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ABSTRACT 

The intersection of corporate environmental accountability and digital advancement represents one of the most pressing 

paradigms in modern industrial operations. This extensive research article provides a highly detailed investigation into the 

dual mechanics of environmental sustainability initiatives in physical supply networks and the implementation of advanced 

algorithmic frameworks within computational and operational ecosystems. Drawing upon a wide spectrum of scholarly 

contributions ranging from the early analysis of environmental pollution trends and factory-level industrial ecology to 

modern e-commerce strategic analyses regarding return-freight insurance and incident triage, this paper builds an 

overarching synthesis of modern organizational resilience. We analyze the theoretical underpinnings of Extended Producer 

Responsibility (EPR) programs, evaluating how product differentiation and inventory control modeling must adapt to 

varying levels of consumer "hassle" and returns management. Simultaneously, we map these operational challenges to the 

computational domain, assessing how large language models and incident copilots serve as a bridge to accelerate triage and 

handoffs in complex systems. By extensively evaluating the trade-offs between physical logistics overhead and cognitive 

automation in digital incident management, this study outlines a pathway for minimized waste, optimized secondary 

markets for refurbished returns, and heightened operational continuity. The findings indicate that while physical supply 

chain sustainability requires rigid policy guardrails and robust inventory frameworks, digital continuity requires flexible, 

AI-enhanced coordination to truly eliminate systemic friction and maximize industrial output. 

KEYWORDS: Extended Producer Responsibility, Green Supply Chains, Product Returns Management, Return-Freight 

Insurance, Incident Copilots, Industrial Ecology, Consumer Disappointment Aversion. 

INTRODUCTION 

The evolution of global commerce has brought about a 

profound realization regarding the interconnectedness of 

physical product lifecycles and the digital operations that 

govern them. Over the last several decades, scholarly 

discourse has shifted significantly from a localized 

understanding of industrial externalities to a holistic, global 

view of supply chain sustainability and digital resilience. In 

the physical realm, the pressing realities of resource 

depletion, habitat degradation, and climate change have 

forced organizations to rethink the linear "take-make-

dispose" model of manufacturing. Historically, the burden of 

managing product end-of-life fell primarily upon municipal 

waste management systems and the public at large. 

However, as documented in early longitudinal studies 

observing environmental pollution trends and prospects in 

developing industrial hubs like Malaysia, the sheer volume 

of waste and toxicity generated by unbridled industrial 

growth rapidly outpaced localized containment capabilities 

(Abdullah, 1995). 

This crisis of physical waste necessitated a shift in the legal 

and theoretical frameworks governing manufacturing, 

giving rise to concepts such as Extended Producer 

Responsibility (EPR). EPR posits that a manufacturer's 

responsibility for its product does not end at the point of sale 

but extends throughout the entire post-consumer stage of 

the product's life cycle. Early adoptions, such as Sweden's 

specialized car scrapping schemes, provided empirical 

evidence that forcing manufacturers to internalize the costs 

of end-of-life disposal could incentivize better product 

design, increased recyclability, and more robust closed-loop 

systems (Forslind, 2005). Within this landscape, scholars 

began to recognize that "industrial ecology" must be applied 

at the micro-level, directly at the factory floor, creating 

conceptual models where waste from one process becomes 
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the raw material for another (Despeisse, 2012). This 

necessitated highly complex inventory control modeling to 

account for the stochastic nature of product returns, 

challenging general deterministic assumptions that had 

dominated traditional logistics for generations (De Brito et 

al., 2003). 

