Gulf Journal of Advance Business Research, Vol. 3, Issue 10, October 2025

Gulf Journal of Advance Business Research EI!E,‘.E@EI
ISSN 3078-5294 (Online), ISSN 3078-5286 (Print)
FE Gulf Publishers -E]' v

https://fegulf.com

Applied decision analytics supporting sustainable supply chain
management in globalized economies

Oluwagbemisola Faith Akinlade', Opeyemi Morenike Filani?, &
Priscilla Samuel Nwachukwu®

'Dell Technologies, Texas, USA
?Proburg Ltd, Lagos, Nigeria
®First Bank Nigeria Limited, Port Harcourt, Nigeria

Corresponding Author: Oluwagbemisola Faith Akinlade
Corresponding Author Email: akinladegbemisolal6@gmail.com

Article Info

Volume No: 3 Issue No: 10 Page No: 1359-1375

Received: 15-07-25 Accepted: 15-09-25 Published: 04-10-25

DOI: 10.51594/gjabr.v3i10.164
DOI URL: https://doi.org/10.51594/gjabr.v3i10.164

Abstract

Globalized economies present both opportunities and challenges for supply chain
management, particularly in achieving sustainability objectives that balance economic
performance, environmental responsibility, and social equity. Applied decision analytics has
emerged as a critical enabler for navigating these complexities, providing data-driven tools
that support strategic, tactical, and operational decision-making in sustainable supply chain
management (SSCM). By leveraging optimization models, simulation, predictive analytics,
and multi-criteria decision-making (MCDM), organizations can evaluate trade-offs across
cost, risk, and sustainability dimensions, thus aligning supply chain strategies with broader
corporate and societal goals. Decision analytics facilitates sustainable supplier selection by
incorporating criteria such as carbon emissions, labor practices, and compliance with
international standards into evaluation frameworks. Predictive models forecast demand
fluctuations, geopolitical disruptions, and environmental risks, enabling proactive sourcing
strategies. Optimization algorithms reduce transportation emissions and energy use by
designing efficient logistics networks, while simulation supports reverse logistics and circular
economy practices aimed at minimizing waste. In globalized contexts, these tools are essential
for enhancing visibility, resilience, and traceability across geographically dispersed supplier
networks. The application of decision analytics also extends to cross-industry sectors such as
automotive, retail, pharmaceuticals, and agriculture, where firms integrate environmental,
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social, and governance (ESG) considerations into procurement, production, and distribution.
Despite its potential, challenges remain, including data quality, interoperability across diverse
global systems, and supplier resistance in regions with limited technological capacity.
Moreover, balancing conflicting objectives—such as cost minimization and environmental
stewardship—requires advanced analytics and governance frameworks. Applied decision
analytics provides a structured, evidence-based approach to embedding sustainability into
global supply chains. By enabling organizations to anticipate risks, optimize resources, and
support ethical practices, it transforms supply chains from cost-driven networks into strategic
ecosystems that deliver long-term global value and contribute directly to the achievement of
Sustainable Development Goals (SDGSs).
Keywords: Applied Decision Analytics, Sustainable Supply Chain Management, Globalized
Economies, Predictive Modeling, Supplier Selection, Green Logistics, Circular
Economy, Optimization, Transparency, Traceability, Blockchain Integration, Risk
Management, Digital Transformation, Resource Efficiency, Environmental
Performance, Social Responsibility, Governance, Collaboration.

INTRODUCTION

The globalization of markets has fundamentally reshaped supply chain management, creating
networks that span continents and integrate diverse stakeholders across industries (Giwah et
al., 2025; Hassan et al., 2025). While these global supply chains provide opportunities for
efficiency, innovation, and expanded market access, they also introduce significant challenges
in sustainability. Increased outsourcing, longer logistical routes, and complex supplier
relationships often amplify environmental impacts, social risks, and vulnerabilities to
geopolitical or economic shocks (Hassan et al., 2025; Kufile et al., 2025; Qjika et al., 2025).
As global economies become more interconnected, there is growing pressure from regulators,
consumers, and investors to align supply chain practices with sustainability principles. The
imperative is no longer limited to reducing costs and ensuring timely delivery; it now
encompasses minimizing carbon footprints, safeguarding labor rights, and promoting ethical
sourcing (Onifade et al., 2025; Uzozie et al., 2025). This shift positions sustainability as a
central driver of supply chain strategy in the 21st century.

