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Abstract: Global supply chains have faced unprecedented disruptions in recent years, ranging from
the COVID-19 pandemic to geopolitical tensions and climate-induced shocks. These events have
exposed structural vulnerabilities in operational models overly optimized for efficiency at the
expense of resilience and sustainability. This conceptual paper proposes an integrated framework
linking resilience enablers, post-pandemic operational strategies, and sustainability outcomes.
Through a synthesis of interdisciplinary literature across operations management, sustainability
science, institutional theory, and organizational behavior, we develop typologies of operational
responses—including agile, lean-green, circular, and decentralized models—and connect them to
broader sustainable development goals. Drawing on system thinking and the triple bottom line
framework, we present a conceptual model that outlines causal relationships between resilience
drivers, adaptive operational strategies, and long-term sustainable performance. The paper further
discusses policy implications for public and private sectors, offering insights for global sustainability
governance. We conclude by outlining a research agenda to empirically test and refine the model
through multi-method approaches. This study contributes to theory by reconceptualizing sustainable
operations in the context of compound global disruptions and offers a normative direction for future
scholarship and practice.

Keywords: resilient operations; sustainability transitions; post-COVID supply chain; agile and green
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1. Introduction

1.1. Background: Global Disruptions and Supply Chain Vulnerability

The last decade has witnessed a series of cascading global disruptions that have severely tested
the resilience of supply chains worldwide. The COVID-19 pandemic exposed the fragility of global
logistics and just-in-time systems, which previously had been praised for their efficiency but lacked
adaptive capacity in times of crisis [1,2]. Simultaneously, geopolitical conflicts—such as trade wars
and regional instabilities—have further strained cross-border supply networks, creating
uncertainties in sourcing, transportation, and energy access [3,4]. In parallel, climate-induced
disasters, including floods, droughts, and wildfires, have intensified in both frequency and
magnitude, disrupting agricultural and industrial outputs and posing long-term threats to global
supply chain stability [5,6].

The convergence of these challenges signals a systemic vulnerability embedded in modern
supply chains: their over-optimization for cost and efficiency has come at the expense of flexibility,
robustness, and sustainability. The traditional assumption of stable and predictable operating
environments is increasingly obsolete in an era characterized by volatility, uncertainty, complexity,
and ambiguity (VUCA). As such, there is an urgent need to reconfigure operational models to embed
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resilience and sustainability as core strategic imperatives, not merely as risk-mitigation afterthoughts.
This critical transition is illustrated in Figure 1, which presents a timeline of major global disruptions
impacting supply chains—including the COVID-19 pandemic, escalating geopolitical tensions, and
accelerating climate-related disturbances.

GLOBAL DISRUPTIONS IMPACTING SUPPLY CHAINS
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Figure 1. Timeline of Major Global Disruptions Impacting Supply Chains.

This timeline illustrates key global disruptions —namely the COVID-19 pandemic (2020), trade
wars and geopolitical tensions (2018-2023), and ongoing climate change —that have exposed systemic
vulnerabilities in global supply chains. These events underscore the need for rethinking operational
models with greater emphasis on resilience and sustainability.

1.2. Post-Covid Operational Challenges: The Sustainability Imperative

As organizations transition from crisis response to long-term strategic reorientation, the post-
COVID era presents both challenges and opportunities. On one hand, firms must recover from
unprecedented disruptions to their production and distribution systems. On the other, they face
mounting pressure from regulators, investors, and civil society to embrace sustainability as a guiding
principle for future operations [7,8]. This pressure aligns with global commitments to the United
Nations 2030 Agenda for Sustainable Development, particularly SDG 12 (Responsible Consumption
and Production), SDG 9 (Industry, Innovation and Infrastructure), and SDG 13 (Climate Action).

In this context, operational management is no longer merely about optimizing throughput or
minimizing costs. It now must contribute to broader sustainability outcomes, including carbon
footprint reduction, ethical sourcing, circularity, and social inclusiveness. The emerging imperative
is to design supply chains that are both resilient to disruptions and aligned with sustainability
principles [9-11]. However, these two goals—resilience and sustainability—are often treated
separately in practice and theory. Resilience tends to focus on short-term recovery and adaptability,
while sustainability emphasizes long-term environmental and social impacts.

The COVID-19 pandemic provides a pivotal lens through which to explore the intersection of
these two strategic logics. It revealed that supply chains incapable of adapting to crisis are also
unlikely to meet sustainability benchmarks, and vice versa. This interdependence necessitates a new
operational paradigm—one that integrates resilience and sustainability as mutually reinforcing
dimensions of supply chain design.
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1.3. Research Gap and Conceptual Purpose

Despite growing recognition of both resilience and sustainability in operations and supply chain
management literature, there remains a notable theoretical fragmentation. Existing frameworks often
examine resilience as a post-crisis response capability, while sustainability is addressed in
environmental or compliance terms [12]. Rarely are these two constructs theorized together in an
integrated model of operational strategy.

Furthermore, current research tends to focus either on empirical evaluations of specific
interventions (e.g., nearshoring, dual sourcing) or on normative calls for greening operations,
without offering a holistic conceptual framework that maps how organizations can simultaneously
pursue resilience and sustainability in their operational configurations. There is also limited
discussion on how digital transformation (e.g., Al, IoT, blockchain) mediates this dual pursuit,
especially under conditions of global uncertainty and regulatory transition [13].

This paper aims to address this gap by proposing a conceptual framework that unifies the
resilience and sustainability logics within post-COVID operational strategies. Drawing upon systems
theory, the triple bottom line perspective, and emerging sustainability science, we seek to
conceptualize a new model of sustainable-resilient supply chain operations—one that can inform
future empirical research and policy design.

1.4. Contributions and Structure of the Paper

This conceptual paper offers the following key contributions:

1)  Synthesis across domains: It synthesizes literature from operations management, sustainability
science, disaster resilience, and global development to establish a transdisciplinary foundation.

2) Framework development: It introduces a conceptual model linking resilience drivers (e.g.,
agility, redundancy, visibility) with sustainability outcomes (e.g., emissions reduction, social
equity, resource efficiency).

3) Strategic typology: It proposes a typology of post-COVID operational responses and classifies
them based on their capacity to achieve dual resilience-sustainability goals.

4) Policy relevance: It provides insights for managers and policymakers seeking to future-proof
supply chains against systemic risks while advancing sustainability targets.

The structure of the paper is as follows:

=  Section 2 reviews theoretical foundations underlying supply chain sustainability and resilience.

=  Section 3 explores post-COVID operational responses and classifies them through a new
typology.

=  Section 4 presents the proposed conceptual framework.

=  Section 5 discusses implications for practice and policy.

*  Section 6 outlines a research agenda for future work in sustainable operations.

By addressing these themes, the paper contributes to the broader conversation on how
operational management must evolve to meet the challenges of the Anthropocene economy —an era
where resilience and sustainability are no longer optional, but existential.

2. Theoretical Foundations

2.1. Sustainability in Supply Chain Management (SCM)

The conceptual integration of sustainability into supply chain management (SCM) has
undergone a significant transformation over the past two decades. Initially framed through
environmental compliance and eco-efficiency lenses, sustainability in SCM has now evolved into a
multidimensional construct that encompasses economic viability, environmental stewardship, and
social responsibility, echoing the Triple Bottom Line (TBL) paradigm [14-16]. In this context, supply
chains are no longer evaluated solely by their ability to minimize costs and deliver products on time,
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but also by their capacity to minimize negative externalities and contribute positively to society and
the planet [17,18].

At the core of this evolution lies a shift from linear, transactional supply networks toward closed-
loop and regenerative systems, which form the foundation of circular economy principles. These
principles advocate for the minimization of waste and the continual reuse of materials, positioning
sustainability not as a constraint but as an operational enabler [19,20]. In parallel, industrial ecology
and ecological modernization theory (EMT) offer complementary theoretical foundations. EMT, in
particular, promotes the idea that environmental protection and economic growth are not mutually
exclusive but can be jointly pursued through systemic innovation, technological progress, and
regulatory alignment [21,22].

In the operational domain, frameworks such as lean and agile management have been adapted
to incorporate sustainability goals. For example, while lean traditionally aims to reduce waste and
improve flow, recent scholarship has extended this logic to include green lean approaches—where
the definition of “waste” includes carbon emissions, energy overuse, and material inefficiencies [23].
Similarly, agile systems, known for their responsiveness to demand shifts, have been linked to
organizational adaptability in response to environmental and social disruptions [24-26]. However,
these adaptations often lack a unifying conceptual bridge to connect them coherently within a
sustainability science perspective.