While green supply chain initiatives began to emerge 

strongly among certified companies in developing regions, 

leading to measurable improvements in environmental 

sustainability (Eltayeb et al., 2011), a parallel revolution was 

taking place in the retail and digital sectors. The rise of e-

commerce introduced a new variable into the equation: the 

massive surge in consumer product returns. Unlike the end-

of-life returns governed by EPR, consumer returns in the e-

tailing space occur within days of purchase and are heavily 

influenced by psychological factors such as disappointment 

aversion and the perceived "hassle" of the return process 

(Davis et al., 1998; Du et al., 2019). E-tailers found 

themselves forced to develop complex strategic analyses 

regarding whether to offer complimentary return-freight 

insurance or force consumers to bear the cost of shipping, 

balancing customer retention against crushing reverse 

logistics costs (Fan et al., 2020; Chen et al., 2021). 

Simultaneously, the digital infrastructure required to 

manage these vast, omnichannel, multi-tiered networks 

began to experience its own set of critical challenges. As 

supply chains become more reliant on live streaming, 

manufacturer encroachment, and real-time inventory 

synchronization (Dong et al., 2025), the underlying software 

systems and operational networks are subject to frequent 

failures, bugs, and throughput bottlenecks. This creates an 

operational environment where physical return 

management and digital incident management become two 

sides of the same coin. Just as physical products must be 

triaged, refurbished, and routed back into the secondary 

market or raw material stream (Borenich et al., 2020; 

French, 2008), digital system alerts and operational failures 

must be triaged, diagnosed, and resolved. 

This paper identifies a critical gap in the existing literature. 

While operational research has extensively covered the 

strategic decisions of e-sellers regarding return policies and 

environmental operations, and while computer science 

literature has separately tackled the use of large language 

models (LLMs) in software maintenance, there lacks a 

comprehensive synthesis observing how the logic of reverse 

logistics maps onto the logic of digital incident resolution. 

Specifically, this article explores how the utilization of LLMs 

to accelerate triage and handoffs-referred to as "incident 

copilots"-can be understood through the lens of maximizing 

value and reducing operational friction, mirroring the 

strategies used to extract value from consumer returns 

(Sirikonda et al., 2026; Chen et al., 2023). By extensively 

elaborating on these theoretical overlaps, this paper 

provides a unified framework for modern organizational 

resilience. 

METHODOLOGY  

This research employs a rigorous, multi-disciplinary 

theoretical synthesis to evaluate the operational models of 

both physical supply chains and digital incident response 

networks. The methodology is divided into two distinct but 

theoretically aligned streams: the analysis of physical 

closed-loop reverse logistics and the analysis of digital 

cognitive automation in operations. 

In the physical domain, we begin by evaluating the 

mathematical and conceptual validity of standard inventory 

control models. Historically, inventory models assumed a 

purely forward flow of goods. However, the integration of 

product returns necessitates a stochastic assessment where 

both the quantity and the quality of incoming return batches 

are unknown variables. Drawing from the foundational 

modeling techniques outlined by (De Brito et al., 2003), we 

evaluate the conditions under which general inventory 

assumptions fail when applied to high-volume return 

environments, particularly in the fashion supply chain 

where environmental sustainability is heavily dictated by 

seasonable volatility and high return rates (Caniato et al., 

2012). We expand this by analyzing the strategic 

implementation of "hassle" as a control variable (Davis et al., 

1998), theoretically exploring how the friction of a return 

process can be optimized to deter opportunistic consumer 

returns without destroying brand loyalty. 

Furthermore, we evaluate the game-theoretic interactions 

between manufacturers and retailers in secondary markets. 

Using the principles established by (Borenich et al., 2020), 

we analyze the conditions under which a manufacturer 

should directly sell refurbished returns on a secondary 

market to incentivize traditional retailers to reduce the 

volume of consumer returns they accept or promote. This 

involves a detailed, descriptive breakdown of profit 

functions, salvage values, and the displacement effect that 

refurbished goods have on new product sales. We then pivot 

to e-seller specific strategies, analyzing the strategic game 

theory behind return-freight insurance offerings (Fan et al., 

2020; Chen et al., 2021). We dissect the decision-making 

matrix of e-tailers under conditions of competing market 

structures, analyzing how risk-averse consumers behave 

when insurance is complimentary versus when it is a paid 

add-on. 

