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Abstract

This paper critically examines the relationship between the Circular Economy (CE), Industry 4.0 (14.0), and
sustainable performance (SP). While prior research commonly portrays CE and 14.0 as mutually reinforcing
drivers of sustainability, emerging evidence suggests that their sustainability implications vary across
organisational and institutional contexts. Challenging assumptions of universally positive effects, this paper
advances a multilevel, capability-based perspective that reconceptualizes the CE-14.0—SP relationship as
conditional rather than inherently synergistic. The paper conceptualizes 14.0 as a set of differentiated
capabilities comprising managerial dimensions linked to strategic alignment and resource orchestration, and
operational dimensions associated with implementation and process efficiency. The paper argues that the
sustainability implications of CE practices depend on how these capabilities are configured across
organisational settings. It further introduces a multilevel framework demonstrating how the CE-SP
relationship varies across micro (firm), meso (supply chain), and macro (institutional) levels. Based on this
framework, the paper develops propositions explaining how capability configurations shape sustainability
outcomes across different levels of analysis. By reframing the CE-I4.0-SP nexus through a multilevel
capability lens, the paper provides a conceptual foundation for future sustainability research.
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1. Introduction

The growing urgency of global sustainability challenges has intensified scholarly and policy interest in
frameworks such as the Circular Economy (CE) and Industry 4.0 (14.0). The CE is widely promoted as a model
for decoupling economic growth from resource consumption through closed-loop systems and enhanced
resource efficiency (Genovese et al., 2017; Kirchherr et al., 2017; ALSaoudi et al., 2024b). However, the CE
remains conceptually diverse, with prior studies highlighting considerable variation in how circularity is
defined, interpreted, and operationalised across organisational and institutional contexts (Kirchherr et al.,
2017). As a result, the implementation and sustainability implications of CE practices differ across industries
and regional contexts. In parallel, 14.0 technologies, including artificial intelligence, the Internet of Things,
and big data analytics, are expected to improve efficiency and resource optimization across value chains
(Zezulka et al., 2016; Alsaoudi et al., 2025a). As a result, the literature increasingly portrays CE and 14.0 as
mutually reinforcing drivers of sustainable performance (SP), generating economic, environmental, and social
benefits (Magnano et al., 2024; Alsaoudi and Acquaye, 2026).

However, this dominant view overlooks growing evidence that the outcomes of CE and 14.0 integration are
neither uniform nor universally positive. Emerging studies increasingly suggest that circular transitions are
shaped by institutional environments, technological readiness, organisational capabilities, and resource
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availability, particularly in developing economy contexts. Recent studies further highlight that SMEs and firms
operating in emerging markets often experience distinct digital transformation challenges, resource constraints,
and institutional barriers that influence the implementation and sustainability outcomes of CE initiatives.

Thus, these studies suggest that sustainability outcomes cannot be adequately explained through technology
adoption alone, but instead depend on broader organisational and institutional conditions shaping CE
implementation.

For instance, recent studies examining barriers to the integration of 14.0 technologies within CE initiatives
provide practical evidence of how organisational and institutional constraints can limit the achievement of
sustainability objectives (ALSaoudi et al., 2024a). Similarly, recent research on circular innovation systems
highlights the importance of interactions among firms, supply chains, and institutional actors in shaping
circular transitions, reinforcing the multilevel and context-dependent nature of sustainability outcomes (Henry
et al., 2024; Alsaoudi et al., 2026).

These inconsistencies reveal a critical gap in the literature. Existing research largely portrays CE and 14.0
as inherently complementary drivers of sustainability, while offering limited multilevel and capability-based
explanations for why sustainability outcomes vary across organisational and institutional contexts.

In particular, 14.0 is frequently treated as a homogeneous technological enabler rather than as a set of
differentiated capabilities that shape how value is created and coordinated. This simplification limits
understanding of why similar CE initiatives may generate divergent sustainability outcomes across firms,
supply chains, and broader institutional settings.

To address this gap, this paper adopts a multilevel, capability-based perspective that reframes the CE—14.0—
SP relationship as conditional rather than inherently synergistic. The paper argues that sustainability outcomes
depend on how 14.0 capabilities are configured across organisational and institutional settings. In particular,
the paper distinguishes between managerial 14.0 capabilities associated with strategic alignment and resource
orchestration, and operational capabilities associated with implementation efficiency and process integration
(Warner and Wiéger, 2019; Frank et al., 2019). This perspective is consistent with research emphasising that
CE implementation requires broader transformations in organisational processes and business model design
rather than isolated technological adoption alone (Bocken et al., 2016).