From a systems theory viewpoint, sustainable supply chains are viewed as complex adaptive
systems — characterized by interdependence, feedback loops, and emergent behaviors [27]. This lens
enables a holistic understanding of how interventions at one node (e.g., supplier practices, consumer
behavior) can generate ripple effects across the entire network. Moreover, systems thinking
highlights that sustainability outcomes are not always linear or predictable, thus reinforcing the need
for resilient design that can absorb shocks and evolve over time.

In summary, sustainability in SCM is best understood not as a discrete variable or isolated
strategy, but as a multi-level, dynamic capability that intersects with operational, environmental, and
institutional logics. This necessitates a new conceptual architecture—one that transcends functional
silos and embraces interdisciplinary insights to embed sustainability at the strategic core of supply
chain operations.

2.2. Concept of Resilience: Definitions and Dimensions

Resilience, as a theoretical construct, has garnered significant attention across disciplines
ranging from ecology and psychology to engineering and supply chain management. While
definitions vary by context, a common thread unites them: resilience refers to the capacity of a system
to absorb shocks, adapt to disruptions, and recover to a functional or improved state without losing
core identity [28]. In supply chain literature, resilience has evolved from being viewed as a reactive
capability to a proactive strategic asset—one that enables continuity under conditions of volatility
and uncertainty [29,30].

Ecological systems theory introduces the idea of “engineering resilience” (bouncing back to
equilibrium) versus “ecological resilience” (the ability to adapt and transform in response to systemic
stress) [31]. The latter form of resilience is more applicable to complex organizational systems, such
as global supply chains, which operate in dynamic environments and face multi-layered disruptions.
As such, resilience in SCM is not just about returning to pre-disruption conditions, but also about
leveraging crises as opportunities for transformation—a principle that aligns closely with
sustainability thinking.

In operational management, resilience has been operationalized through various dimensions.
Among the most cited are:

*  Redundancy: maintaining excess capacity or inventory to buffer against uncertainty;
= Agility: the speed and flexibility of a system in responding to changes in demand or supply
conditions;
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=  Visibility: the degree to which a firm can monitor and interpret real-time data across the supply
network;

*  Collaboration: strategic partnerships that enable joint problem-solving and shared risk
management [32].

These dimensions provide a foundation for building what is often referred to as a resilience
capability portfolio. However, most literature treats these capabilities in isolation or purely
operational terms, overlooking their potential interlinkages with long-term sustainability goals. For
example, building agility often relies on digital transformation, which can also support sustainability
goals such as emission tracking and energy efficiency [33]. Similarly, redundancy —typically seen as
cost-inefficient—can be reimagined as a sustainability lever when embedded within localized,
regenerative systems that reduce dependency on fragile global logistics.

Furthermore, resilience is inherently relational and context-dependent. It is shaped by
governance structures, institutional settings, technological maturity, and socio-cultural factors [34].
Therefore, any attempt to theorize resilience in supply chain operations must adopt a multilevel and
interdisciplinary perspective, incorporating not only internal capabilities but also external systemic
conditions.

In this view, resilience becomes more than a survival mechanism; it is a strategic orientation that
aligns closely with sustainability science and systems thinking. When designed intentionally,
resilient operations do not merely recover—they evolve toward more sustainable, inclusive, and
future-ready forms.

2.3. Linking Operational Management with Sustainability Transitions

The field of operational management (OM), traditionally concerned with efficiency, throughput,
and cost control, is undergoing a paradigmatic shift. Increasingly, OM is being reframed within the
broader agenda of sustainability transitions —systemic, long-term changes in socio-technical systems
toward more sustainable modes of production and consumption [35]. This reorientation calls for a
reconsideration of core OM assumptions, particularly those centered on linearity, predictability, and
short-term optimization.

Sustainability transitions are often characterized by the interplay of technological innovation,
institutional change, and behavioral adaptation across multiple levels of society [36]. In this
framework, OM is not merely a passive recipient of regulatory pressures or consumer expectations
but is repositioned as an active agent of transition. It is through operational decisions—regarding
procurement, inventory, process design, logistics, and waste management—that organizations can
structurally embed sustainability principles into daily routines and long-term strategy.

Recent scholarship has highlighted several key mechanisms through which OM contributes to
sustainability transitions:

= Decarbonization of supply chains, through process innovation and energy efficiency;

*  Localization and relocalization, which reduce dependency on high-emission global
transportation;

*  Circular process design, where by-products are reintegrated into the value stream;

=  Digital operations, which increase transparency and optimize resource usage [37,38].

To frame these shifts theoretically, scholars have drawn from transition management theory,
which emphasizes the role of niche innovations in disrupting incumbent systems and creating
pathways for sustainable alternatives [39,40]. Within this view, OM decisions—such as piloting low-
waste production lines or adopting blockchain-enabled traceability —are not isolated technical
upgrades but represent strategic interventions in broader sustainability landscapes.

Moreover, ecological modernization theory (EMT) reinforces the idea that operational excellence
and environmental sustainability can be co-constitutive. EMT challenges the trade-off narrative by
positing that environmental reform can enhance rather than hinder competitiveness—particularly
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when operations are redesigned to reduce inefficiency, externalities, and social harm [41]. This
convergence positions OM not as a constraint, but as a lever for sustainability-led innovation.

Importantly, operational practices do not exist in a vacuum; they are shaped by institutional
logics, such as investor expectations, regulatory regimes, and cultural norms [42]. Therefore, aligning
OM with sustainability transitions also requires strategic alignment across corporate governance,
supply chain partnerships, and workforce incentives.

In sum, the evolving linkage between OM and sustainability transitions reflects a movement
from operations as a function of production to operations as a driver of transformation. This
reconceptualization demands new theoretical models that capture how OM can be embedded
within—and act upon—the complex dynamics of sustainability-oriented change.

2.4. Triple Bottom Line and UN SGDs Framework in Operations

The integration of sustainability into operations management is most comprehensively
articulated through the Triple Bottom Line (TBL) framework, which expands organizational
performance metrics beyond economic gains to also encompass environmental and social dimensions
[43,44]. In supply chain and operational contexts, this means that success is not solely judged by
efficiency or profit margins, but also by the long-term viability of processes, the fairness of labor
practices, and the environmental footprint of decisions made throughout the supply chain [45,46].

From an operational standpoint, aligning with TBL requires reconfiguring processes,
partnerships, and performance indicators to reflect these multidimensional outcomes. For instance:

*  Economic dimension — operational efficiency, cost management, productivity;

. Environmental dimension — resource use optimization, waste minimization, carbon emissions
reduction;

*  Social dimension — ethical sourcing, labor standards, and community engagement [47,48].

To support this realignment, the United Nations Sustainable Development Goals (SDGs)
provide a normative blueprint that helps translate high-level sustainability commitments into
concrete operational actions. SDG 12 (Responsible Consumption and Production) and SDG 9
(Industry, Innovation, and Infrastructure) are especially relevant for operations, as they emphasize
cleaner production processes, sustainable supply networks, and innovation-driven transformation.
Meanwhile, SDG 13 (Climate Action) and SDG 8 (Decent Work and Economic Growth) emphasize
the dual imperative of resilience and inclusivity.

Operational decisions thus act as a critical interface where strategic sustainability goals are either
enabled or constrained. For example, investing in low-emission technologies supports climate goals,
while diversifying supplier bases and building regional redundancies enhance both resilience and
employment in local economies [49,50].

To conceptually synthesize the relationship among key forces shaping sustainable operations,
Figure 2 presents a Venn diagram linking resilience, operational efficiency, and sustainability. Each
domain contributes distinct but complementary capabilities:

=  Resilience offers adaptability, redundancy, and robustness;
=  Efficiency ensures productivity, cost reduction, and process optimization;
=  Sustainability anchors these efforts in long-term environmental and social responsibility.

The intersection of these domains represents the strategic sweet spot where organizations can
thrive amid disruption, compete effectively, and contribute meaningfully to sustainable development
agendas.
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Figure 2. Venn Diagram of the Interrelationship Between Resilience, Sustainability, and Operational Efficiency.