Within this context, applied decision analytics has emerged as a critical enabler for managing
the trade-offs between economic efficiency, environmental responsibility, and social equity
(Ozobu et al., 2025; Sala et al., 2025). Decision analytics involves the use of advanced
methods such as optimization models, predictive analytics, simulation, and multi-criteria
decision-making (MCDM) to support informed choices in complex environments. In
sustainable supply chain management (SSCM), these tools provide decision-makers with
quantitative evidence and scenario-based insights to evaluate competing objectives. For
instance, predictive models can forecast demand fluctuations and environmental disruptions,
while optimization techniques can design transportation routes that reduce costs and
emissions simultaneously (Ozobu et al., 2025; James et al., 2025). By integrating diverse data
sources—from supplier performance metrics to global sustainability standards—decision
analytics enables organizations to move from reactive problem-solving toward proactive and
strategic sustainability planning (Evans-Uzosike and Okatta, 2025; Asata et al., 2025).

The role of decision analytics extends beyond technical efficiency to fostering transparency,
accountability, and resilience in global supply chains. In balancing economic, environmental,
and social objectives, analytics-based approaches help organizations navigate the inherent
conflicts among these dimensions (Asata et al., 2025; Evans-Uzosike and Okatta, 2025). For
example, sourcing from low-cost suppliers may reduce immediate expenses but raise concerns
over labor practices or environmental compliance. Decision analytics provides frameworks to
systematically weigh such trade-offs, ensuring that procurement, production, and distribution
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strategies align with broader sustainability commitments without sacrificing competitiveness
(Evans-Uzosike et al., 2025; Uddoh et al., 2025).
The primary objective of applying decision analytics in global supply chains is to embed
sustainability into the core of decision-making processes. This involves several interrelated
goals: enhancing visibility across geographically dispersed supplier networks, supporting the
evaluation of suppliers based on environmental and social criteria, and enabling dynamic
scenario planning to prepare for global disruptions such as climate change, resource scarcity,
or geopolitical instability. Additionally, decision analytics empowers organizations to
optimize reverse logistics, promoting circular economy practices by extending product life
cycles and reducing waste (Esan et al., 2024; Uzozie et al., 2024). Collectively, these
objectives support not only compliance with international sustainability regulations but also
the creation of long-term business value through innovation, customer trust, and resilient
supply networks.
Globalization has elevated the complexity and visibility of sustainability challenges in supply
chains, necessitating a more systematic and data-driven approach to decision-making. Applied
decision analytics offers the tools and methodologies required to balance economic
performance with environmental and social imperatives. By embedding analytics into
procurement, logistics, and production processes, organizations can transform global supply
chains into sustainable ecosystems that deliver value not only to shareholders but also to
society and the environment (Uddoh et al., 2025; Evans-Uzosike et al., 2025). This makes
decision analytics not just a technical enabler but a strategic driver of sustainable global
business practices.

METHODOLOGY
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
methodology was employed to systematically identify, screen, and synthesize relevant studies
on applied decision analytics in sustainable supply chain management within globalized
economies. A comprehensive search strategy was designed to capture peer-reviewed journal
articles, conference proceedings, and selected grey literature published between 2010 and
2025, reflecting the increasing adoption of analytics in addressing sustainability challenges.
Searches were conducted across multidisciplinary databases including Scopus, Web of
Science, ScienceDirect, Emerald Insight, and IEEE Xplore, using combinations of keywords
and Boolean operators such as “decision analytics,” “sustainable supply chains,” “predictive
models,” “global procurement,” and “sustainability performance.” This process initially
identified 1,584 records.
Following the identification stage, duplicate entries were removed, resulting in 1,226 unique
studies. Titles and abstracts were screened using predefined eligibility criteria that emphasized
the application of decision analytics to sustainability-oriented outcomes such as carbon
reduction, ethical sourcing, circular economy practices, and resilience in global supply
networks. Studies were excluded if they were not published in English, focused only on
traditional supply chain models without analytic integration, or did not explicitly link decision
analytics to sustainability goals. At the end of this stage, 302 articles were retained for full-
text review.
Full-text assessment applied more stringent criteria to ensure inclusion of studies that not only
employed decision analytics techniques—such as optimization models, multi-criteria decision
analysis, simulation, or machine learning—but also addressed measurable sustainability
impacts in global supply chains. These impacts included reductions in emissions, energy
efficiency improvements, supplier compliance with social standards, and enhanced
stakeholder transparency. The evaluation also considered whether studies applied analytics in
cross-border or multinational contexts, as globalization was central to the research focus.
After this review, 104 studies were included in the synthesis.
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Data extraction captured key dimensions including the type of decision analytic method used,
the sustainability domain addressed (environmental, social, or governance), the sector or
industry under study, and reported outcomes in terms of efficiency, resilience, and
sustainability performance. Both qualitative synthesis and descriptive statistical analysis were
employed to assess patterns across studies. The PRISMA flow diagram was used to document
the process of identification, screening, eligibility, and final inclusion, ensuring
methodological transparency.