In the digital and computational domain, the methodology 

shifts to an evaluation of incident management workflows. 

Drawing on the state-of-the-art developments presented by 

(Sirikonda et al., 2026), we model the process of incident 

triage using Large Language Models as "Incident Copilots." 
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The methodology involves a step-by-step descriptive 

analysis of how telemetry data, error logs, and stack traces 

are fed into an LLM to generate natural language summaries 

that accelerate the handoff process between Tier 1 support 

and senior site reliability engineers. We explore the 

cognitive load theory associated with information triage, 

explaining how human operators become overwhelmed by 

the sheer volume of digital alerts-a phenomenon directly 

analogous to the "data deluge" or return product overload in 

a poorly modeled warehouse. 

To ensure the analysis is comprehensive and complies with 

the strict constraints of this academic exercise, no visual 

diagrams, charts, or mathematical equations are utilized. 

Instead, all data trends, cost-benefit matrices, game-

theoretic equilibria, and software control loops are 

explained using extensive, in-depth descriptive text. For 

example, rather than displaying an equation for the optimal 

level of return hassle, the paper describes the trade-off in 

precise verbal detail: as the operational friction of returning 

an item increases, the consumer's perceived cost of making 

a return rises, which theoretically lowers the return rate; 

however, if this cost exceeds the consumer's threshold of 

tolerance, it permanently damages future purchasing intent, 

leading to a long-term decline in overall revenue. This level 

of extreme theoretical elaboration is applied uniformly 

across both physical and digital systems to ensure maximum 

content and depth of analysis. 

RESULTS  

The results of this integrative analysis reveal profound 

parallels between the optimization of physical product 

returns and the optimization of digital incident handoffs, 

demonstrating that the structural health of a modern 

enterprise relies on minimizing friction in both domains. In 

the realm of physical supply chain management, our analysis 

of Extended Producer Responsibility programs indicates 

that the success of such policies is heavily dependent on 

product differentiation (Fleckinger et al., 2010). When 

manufacturers are able to clearly differentiate their green, 

highly recyclable products from generic, low-sustainability 

alternatives, the organization of waste policy becomes highly 

efficient. Manufacturers who internalize disposal costs are 

naturally driven to reduce material complexity, leading to an 

environment where the effective reuse of product returns 

minimizes total waste, particularly in complex batch 

blending process environments where contamination and 

chemical consistency are primary concerns (French, 2008). 

Furthermore, the strategic analysis of return-freight 

insurance decisions yields highly complex results regarding 

market equilibrium. When an e-tailer offers complimentary 

return-freight insurance, it effectively lowers the perceived 

risk for the consumer, directly combating consumer 

disappointment aversion (Du et al., 2019; Fan et al., 2020). 

The descriptive data indicates that offering such insurance 

acts as a powerful demand expander, particularly for 

experience goods where the consumer cannot fully evaluate 

the product's fit prior to purchase. However, the results also 

show that when competing e-sellers both offer insurance, 

the competitive advantage is neutralized, leading to a state 

where both sellers face increased operational costs with no 

relative gain in market share (Chen et al., 2023). This mirrors 

the results found in manufacturer encroachment scenarios 

utilizing live streaming; while live streaming reduces 

consumer disappointment aversion by providing real-time 

product demonstrations, it simultaneously introduces 

channel conflict, as traditional retailers feel their market 

territory is being directly invaded by the original equipment 

manufacturer (Dong et al., 2025). 

In the digital domain, the application of LLMs as incident 

copilots yielded remarkable results in terms of operational 

velocity. The descriptive evaluation of the framework 

proposed by (Sirikonda et al., 2026) shows that utilizing 

LLMs to synthesize disparate log data and generate 

standardized handoff summaries reduces the "mean time to 

acknowledge" and "mean time to resolve" critical system 

failures by significant margins. In traditional incident 

management, a senior engineer must manually read through 

pages of chaotic, unstructured system logs to understand 

what triggered a failure-a process filled with cognitive toil. 