Note. This figure illustrates the conceptual overlap and distinctions among resilience,
sustainability, and operational efficiency within supply chain and operations management. While
each concept contributes uniquely —resilience to system robustness, sustainability to long-term
environmental and social responsibility, and operational efficiency to resource optimization—the
intersection highlights integrated strategies essential for building future-proof operational models.

3. Post-Covid Operational Responses: Typologies and Approaches

3.1. Agile Manufacturing and Digitalization

The COVID-19 pandemic disrupted conventional manufacturing systems by exposing their
vulnerability to sudden shifts in demand, labor shortages, and global supply delays. In response,
organizations began accelerating the adoption of agile manufacturing—an approach rooted in
flexibility, responsiveness, and modularity [51,52]. Rather than optimizing for scale and
standardization alone, agile systems prioritize rapid reconfiguration, enabling firms to adapt
production lines, redeploy resources, and switch suppliers with minimal disruption. When
embedded within a digital infrastructure, this agility becomes not only a short-term tactical response
but a strategic capability with long-term sustainability implications [53,54].

Agile manufacturing is often theorized as a synthesis between lean operations (focused on waste
reduction) and flexible systems (designed for variety and responsiveness) [55,56]. Its operational logic
rests on decentralization, rapid decision-making, and customer-centric iteration. However, agility
alone is not sufficient unless it is digitally enabled. Thus, the pandemic accelerated the convergence
of agility with Industry 4.0 technologies such as:

= Internet of Things (IoT) for real-time asset visibility;

=  Additive manufacturing for customized, small-batch production;

=  Aland predictive analytics for demand sensing;

*  Cloud platforms for integrated supply chain communication .[57,58]

From a conceptual standpoint, agile manufacturing under digitalization can be positioned along
three key axes:

= Degree of system adaptability (from rigid to reconfigurable),
= Level of digital integration (from analog to fully connected systems),
=  Sustainability alignment (from efficiency-driven to purpose-driven agility).
These axes form the basis for a theoretical typology of post-COVID agile responses, which is not

intended to map empirical clusters, but rather to provide a conceptual structure for understanding
how firms differ in their agility trajectories. For example, a low-adaptability but high-digital firm may
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exhibit predictive rigidity —able to detect change but not respond structurally. Conversely, a firm
with moderate digital tools and strong adaptive routines may demonstrate organic responsiveness,
relying more on organizational culture than automation [59].

Crucially, the move toward agile digital operations is not only about performance—it also
reshapes the sustainability profile of operations. Agile systems allow for localized, on-demand
production, which reduces transportation emissions and supports circularity through better tracking
and customization. Moreover, digitalization improves resource efficiency by reducing idle capacity,
waste, and downtime — contributing directly to SDG 9 (Industry, Innovation & Infrastructure) and
SDG 12 (Responsible Consumption and Production) [60,61].

In sum, agile manufacturing in the post-COVID era should be understood not as a single model
but as a multi-dimensional strategic configuration. It represents an essential building block for
operational systems that are not only faster and smarter but also more aligned with the complex
demands of resilience and sustainability transitions.

3.2. Lean and Green Operations

Lean operations have long been celebrated for their ability to eliminate waste, reduce cycle times,
and improve process flow. Originating from the Toyota Production System, lean emphasizes
efficiency through continuous improvement (kaizen), minimal inventory (just-in-time), and process
standardization [62,63]. However, in the wake of global disruptions, this singular focus on efficiency
has been increasingly critiqued for producing brittle systems—highly optimized but ill-prepared for
uncertainty and external shocks [64,65].

This critique has led to the emergence of green operations, a sustainability-driven counterpart
to lean, emphasizing environmental performance, energy optimization, and circularity. Green
operations are designed to minimize environmental impact across the supply chain by integrating
practices such as closed-loop systems, eco-design, life cycle assessment (LCA), and reverse logistics
[66,67]. While lean reduces internal inefficiencies, green operations seek to reduce ecological
externalities.

Rather than viewing these paradigms as competing, recent conceptual advancements have
focused on their integration —resulting in what scholars refer to as “green lean” operations [68,69].
This integrative approach seeks synergy between operational efficiency and environmental
sustainability by redefining the concept of "waste" to include:

. Carbon emissions,

=  Energy overuse,

= Water inefficiencies,

*  Excess packaging or non-recyclable materials.

From a systems thinking perspective, lean and green operations intersect at the point where
process optimization meets sustainability-oriented redesign. Conceptually, this integration can be
framed across three interrelated dimensions:

=  Process alignment: the extent to which lean workflows are redesigned for environmental impact;

=  Resource intelligence: the use of data and IoT to track energy, emissions, and material usage in
real time;

=  Value chain collaboration: the degree of synchronization with suppliers and customers to enable
joint green initiatives [70,71].
This typology enables the differentiation between:

=  Traditional lean systems that prioritize throughput and cost;

*  Green-only systems focused narrowly on compliance or CSR metrics;

*  And green-lean hybrids, which embed sustainability metrics into core operational KPIs and
governance structures.

Importantly, the green-lean integration supports a dual purpose: operational excellence and
ecological integrity. This convergence has clear implications for the SDGs, particularly SDG 12
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(Responsible Consumption and Production), SDG 9 (Industry, Innovation and Infrastructure), and
SDG 13 (Climate Action).

However, successful green-lean transformation is not merely technical—it also requires
organizational mindset shifts. Lean systems traditionally avoid “redundancy” as waste, while green
thinking may deliberately introduce functional redundancy (e.g., localized sourcing, alternative
materials) to build resilience into the system [72-74]. Thus, tension and balance between these logics
must be carefully managed through dynamic capabilities, strategic alignment, and governance
innovation.

In conclusion, green and lean operations, when synergized, offer a powerful conceptual
foundation for reimagining operational models that are both efficient and environmentally adaptive.
This fusion is not only necessary for navigating post-COVID realities, but also for building structural
resilience within planetary boundaries.

3.3. Local Sourcing and Decentralized Logistics

The COVID-19 pandemic exposed a critical weakness in globalized supply chains: their heavy
reliance on long-distance, just-in-time networks that are highly susceptible to disruption. From port
closures to border delays and material shortages, global logistics networks failed to adapt rapidly to
systemic shocks. In response, the concept of local sourcing and decentralized logistics has gained
renewed attention as a means of restoring control, improving responsiveness, and enhancing
resilience [75,76].

Local sourcing refers to the procurement of goods and services from geographically proximate
suppliers, reducing dependence on international flows. Meanwhile, decentralized logistics involves
distributing storage, production, and distribution capabilities across multiple regional hubs instead
of concentrating them in centralized facilities [77,78]. Conceptually, both practices represent a shift
from linear, global efficiency models to adaptive, regionalized supply ecosystems.

From a sustainability transition perspective, the move toward localization is more than a risk
response—it is an opportunity to align operations with ecological and social goals. Local sourcing
can reduce carbon emissions from transportation, support regional economies, and foster ethical
labor practices. Decentralized logistics can improve last-mile delivery efficiency and enhance
responsiveness to local demand patterns [79].

Theoretically, this shift can be understood through three interconnected dimensions:

*  Proximity advantage: the degree to which geographic closeness reduces logistical complexity
and exposure to disruption;

=  Resilience alignment: the extent to which localized systems can absorb, adapt to, and recover
from external shocks;

=  Sustainability enablement: the capacity of decentralized systems to support environmental and
social impact goals [80,81].
These dimensions form the basis for a conceptual typology of operational structures:

=  Centralized-global models: optimized for scale but fragile under shock;

=  Hybrid regional models: balance efficiency with resilience, increasingly enabled by digital
logistics;

=  Fully localized models: high in adaptability and sustainability, but often constrained by scale
and cost [82].

Critically, decentralized systems should not be romanticized. They pose challenges in terms of
cost duplication, inventory redundancy, and coordination complexity. Yet, in combination with
digital tools—such as Al-powered inventory systems, blockchain traceability, and predictive
analytics—decentralized logistics can be both strategically viable and sustainability-enhancing [83].

Moreover, localization supports several UN SDGs, particularly SDG 11 (Sustainable Cities and
Communities), SDG 8 (Decent Work and Economic Growth), and SDG 13 (Climate Action). By
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shortening supply chains, firms can better monitor environmental standards, labor conditions, and
community engagement in ways that are difficult to achieve across dispersed, opaque networks.