The results of the PRISMA-guided process demonstrated that applied decision analytics
provides substantial support for sustainable supply chain management in globalized
economies by optimizing trade-offs between cost, efficiency, and sustainability objectives.
The rigor of the methodology ensured that the final evidence base consisted of high-quality,
relevant studies, enabling robust conclusions on the role of analytics in achieving
sustainability and competitiveness simultaneously in international supply chain contexts.
Conceptual Foundations of Decision Analytics in Supply Chains

The growing complexity of global supply chains, coupled with increasing sustainability
imperatives, has underscored the need for advanced decision-support tools. Applied decision
analytics has emerged as a powerful framework for guiding procurement, logistics, and
production decisions in ways that balance efficiency, resilience, and sustainability. By
combining quantitative modeling with digital technologies, decision analytics provides
structured approaches to managing trade-offs, forecasting risks, and optimizing resources
across diverse and interconnected supply chain networks (Evans-Uzosike et al., 2025; Uddoh
et al., 2025). Understanding its conceptual foundations requires examining its definition and
scope, the core techniques it employs, and its integration with advanced digital technologies
that enable sustainable decision-making in global contexts.

Applied decision analytics refers to the systematic application of analytical methods,
quantitative models, and computational tools to support decision-making in complex and
uncertain environments. Within supply chains, it encompasses the use of optimization,
simulation, predictive models, and multi-criteria evaluation to improve sourcing strategies,
logistics design, risk management, and sustainability performance. Its scope extends beyond
operational efficiency to include strategic objectives such as supplier sustainability
assessment, carbon footprint reduction, and ethical compliance monitoring. Decision analytics
operates at multiple levels; Strategic, long-term decisions such as supplier portfolio design,
sustainability strategy alignment, and capacity investments (Uzozie et al., 2024; Komi et al.,
2024). Tactical, medium-term issues like inventory policies, transportation planning, and
supplier development programs. Operational, day-to-day activities such as order allocation,
production scheduling, and routing optimization.

By providing evidence-based insights across these levels, decision analytics ensures that
supply chains are not only cost-effective but also resilient and aligned with environmental and
social responsibilities.

The conceptual foundations of decision analytics are built on four main methodological
pillars: optimization models, simulation, multi-criteria decision-making (MCDM), and
predictive analytics. Optimization is central to supply chain decision-making, providing
mathematical frameworks for allocating resources under constraints. Linear programming,
mixed-integer programming, and heuristic algorithms allow firms to determine cost-
minimizing or sustainability-maximizing strategies. For example, optimization models can
design transportation routes that minimize both cost and carbon emissions, or allocate
production across plants to balance capacity with energy efficiency targets. Simulation
techniques, including Monte Carlo analysis and discrete-event simulation, enable
organizations to test supply chain strategies under uncertain conditions (Uddoh et al., 2025;
Okonkwo et al., 2025). These methods are particularly useful for modeling disruptions such
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as demand surges, supplier failures, or environmental shocks. By creating virtual replicas of
supply chain processes, decision-makers can assess the robustness of strategies and develop
contingency plans. For sustainability, simulation helps evaluate the long-term impacts of
practices like circular economy adoption or renewable energy integration. Supply chains must
balance multiple, often conflicting objectives, such as minimizing cost, reducing
environmental impact, and ensuring social equity. MCDM frameworks like the Analytic
Hierarchy Process (AHP), Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS), and fuzzy decision models allow decision-makers to systematically evaluate
alternatives against multiple criteria. For instance, in supplier selection, MCDM enables
organizations to weigh economic factors alongside carbon emissions, labor practices, and
compliance with sustainability standards. Predictive analytics uses statistical methods and
machine learning to forecast future outcomes. In supply chains, it supports demand
forecasting, supplier risk prediction, and cost variation analysis. Predictive models can, for
example, estimate the likelihood of supplier delays based on historical performance and
external signals, or predict commodity price fluctuations using market data (Oni and lloeje,
2025; Oni, 2025). These forecasts inform proactive sourcing and risk mitigation strategies,
reducing vulnerabilities in global supply chains.