Addressing this limitation requires a theoretical perspective capable of integrating technological,
organisational, and institutional dimensions of CE implementation. This perspective paper adopts a theory-
building approach grounded in integrative conceptual synthesis to critically examine the relationship between
CE, 14.0, and SP. It synthesises insights from CE, digital transformation, dynamic capabilities, and multilevel
sustainability literature to identify conceptual inconsistencies and contextual limitations within existing
research. Through this analytical synthesis, the study develops a multilevel framework explaining how
differentiated 14.0 capabilities and contextual conditions jointly shape sustainability outcomes.

This paper makes three contributions. First, it introduces a multilevel perspective explaining how the CE—
SP relationship varies across micro (firm), meso (supply chain), and macro (institutional) levels. Second, it
develops a capability-differentiated view of 14.0 by distinguishing between managerial and operational
dimensions. Third, it advances a theory-driven framework with propositions explaining how capability
alignment and contextual conditions jointly shape sustainability outcomes.

2. Theoretical Reframing: A Multilevel and Capability-Based View

The relationship between CE practices and SP is inherently multilevel and non-uniform. Its effects vary across
micro, meso, and macro levels due to differences in organisational capabilities, supply chain coordination, and
institutional conditions shaping implementation processes. At the micro and meso levels, CE practices are
implemented within firms and across supply chains, generating outcomes such as resource efficiency, cost
reduction, and waste minimization. In contrast, macro-level outcomes are more uncertain, as they depend on
institutional frameworks, regulatory environments, and long-term system transitions involving interactions
among firms, supply chains, and broader innovation ecosystems (Henry et al., 2024; ALSaoudi et al., 2025c).
This variation challenges the assumption of a uniform and universally positive CE—SP relationship.

From a dynamic capabilities perspective, the impact of CE on SP depends on firms’ ability to sense
opportunities, seize them, and reconfigure resources accordingly (Teece, 2007). This perspective shifts
attention from technological adoption alone to the deployment and alignment of organisational capabilities. As
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a result, similar CE initiatives may produce different outcomes depending on organisational conditions and
contextual factors. These variations are particularly evident in SMEs and emerging economy contexts, where
resource limitations, digital capability gaps, and institutional constraints may hinder the effective alignment of
CE and 14.0 initiatives. For example, SMEs adopting digital monitoring technologies supporting circular
resource management may still experience limited sustainability improvements when managerial capabilities,
strategic coordination, and institutional support mechanisms remain underdeveloped (Kamble and
Gunasekaran, 2023; Alsaoudi et al., 2025a).

Within this framework, 14.0 should not be treated as a homogeneous technological enabler. CE
implementation, therefore, requires organisational and business model transformation, not merely the
deployment of digital tools (Bocken et al., 2016). In this context, 4.0 can be understood as a set of
differentiated capabilities that shape how CE practices are implemented and translated into performance
outcomes. These include managerial capabilities (strategic alignment and resource orchestration) and
operational capabilities (implementation, integration, and process efficiency) (Warner and Wiger, 2019; Frank
etal., 2019).

The effectiveness of CE practices depends on the alignment between managerial and operational 14.0
capabilities. Technological investments alone are insufficient to enhance SP, particularly in contexts
characterised by institutional and organisational constraints. Without strategic coherence across capability
dimensions, the benefits of 14.0-enabled CE initiatives may not be fully realised. Accordingly, capability
configuration provides a more precise explanation of how CE practices are translated into SP.

3. A Multilevel Capability-Based Framework and Propositions for
Reconceptualizing the CE-14.0-SP Relationship

Building on the theoretical discussion above, the paper develops a multilevel capability-based framework for
reconceptualizing the CE-14.0—SP relationship. The framework is presented in Figure 1.

