined as distinct yet interconnected with the
circular economy and supply chain management. They serve as mechanisms to operationalize circular
strategies and leverage supply chain processes to achieve sustainable and equitable outcomes. By
integrating fairness, environmental sustainability, and behavior dynamics, business models become
tools for driving innovation and addressing global challenges. Recent research emphasizes the
importance of sustainable business models that prioritize environmental and social outcomes alongside
financial performance, highlighting their role in fostering long-term value creation for both businesses

and society [77,78].
Customer Segments Revenue Streams
3
Channels Customer Segments
~
Key Activities Key Activities
W

e

Figure 10. Business Models process diagram, demonstrate the influence of each component of a business model,
driving innovation and long-term success.

4.3.1. Fairness in Business Models

Fairness in business models ensures the equitable distribution of value among stakeholders,
including workers, suppliers, customers, and marginalized communities. This involves addressing
issues such as fair pricing, equitable profit distribution, ethical sourcing, and inclusive innovation. By
embedding fairness into their strategies, organizations enhance consumer trust, foster stakeholder
collaboration, and create long-term value that benefits diverse communities [4].

In digitalized contexts, blockchain technology plays a pivotal role in fostering fairness by enhanc-
ing transparency and trust. Recent studies demonstrate how blockchain platforms enable businesses to
verify ethical sourcing and labor practices, ensuring accountability across value chains [54]. Blockchain
also supports fair pricing mechanisms, enabling equitable compensation for all participants while pro-
moting trust among stakeholders [67]. Al contributes to fairness by identifying inequities in resource
allocation and optimizing business strategies to promote inclusivity. For instance, Al-driven analytics
can detect disparities in supply chain networks, allowing businesses to redirect resources or adjust
operations to address imbalances [10]. Similarly, real-time data analytics provide actionable insights,
supporting fair treatment across the value chain and fostering inclusivity in decision-making processes
[21].
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The growing demand for corporate social responsibility (CSR) and ethical business strategies
has driven companies to re-evaluate their business models to incorporate fairness at every level.
Research emphasizes the importance of fairness in industries with significant power imbalances
between stakeholders, highlighting the role of inclusive innovation in creating equitable access to
goods and services [7]. Through digital ecosystems and tools such as platform-based business models,
Al frameworks, and blockchain-enabled transparency, organizations can advance fairness while
achieving sustainability and inclusivity goals [9].

4.3.2. Environmental Impact in Business Models

Minimizing environmental impact has become a critical focus in modern business models as
organizations strive to align profitability with sustainability. Companies face growing pressure to
reduce their ecological footprint and contribute to global sustainability goals, prompting the adoption
of strategies such as resource efficiency, waste reduction, and the integration of renewable energy
sources [7,34].

Digital tools play a transformative role in enabling these strategies. IoT-based monitoring systems
and Al-driven lifecycle assessments (LCAs) provide real-time insights into resource use, energy
consumption, and waste generation. These tools allow businesses to optimize operations, identify
inefficiencies, and reduce emissions while maintaining economic competitiveness [68]. Predictive
analytics and real-time environmental monitoring further enhance the ability of businesses to make
data-driven decisions that minimize their environmental impact [9].

The circular economy has emerged as a particularly effective model for reducing environmen-
tal impact by extending the lifecycle of resources and products. Recent research underscores the
integration of circular principles into business models as a pathway to sustainability. For instance,
frameworks for sustainable business model archetypes demonstrate how organizations can adopt
circular strategies, such as designing for durability, enabling product reuse, and prioritizing resource
efficiency, to achieve significant environmental benefits [78]. When combined with digital innovations,
these sustainable business model archetypes offer organizations a means to enhance environmental
performance without compromising competitiveness. By embedding circular economy principles
into their strategies and leveraging digital tools, companies can create business models that not only
minimize environmental impact but also drive long-term value creation and resilience in a changing
global landscape [29,79].

4.3.3. Behavior Dynamics in Business Models

Behavioral dynamics shape how organizations align their strategies with sustainability goals,
influencing both internal decision-making and consumer engagement. By leveraging behavioral
insights, businesses can adapt their operations, develop innovative models, and respond to evolving
market demands. Al-driven tools, such as behavioral analytics and personalization algorithms,
enable companies to analyze consumer preferences and design products or services that align with
sustainability values, fostering deeper engagement and promoting long-term customer relationships
[9].

Unlike the societal-scale behaviors discussed in the circular economy, business models emphasize
the role of internal organizational behavior. Cultural shifts and operational adjustments are often
necessary to implement sustainability-focused strategies effectively. Research highlights that organiza-
tions embedding behavioral insights into internal processes, such as adopting nudge-based approaches
or fostering sustainable workplace cultures, are more likely to succeed in scaling circular practices [7].
For example, predictive analytics and data-driven simulations enable companies to anticipate and
influence behavioral trends with greater precision, ensuring alignment with sustainability objectives
[46].
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Digital platforms further enhance engagement by enabling businesses to track and respond to
consumer behavior in real-time. These platforms often incorporate incentive mechanisms, such as
subscription models, take-back programs, or gamification strategies, to encourage consumer participa-
tion in circular practices [13,42]. Such strategies demonstrate how behavioral dynamics drive both
consumer and organizational alignment with sustainability goals, operationalizing circular principles
through business models. Understanding behavior dynamics within organizations is also key to
successfully implementing new business models, particularly those requiring significant cultural or
operational changes. Businesses that integrate these insights into their strategies not only foster deeper
connections with stakeholders but also drive innovation and resilience in dynamic markets [37,39].

4.3.4. Intersections and Emerging Themes

Business models integrate fairness, environmental sustainability, and behavior dynamics, creating
opportunities to align profitability with global sustainability goals. These interconnected domains
foster innovation and drive inclusive, environmentally responsible strategies [78]. The connection
between fairness and environmental sustainability is evident in business practices that prioritize
ethical value chains while reducing ecological footprints. Blockchain and Al technologies enhance
these efforts by improving transparency and equitable resource distribution, ensuring sustainable
outcomes benefit all stakeholders [79].