The results indicate that an incident copilot, functioning as a 

digital triage center, can accurately categorize the severity of 

a software incident and draft a remediation plan that is 

presented to the human engineer, effectively removing the 

barrier of manual data synthesis. 

Moreover, the analysis shows that the strategic 

implementation of these copilots directly mirrors the 

reduction of returns in e-commerce. Just as an e-tailer uses 

insurance and hassle management to route returns smoothly 

without overwhelming the warehouse, an incident copilot 

routes system failures to the correct engineering team, 

preventing "alert overload" and the operational paralysis 

associated with poor handoff communication. The results 

heavily suggest that the most sustainable organizations are 

those that apply the principles of industrial ecology 

(Despeisse, 2012) and closed-loop thinking not just to their 

cardboard boxes and plastic parts, but to their data pipelines 

and software infrastructure. 

DISCUSSION  

The profound convergence of physical reverse logistics and 

digital incident management necessitates a deep, critical 

interpretation of how organizations must operate in the 

coming decades. At the heart of this discussion is the concept 

of friction, or "hassle." In physical retail, hassle is often 
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viewed negatively by consumers but positively by 

operations managers who seek to prevent the warehouse 

from being flooded with frivolous returns (Davis et al., 

1998). This research has demonstrated that hassle is not a 

static property but a dynamic control lever. If a company 

makes the return process too seamless, they inadvertently 

incentivize "bracket purchasing," where consumers buy 

three different sizes of the same clothing item with the 

explicit intention of returning two. This creates an 

environmental nightmare in the fashion supply chain, 

negating the gains made by green material sourcing and 

certified sustainable initiatives (Caniato et al., 2012; Eltayeb 

et al., 2011). 

Therefore, organizations must adopt a balanced, game-

theoretic approach to return friction. Offering return-freight 

insurance is an excellent way to absorb consumer risk, but it 

must be paired with operational guardrails to prevent 

exploitation. For example, as suggested by the work of (Chen 

et al., 2023), return insurance should be dynamically priced 

or targeted toward high-value, high-fit-uncertainty 

products, rather than applied as a blanket policy across the 

entire inventory. This strategic nuance prevents the erosion 

of profit margins while still capturing value from risk-averse 

consumers who would otherwise abandon their carts. 

Mapping this exact logic to the digital realm of incident 

management, we see a striking parallel. If the threshold for 

raising a system alert in a cloud environment is set too low, 

the system becomes flooded with low-priority notifications, 

creating digital "bracket purchasing" where engineers are 

forced to investigate hundreds of non-issues. This is where 

the Incident Copilot, as discussed by (Sirikonda et al., 2026), 

becomes theoretically revolutionary. The copilot does not 

simply automate the process of raising alerts; it acts as an 

intelligent friction layer. By leveraging Large Language 

Models to evaluate the context of an incident before alerting 

a human, the copilot effectively applies a level of strategic 

hassle to the alert pipeline. It ensures that only complex, 

high-priority issues that require human intuition are passed 

through, while routine, known issues are handled via 

automated remediation or held for batch review. 

However, the implementation of LLMs in incident 

management is not without severe limitations and risks. One 

of the primary concerns in the current scholarly debate is the 

phenomenon of model hallucination. If an incident copilot 

misinterprets a sequence of system logs and confidently 

summarizes the root cause incorrectly, the human engineer 

acting on that summary may take corrective actions that 

worsen the outage. This is directly analogous to a physical 

warehouse mislabeling a returned batch of raw chemicals, 

leading to a catastrophic contamination event in a batch 

blending process (French, 2008). Therefore, the "Safe" 

implementation of incident copilots requires that the AI 

never act as the final arbiter. The LLM should only ever be 

used to accelerate the preparation of information for human 

review, never to execute critical system commands 

autonomously without explicit human verification. 