In conclusion, the integration of local sourcing and decentralized logistics offers a transformative
approach to reimagining supply chains—not as global efficiency machines, but as adaptive, place-
based systems that are more robust, sustainable, and socially embedded.

3.4. Circular Economy and Reverse Logistics

The conventional linear model of production—extract, produce, consume, and dispose—is
increasingly viewed as unsustainable in the context of global resource constraints, climate change,
and social inequity. As a response, the circular economy (CE) framework has emerged as a
transformative paradigm that seeks to decouple economic growth from resource consumption by
keeping materials and products in use for as long as possible [84]. In operational terms, CE
emphasizes design for durability, reuse, remanufacturing, and recycling—all of which demand a
fundamental rethinking of supply chain and logistics systems [85,86].

At the core of implementing CE within operations lies reverse logistics, a system of flows that
moves goods from the end user back to the producer for purposes of value recovery or safe disposal.
Unlike traditional forward logistics, which prioritize efficiency and speed, reverse logistics requires
complex coordination, tracking, and value reintegration [87-89]. This complexity presents a
conceptual challenge for operations management, which must now optimize bidirectional flows—
where physical, informational, and financial loops operate in tandem.

From a theoretical perspective, integrating CE into post-COVID operations reflects a deeper shift
from efficiency logic to regenerative logic. This transition can be understood across three strategic
dimensions:

=  Design for return: embedding recyclability, modularity, and disassembly into product and
process design;

= Flow inversion: integrating reverse logistics infrastructure into supply chain networks,
including collection, sorting, and redistribution;

=  Value recapture: redefining waste as a resource and optimizing reverse flows to recover
economic, ecological, and social value [90,91].

These dimensions support the development of a typology that distinguishes between:

=  Linear operations, which treat post-consumption materials as externalities;

*  Partially circular systems, which adopt basic recycling or take-back schemes;

= And fully circular logistics models, which integrate reverse flows into core operational design
and governance [92-94].

Digital technologies such as loT, blockchain, and Al serve as critical enablers in tracking
products throughout their lifecycle, ensuring transparency in material flows, and forecasting return
volumes. These tools enhance the feasibility of reverse logistics and support closed-loop operations,
especially in sectors such as electronics, apparel, and packaging [95,96].

Importantly, the circular economy is not only an environmental strategy —it also advances
resilience by diversifying resource inputs and reducing dependency on volatile raw material markets.
During COVID-related disruptions, firms with reverse logistics infrastructure were better positioned
to access secondary materials and adapt supply flows [97].

From the sustainability perspective, CE and reverse logistics directly advance SDG 12
(Responsible Consumption and Production) and SDG 13 (Climate Action), while contributing
indirectly to SDG 9 (Industry, Innovation, and Infrastructure). They also reinforce social goals
through job creation in repair, remanufacturing, and local recycling ecosystems.

In sum, circular economy and reverse logistics reframe operations not as linear throughput
systems, but as dynamic, regenerative networks. They offer a critical conceptual foundation for
operational strategies that are not only sustainable and resilient but also capable of driving systemic
transformation.
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3.5. Human Capital and Worforce Flexibility

While technology and logistics have dominated much of the conversation around operational
responses to global disruptions, the human dimension of operations is equally critical. The COVID-
19 pandemic revealed that workforce adaptability—encompassing skill flexibility, task
redeployment, and remote work capability —is a fundamental enabler of operational resilience [98].
In many cases, supply chains that remained functional during disruptions did so not because of
automation alone, but because of agile, empowered human capital embedded within flexible
organizational systems.

Human capital in operations traditionally focused on specialized roles, static workflows, and
hierarchical structures optimized for stability. In contrast, post-COVID operational models
emphasize cross-functional capabilities, distributed decision-making, and reskilling mechanisms that
allow individuals to pivot between roles and respond to dynamic production needs [99,100]. This
shift marks a transition from labor as a cost center to labor as a strategic resource for continuity and
innovation.

From a theoretical lens, workforce flexibility can be conceptualized along three interrelated
dimensions:

*  Functional flexibility: employees’ ability to switch tasks and roles as operational needs shift;

*  Numerical flexibility: adjusting workforce size or schedules in response to demand volatility;

=  Cognitive and behavioral flexibility: the cultural and psychological capacity to adapt, learn, and
lead under uncertainty [101].

Integrating these capabilities into operations requires changes in both work design and
organizational learning systems. Concepts from human resource development (HRD) such as
learning agility, psychological empowerment, and distributed leadership become essential
components of resilient operations [102,103]. Moreover, remote work adoption has triggered the
reconfiguration of value-added processes—allowing firms to uncouple productivity from physical
presence, particularly in logistics coordination, planning, and procurement functions.

Importantly, workforce flexibility intersects with sustainability in both environmental and social
dimensions. Flexible work arrangements can reduce commute-related emissions and enable a better
work-life balance, aligning with SDG 3 (Good Health and Well-being) and SDG 8 (Decent Work and
Economic Growth). Simultaneously, building inclusive and adaptive workforce systems supports
social equity, particularly when reskilling efforts are directed at vulnerable or displaced labor
segments [104].

To synthesize these shifts, Table 1 presents a comparative matrix of operational strategies before
and after COVID-19. The table highlights key differences across sourcing models, decision-making
logic, technology use, labor configuration, and sustainability orientation.

Table 1. Comparison of Pre- and Post-COVID Operational Strategies.

Dimension Pre-COVID Post-COVID
Sourcing Model Global, centralized supply chains Local, regional sourcing
Decision-Making Cost minimization Resilience and flexibility
Technology Integration Limited digitalization Embraces digitalization
Labor System Specialized roles, static Flexible, adaptive workforce
Sustainability Focus Focused on efficiency Aligned with sustainability objectives

4. Toward a Resilience and Sustainable Supply Chain Model

4.1. System Thinking and Life Cycle Perspectiver

The complexity of modern supply chains necessitates a departure from linear, siloed thinking
toward a more integrated, systems-based perspective. In the face of global disruptions and
accelerating sustainability demands, organizations can no longer afford to treat supply chain
activities—procurement, manufacturing, distribution, and returns—as isolated functions. Instead,
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they must be viewed as interdependent nodes within an adaptive socio-technical system, where
disruptions in one component can cascade and amplify across the entire network [105,106].

Systems thinking, as a theoretical lens, enables scholars and practitioners to conceptualize
supply chains as dynamic systems characterized by feedback loops, emergent behavior, and non-
linear cause-effect relationships [107,108]. It shifts the focus from local optimization to global
coherence, emphasizing the need for coordination, flexibility, and long-term value creation. When
applied to supply chain resilience and sustainability, systems thinking provides the analytical tools
to explore how resilience capabilities (e.g., redundancy, agility, visibility) influence operational
configurations, which in turn drive sustainability outcomes.

Complementing this view is the life cycle perspective, which extends the scope of operational
decisions beyond the firm’s boundaries and short-term performance metrics. By evaluating the full
environmental and social impact of products and services—from raw material extraction to end-of-
life disposal —life cycle thinking enables the design of supply chains that are not only efficient and
resilient, but also ethically and ecologically sound [109,110].

Taken together, these perspectives challenge the traditional supply chain logic in three
important ways:

=  From efficiency to adaptability: Instead of static lean systems optimized for stability, supply
chains must be designed for adaptive efficiency, where flexibility and responsiveness are built
into the system architecture [111,112].

*  From optimization to optimization over time: Decisions are evaluated not only based on
immediate outputs, but also on long-term externalities and systemic implications.

*  From firm-centric to network-centric governance: Responsibility for resilience and sustainability
is distributed across the supply network, involving suppliers, partners, communities, and
consumers [113].

This integrative approach serves as the theoretical foundation for the proposed conceptual
model in this paper. Rather than viewing resilience and sustainability as isolated outcomes, we
propose that they are jointly produced through specific operational responses—strategic choices
shaped by internal capabilities and external pressures. These responses include agile manufacturing,
circular logistics, green process design, and flexible workforce systems.

To ensure theoretical robustness and practical utility, the model will be developed using a multi-
level framework that links:

= Resilience drivers (e.g., agility, visibility, collaboration),
=  With operational responses (e.g., digitalization, localization, circularity),
* Leading to sustainability outcomes (e.g., emissions reduction, social equity, long-term viability).

This framework is not intended as a mere map, but as an analytical structure for understanding
causal interactions, mediating variables, and policy levers in the evolution of post-COVID operations.
In the next sub-section, we elaborate this model and explain how each element is theoretically
grounded and operationally actionable.