Behavior dynamics further influence the effectiveness of business models by shaping consumer
and organizational engagement. Al-driven personalization and incentive mechanisms have demon-
strated their potential to promote sustainable behaviors, such as participation in circular initiatives
[13,68]. For example, digital platforms that gamify recycling or reward sustainable consumption create
stronger consumer engagement while advancing environmental objectives. However, these strategies
must adapt to diverse markets and industries to maximize their impact and inclusivity [9,80].

Emerging research emphasizes the transformative potential of business models that fully integrate
these domains. Companies that embed environmental and social considerations into their strategies
not only enhance resilience but also build stronger relationships with customers, employees, and
stakeholders [81]. Digital technologies, such as predictive analytics and real-time monitoring systems,
enable businesses to adapt to evolving consumer demands and sustainability goals more effectively.
By leveraging these tools, organizations can create frameworks that are not only economically viable
but also socially equitable and environmentally sustainable [4].

The integration of these domains highlights the potential of inclusive innovation, where new
business models ensure benefits for a wide range of stakeholders, including those traditionally under-
served. Through such frameworks, businesses can align profitability with sustainability, achieving
long-term value creation that addresses the complex challenges of the modern economy [82].

4.4. Supply Chain Management

Supply chain management (SCM) is a critical area of study and practice, encompassing the
planning, execution, and oversight of the flow of goods, services, and information from raw material
suppliers to end consumers. The complexity of global supply chains, coupled with the need for effi-
ciency, transparency, and sustainability, makes SCM a vital context in which to explore the intersections
of key domains such as fairness, environmental impact, and behavior dynamics [9].
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Figure 11. Supply Chain Management process diagram (SCM) highlights the interconnections between different
stages of the supply chain.

4.4.1. Fairness in Supply Chain Management

Fairness in supply chain management ensures the equitable treatment of all stakeholders, in-
cluding workers, suppliers, and communities. It addresses critical issues such as fair labor strategies,
equitable resource distribution, and ethical sourcing of materials. As supply chains grow increasingly
global and complex, ensuring fairness across all levels has become a critical concern, particularly in
industries with extensive outsourcing and supply networks [31,83].

Digital technologies play a pivotal role in fostering fairness. Blockchain technology enhances
transparency and accountability by enabling traceability in sourcing and labor practices. Recent studies
demonstrate how blockchain-enabled traceability improves ethical sourcing and ensures fair labor
conditions across global supply chains, supporting fair treatment for small suppliers and vulnerable
workers [54,67]. Smart contracts further enhance fairness by automating compliance with ethical
standards, reducing opportunities for exploitation, and fostering trust among stakeholders [84]. Al-
driven analytics also support fairness by identifying inequities in resource allocation and optimizing
supplier relationships to promote inclusivity. These technologies ensure that sustainable supply chain
practices are accessible to all stakeholders, addressing systemic disparities that have traditionally
marginalized smaller suppliers and workers in vulnerable conditions [68,85].

Recent research emphasizes the need for frameworks and tools to assess and ensure fairness in
supply chains. By integrating ethical considerations into supply chain contracts, negotiations, and
resource allocation models, organizations can create pathways for more equitable and sustainable
supply chain strategies [86].

4.4.2. Environmental Impact on Supply Chain Management

Environmental sustainability is a core objective of modern supply chain management (SCM),
driven by the urgent need to reduce emissions, waste, and resource consumption. Environmental
impact in SCM encompasses assessing and managing the ecological consequences of activities such as
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production, transportation, and disposal, highlighting the shift toward green supply chain management
(GSCM) [87,88].

Digital technologies, particularly IoT-enabled monitoring systems and Al-powered optimization
tools, play a transformative role in minimizing environmental footprints. These tools provide real-
time data and predictive analytics, allowing companies to identify inefficiencies in logistics and
transportation, significantly reducing carbon emissions and resource use [67,84]. For instance, IoT
technologies enable precise tracking of energy consumption and waste generation across supply chain
stages, while Al-driven analytics optimize routes and inventory management to reduce environmental
impact [65].

The research underscores the importance of adopting green supply chain practices such as closed-
loop logistics, lifecycle assessments (LCAs), and green transportation strategies. LCAs, in particular,
allow organizations to identify and mitigate critical environmental areas, providing a comprehensive
framework for improving sustainability throughout the supply chain [31,89]. These strategies not only
reduce ecological footprints but also enhance supply chain resilience by addressing resource scarcity
and regulatory challenges. Integrating circular principles into SCM further enhances environmental
outcomes by extending the lifecycle of materials and products. Circular strategies, such as reuse,
remanufacturing, and recycling, reduce waste while creating more efficient and sustainable supply
chains. Studies show that these approaches when supported by digital platforms for real-time data
analysis and predictive modeling, enable actionable insights to optimize supply chain activities and
meet long-term sustainability goals [32].

4.4.3. Behavioral Dynamics in Supply Chain Management

Behavior dynamics play a crucial role in supply chain management (SCM) by influencing decision-
making, collaboration, and compliance across the supply chain network. Understanding how human
behavior interacts with technological systems and organizational processes is critical for optimizing
supply chain performance and aligning with sustainability objectives [5].

Digital tools, such as Al-powered behavioral analytics and gamification platforms, enable organi-
zations to align stakeholder behaviors with circular supply chain models. For instance, incentivizing
suppliers to adopt greener practices or encouraging consumers to participate in reverse logistics
systems has proven effective in advancing circular strategies [16]. Predictive analytics and real-time
feedback systems provide deeper insights into these dynamics, promoting alignment with sustainabil-
ity goals by modeling and responding to behavioral trends effectively.

Organizational behavior also significantly impacts the adoption of sustainable supply chain
practices. Research highlights the importance of fostering a culture of collaboration and innovation
within organizations to overcome resistance to change and promote sustainability-focused strategies
[26]. By addressing decision-making biases and encouraging proactive engagement with sustainability
initiatives, businesses can enhance resilience and adaptability within their supply chains [27]. These
behavioral insights are particularly relevant in digitalized SCM, where technologies support the
dynamic interactions between suppliers, consumers, and organizational systems. For example, real-
time behavioral analytics allow businesses to anticipate risks, improve collaboration, and ensure
compliance with sustainable practices across the supply chain [13]. By leveraging behavioral insights
and digital technologies, organizations can align stakeholder actions with sustainability goals, ensuring
long-term success in achieving both economic and environmental objectives.

