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Abstract

Inefficiencies and environmental challenges within U.S logistics operations are a significant hindrance to
supply chain performance and sustainability goals. Process optimization problems, waste generation, and
insufficient integration of sustainability practices remain pervasive challenges within U.S. logistics
operations, impeding supply chain performance and environmental responsibility. In a time when supply
chains are evolving into intricate ecosystems interconnected by digital innovation and sustainability
imperatives, the traditional principles of logistics are being reimagined._This research set out to address
the central role of Quality Management Systems (QMS) as strategic framework in the attainment of these
two objectives. It provides a synthesis of studies in the field of logistics and supply chain management in
addition to quality improvement disciplines. It also places an emphasis on how QMS implementation,
through standards like ISO 9001 and continuous improvement strategies, help in optimization of processes,
minimizing wastes, as well as being environmentally responsible. In addition, it also focuses on the
integration of efficiency-driven practices and sustainability goals with environmental, social, and
economic aspects of the U.S. logistics context. Notable outcomes of this study point to the effect of QMS
on transportation, inventory, and warehousing performance, and the barriers to adoption and new
technological innovations such as Industry 4.0. It also shows that QMS does not just improve operational
capability but also encourages sustainable practices that are essential to the sustainability and resilience
of supply chain. This research provides valuable insights to benefit researchers and practitioners aiming
to utilize quality management principles for sustainable, efficient logistics operations within the evolving
U.S. supply chain environment.

Keywords: Quality Management Systems (QMS), Supply Chain Efficiency, Sustainable Logistics, U.S.
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Introduction

The supply-chain and logistics landscape currently is vast and interconnected, and it forms a significant
portion of the worldwide economy, which influences all aspects of the transportation of products in the
direction of producers to customers (Verma, 2024). Within the United States, logistics faces growing
pressures due to an increase in operational spending and market needs, which vary with stringent
sustainability requirements. In addition to the daily business difficulties, the recent worldwide
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circumstances, like the COVID-19 pandemic when geopolitical tissues are on and climate-related
obstructions have exposed the severe vulnerability, demonstrating the fragility and dependence of these
systems (Opoku-Akyea, Tay, and Yamoah, 2025). The customers now require quicker delivery, greater
transparency, and responsibility towards the environment, forcing logistics providers to reconsider the
traditional models. It is these cumulative forces that form an urgent complement to build supply chains
that are not merely efficient and cost-effective, but also resilient and long-term sustainable (Pandey et al.,
2024). It is against this dynamic and complex background that this study places the strategic role of Quality
Management Systems, exploring how they can be viewed as foundational tools in navigating complexity,
initiating constant improvement, and matching logistics operations to the dual goals of operational
excellence and environmental stewardship. Recent advances in predictive analytics further reinforce this
perspective by demonstrating how data-driven quality control systems can proactively identify operational
risks across complex supply networks, thereby strengthening preventive decision-making in logistics and
food-related supply chains (Gaye & Oware, 2025; Ogunsola et al., 2025; Ogunsola, Serh, & Hutchful,
2025; Adegoke et al., 2025).

The importance of efficiency in logistics operations cannot be overstated, as it involves efforts to optimize
processes, reduce costs, and enhance productivity across all phases of the supply chain (Verma, 2024).
Considering an example, in dense railway systems, real-time rescheduling to cope with limited
disturbances is a challenging issue with conflicting objectives, where multi-objective optimization and
macroscopic simulation are needed to choose the most effective decision, such as canceling trains or short-
turning trains (Altazin et al., 2020). Equally, in open-pit mines, the generation of waste tire rubber and
greenhouse gas (GHG) can be minimized through efficient lithology blends, which proves that there is a
direct correlation between efficiency and environmental impact (Rodovalho et al., 2020). The
environmentally sustainable use of energy in logistics is vital and can be enhanced through better
utilization of capacity, in order to decrease the adverse environmental impacts of operations (Wehner,
2018).

Aside from efficiency, sustainability has become an indispensable objective in supply chain management
and attracted international interest in environmental, economical, and socially responsible practices across
different industries (Ab Talib, 2024). This is not limited to conventional economic indicators but
comprises environmental costs such as carbon footprint reduction among other social considerations like
ethical labor practices (Babu and Mohan, 2018). The integration of QMS provides a systematic approach
to addressing the multifaceted issues of efficiency and sustainability within U.S. logistics operations. With
its intra-organizational focus on quality management and being able to integrate with supply chain
management, QMS provides a robust mechanism to streamline processes, minimize waste, and ensure
adherence to compliance with sustainability goals (Bastas and Liyanage, 2018).