4.2. Integrated Risk Management in Global Supply Network

In the context of global disruptions, fragmented responses to operational risk are no longer
sufficient. Traditional risk management approaches —often reactive, siloed, and compliance-driven—
fail to capture the systemic nature of disruptions that characterize modern supply chains. This calls
for a shift toward Integrated Risk Management (IRM), a framework that embeds risk awareness
across the entire supply network, linking operational processes to strategic sustainability and
resilience objectives [114,115].

IRM views risks not as isolated events, but as interdependent, dynamic phenomena shaped by
technological, geopolitical, environmental, and behavioral factors. In global supply networks, risks
propagate non-linearly: a natural disaster in one region can delay raw material shipments, triggering
factory shutdowns and downstream stockouts across continents. These cascades reveal a systemic
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vulnerability that IRM seeks to mitigate through proactive, network-wide coordination and
responsiveness [116,117].
Conceptually, IRM involves three foundational pillars:

*  Risk visibility and traceability: Achieved through digital technologies such as IoT, blockchain,
and predictive analytics, enabling real-time monitoring of material, financial, and risk flows
across multiple tiers of suppliers [118-120].

*  Distributed governance and decision-making: Empowering regional and local nodes to respond
autonomously while aligning with global strategy, thus enhancing responsiveness without
compromising coordination [121].

*  Scenario planning and adaptive capabilities: Moving beyond probabilistic assessments to
include what-if simulations, stress testing, and system learning, enabling organizations to
prepare for high-impact, low-probability events [122].

Unlike conventional models that prioritize cost efficiency and risk avoidance separately, IRM
integrates both through a resilience—sustainability lens. For instance, diversifying suppliers not only
reduces dependency risk but also supports sustainability when it includes local, ethical, and
environmentally responsible sources. Similarly, maintaining buffer inventories may be seen as
inefficient in lean paradigms but becomes justified when viewed through the lens of social
responsibility (ensuring availability of critical goods during crises) [123].

From a theoretical standpoint, IRM bridges risk theory, systems thinking, and sustainability
science, aligning operational decisions with long-term value creation. It treats resilience and
sustainability not as static outcomes, but as emergent properties resulting from the interaction of
proactive risk identification, stakeholder engagement, and adaptive operational design.

Furthermore, IRM strengthens alignment with the UN Sustainable Development Goals,
particularly SDG 9 (Industry, Innovation and Infrastructure), SDG 12 (Responsible Consumption and
Production), and SDG 17 (Partnerships for the Goals). By integrating risk management into the DNA
of supply chain strategy, organizations can ensure both continuity and contribution to global
sustainability objectives.

In this model, risk is not external to operations—it is internalized as a design variable, informing
how resilience and sustainability are configured, measured, and governed across the supply network.

4.3. Role of Data Analytics and Real-Time Minitoring

In the evolution of sustainable and resilient supply chains, data analytics and real-time
monitoring are not merely enablers—they are foundational to achieving visibility, adaptability, and
accountability. As supply networks grow more complex and globally dispersed, the ability to sense,
interpret, and act upon data in near real-time becomes a strategic differentiator. It is through this
digital infrastructure that operational decisions can be synchronized with broader sustainability and
resilience goals [124].

Conceptually, data analytics in operations can be categorized into four progressive layers:

= Descriptive analytics: providing retrospective insight (e.g., KPI dashboards, carbon footprint
reporting);

=  Diagnostic analytics: identifying root causes and performance gaps;

*  Predictive analytics: using AI/ML to anticipate disruptions, demand fluctuations, or
sustainability risks;

*  Prescriptive analytics: recommending optimal decisions under uncertainty, based on multi-
variable simulations [125,126].

When embedded within real-time monitoring systems—such as IoT-enabled sensors, RFID, or
cloud-based platforms—these analytics tools form an integrated decision intelligence layer across the
supply chain. This layer enables the continuous feedback loop required for dynamic alignment
between operational responses and long-term sustainability objectives [127,128].

In resilience management, real-time data allows organizations to:
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= Detect deviations or disruptions early (e.g., delayed shipments, quality failures);

=  Reconfigure production plans or sourcing routes in response;

*= Trigger decentralized decision-making without compromising system-wide coordination
[129,130].
In sustainability, real-time visibility supports:

*  Continuous tracking of energy and resource usage;
*  Monitoring supplier compliance with ESG standards;
=  Life cycle assessment automation and reporting against SDG indicators [131,132].

Critically, the effectiveness of data analytics depends not only on technological infrastructure
but also on organizational data culture—including governance, data literacy, and cross-functional
integration. Without strategic alignment, analytics may remain operationally fragmented and fail to
inform broader supply chain reconfiguration or innovation .[133,134]

From a systems theory perspective, real-time data enables system responsiveness, where the
organization evolves not through periodic overhaul but through ongoing, micro-level adjustments
informed by timely signals. This responsiveness supports resilience (through early intervention) and
sustainability (through informed trade-offs and scenario modeling).

Moreover, the use of predictive and prescriptive analytics connects directly with Integrated Risk
Management (IRM)frameworks, reinforcing the capacity of organizations to internalize uncertainty
as a manageable design factor, rather than an external hazard.

Finally, data-driven supply chains are better positioned to demonstrate accountability and
transparency, strengthening trust with stakeholders —including customers, investors, regulators, and
communities. This reinforces alignment with SDG 12 (Responsible Consumption and Production)
and SDG 16 (Peace, Justice and Strong Institutions), particularly around ethical sourcing, emissions
disclosure, and decision traceability.

In sum, data analytics and real-time monitoring are not neutral tools—they actively shape how
resilience and sustainability are perceived, operationalized, and governed across supply chains. Their
role is central in translating conceptual models into actionable intelligence for systems-level
transformation.

4.4. Conceptual Framework: Operational Drivers of Sustainable Resilience

Building on the preceding discussions, this paper proposes an integrated conceptual model that
captures the relationship between resilience enablers, operational responses, and sustainability
outcomes. The aim is not merely to visualize linkages but to articulate a theoretically grounded and
practically actionable framework for understanding how operational systems can be reconfigured to
achieve sustainable resilience in the post-COVID era.

The framework is premised on three core assumptions:

* Resilience and sustainability are mutually reinforcing, not mutually exclusive. Resilient
operations that can withstand disruptions are more likely to maintain progress on long-term
sustainability goals, while sustainability-oriented practices (e.g., localization, circularity)
inherently reduce exposure to systemic risks.

=  Operational decisions are the bridge between organizational capabilities and sustainability
performance. These decisions are not neutral —they reflect embedded values, risk tolerance, and
strategic priorities.

=  External disruptions act as catalysts, not constraints, for transformation. They reveal system
fragilities and create momentum for redesigning supply chains toward adaptive, ethical, and
regenerative logics.

Within this framing, we identify three interconnected layers in the proposed model:
1) Resilience Enablers

These are the foundational capabilities that prepare organizations to sense, absorb, and adapt to
disruptions:
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= Agility: ability to respond rapidly and reconfigure resources;

=  Visibility: transparency across supply chain tiers enabled by data and digital tools;

*  Redundancy: strategic buffering of capacity, inventory, or supplier options;

= Collaboration: trust-based, information-sharing relationships with partners and stakeholders
[135-137].

2) Operational Strategies

These represent the tactical and strategic responses shaped by resilience enablers:

=  Agile Manufacturing

*  Green-Lean Operations

*  Localized Sourcing & Decentralized Logistics

*  Circular Economy & Reverse Logistics

*  Human Capital Flexibility and Digital Workflows
(see Sections 3.1-3.5)

These strategies are not mutually exclusive; their combined deployment defines the
organization’s adaptive operational posture [138,139].

3) Sustainability Outcomes
These are the measurable impacts across economic, environmental, and social dimensions:

= Operational continuity and cost control

*  Emission reduction and resource efficiency

=  Equitable labor systems and inclusive value chains
=  Long-term viability and stakeholder trust [140-142]

The feedback loop between outcomes and resilience enablers emphasizes that learning and
adaptation are ongoing, iterative processes—hallmarks of systems thinking and sustainability
transitions.

Figure 3 below presents this conceptual model, illustrating how resilience enablers drive
operational configurations, which in turn generate sustainability performance outcomes within a
dynamic feedback environment.