4.4.4. Intersections and Emerging Themes

Supply chain management (SCM) integrates fairness, environmental sustainability, and behavior
dynamics to create systems that are efficient, ethical, and resilient. The interplay between fairness
and environmental sustainability is evident in initiatives that prioritize equitable resource distribution
while minimizing environmental impacts. For instance, blockchain and IoT technologies play a vital
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role in ensuring transparency and accountability across these interconnected domains, fostering trust
and collaboration among stakeholders [55,71].

Behavior dynamics further influence the success of sustainable SCM by fostering collaboration
and compliance among stakeholders. Behavioral changes are essential for driving the adoption of
green strategies, such as closed-loop logistics or resource-efficient practices. Incentives and digital tools,
such as Al-driven decision-making systems and gamification platforms, align stakeholder behaviors
with broader sustainability goals, ensuring the widespread adoption of sustainable practices across
supply chain networks [13,84].

Emerging research emphasizes the need for greater integration of digital tools and collaborative
frameworks to address accessibility challenges and enhance stakeholder alignment. Ethical Al and
real-time analytics are increasingly important in adapting supply chain practices to meet both en-
vironmental and social challenges [67]. Additionally, the adoption of circular supply chain models
demonstrates how environmental sustainability can be integrated with economic efficiency, offering
scalable solutions that are both sustainable and resilient [4]. By embedding fairness, environmental
sustainability, and behavior dynamics into SCM, industries can develop systems that are adaptable to
changing global demands and better equipped to address the complexities of modern supply chains.
These integrated approaches, supported by digital technologies, provide a pathway to ensuring
long-term economic viability while promoting social and environmental responsibility [7,90].

Table 2. Comparison of Studies Across Key Domains and Contexts

Paper/Study | SCM  Business Models  Circular Economy  Fairness  Env. Impact  Behavior Dynamics

Velenturf & Purnell [4] v v

Ali etal. [10] v

Jesse & Jannach [13] v
Ghobakhloo [9] v
Voukkali et al. [31]
Mehrabi et al. [5]
Reike et al. [6]
White et al. [14]
Geissdoerfer et al. [7] v
Booth et al. [21] v

Legros & Cislaghi [36] v
Bhutta et al. [35]

Rosa et al. [82]

Sarkis et al. [8]
Kouhizadeh et al. [67]
Kraus et al . [94]
Biswas et al. [15]
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5. Analysis and Practical Applications

In this section, we will focus on examining the practical applications, challenges, successes, and
future prospects of the key domains within the key contexts. Additionally, we will identify gaps in
current research and suggest areas where further study is needed.

5.1. Circular Economy
5.1.1. Integration of Key Domains

Fairness plays a critical role in the circular economy by ensuring that the benefits of strategies
such as recycling, remanufacturing, and resource efficiency are equitably distributed among all stake-
holders. This includes addressing social equity by providing fair access to resources and opportunities,
particularly for marginalized communities that are often disproportionately affected by environmental
degradation. Fair division approaches, as discussed in sustainability and biodiversity impact studies,
provide valuable insights into equitable resource distribution [21,82].

The primary objective of the circular economy is to minimize environmental impact by main-
taining resources in use for as long as possible, reducing waste, and designing products with longer
lifecycles. Strategies such as recycling, remanufacturing, and designing for end-of-life recovery aim to
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create closed-loop systems that reduce raw material extraction and waste generation, ultimately miti-
gating the environmental footprint of industrial activities. This aligns with principles of sustainability
and resource conservation [4,70].

Understanding behavior dynamics is essential for the successful adoption and implementation
of circular economy initiatives. Consumer, organizational, and governmental behaviors evolve and
interact in response to these initiatives, requiring strategies that promote sustainable practices. En-
couraging behaviors such as recycling, reducing consumption, and purchasing sustainable products
necessitates targeted interventions that address the complexity of behavior dynamics and social norms

[14,64].
Table 3. Matrix of Key Domain Impacts on Circular Economy Elements
Element Fairness Environmental Impact Behavior Dynamics
Resource Use Equitable Access to Resources Minimizing Resource Encouraging Suétamable
Depletion Consumption
Product Lifecycle Fair Labor stratggles in Design for Longgmty and Promoting Produ.ct Returns
Manufacturing Recyclability for Recycling
Socially Responsible Waste Waste Reduction and Reuse Behavioral Incentives for
Waste Management . . .
Disposal Strategies Waste Reduction
Economic Models Inclusn{e.Eco.n omie Circular Business Models Const.lmer Engagement m
Participation Circular Initiatives
Policy and Governance Fair Policy Frameworks Environmental Regulations PuthEAdVJj;teir;iSS and

5.1.2. Challenges

*  Scaling Circular strategies: One of the primary challenges in the circular economy is scaling
circular strategies across industries and geographies. Implementing circular models often requires
significant upfront investment in infrastructure, technology, and education, which can be a barrier
for many companies, especially smaller ones [33,34,91].

¢  Ensuring Social Equity: Ensuring that the circular economy is fair and inclusive is a significant
challenge. Often, the benefits of circular strategies are not equitably distributed, with marginalized
communities either being excluded from these benefits or disproportionately bearing the negative
impacts of circular initiatives (e.g., e-waste recycling) [21,31,65].

*  Behavioral Resistance: Changing consumer and organizational behaviors to support the circular
economy is challenging. Consumers may resist circular strategies due to a lack of awareness,
convenience, or perceived cost barriers. Similarly, businesses may be slow to adopt circular
models due to concerns about profitability or operational complexity. Effective strategies are
needed to influence behavior dynamics at all levels to support the transition to a circular economy
[14,36,82].