Challenges in quality management and sustainability in supply chains pose an optimization issue to
organizations that aim to stay profitable and at the same time carry out environmentally and socially
responsible businesses (Verma, 2024). Hence, this research aims to critically examine the intersection of
the supply chain efficiency, sustainability, and Quality Management Systems within U.S. logistics
operations. This scope analyses how different sustainability dimensions, including the environmental,
social, economic, cultural, and governance aspects, are incorporated into supply chain practices and what
enabling technologies and strategies promote better efficiency and resilience, including digitalization,
automation, IoT and Al
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Conceptual Foundations of Integrated Supply Chain Management

Integrated supply chain management is established on the principles of its role as a critical organizational
strategy and brings together an extensive network of various entities, including raw material suppliers to
final consumers (Verma, 2024). Its comprehensive approach optimizes the flow of the products,
information and finances across the entire supply chain to achieve maximum value and competitive
advantage. Contemporary SCM does not only focus on the operational coordination but also on the
strategic areas that encompasses risk management, building resilience, and integrating advanced
technologies (Chauhan et al., 2023). Quality Management Systems (QMS) by definition can be
characterized as formal systems that capture processes, procedures, and responsibilities toward quality
policies and objectives (Bastas and Liyanage, 2018). The important elements of a QMS normally consist
of quality planning, quality control, quality assurance, and quality improvement. These systems form an
integral part of ensuring quality of products and services, consumer satisfaction, and continuous
improvement within the entire operations of organizations (Bastas and Liyanage, 2018). Within supply
chains, QMS principles are implemented to ensure consistency, minimize defects and improve the overall
reliability of processes and outputs of different partners (Bastas and Liyanage, 2021). Additionally, supply
chain efficiency underscores the capacity of a supply chain to distribute goods and services to customers
with the least level of waste and maximum resource usage (Verma, 2024). Measures of supply chain
efficiency usually include the lead time, inventory turnover, cost per unit, and the on-time delivery rates
(Verma, 2024). Efficiency is mainly concerned with streamlining the processes, cost-cutting operational
costs, and enhancing productivity at each level (Verma, 2024). As an example, optimizing inventory
management and vehicle routing with modern data analysis and artificial intelligence (Al) can be used to
boost efficiency significantly (Qu and Kim, 2024). The adoption of automated systems in logistics also
helps with efficiency, as it allows processing orders faster and allocating resources more effectively
(Bastas and Liyanage, 2021).

Sustainability in supply chain logistics involves the incorporation of environmental, social and economical
considerations into all logistical operations (Rodovalho et al., 2020). It includes reducing ecological
footprints (e.g. carbon emissions, waste), enforcing ethical labor practices, and fostering economic
viability for all stakeholders (Saini et al., 2023). Sustainable operations are not just compliance-related but
also the development of long-term value and resilience during the global crisis, including climate change
and resource shortages (Chauhan et al., 2023). An important phenomenon associated with sustainability
in the supply chain is the circular economy that focuses on cutting waste and enhancing the utility of
resources through policies such as recycling and reusing (Chauhan et al., 2023). This also includes aspects
such as sustainable manufacturing systems driven by the need to deal with environmental concerns caused
by industrialization (Saini et al., 2023).

The interconnectedness of QMS with efficiency and sustainability goals is profound. (Bastas and Liyanage,
2018). A robust QMS offers a well-organized framework required to find and remove the inefficiencies
and in turn, reduce the waste and operational costs which directly contributes to economic sustainability
(Bastas and Liyanage, 2021). QMS enables reducing the resources used and avoiding environmental
degradation by standardizing process and encouraging a continuous improvement (Bastas and Liyanage,
2018). For instance, quality assurance principles may result in the enhancement of the selection of raw
materials, reduced work, and improved life span of the product, which aligns with the interests of
environmental sustainability (Bastas and Liyanage, 2021). Moreover, QMS can be applied to integrate
into social responsibility through adherence to ethical issues and providing transparency throughout the
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supply chain (Saini et al., 2023). The consideration of the sustainability of supply chain quality
management suggests that profitability and sustainability are optimization challenges that can be solved
by QMS by combining the intra-organizational focus of quality management with the focus on supply
chain management (Bastas and Liyange, 2018). This paramount connection is also highlighted in
evaluating enablers and hindrances to a QMS and supply chain management strategy to sustainable
operations within manufacturing contexts (Bastas and Liyanage, 2021). Nevertheless, advanced
technologies like Al-based technologies, big data analytics, and decision support systems currently play
an instrumental role in enabling integration, allowing for dynamic and flexible supply chain models, which
are efficient and sustainable (Qu and Kim, 2024).