RESILIENCE OPERATIONAL SUSTAINABILITY
ENABLERS STRATEGIES OUTCOMES
« Agility Agile Manufacturing Operational Continuity
+ Visibility Green-Lean Operations i oGt
» Redundancy Localized Sourcing & el L

. 2 and Resource Efficienc
Decentralized Logistics e i

+ Collaboration Equitable Labor Systems

Circular Economy and Inclusive Value Chaing

& Reverse Laogistics
Long-term Viability

Human Capital Flexiblity] and Stakeholder Trust
and Digital Workflows

Feedback Loop

Figure 3. Proposed Conceptual Model of Sustainable Resilience

This figure presents a conceptual framework linking key resilience enablers—such as digital
infrastructure, agile capabilities, and ecosystem collaboration—with operational strategies aimed at
enhancing adaptability and sustainability. These strategies contribute to sustainability outcomes
including supply chain continuity, reduced environmental impact, and long-term value creation. The
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model integrates theoretical constructs from resilience theory, operational management, and
sustainability science to support future research and practice.

This framework contributes theoretically by integrating fragmented streams of literature—
resilience, operations management, sustainability science, and systems theory—into a unified,
actionable structure. It also responds to growing calls for post-crisis rethinking of supply chains not
just as logistical mechanisms, but as transformative systemscapable of supporting ecological, social,
and economic regeneration.

Future empirical studies can validate the model’s pathways, explore mediating or moderating
variables (e.g., digital maturity, institutional environment), and refine the framework’s predictive
power across sectors and regions.

5. Implications and Policy Perspectives

5.1. Managerial Implications for Operations Leader

The conceptual framework proposed in this paper has profound implications for operations
leaders seeking to navigate an era defined by disruption, complexity, and mounting sustainability
imperatives. At its core, the model reframes operational leadership as a systemic function, rather than
a technical or process-driven one. This requires a fundamental shift in managerial mindset, away
from short-term efficiency optimization toward strategic resilience and long-term value creation
[143,144].

For operations managers, the framework suggests five key implications:

=  Operational resilience must be designed, not improvised.
Leaders must proactively build agility, visibility, and collaboration into systems architecture,
treating resilience enablers as core capabilities—rather than reactive add-ons after disruptions
have occurred.

=  Efficiency can no longer be decoupled from sustainability.
The pursuit of lean operations must now integrate ecological and social metrics. “Waste” must
be redefined to include emissions, ethical breaches, and systemic risk, making green-lean
operations the new baseline for performance [145-147].

*  Technology must serve system-level goals, not just automation.
Digital investments should be evaluated based on how well they enhance feedback loops, data-
driven decision-making, and sustainability tracking—especially across tiered supplier
ecosystems [148-150].

*  Human capital must be managed as an adaptive system.
Managers need to build flexible, multi-skilled teams capable of operating in fluid environments.
This includes developing learning agility, empowering frontline decision-making, and
designing organizational structures that support dynamic role transitions [151,152].

=  Localization and decentralization are strategic, not merely logistical.
Regional sourcing and distributed logistics are not only tools for reducing lead times—they are
key mechanisms for strengthening resilience and enabling place-based sustainability initiatives.

Beyond these internal implications, operations leaders must also become intermediaries
between strategy and sustainability governance. This means engaging with external stakeholders—
governments, regulators, NGOs, and industry platforms—to align internal capabilities with macro-
level sustainability agendas.

For example:

= InSoutheast Asia, operations leaders should engage with frameworks such as the ASEAN Green
Logistics Visionand Regional Action Plan on Sustainable Transport, ensuring that their logistics
strategies align with cross-border climate and trade goals.
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*  In Europe, firms are increasingly compelled to align with the EU Green Deal, which mandates
carbon-neutral operations, circular product systems, and supply chain transparency —especially
for imports under the Carbon Border Adjustment Mechanism (CBAM) [153-155].

These policy shifts are not only regulatory constraints—they represent co-shaping forces that
operations leaders can engage with to influence sustainability standards, investment flows, and
incentive structures. Thus, managerial decisions become policy-relevant acts, embedding firms as
actors within broader sustainability transitions.

Epistemologically, this reorientation challenges the technocratic framing of operations
management. It positions operational leaders as boundary-spanning strategists, not merely process
optimizers. Normatively, it calls for a commitment to inclusive, regenerative value creation, where
resilience and sustainability are treated as ethical imperatives, not optional advantages.

In short, the managerial role in post-COVID supply chains is no longer confined to throughput
and cost—it is expanded to shaping institutional logics, stewarding ecological futures, and enabling
socio-technical transformation.

5.2. Public Policy and Institutional Support

Achieving sustainable and resilient supply chains is not the sole responsibility of firms. Rather,
it requires co-evolutionary alignment between corporate capabilities and public policy ecosystems.
Without enabling institutional environments, even the most progressive operational strategies risk
being isolated, inefficient, or unsustainable at scale. Thus, public policy is not simply a regulatory
backdrop; it functions as a structural enabler of transformation in operational logics, investment
priorities, and stakeholder collaboration [156,157].

From a systems thinking perspective, institutions operate as rules of the game that shape the
behavior, incentives, and accountability structures of supply chain actors. These institutions include:

*  National sustainability strategies (e.g., low-carbon logistics roadmaps),
*  Regional integration frameworks (e.g., ASEAN Sustainable Connectivity Plan),
= International regulatory regimes (e.g., WTO green trade principles, ISO standards),
=  Soft governance instruments (e.g., SDG-linked public procurement, ESG disclosure mandates)
[158,159].
To operationalize the proposed conceptual framework at scale, three pillars of policy and
institutional support are required:

1) Infrastructure and Innovation Support

Governments must invest in digital, green, and logistical infrastructure that allows firms—
especially SMEs —to implement sustainable operations. This includes:

*  Funding for renewable energy integration into industrial zones,
= Public-private partnerships for circular economy innovation,
*  Open-access platforms for carbon tracking and supplier verification [160,161].

These investments reduce transition costs and distribute transformation capacity more equitably
across the supply network.

2) Regulatory Harmonization and Incentive Alignment

Policy coherence is essential across trade, labor, environment, and industrial policies.
Fragmented regulations often create conflicting pressures on firms (e.g., compliance with green
standards vs. price competition mandates). Harmonized frameworks—such as EU’s Corporate
Sustainability Reporting Directive (CSRD) or ASEAN Single Window —help synchronize operational
incentives with sustainability goals [162].

At the national level, tax credits, carbon pricing schemes, and green procurement policies can
further shift the economic calculus in favor of resilient and sustainable operations.

3) [Institutional Learning and Adaptive Governance
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Given the dynamic nature of disruptions, governance must be adaptive, not static. Policymakers
need to embrace iterative approaches—experimenting, evaluating, and evolving regulatory models
in partnership with firms, academia, and civil society. This requires building institutional capacity
for data analysis, systems modeling, and cross-sector dialogue [163].

Moreover, policy legitimacy depends on inclusion. Labor unions, indigenous communities,
women’s cooperatives, and other marginalized stakeholders must be integrated into decision-making
processes —ensuring that operational resilience does not come at the expense of social justice.

From a normative standpoint, the relationship between operations and policy must be seen not
as one of compliance, but of collaborative transformation. Public institutions must function as
stewards of sustainability transitions, creating conditions where innovation, equity, and resilience
reinforce one another.

In conclusion, institutional frameworks—when designed with foresight and inclusiveness —can
amplify the impact of firm-level operational strategies, enabling sustainable supply chains not as
isolated corporate projects, but as collective, system-wide achievements aligned with the UN
Sustainable Development Goals (SDGs).

5.3. Link to UN SGDs and Global Development Goals

The proposed conceptual framework—linking resilience enablers, operational strategies, and
sustainability outcomes—holds direct and systemic relevance for the United Nations Sustainable
Development Goals (SDGs). As an integrative framework, it bridges organizational transformation
with broader global development objectives, reaffirming the central role of operations management
not merely as a technical discipline, but as an agent of societal and ecological change [164,165].

Rather than treating the SDGs as external policy instruments, this paper positions them as
guiding frameworks that operational leaders and policy actors can use to structure priorities, set
targets, and measure systemic impacts. Below are five SDGs most explicitly connected to the
framework:

SDG 9 - Industry, Innovation and Infrastructure

The emphasis on agile manufacturing, digitalization, and integrated risk management directly
supports the development of resilient infrastructure, the promotion of sustainable industrialization,
and the fostering of innovation ecosystems. By embedding these strategies, firms actively contribute
to the transformation of industrial systems toward adaptive, smart, and low-impact configurations
[166,167].