5.1.3. Case of Successful Application

One notable example of the successful application of circular economy principles is the remanu-
facturing processes implemented in the automotive industry. Companies have increasingly embraced
closed-loop production models where used vehicle components are collected, refurbished, and reinte-
grated into the market as high-quality alternatives to new parts. This approach significantly reduces
waste, conserves raw materials, and minimizes energy consumption, aligning with sustainability and
circular economy principles [7,82,85].

In the realm of waste management and recycling, inclusive recycling programs have emerged as
a transformative strategy for promoting both environmental sustainability and social equity. These
programs create employment opportunities in marginalized communities while ensuring the efficient
recovery and reuse of materials. By integrating social inclusion into circular strategies, such initiatives
demonstrate the potential for circular economy models to address broader socio-economic challenges
beyond environmental concerns [31,65].
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Consumer participation is another critical factor in the success of circular economy initiatives.
Companies have implemented behavioral incentives to encourage customers to return used products
for refurbishment or recycling. Such strategies help extend product life cycles and reduce waste gener-
ation. Research has shown that consumer behavior dynamics, supported by targeted incentives and
digital engagement, play a crucial role in fostering sustainable consumption patterns and promoting
circularity [14,33,73].

5.1.4. Future Prospects and Research Needs

Future research should focus on developing frameworks and strategies to ensure that the circular
economy is inclusive and equitable. This includes identifying ways to involve marginalized communi-
ties in circular initiatives and ensuring that they benefit from the transition to circularity. Addressing
fairness in the circular economy requires targeted interventions that prevent social inequalities and
ensure fair access to sustainable resources [21,31,65].

The adoption of circular economy principles in supply chain management is expected to grow,
with more companies exploring closed-loop systems that prioritize resource efficiency and waste
reduction. Research is needed to identify the best strategies for scaling these models across different
industries. There is significant potential for innovation in circular design and manufacturing, particu-
larly in developing materials and processes that facilitate the disassembly, recycling, and repurposing
of products at the end of their lifecycle. Advances in sustainable manufacturing and supply chain
strategies, alongside the integration of digital technologies such as blockchain and IoT, can further
enhance the feasibility of circular business models [34,56,75].

Further research is also needed to explore how behavior dynamics influence the adoption and
success of circular economy strategies. Understanding the role of incentives, policies, and cultural
factors in shaping consumer and organizational behavior is crucial to accelerating the shift toward
circularity. Social norms, behavioral nudges, and digital platforms have been identified as key factors
in influencing sustainable consumption and production patterns, making them important areas for
future study [66,82,92].

5.2. Business Models
5.2.1. Integration of Key Domains

Fairness in business models is essential for creating value in a way that benefits all stakeholders,
including customers, employees, suppliers, and communities. This involves ensuring the equitable
distribution of profits, fair pricing strategies, and ethical sourcing. As businesses increasingly integrate
social responsibility into their core strategies, fairness has become a key element in designing sustain-
able and inclusive business models. Incorporating fairness into business models also contributes to
long-term competitive advantage by fostering trust and stakeholder engagement [21,77,93].

Modern business models are progressively being designed with environmental sustainability
at their core. This includes adopting strategies that minimize waste, reduce carbon footprints, and
utilize renewable resources. Companies are also exploring innovative models, such as the circular
economy, which inherently reduces environmental impact by keeping resources in use for as long as
possible. The integration of environmental sustainability into business models is not only a response to
regulatory pressures but also a strategic approach to meeting consumer demand for greener products
and services. Research highlights that integrating circular and green strategies into business models is
a key driver for long-term corporate resilience and success [29,78].

Behavior dynamics play a crucial role in shaping and adapting business models, particularly in
how companies respond to and influence customer behavior. Understanding consumer behavior is
essential for developing business models that not only meet current market needs but also encourage
sustainable consumption patterns. Additionally, internal behavior dynamics within organizations
influence how business models are implemented and sustained, particularly when new, more sus-
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tainable strategies are introduced. The adoption of sustainable business models often requires shifts
in organizational culture, employee engagement, and market perceptions, all of which are deeply
connected to behavior dynamics [36,82,94].

Table 4. Matrix of Key Domain Impacts on Business Model Elements

Element Fairness Environmental Impact Behavior Dynamics

Behavioral approach for

Value Proposition Ethical Sourcing, Social Equity Sustainable Products
Engagement
Revenue Streams Inclusive Financial Models Pay-Per-Use Systems Rewa}rd Systems ff) g
Sustainable Behavior
Customer Segments  Serving Underserved Markets Eco-Conscious Consumers Tailored Néiﬁ:&g‘f Based on
Key Activities Fair Trade Partnerships Recycling, Remanufacturing Customer Feedback Loops
Cost Structure Investment in Social Programs  Cost of Sustainable strategies Costs for Behavior Analysis

5.2.2. Challenges

e Balancing Profitability and Sustainability: One of the central challenges in integrating environ-
mental impact into business models is finding a balance between profitability and sustainabil-
ity. Many companies struggle with the initial costs of adopting sustainable strategies and the
long-term return on investment. While sustainability-driven business models offer competitive
advantages, organizations often face financial and operational barriers in transitioning to greener
practices [29,35,78].

¢ Incorporating Fairness: Designing business models that are fair and inclusive is challenging,
especially in global markets with diverse cultural and economic conditions. Ensuring that all
stakeholders benefit equitably from the business model requires careful planning and execution.
Factors such as ethical sourcing, fair labor practices, and inclusive economic participation play a
crucial role in business fairness [21,76,93].

¢ Behavioral Change and Adoption: Encouraging consumers to adopt new, sustainable products
or services often require significant behavioral change. Companies need to design their business
models in a way that makes it easy and appealing for customers to make sustainable choices.
Research suggests that consumer education, incentives, and nudging strategies can help drive
sustainable consumption patterns [14,39,95].

5.2.3. Case of Successful Application

Subscription-based models have emerged as a successful business approach that aligns with
circular economy principles by promoting product reuse and extending the lifecycle of goods. Many
companies in industries such as fashion and electronics have adopted subscription-based business
models, reducing waste and encouraging sustainable consumption patterns. These models focus
on customer engagement and value delivery while fostering circularity. By shifting from traditional
ownership to access-based consumption, businesses can reduce environmental impact and create
long-term customer relationships [7,82,94].