The framework explains how CE practices influence economic, environmental, and social dimensions of
SP across different contextual conditions. Prior research shows that CE practices can enhance resource
efficiency, reduce waste, and support sustainable value creation (Genovese et al., 2017; Alsaoudi et al., 2026).
However, this relationship varies across organisational and institutional contexts as well as levels of analysis,
indicating that CE practices do not consistently translate into improved sustainability outcomes (Kamble and
Gunasekaran, 2023).
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Figure 1. Multi-level conceptual framework of the CE-14.0—SP relationship.

In this context, [4.0 is conceptualized as a set of differentiated capabilities rather than a single technological
enabler (Teece, 2007, Warner and Wiger, 2019). The framework distinguishes between managerial
capabilities, which relate to strategic alignment, digital leadership, and resource orchestration, and operational
capabilities, which concern implementation efficiency, process integration, and technology utilization. These
capabilities shape how CE practices are implemented and translated into sustainability outcomes, thereby
shaping the CE—SP relationship across different organisational and institutional contexts (Alsaoudi et al.,
2025a). For instance, firms may adopt Al-enabled systems for circular resource management yet fail to achieve
broader sustainability gains when managerial alignment and organisational coordination remain
underdeveloped (Alsaoudi et al., 2025b).

The framework locates capability configuration at three analytical levels. At the micro level, firm
capabilities influence the ability to effectively deploy and align CE and 14.0 initiatives. At the meso level,
supply chain integration shapes coordination and value creation. At the macro level, institutional conditions
influence the broader context in which CE practices operate. Accordingly, the framework specifies that the
influence of CE practices on SP is conditioned by the alignment of 14.0 capabilities and broader multilevel
contextual factors.

Based on this framework, the following propositions are theoretically derived from the integration of
dynamic capabilities theory, multilevel sustainability perspectives, and prior CE—I4.0 research highlighting
heterogeneous sustainability outcomes across contexts:

e Proposition 1: The relationship between CE practices and sustainable performance varies across micro,
meso, and macro levels, with institutional dependencies and systemic coordination requirements shaping
the extent to which sustainability outcomes are realized.

e Proposition 2: Managerial 14.0 capabilities shape the translation of CE practices into sustainable
performance through strategic alignment and resource orchestration, while operational capabilities support
implementation efficiency and process integration across organisational contexts.
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e Proposition 3: The positive influence of CE practices on sustainable performance is contingent on the
alignment between managerial and operational 4.0 capabilities and the presence of supportive multilevel
contextual conditions.

4. Implications and Conclusion

This paper advances the literature by moving beyond universalist assumptions that CE practices and 14.0
technologies inherently lead to improved SP. It shows that SP depends on how CE practices are supported by
appropriate digital and organisational capabilities. As a result of integrating dynamic capabilities, institutional
theory, and a multilevel perspective, the paper provides a more comprehensive explanation for the
heterogeneous sustainability outcome reported across prior CE-I14.0 research. In addition, it introduces a
capability-differentiated view of 14.0 by distinguishing between managerial and operational capabilities. This
shifts attention from digital adoption to the organisational conditions through which circular value is realised.

Managers should not rely solely on technological investments to achieve sustainability outcomes,
particularly in contexts characterised by institutional, infrastructural, and organisational constraints. Instead,
they need to align digital strategies with CE objectives and ensure coherence between managerial and
operational capabilities. Developing leadership, coordination, and strategic alignment mechanisms is critical
to translating digital investments into performance gains. Furthermore, CE success depends on aligning
internal capabilities with supply chain integration and inter-organisational collaboration. Without this
alignment, CE and 14.0 initiatives may fail to deliver substantive sustainability outcomes.

From a policy perspective, supportive institutional environments are critical for enabling CE transitions and
digital transformation, particularly in contexts characterised by institutional constraints and disparities in
technological and resource capacities. Policymakers should strengthen regulatory frameworks and provide
incentives that facilitate CE adoption and digital transformation. At the same time, greater attention should be
given to social sustainability, which remains underrepresented in current research and practice. Promoting
system-level coordination across industries and supply chains is also essential, as organisation-level initiatives
alone are insufficient to achieve broader sustainability transitions.

Overall, this paper provides a theoretical foundation for explaining why CE—I4.0 initiatives generate uneven
sustainability outcomes across organisational levels. By positioning 14.0 as a differentiated capability system
and locating CE implementation across micro, meso, and macro levels, the paper offers a basis for future
research on how capability configurations shape economic, environmental, and social performance across
different industries, regions, and institutional environments.
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