SDG 12 - Responsible Consumption and Production

Operational strategies such as green-lean integration, circular logistics, and reverse flows are
instrumental in realizing sustainable consumption and production patterns. These responses help
minimize material waste, reduce environmental externalities, and reconfigure life cycle impacts,
aligning firm-level actions with SDG 12 targets such as waste prevention, recycling, and sustainable
sourcing [168,169].

SDG 13 - Climate Action

Resilience-focused operations —particularly those that enhance local sourcing, energy efficiency,
and emissions tracking —support climate mitigation and adaptation efforts. These actions align with
national commitments under the Paris Agreement and strengthen corporate contributions to carbon
neutrality pathways [170-173].

SDG 8 — Decent Work and Economic Growth

Flexible workforce systems, reskilling initiatives, and decentralized decision-making help
protect employment, promote inclusive labor practices, and generate regional economic resilience.
The human-centric components of the model reflect SDG 8's emphasis on productive employment,
decent work conditions, and economic adaptability in the face of disruption [174].

SDG 17 — Partnerships for the Goals

Resilient and sustainable operations depend heavily on collaboration across supply chain tiers,
including partnerships with governments, NGOs, technology providers, and communities. The
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framework’s emphasis on coordination and shared learning mechanisms reflects the cooperative
logic embedded in SDG 17, particularly in fostering multi-stakeholder governance and data-sharing
[175,176].

Beyond these, the model also contributes indirectly to:

*  SDG 3 (Good Health and Well-being) — through safe working conditions and supply of essential
goods,

* SDG 11 (Sustainable Cities and Communities) — through localized logistics and reduced
environmental pressures,

= SDG 16 (Peace, Justice and Strong Institutions) — via transparent and accountable operations.

From a global development perspective, the framework also resonates with regional and
multilateral initiatives such as:

=  The ASEAN Sustainable Urbanization Strategy,

*  The African Continental Free Trade Area (AfCFTA) and its green industrialization agenda,
*  The G20 Action Plan for Resilient Supply Chains,

*  And the UN Global Compact’s CEO Water Mandate and Climate Ambition Accelerator.

By structurally linking internal operations with global transformation targets, this framework
enables firms to transition from SDG-aligned communication to SDG-driven execution. It supports
the idea that resilience and sustainability are not just desirable—they are necessary for advancing
inclusive, equitable, and regenerative development at scale.

To support practical application of this strategic alignment, Figure 4 presents a visual mapping
of key operational responses discussed in this paper and their corresponding SDG linkages. This tool
is designed to guide operations leaders, policymakers, and sustainability officers in identifying which
responses drive impact on which goals, and how those impacts interrelate within a systems
framework.

Mapping Operational Responses to Specific UN SDGs
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Figure 4. Mapping Operational Responses to Specific UN Sustainable Development Goals (SDGs).

This figure illustrates the alignment between key post-COVID operational strategies and
relevant UN SDGs. Agile manufacturing is associated with SDG 9 (Industry, Innovation, and
Infrastructure); green-lean operations with SDG 12 (Responsible Consumption and Production);
circular logistics with SDG 13 (Climate Action); workforce flexibility with SDG 8 (Decent Work and
Economic Growth); and collaboration and transparency with SDG 17 (Partnerships for the Goals).
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This mapping highlights the strategic value of operational adaptation in advancing global
sustainability agendas.

5.4. Future Directions for Practice

While this paper is conceptual in nature, its propositions carry several forward-looking
implications for both practice and institutional transformation. The shift toward resilient and
sustainable supply chains will require not only awareness but deliberate experimentation,
investment, and governance innovation. Future efforts should consider the following trajectories:

1)  Operationalization through Capability Maturity Models (CMM:s)

Organizations can translate the proposed conceptual model into diagnostic tools to assess their
current resilience-sustainability maturity. CMMs can help firms benchmark their agility, data
visibility, and sustainability integration, and develop roadmaps for capability development over time
[177].

2) Embedding SDG Alignment into Procurement and Supplier Criteria

Rather than treating SDGs as external obligations, firms can embed goal-based metrics into
supplier selection, evaluation, and contract renewal processes. This creates cascading incentives
across the supply chain ecosystem, particularly in multi-tiered or global networks [178].

3) Investment in Cross-Functional Training and Learning Systems

Resilience and sustainability rely on the convergence of operational, digital, and ethical
competencies. Firms must establish learning systems that enable teams—from shopfloor to strategic
units—to internalize systems thinking, circularity principles, and digital tools [179].

4)  Piloting Localized, Low-Carbon Logistics Models

Urban and regional hubs are ideal environments to test integrated approaches (e.g., electric
fleets, smart inventory systems, local circular sourcing). These pilots can serve as learning
laboratories for scalable and replicable models [180].

5) Partnership with Public and Civic Institutions

Practice must evolve in dialogue with public policy. Firms can co-develop sustainability
innovation zones, regional industrial decarbonization coalitions, and open data platforms with local
governments, universities, and NGOs. These partnerships enhance legitimacy, experimentation
capacity, and shared learning [181].

6) Governance Innovation for Internal Alignment

Boards and executive teams must ensure that resilience and sustainability are not fragmented
into compliance silos. Integrating these goals into enterprise risk management (ERM), capital
allocation, performance incentives, and reporting structures is essential for enduring transformation
[182].

In conclusion, the path forward is not one of choosing between resilience and sustainability, but
of constructing operational systems that embody both. Organizations that embrace this dual
imperative—and engage actively with institutions and communities—will not only survive
disruption but shape the future of equitable and regenerative global commerce.

6. Research Agenda and Future Directions

6.1. Emerging Research Question on Sustainable Operations

The conceptual framework developed in this paper—linking resilience enablers, operational
strategies, and sustainability outcomes—offers fertile ground for a new generation of research in
operations and sustainability management. As the field evolves from fragmented, domain-specific
studies toward more systemic, interdisciplinary approaches, scholars are called upon not only to
validate existing models but also to critically expand, refine, and challenge them.
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Rather than concluding with traditional limitations, this section proposes theoretical
provocations and empirical opportunities—framed as a research agenda for advancing sustainable
operations in post-crisis contexts.

A. Theoretical Expansion and Critical Interrogation

Several conceptual tensions remain underexplored within the resilience-sustainability nexus.
Future research could address the following:

* How do firms navigate trade-offs between operational resilience and sustainability in resource-
constrained environments?

Are these trade-offs real or constructed? How do they differ by sector or region?

*  What are the temporal dynamics between resilience investments and sustainability outcomes?
Do certain resilience capabilities (e.g., redundancy) provide short-term security but undermine
long-term sustainability?

*  How do institutional logics (e.g., compliance, competitiveness, climate responsibility) shape the
configuration of operational strategies?

Can these logics be harmonized through managerial sensemaking or do they produce
fragmentation?

=  What are the epistemic risks of overly technocratic approaches to resilience and sustainability?
How might datafication, automation, or over-standardization limit systemic learning or exclude
vulnerable actors?

These questions open pathways for conceptual elaboration, especially through cross-
disciplinary dialogues involving ecological economics, political ecology, human resource
development, and critical logistics studies.

B. Empirical Validation and Model Testing

To operationalize and test the framework proposed in this study, future researchers may adopt
multi-method empirical strategies that capture both system-wide patterns and contextual
particularities. Examples include:

*  Quantitative hypothesis testing:
v Use structural equation modeling (SEM) or partial least squares (PLS) to test the causal
pathways among resilience enablers, operational strategies, and sustainability outcomes.
v’ Example hypotheses:
H1: Visibility positively moderates the relationship between agility and operational continuity.
H2: Integration of green-lean operations mediates the relationship between collaboration and emission
reduction.

*  Longitudinal case studies:
Track how operational configurations evolve over time under different types of disruptions (e.g.,
health, geopolitical, environmental). Focus on learning dynamics, capability adaptation, and
strategic reintegrationpost-shock.

=  Comparative analysis across institutional contexts:
Investigate how public policy environments, industry norms, or national sustainability agendas
shape adoption of operational strategies. This approach is particularly relevant in comparing
developed vs. emerging economies, or regulated vs. loosely governed sectors.