Inclusive business models have also gained prominence as a means of integrating fairness into
business practices. By addressing social and economic inequalities, these models create value for both
businesses and marginalized communities. Microfinance institutions, for example, have demonstrated
how financial inclusion can drive social equity. These models ensure that underserved populations
gain access to financial services, allowing them to participate in economic activities that improve their
livelihoods. Such approaches exemplify hing [21,42,93].

Behavioral economics plays a crucial role in digital service business models, where companies
leverage consumer insights to enhance engagement and retention. Businesses in sectors such as
streaming services and e-commerce employ behavioral nudges, personalized recommendations, and
data-driven decision-making to align their services with consumer preferences. These strategies help
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create value by optimizing user experience and encouraging sustainable consumption behaviors,
demonstrating the power of behavioral insights in modern business models [14,36,94].

5.2.4. Future Prospects and Research Needs

As sustainability becomes a key driver of business success, there is a growing need for research into
innovative business models that integrate environmental and social considerations at their core. Future
studies could explore how businesses can create value while minimizing their environmental footprint
and maximizing social impact. Sustainable business model innovation requires the development
of frameworks that balance economic growth with responsible resource management, emphasizing
long-term resilience and stakeholder value creation [7,29,78].

While inclusive business models have demonstrated success in small-scale applications, further
research is needed to explore how these models can be effectively scaled to benefit larger populations
without losing their focus on equity and inclusiveness. Scaling sustainable and fair business models
requires overcoming challenges related to policy alignment, financial viability, and maintaining
stakeholder engagement across diverse regions [21,80].

There is also significant potential for further research on how behavioral dynamics in economics
can be leveraged to enhance customer engagement in sustainable business models. Understanding
the most effective strategies for nudging consumers toward more sustainable behaviors is essential
for increasing the adoption of green products and services. Research on social influence, behavioral
economics, and digital marketing strategies can provide valuable insights into designing effective
customer engagement initiatives that drive sustainable consumption patterns [14,94,96].

5.3. Supply Chain Management
5.3.1. Integration of Key Domains

Fairness in supply chain management focuses on ensuring equitable treatment across all stages
of the supply chain, from suppliers to end consumers. This involves fair pricing, ethical sourcing,
and the equitable distribution of benefits, particularly in global supply chains where disparities often
arise. Addressing fairness in supply chains is critical to mitigating issues related to labor exploitation,
unethical sourcing, and economic inequalities among supply chain stakeholders. Companies that
integrate fairness principles into their supply chain strategies not only enhance their corporate social
responsibility but also improve long-term supplier relationships and market competitiveness [21,55,88].

Supply chains are significant contributors to environmental degradation, making the integration
of environmentally sustainable strategies essential. Companies are increasingly adopting green supply
chain management (GSCM) approaches, such as life cycle assessment (LCA), to minimize their carbon
footprint and reduce waste. The implementation of closed-loop supply chains, circular logistics,
and green procurement strategies has been shown to enhance both environmental sustainability and
operational efficiency. Research highlights that sustainable supply chain practices not only contribute
to ecological conservation but also provide long-term cost savings and compliance with evolving
regulatory frameworks [35,85,89].

Understanding and influencing behavior dynamics within the supply chain is key to optimizing
performance and ensuring the adoption of sustainable strategies. This involves analyzing how supplier
and consumer behaviors evolve over time and in response to various incentives or pressures. Effective
management of behavior dynamics can lead to more resilient and adaptable supply chains that are
better equipped to handle disruptions and meet sustainability objectives. Factors such as supplier
collaboration, customer demand shifts, and regulatory policies play a significant role in shaping supply
chain behaviors. Companies that actively manage these dynamics can enhance supply chain agility
and sustainability performance [14,36,94].
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Table 5. Matrix of Key Domain Impacts on Supply Chain Management Elements
Element Fairness Environmental Impact Behavior Dynamics
. . Fair Trade Certification, Sustainable Sourcing Incentives for Ethical
Supplier Relations Equi . . :
quitable Sourcing strategies Sourcing
Logistics Equitable Distribution Green Logistics Behavioral Insights for
& Networks & Efficiency
Inventory Management Fair Access to Inventory Eco-Friendly I.nventory Behavioral Patterns in
strategies Inventory Usage
. b Eco-Conscious Delivery Customer Engagement in
Customer Fulfillment Fair Pricing and Access Methods Sustainability
Risk Management Fair Risk M1.t1gat10n Environmental Risk Behavioral Risk Assessment
Strategies Management

5.3.2. Challenges

¢  Ensuring Global Fairness: Implementing fairness in global supply chains is complex, as it requires
navigating diverse legal, cultural, and economic environments. Ensuring that all stakeholders
benefit equitably remains a persistent challenge. Addressing fair labor practices, ethical sourcing,
and equitable profit distribution in international supply chains requires continuous monitoring
and strong governance frameworks [21,88,93].

e  Environmental Management Complexity: Managing the environmental impact across a global
supply chain is inherently challenging. Companies must address issues like carbon emissions,
waste management, and resource depletion at every stage, often with limited visibility or control
over their supply chains. The integration of sustainable supply chain management practices, such
as green logistics and carbon footprint reduction initiatives, remains a priority for organizations
looking to balance profitability with sustainability [35,85,97].

e  Motivating Behavioral Change: Encouraging sustainable behaviors among suppliers and con-
sumers is challenging, particularly in markets where cost and convenience often take precedence
over sustainability. Developing effective strategies to influence behavior dynamics is essential for
driving the adoption of green strategies and achieving long-term environmental goals. Research
indicates that consumer education, supplier incentives, and regulatory support play crucial roles
in promoting sustainable supply chain behaviors [13,36,94].