Emerging Trends and Enhancement of Supply Chain Efficiency

As manufacturers and logistics companies strive to translate sustainability goals into operational reality,
the initiation and integration of formal Quality Management Systems (QMS) into the logistics industry is
gradually shifting from being an optional compliance effort towards being a strategic facilitator of
competitive sustainability. According to recent empirical and sectoral data, logistic professional bodies
are adopting more QMS practices, including process mapping, observed key performance levels, and
ordered corrective action, into their service provision frameworks since these approaches lead to a
decrease in variability in routing, warehousing, and last-mile fulfilment and consequently, improved
reliability and traceability (Tiwong, 2024). This change is not just an administrative change, it is a
realization that quality within logistics will have to be inclusive of timeliness, condition on delivery, and
environmental cost of transport and storage. However, studies also focus on the idea that this adoption
process is not even. There are still decisive determinants of whether QMS can effectively result in
quantifiable customer outcomes and sustainability performance, in terms of firm size, leadership
dedication, and digital capacity or ability (Tiwong, 2024; Ran, 2024).

Does not have generative Al initiatives

currently but is planning to implement

Is experimenting with generative Al 37%
and/or defining proofs of concept

Has implemented, or is currently 39%

implementing, generative Al solutions

Has established generative Al use 5%

cases that create business value

Increasing generative Al adoptian level

Respondents

M Logistics and supply chain Total sample
Note: Percentages do not add up to 100% because of rounding.

Fig 1: AI Adoption in Logistics Companies (Indu & Haldipur, 2025)

The ongoing and growing pace of digital transformation that comes with Industry 4.0 is changing the
possibilities and demands of QMS in the logistics industry. As opposed to traditional QMS, which is based
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on frequent audit and inspection of samples, Industry 4.0 tools enable continuous surveillance and almost
real-time verification. Studies on the implementation of Logistics 4.0 show that cyber-physical systems,
cloud systems, and integrated analytics transform static process control into dynamic feedback loops that
identify deviations, initiate corrective workflow processes, and inform continuous improvement on
demand (Vicente et al., 2024). In a notable case, the produce monitoring initiatives implemented by
Inteligistics, demonstrate how Industry 4.0 technologies can be applied to turn the long-established
tradition of cold-chain quality verification based on samples into continuous and condition-based
verification. Through partnership with industry players, Inteligistics has implemented wireless core-
temperature sensors, cloud infrastructure, and analytics to monitor temperature and cooling-cycle results
in packing and cooling activities. Documented results of InteliCool pilots have seen a decrease in the
cooling cycle time and the associated saving of energy, while their patented temperature-predictive
methods demonstrate a transition from retrospective inspection to predictive, condition-based control
(Western Growers Center for Innovation and Technology, 2022). These vendor reported deployments,
complemented by wider industry adoption of connected operations platforms and fleet/cargo telematics
reveal the operational rationale by which cyber-physical sensing, cloud-based solutions and bundled
analytics make it possible to identify deviations in real time and execute corrective measures more quickly.
As a result, fixed QMS checkpoints can be successfully transformed into dynamic feedback loops
contributing to continuous improvement (Western Growers Center for Innovation and Technology, 2022).
The importance of this paradigm shift is that quality management has been transformed into a proactive
control mechanism; sensor data, automated checks, and robotics minimize human error and digital
dashboards allow managers to prioritize the interventions most at risk, and with most significant impact
on the environment.

At the same time, researchers point to the inhibitor structural factors which buffer these advantages, such
as capital expenditures, fracturing outdated systems, and reskilling of workers. As a result, the
implementation of digital QMS often takes a gradual and disproportionate course across distributed
regions and organizational levels (Qureshi, 2024).