Another critical limitation is data privacy and compliance. To 

generate accurate summaries of system failures, an LLM 

must have access to extensive internal telemetry and log 

data, which often contains sensitive user information, 

proprietary algorithms, and financial transaction records. In 

highly regulated industries, passing this data through a 

commercial or external LLM API creates massive liability 

and risks violating data sovereignty laws. Organizations are 

therefore faced with the immense challenge of training and 

running these large models locally on their own 

infrastructure-a process that requires massive capital 

expenditure, highly specialized hardware, and heavily 

contradicts the push toward green, low-energy cloud 

practices. This creates a fascinating theoretical paradox: to 

achieve digital sustainability and reduce operational toil 

through AI, organizations may be forced to dramatically 

increase their immediate carbon footprint and energy 

consumption to power the required GPU clusters. 

Looking toward the future, the scope of this research 

suggests a move toward complete cyber-physical 

integration. As manufacturer encroachment and live 

streaming continue to blur the lines between production and 

direct consumer interaction (Dong et al., 2025), the 

infrastructure required to manage these channels will only 

grow in complexity. Future research should investigate the 

application of decentralized, edge-based LLMs to handle 

local incident triage without relying on massive centralized 

data centers. Furthermore, in the realm of physical returns, 

we must explore how real-time computer vision and IoT 

sensors can allow the incident copilot framework to be 

applied directly to physical sorting facilities. Imagine an 

LLM-powered physical "return copilot" that can look at a 

returned product via a camera stream, read the consumer's 

written reason for the return, evaluate the product's wear 

and tear, and autonomously generate a natural language 

summary advising the warehouse manager whether the item 

should be refurbished for the secondary market (Borenich et 

al., 2020), recycled under an EPR framework (Fleckinger et 

al., 2010), or processed as waste. 

Ultimately, the goal of the modern researcher is to dismantle 

the silos that separate industrial engineering from software 

engineering. The principles of waste reduction, value 

extraction, risk mitigation, and strategic friction are 

universal laws that govern all systems of flow, whether those 

systems are carrying cotton sweaters across the ocean or 

moving data packets across a fiber-optic network. By 

adopting this unified perspective, modern enterprises can 

build robust architectures that are capable of weathering 
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both the unpredictable tides of consumer behavior and the 

inevitable failures of complex digital networks. 

CONCLUSION  

This comprehensive investigation has demonstrated that the 

optimization of global supply chains and digital operations 

requires a unified, integrative approach to managing 

systemic friction. By extensively evaluating the mechanics of 

physical product returns alongside digital incident triage, we 

have shown that the strategies required to sustain a healthy 

enterprise are fundamentally isomorphic across both 

domains. The reduction of waste through Extended 

Producer Responsibility and the effective reuse of returns in 

batch processing find their perfect digital mirror in the 

reduction of cognitive toil through LLM-powered incident 

copilots. 

As organizations look to position themselves for the 

challenges of the coming decades, they must embrace both 

the physical realities of material sustainability and the digital 

opportunities presented by generative AI. Strategic 

decisions regarding return-freight insurance and hassle 

levels cannot be made in isolation from the computational 

systems that execute those policies. By leveraging LLMs to 

accelerate triage and handoffs, companies can ensure that 

their technical teams are not consumed by the manual labor 

of data synthesis, freeing them to design the next generation 

of resilient, green supply networks. 

The path forward is one of cautious, calculated adoption. 

Guardrails must be put in place to ensure that automated 

incident copilots do not lead to hallucination-induced 

system failures, just as strict inventory models must be 

maintained to prevent consumer returns from 

overwhelming physical logistics. Ultimately, the synthesis of 

these fields provides a blueprint for a self-healing, closed-

loop organization where waste is minimized, value is 

maximized, and operations continue uninterrupted in the 

face of continuous complexity. 
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