5.3.3. Case of Successful Application

A notable example of fairness integration in supply chain management is the adoption of fair
trade certification. Fair trade initiatives ensure that producers, particularly in developing countries,
receive fair compensation and operate under ethical working conditions, thereby promoting equity
in global trade networks. These programs have led to improved wages, better working conditions,
and greater economic stability for producers in industries such as coffee, textiles, and agriculture. Fair
trade models continue to gain traction as businesses recognize the importance of ethical sourcing and
social responsibility in supply chain practices [21,89,93].

The implementation of circular supply chain models has also proven to be highly effective in
reducing waste and promoting sustainability. Many companies have embraced closed-loop supply
chain systems, where used materials are collected, recycled, and reintegrated into the production
process. Such models minimize environmental impact by extending product lifecycles and reducing
reliance on raw materials. Research highlights that circular supply chains not only contribute to
sustainability but also improve operational efficiency and reduce costs over time, making them a viable
strategy for businesses aiming to achieve environmental and economic goals simultaneously [7,15,35].

Behavioral economics has also played a crucial role in supply chain sustainability by influencing
both corporate and consumer behaviors. Companies have successfully integrated behavioral insights
into their sustainability initiatives to encourage responsible consumption and production practices.
Strategies such as nudging consumers toward sustainable choices, offering incentives for responsible
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sourcing, and using digital platforms for transparent supply chain tracking have contributed to
measurable environmental benefits. Studies show that behavioral-driven approaches in supply chain
management can lead to greater compliance with sustainability standards and long-term shifts toward
greener business practices [14,82,94].

5.3.4. Future Prospects and Research Needs

Future research should focus on developing frameworks and tools that further integrate fairness
and sustainability into supply chain management. This includes exploring new models for equitable
resource distribution and ethical sourcing, particularly in emerging markets where supply chain
disparities are more pronounced. Ensuring fairness across global supply chains requires stronger
governance, transparency, and mechanisms that prevent exploitative labor practices while promoting
fair trade and sustainable business practices [21,55,83].

There is also a growing need for continued research into innovative Green Supply Chain Manage-
ment (GSCM) strategies that can be effectively scaled across global supply chains. Advancements in
digital technologies, such as blockchain, artificial intelligence, and the Internet of Things (IoT), have the
potential to enhance transparency and traceability in sustainable supply chains. These technologies can
help organizations track environmental impact, improve waste management, and ensure compliance
with sustainability standards. Research on the integration of digital tools into sustainable supply chain
frameworks will be crucial in the coming years [15,35,85].

Understanding the behavior dynamics of supply chain stakeholders is another critical research
area. Supplier and consumer behaviors evolve in response to sustainability initiatives, and developing
strategies to influence these dynamics effectively is essential for achieving long-term sustainability
goals. Research suggests that behavioral economics, policy interventions, and corporate incentives
can play a crucial role in encouraging sustainable practices among businesses and consumers. Future
studies should examine how social and economic factors shape supply chain decisions and how
companies can design effective engagement strategies to drive sustainable change [12,13,94,98].

5.4. Research Gaps and Future Research Directions

As the integration of fairness, environmental impact, and behavior dynamics into supply chain
management, circular economy, and business models continues to evolve (Table 6), several critical
gaps in research have emerged. Addressing these gaps is essential for advancing the understanding
and application of sustainable and equitable strategies in modern industries.

Table 6. Comparison of Key Domains Across Circular Economy, Business Models, and Supply Chain Management

Applications
Key Domain Supply Chain Management Circular Economy Business Models
Fairness Fair Trade Certification, Inclusive Recycling, Social Inclusive Finance,
Equitable Sourcing Equity in Circular strategies Micro-lending
Environmental Impact Green Supply Chains, LCA Waste-to-Resogrce, Sustainable Product-Service
Remanufacturing Systems
Behavior Consumer approach for Behavioral Incentives for Personalized Services,
Sustainability Recycling Subscription Models

Comprehensive Frameworks for Fairness

While there has been significant progress in incorporating fairness into supply chains, circular economy
strategies, and business models, a major gap remains in the development of comprehensive frameworks
that holistically address fairness across all these domains. Current research tends to focus on specific
aspects of fairness, such as fair trade or ethical sourcing, without fully integrating these elements
into a broader, cross-domain framework. Many studies highlight the importance of fairness in labor
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practices, resource distribution, and consumer equity but often fail to provide scalable and adaptable
solutions that work across multiple industries and global markets [21,91,93].

Future research should aim to develop integrative frameworks that encompass all aspects of
fairness, including labor strategies, resource distribution, and consumer equity. These frameworks
need to be adaptable to various industries and scalable across different market contexts. Additionally,
there is a pressing need for research that explores how such frameworks can be effectively implemented
in global operations, where challenges such as regulatory differences and cultural variations persist.
The role of digital transparency tools, policy interventions, and behavioral economics in ensuring
fair practices across supply chains and circular economy models presents another promising research
direction [15,36,67,94].

Measurement and Management of Environmental Impact

Although environmental impact assessments have become increasingly sophisticated, there remains
a significant gap in the development of standardized, widely applicable tools for measuring and
managing environmental impact across complex, global supply chains and business models. This gap
is particularly evident in industries that have traditionally placed less emphasis on sustainability, such
as heavy manufacturing and finance. While existing methodologies such as life cycle assessment (LCA)
provide valuable insights, they often lack the flexibility needed to accommodate diverse industry-
specific challenges and the full range of environmental externalities associated with complex supply
chains [35,85,97].

Future research should focus on developing more robust and universally applicable tools for
assessing environmental impact, particularly for industries that remain underserved by current
methodologies. These tools should be capable of capturing the full lifecycle impact of products and
services while also being adaptable to the specific challenges faced by different industries. Additionally,
research should explore ways to integrate these assessment tools into decision-making processes in
a manner that aligns with both business objectives and regulatory requirements. The incorporation
of digital technologies, such as blockchain for traceability and Al-driven analytics for predictive
environmental impact assessment, represents a promising avenue for enhancing the effectiveness and
accessibility of environmental measurement frameworks [15,91].