Quality management in logistics is based on official standards and approaches that define the meaning of
quality in operations and the mechanisms used to govern it. The fundamental of this regulatory-
methodology field i1s ISO 9001, which has prescribed to a process-based approach that focuses on
documented procedures, the risk-based approach, management of outsourced processes, supplier
assessment, measurement, and continuous improvement. In the case of logistics organizations, it translates
into explicit requirements of traceability, handling and storage processes, observing the condition of
transport conditions and formal mechanisms of corrective and preventive measures. The governance
architecture provided by ISO 9001 makes digital monitoring meaningful rather than being merely
ornamental (ISO, 2015/2025). In practice, large logistics providers and project services companies
continue to publicize the adoption of ISO 9001 as a foundation of consistency of services. Other
organizations such as Swire Projects have announced simultaneous attainment of ISO 9001 with ISO
14001 and ISO 45001 as a platform to provide predictable and auditable logistic services (Swire Projects,
2023). These adoptions highlight the use of ISO frameworks by firms to align operational controls,
environmental management, and safety with quality objectives.

The ISO standards offer governance, whereas the Lean Six Sigma (LSS) offers the methodological toolkit
to reduce waste and variation, which are the operational levers that directly reduce defects in the logistical
processes, such as mispicks, damages or late delivery. Lean Supply Solution (LSS) projects in
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warehousing and distribution have been consistently produced measurable returns (Gomaa, 2023).
Adeodu et al. (2023) reported a rigourous implementation of DMAIC in a huge warehouse of a 3PL agency.
Their study aimed to deal with low process cycle efficiency (PCE), which was caused by non-value-added
operations in the inbound, outbound and internal process routes. Before intervention, the PCE was around
40%. Following the implementation of LSS tools that included Value Stream Mapping (VSM), waste-
analysis, root-cause identification, and DMAIC driven improvements, the warehouse increased its PCE to
approximately 70%. The lead time also decreased considerably, the non-value-added time was
substantially minimized, and the throughput of daily orders processed with each process increased by 18%
(Adeodu et al., 2023).

Big data, Internet of Things (IoT), and artificial intelligence (Al) have further provided transformational
capabilities that result in quality observability, predictability, and optimization across distributed logistics
networks. IoT devices create constant telemetry like temperature, vibration, and location that makes
condition-based monitoring feasible for sensitive shipments and perishable goods. Subsequently, this
visibility sustains real time quality interventions and improves chain-of-custody confidence (Fernandez-
Carames et al., 2024). Big data analytics aggregates multi-source streams and identifies patterns that are
difficult to easily recognize by human operators, enabling anomaly detection and supplier level
benchmarking which when combined with Al these insights are prescriptive and offer route re-planning,
dynamic consolidation, or proactive maintenance recommendations which minimize failures (Ran et al.,
2024). Decision-support systems also build upon this by enabling logistics managers to model and
simulate disturbances, either through port congestion, influx of demand beyond expectation, or a supplier
breaking down, as well as experiment with mitigation measures and strategies in the QMS cycle before
making expensive adjustments. Significantly, though the effectiveness of these instruments is conditional
upon the reliability of the data, interoperability specifications, and cyber-resilience, without these, the
analytical output may be inaccurate, or it may introduce the networks to another security risk (Idrissi et
al., 2024).

Challenges in Enhancing Supply Chain Efficiency and Sustainability through QMS

The attainment of efficiency and sustainability by a robust quality management system (QMS) in the
logistics and supply chains is not devoid of several interlocking challenges. Some of the most pressing
include the conflicts between environmental/social sustainability, organizational, technological, and
regulatory barriers, as well as the cost and resistance costs hindering adoption.

The problem of environmental and social sustainability are significant issues since a great number of
companies in the United States struggle to measure and control Scope 3 emissions and other upstream
consequences that are beyond direct operational control. According to the MIT/CSCMP State of Supply
Chain Sustainability report (2024), despite the set sustainability objectives, many companies experience
significant challenges in obtaining consistent Scope 3 information on suppliers, harmonizing measurement
methods and reconciling short-term commercial pressures with long-term decarbonization commitments.
These issues discredit QMS efforts that seek to embed sustainability into performance metrics (MIT
CSCMP, 2024). Furthermore, the social dimensions such as labour practices and community impacts are
mostly unevenly monitored across supplier tiers, and make it difficult to incorporate social aspects in QMS
frameworks built initially to monitor product quality and process conformity (MIT CSCMP, 2024).