*  Network-based analysis:
Use social network analysis or system dynamics modeling to study interdependencies and
diffusion of resilient-sustainable practices across supply networks.

These methodologies are not only compatible with the proposed framework but also offer
opportunities for model refinement, including the discovery of mediating or moderating variables,
feedback loops, and context-specific constraints.

C. Methodological Innovation and Integration

Beyond testing the model’s robustness, future studies could innovate in methodology by:
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*  Designing hybrid methods that combine survey data with digital trace data (e.g., sensor data,
ESG ratings, emissions dashboards).

*  Developing resilience-sustainability scoring tools or capability maturity models (CMMs) for
firm benchmarking and policy evaluation.

=  Leveraging Al-driven literature mapping or bibliometric analysis to detect emerging themes,
clusters, and theoretical blind spots in the sustainable operations literature.

D. Theoretical Invitation to Expand the Debate

Rather than positioning this model as prescriptive or fixed, it should be viewed as a starting
point for scholarly engagement. It invites critique, contextualization, and theoretical pluralism.
Scholars might:

= Integrate feminist perspectives on care, interdependence, and vulnerability in resilience design.

= Apply critical theory to challenge assumptions about efficiency, growth, and managerialism.

= Explore indigenous and vernacular knowledge systems in conceptualizing circularity or
community-based resilience.

In sum, this research agenda affirms that sustainable operations are not merely about optimizing
supply chains—they are about reimagining what we value, how we govern, and whom we include
in our systems of production and distribution. As the field continues to evolve in the shadow of global
disruption, scholars have both the responsibility and the opportunity to push beyond legacy
frameworks and co-create the next frontier of resilience-sustainability theory and practice.

6.2. Methodological Suggestions for Empirical Validation

While this paper offers a conceptual framework for understanding the interplay between
resilience enablers, operational strategies, and sustainability outcomes, its full value can only be
realized through rigorous empirical exploration. This section outlines methodological pathways
through which scholars can validate, refine, or extend the proposed model in diverse organizational
and institutional contexts.

Empirical validation of the model should not aim merely at confirmatory testing, but rather at
theoretical enrichment—examining how the relationships within the framework operate under
different conditions, evolve over time, and interact with contextual forces.

A. Quantitative Approaches for Hypothesis Testing

To test the causal pathways proposed in the model, scholars may employ cross-sectional or
longitudinal quantitative methods, such as:

=  Structural Equation Modeling (SEM) or Partial Least Squares (PLS):
These techniques allow for the simultaneous analysis of latent variables and multi-path
relationships, enabling researchers to examine how resilience enablers (e.g., agility,
collaboration) impact sustainability outcomes through mediating operational strategies.
*  Survey-based Measurement Models:
Developing and validating measurement instruments for constructs such as:
v" Green-lean integration,
v Workforce adaptability,
v" Supply chain visibility,
v Sustainability-oriented operational performance [183,184].
*  Multi-group SEM or Multi-level Modeling:
To explore differences across sectors, regions, firm sizes, or governance types—identifying
boundary conditions and context-specific dynamics.
B. Qualitative and Mixed Methods for Theory Building

To deepen contextual understanding and uncover dynamics not captured in quantitative
designs, scholars can adopt qualitative or mixed-methods approaches, such as:

*  Longitudinal Case Studies:
Focusing on firms undergoing operational transitions (e.g., digitalization, decentralization,
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circularity). Researchers can trace decision-making logic, stakeholder negotiations, and feedback
loops as systems evolve over time [185,186].

*  Process Tracing;:
To analyze causal mechanisms and temporal sequences in the adoption of resilience or
sustainability practices—useful for identifying tipping points, tensions, and unintended
consequences.

*  Grounded Theory:
Applied in settings where empirical knowledge is scarce (e.g., Global South supply chains,
informal economies), grounded theory allows for conceptual emergence from lived experiences
rather than imposing predefined models.

= Embedded Ethnography or Participatory Action Research (PAR):
Particularly relevant in sustainability-focused operations involving local communities, labor
groups, or multi-stakeholder governance —where values, power, and narrative matter as much
as processes.

C. Systems-Based and Computational Modeling
For scholars aligned with systems thinking, several advanced approaches are also appropriate:
=  System Dynamics Modeling (SDM):
To simulate feedback loops, delays, and trade-offs between resilience and sustainability over
time.
=  Agent-Based Modeling (ABM):
Useful for modeling heterogeneity across supply chain actors and exploring emergent behaviors
from decentralized decision-making.
=  Bayesian Networks:
To model uncertainty in decision pathways under varying levels of data availability or
disruption intensity [187,188].
D. Data Integration and Digital Trace Analysis
As organizations increasingly adopt digital tools, researchers can access:
=  JoT-generated operational data (e.g., energy use, production flow),
=  ESG disclosures and sustainability ratings, and
*  Social media or platform-based data from supply chain participants.

These can be triangulated with survey or interview data in convergent parallel designs,
enriching validity and yielding robust empirical insights.

In sum, the path from conceptual contribution to empirical impact depends not on a single
method but on a plurality of approaches, matched to the complexity of the systems we seek to
understand. By combining robust theorizing with methodological rigor and contextual sensitivity,
researchers can ensure that sustainable operations evolve from aspiration to evidence-informed
practice—capable of responding to both disruption and development imperatives.

6.3. Interdisciplinary Integration Opportunities

The complex challenges addressed in this paper—resilience, sustainability, and operational
transformation —are not confined within the boundaries of operations management. They are deeply
entangled with technological, ecological, social, ethical, and institutional dimensions, requiring an
interdisciplinary lens for both theoretical advancement and practical relevance.

Interdisciplinary integration is not simply additive; it is a mechanism for generating conceptual
innovation by reframing problems, expanding assumptions, and uncovering dynamics that
discipline-specific models may overlook [189]. This section outlines several key disciplines with
which operations and sustainability scholars can productively engage.

A. Sustainability Science and Environmental Economics

Sustainability science contributes systems-level thinking and long-term temporal logic,
emphasizing planetary boundaries, regenerative design, and intergenerational equity. Integrating
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this with operations models helps shift decision frameworks from efficiency-centric to ecological
viability-centric paradigms.

Environmental economics, meanwhile, offers tools such as life cycle costing, externality
valuation, and carbon pricing, which can be embedded into operational decision models to better
capture the true cost of supply chain choices [190,191].

B. Organizational Behavior and Human Resource Development

The human element of operational systems is often under-theorized. Insights from OB and
HRD—including learning agility, psychological safety, distributed leadership, and adaptive
capacity —can enrich models of workforce flexibility and transformation [192].

Collaboration here enables new questions: How do cultural values shape organizational
responses to crisis? What forms of leadership enable sustainable adaptation under pressure?

C. Political Science and Institutional Theory

Policy frameworks and regulatory institutions significantly influence how supply chains evolve.
Engaging with political science and institutional theory enables a better understanding of policy co-
creation, state-firm relations, and multi-level governance dynamics.

This also opens inquiry into how institutional voids or policy misalignments obstruct
sustainability transitions, particularly in emerging economies or cross-border trade.

D. Ethics, Philosophy, and Critical Theory

Beyond performance metrics, sustainability and resilience raise profound normative and
epistemological questions. Whose resilience is being prioritized? What trade-offs are morally
defensible? What forms of knowledge are included —or excluded —in operational decisions?

Collaboration with ethicists or critical theorists invites deeper interrogation of power, equity,
and legitimacy in supply chain transformation [193]. It expands the discourse beyond best practices
to include just practices.

E. Information Systems and Data Science

As operations become increasingly digitalized, partnerships with data science and IS researchers
become critical. Topics such as algorithmic decision-making, digital ethics, Al-enabled sustainability
tracking, and real-time visibility architectures lie at the frontier of both fields [194,195].

This integration also supports methodological innovation—e.g., hybrid modeling, simulation-
empiricism, and real-time data-driven feedback systems.

Closing Reflection

In conclusion, advancing research on sustainable and resilient operations demands transcending
disciplinary silos. By engaging diverse theoretical traditions, researchers can generate more inclusive,
adaptive, and impactful models—ones that reflect the complex, contested, and co-evolving realities
of global operations.

This interdisciplinary orientation is not a luxury —it is a necessity in responding meaningfully
to the intertwined crises of disruption, inequality, and ecological degradation that define the 21st-
century operational landscape.
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