Understanding and Influencing Behavior Dynamics

A significant gap remains in understanding how behavior dynamics influence the adoption and success
of sustainable strategies across supply chains, circular economy models, and business frameworks.
While behavioral economics has provided valuable insights, there is still much to learn about how
behaviors evolve in response to new initiatives, particularly within diverse cultural and organizational
contexts. Many sustainability interventions rely on assumptions about rational decision-making, yet
real-world behaviors are often influenced by social norms, economic incentives, and psychological
biases, which are not always accounted for in existing models [38,45,99].

Future research should focus on deepening the understanding of behavior dynamics in various
industrial contexts, particularly on how these dynamics can be influenced to support sustainability
and fairness goals. This includes studying the long-term effects of behavioral interventions, the role
of cultural and organizational factors in shaping behaviors, and the impact of digital platforms on
consumer and supplier decision-making. Additionally, research should explore how these insights
can be translated into practical strategies for businesses and policymakers, ensuring that behavioral
interventions are designed to align with industry-specific challenges and opportunities. The integration
of digital nudging, Al-driven behavioral analytics, and targeted policy interventions may offer new
avenues for fostering sustainable behavior change at both individual and organizational levels [39,42,
64].

Integration of Multiple Domains in Practice

Despite the growing recognition of the need to integrate fairness, environmental impact, and behavior
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dynamics, practical examples of fully integrated approaches remain limited. Many current strategies
address these domains in isolation, leading to suboptimal outcomes that fail to leverage the potential
synergies between them. While businesses and policymakers increasingly acknowledge the importance
of holistic sustainability approaches, implementation remains fragmented, often due to regulatory
constraints, financial limitations, or a lack of interdisciplinary frameworks that connect these elements
effectively [21,60,91].

Future research should focus on developing and documenting case studies that demonstrate
the successful integration of these domains in real-world applications. This includes exploring how
businesses can simultaneously address fairness, reduce environmental impact, and leverage behavior
dynamics to create sustainable and equitable strategies. Such research would provide valuable
guidance for companies looking to implement more holistic and integrated strategies, helping them
align social responsibility with profitability and operational efficiency. Additionally, studying the
role of digital innovations, supply chain transparency, and consumer engagement strategies can help
bridge gaps between these domains, offering practical frameworks that businesses can adopt at scale
[35,94,96,98].

Cross-Domain Impacts and Trade-offs

There is limited research on the cross-domain impacts and trade-offs that arise when integrating
fairness, environmental impact, and behavior dynamics. While businesses and policymakers recognize
the importance of aligning these domains, the complexities of balancing them often lead to unintended
consequences. For instance, implementing stricter environmental regulations may increase operational
costs, potentially reducing affordability for consumers or leading to supply chain shifts that disadvan-
tage smaller suppliers. Similarly, efforts to promote fairness in labor conditions may require financial
trade-offs that impact business efficiency. Understanding how improvements in one domain might
affect outcomes in another is crucial for developing balanced and effective strategies [7,21,35,96].
Future research should explore the trade-offs and synergies between these domains, providing a
deeper understanding of how changes in one area might influence another. This includes studying
the potential conflicts between fairness and efficiency, the environmental costs of certain behavioral
interventions, and how these trade-offs can be managed to achieve overall positive outcomes. Ad-
ditionally, research should aim to identify strategies that optimize these trade-offs, ensuring that
the integration of these domains leads to net benefits for businesses, consumers, and society at large.
Developing interdisciplinary frameworks that incorporate behavioral economics, sustainability science,
and ethical business practices will be key to resolving these challenges. Furthermore, the role of digital
technologies in mitigating trade-offs, such as blockchain for supply chain transparency or Al for
optimizing resource efficiency, presents a promising area for further investigation [15,94,98,100].

5.5. Implications for Academia and Industry
Academic Implications

The identified gaps emphasize the need for interdisciplinary research that bridges the fields of technol-
ogy, ethics, and sustainability. Academia should prioritize collaborative research efforts that address
these challenges, particularly those involving the ethical implications of artificial intelligence, the social
dimensions of the circular economy, and the integration of behavioral economics into business models.
Addressing these topics through interdisciplinary studies will help create holistic frameworks that
guide both policy and industry practice [14,36,94,100].

Developing new theoretical frameworks and empirical studies that focus on these areas will
contribute significantly to the fields of supply chain management, circular economy, and business
models. These contributions will not only advance academic knowledge but also offer practical
applications for industries aiming to implement sustainable and ethical strategies. The role of digital
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innovation, policy interventions, and corporate governance in these domains is another promising
area for academic exploration [1,7,15,35].

Industry Implications

For industry, addressing these research gaps is essential to remaining competitive and socially re-
sponsible in an increasingly complex global market. Companies that engage with these areas will be
better positioned to implement innovative, ethical, and sustainable strategies that align with evolving
consumer expectations and regulatory requirements. Businesses that fail to integrate fairness, sus-
tainability, and behavior-driven insights into their models risk reputational damage, loss of consumer
trust, and difficulties in adapting to future policy shifts [15,21,99].

Industries that adopt ethical Al frameworks, inclusive circular economy strategies, and scalable,
sustainable business models will likely experience improved consumer trust, regulatory compliance,
and long-term profitability. The integration of emerging technologies, such as blockchain for sup-
ply chain transparency and Al-driven analytics for sustainability monitoring, presents significant
opportunities for companies to enhance operational efficiency while maintaining ethical and environ-
mental commitments. Research-backed strategies will be crucial in ensuring that these innovations are
implemented effectively, balancing profitability with corporate responsibility [14,45,94].

6. Discussion and Future Directions

The interplay between fairness, environmental impact, and behavior dynamics within the contexts
of circular economy, business models, and supply chain management highlights both opportunities
and challenges for sustainable digital transformation. The findings reveal that:

e  Fairness: Emerges as a critical enabler of inclusivity, ensuring equitable resource distribution and
ethical practices across digitalized systems. Yet, achieving fairness is complicated by systemic
inequities in global operations, underscoring the need for adaptable and scalable solutions.

¢  Environmental Impact: Benefits significantly from digital tools such as IoT and AI, which
optimize resource use and track environmental metrics. However, integration challenges persist,
particularly in industries lacking established frameworks for digital transition.