In addition, senior management buy-in and board-level engagement are also not consistent within
organizations. According to the McKinsey supply-chain risk survey in 2024, it was highlighted that
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relatively few boards have routine visibility into supply-chain risks, thus impairing its resourcing and
strategic alignment towards modernization of QMS (McKinsey, 2024). The use of legacy enterprise
systems remains a serious impediment in the integration of Internet-of-Things (IoT) or cloud-based
analytics within supply chains. Indicatively, the draft report on the NIST [oTAB (2024), observes that
supply chain parties are using legacy systems that lack the power of the internet of things (IoT) and
therefore cannot support interoperability, real-time visibility, and traceability. In a quantitative study of
FMCG sector respondents, among the leading barriers in the progression of digital supply chain maturity,
the absence of technological infrastructure was ranked among the top impediments (Nozari et al., 2022).
These technical constraints and regulatory uncertainty with fast evolving reporting and disclosure
demands such as ESG reporting, and varying state-level policies, lead to uncertainty regarding compliance
costs, and the desirable architecture of QMS embedded sustainability reporting (MIT CSCMP, 2024).
Ultimately, the challenges facing QMS-enabled supply chain sustainability within the United States are
multidimensional. Addressing these issues would require more than the involvement of technology. It
demands a landscape-level alignment across policy, standards and culture.

Suggestions and Future Directions

The challenges of supply chain efficiency and Quality Management System (QMS) implementation
require advanced and targeted interventions that go beyond conventional approaches. The utilisation of
blockchain technology, when applied within QMS, can significantly enhance the level of traceability and
accountability throughout the supply chain and make waste management processes transparent and
verifiable (Hui, 2024). Energy efficiency can be significantly improved by utilizing predictive energy
management systems powered by machine-learning algorithms, which will enable logistics organizations
to anticipate peak energy usage and optimise operations more dynamically. Ethical sourcing under QMS
can evolve by the adoption of Al-driven supplier risk assessment platforms. These platforms continuously
analyze geopolitical, social, and environmental risk to maintain regulatory compliance as well as to
support proactive mitigation measures. The fusion of the QMS and green logistics should be aimed at the
creation of self-adaptive logistic networks that employ real-time data feeds and autonomous decision-
making mechanisms to optimise the process of transport modes, routing, and packaging persistently and
reduce carbon footprints in a dynamic way (Olson, 2025). Effective mitigation strategies that could be
applied for QMS implementation include conducting cross-functional quality workshops that bring
together teams comprising procurement, logistics and sustainability to collaboratively identify and resolve
inefficiencies in processes and compliance gaps. A culture of continuous improvement must be cultivated
using commitment of leadership and structured change management programmes. Cross-industry
collaboration with the regulatory bodies and sustainability certifiers encourages the harmonization of
standards and scale-up innovations. Role-specific training, combined with integrated compliance
frameworks is also a sure way of achieving consistency in QMS compliance (ISO Management
Consultants Ltd., 2025). Real time performance dashboards linked to key performance indicators also
enable processes to be continuously monitored and refined.

Future research must prioritize the integration of QMS with circular economy platforms that leverage loT-
enabled asset lifecycle tracking in real-time. This integration can enable continuous optimization of
resource use, minimization of waste and product re-use hence creating a closed-loop supply chain that
leads to greater sustainability. Additionally, the further advancement of data analytics with machine-
learning tailored to logistics-specific quality metrics will offer predictive insights that preempt disruptions
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and inefficiencies. Additionally, exploring adaptive frameworks of QMS that dynamically align with
evolving regulatory standards and sustainability goals will prove beneficial. Lastly, investigations into the
application of emerging computing technologies like quantum and edge computing to solve complex
multi-objective optimisation challenges will enable the unlocking of new capabilities to simultaneously
maximize of the efficiency and sustainability of supply chain outcomes.

Conclusion

Advancing supply chain efficiency and sustainability through Quality Management Systems in U.S.
logistics represents a transformative opportunity that transcends conventional operational improvements.
The challenges inherent in implementation emphasize the need for innovative, data-driven strategies and
strong organizational commitment to embed quality as a core value. Looking forward, the convergence of
emerging technologies with sustainable practices and adaptive frameworks will redefine how logistics
networks respond to environmental, social, and economic pressures. Success will depend on fostering
collaborative partnerships, continuous learning, and agile governance that together enable proactive risk
management and effective resource utilization. Ultimately, the evolution of QMS enhances performance
metrics and positions organizations as leaders in responsible supply chain stewardship amid an
increasingly complex global landscape.
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