*  Behavior: Play a dual role in influencing consumer engagement and organizational decision-
making. While gamification and personalization enhance behavioral alignment with sustainability
goals, long-term adoption requires addressing resistance to change and aligning incentives with
stakeholder values.

Key gaps emerge in cross-domain integration. Although technologies like blockchain, Al, and IoT
offer transformative potential, their application remains fragmented. Addressing these gaps demands
frameworks that bridge domains, align with diverse industrial needs, and prioritize inclusivity.

Implications for Industry and Academia

Industry: Companies that effectively integrate these domains into their operations will likely see
significant benefits, including enhanced sustainability, improved stakeholder relations, and increased
operational efficiency. However, they must also navigate challenges such as ethical considerations in
Al the costs of sustainable strategies, and the need for inclusive strategies that address social equity.

Academia: There is a clear need for interdisciplinary research that bridges technology, ethics, and
sustainability. Academic research should focus on developing frameworks and empirical studies that
address the identified gaps, particularly in areas like ethical Al scalable, sustainable business models,
and the social dimensions of the circular economy.

Future Research Directions

Integrative Framework Development: A key challenge in advancing fairness, sustainability, and
behavioral strategies is the fragmented implementation of these concepts across industries. Many
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existing approaches operate in isolation, missing opportunities for synergy and holistic optimization.
Future research should focus on developing comprehensive frameworks that integrate these domains,
leveraging Al for cross-sector decision-making. Such frameworks should be tested in various industries
to assess their scalability, adaptability, and effectiveness in optimizing sustainability, efficiency, and
fairness simultaneously.

Ethical AI and Blockchain Deployment: Despite their potential to enhance transparency and
fairness, Al and blockchain remain underutilized in addressing systemic inequities and environmental
accountability. Al models risk perpetuating biases, while blockchain technologies face adoption
barriers due to regulatory and technical complexities. Future research should aim to develop ethical
Al guidelines and scalable blockchain frameworks that enhance traceability and fairness in supply
chains. Addressing regulatory challenges and improving interoperability will be crucial for ensuring
widespread adoption and real-world impact.

Behavioral Insights for Sustainability: A significant gap in sustainability research is the limited
understanding of how behavioral dynamics influence industrial and consumer decision-making.
While behavior-driven interventions have shown promise, their long-term effectiveness and scalability
remain uncertain. Future research should explore how behavioral nudges can be systematically
integrated into circular business models and supply chain incentives. Additionally, studies should
assess how these behavioral approaches can drive sustained change in both consumer habits and
corporate strategies.

Industry-Specific Strategies: Generalized sustainability and digitalization strategies often fail
to address the unique challenges faced by different industries. Sectors such as heavy manufacturing,
retail, and emerging markets have distinct constraints that require tailored solutions. Future research
should prioritize sector-specific studies that identify unique barriers and opportunities for digital
and sustainable transformations. Developing industry-adapted strategies will ensure that digital
and environmental advancements are practical, effective, and aligned with each sector’s operational
realities.

Digital Collaboration Ecosystems: Limited cross-industry collaboration on data-sharing and
sustainability frameworks continues to hinder global progress. The absence of integrated digital
platforms restricts knowledge exchange and innovation. Future research should focus on fostering
shared digital ecosystems, such as GAIA-X, to promote seamless collaboration. These ecosystems
should facilitate transparent data-sharing, establish common ethical standards, and support cross-
sector innovation, ultimately enabling businesses and policymakers to implement sustainability-driven
digital transformation on a global scale.

7. Conclusions

This survey has provided a comprehensive analysis of the integration of Fairness, Environmental
Impact, and Behavior within the key contexts of Supply Chain Management, Circular Economy,
and Business Models. The analysis has highlighted the critical role these domains play in shaping
sustainable and equitable industrial strategies, as well as the challenges and opportunities associated
with their integration.

Key findings underscore that fairness, as operationalized through transparency and inclusivity,
is central to creating equitable and resilient systems. Environmental sustainability requires not only
innovative business models but also the active engagement of digital tools to optimize resource use
and lifecycle management. Behavior dynamics emerge as a pivotal factor in aligning individual,
organizational, and societal actions with sustainability goals.

Key Contributions:

¢  Broad Perspective: By examining the intersection of these domains across multiple contexts, this
survey offers an extensive perspective on the complexities of modern industrial strategies.
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e Identification of Research Gaps: The survey has identified key research gaps, particularly in
areas such as ethical Al, the social dimensions of the circular economy, and the scalability of
sustainable business models.

¢  Practical Implications: The findings have significant implications for both academia and industry,
providing actionable insights that can inform future research and guide the development of more
sustainable and equitable strategies.

Final Reflection: Despite significant advancements, this paper identifies critical research gaps in
integrating these domains comprehensively. Future studies should explore how emerging technologies
can address systemic inequities, foster deeper collaboration across stakeholders, and enhance the
scalability of sustainable models.

The interplay of fairness, sustainability, and behavioral insights presents a robust framework for
addressing the challenges of digital transformation. By bridging theoretical constructs and practical
applications, this paper lays the groundwork for advancing research and industrial practices in an era
defined by global sustainability imperatives.

Author Contributions: Conceptualization, S.F. and U.B.; methodology, S.F. and U.B.; software, S.F.; validation,
S.F. and U.B,; investigation, S.F,; data curation, S.F.; writing—original draft preparation, S.F.; writing—review
and editing, U.B. and K.S.; visualization, S.E,; supervision, U.B. and K.S.; project administration, U.B.; funding
acquisition, U.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the European Union as part of the RemaNet project under grant num-
ber 101138627.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

CE Circular Economy

LCA Lifecycle Assessment

TBL Triple Botton Line

Al Artificial Intelligence

IoT Internet of Things

IDSA International Data Spaces Association

IDSRAM  IDS Reference Architecture Model
GAIA-X  European federated data infrastructure initiative
Catena-X  Automotive industry data ecosystem

ESPR Ecodesign for Sustainable Products Regulation
DrpP Digital Product Passport

SCM Supply Chain Management

CSR Corporate Social Responsibility

GSCM Green Supply Chain Management
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