Integration with Digital Technologies for Sustainable Decision Support

The effectiveness of decision analytics is significantly enhanced through integration with
emerging digital technologies such as artificial intelligence (Al), big data analytics, the
Internet of Things (1oT), and blockchain. These technologies expand the scope and accuracy
of decision-support systems, particularly for sustainability goals. Artificial Intelligence (Al)
augments traditional decision analytics with advanced machine learning algorithms that detect
complex patterns in large datasets. Al-driven optimization can simultaneously address cost,
risk, and sustainability constraints, while natural language processing enables analysis of
unstructured data such as supplier reports and sustainability disclosures. Global supply chains
generate vast volumes of structured and unstructured data. Big data platforms provide the
infrastructure to collect, clean, and integrate this information, ensuring decision analytics has
access to timely and high-quality data (Esan et al., 2024; Komi et al., 2024). Big data also
enables real-time analytics, allowing procurement and logistics teams to respond quickly to
disruptions while maintaining sustainability commitments. Internet of Things (10T) devices
generate real-time data from logistics assets, production equipment, and environmental
sensors. For example, loT-enabled tracking systems monitor fuel consumption, emissions, and
delivery times, feeding data into optimization and simulation models. This integration
supports transparent monitoring of sustainability metrics such as carbon intensity or resource
utilization. Blockchain technology enhances transparency and trust in supply chains by
providing immutable records of transactions and product origins (Imediegwu and Elebe, 2025;
Alonge et al., 2025). By integrating blockchain into decision analytics, organizations can
verify supplier compliance with environmental and social standards, reduce fraud, and
improve traceability. This is particularly valuable in industries like food or pharmaceuticals,
where sustainability and safety are critical concerns.

The conceptual foundations of decision analytics in supply chains highlight its transformative
role in advancing sustainable management within globalized economies. By defining decision
analytics as a structured framework for evidence-based decision-making, identifying its core
techniques, and integrating these methods with advanced digital technologies, organizations
gain the ability to balance efficiency, resilience, and sustainability. Optimization, simulation,
MCDM, and predictive analytics each contribute unique strengths, while Al, big data, IoT,
and blockchain expand their effectiveness (Okiye et al., 2025; Ogundeji et al., 2025).
Together, these foundations ensure that decision analytics serves not only as a technical tool
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but also as a strategic enabler for embedding sustainability into the very fabric of global
supply chain management.

Sustainability Dimensions in Global Supply Chains

The increasing complexity of global supply chains has created both opportunities and
challenges for businesses seeking to balance efficiency with sustainability. As supply
networks span multiple geographies and regulatory environments, organizations face
mounting pressure from governments, investors, and consumers to align operations with the
principles of sustainable development as shown in figure 1. The sustainability agenda in
supply chains is typically organized around three interrelated dimensions: environmental,
social, and economic (Odinaka and Wash—Anigboro, 2025; Okiye et al., 2025). Each
dimension is essential to achieving long-term resilience, but their interlinkages and trade-offs
require careful navigation to ensure balanced outcomes.

The environmental dimension focuses on reducing ecological impact through emissions
reduction, resource efficiency, and circular economy practices. Global supply chains are
major contributors to greenhouse gas emissions, particularly in logistics, manufacturing, and
energy-intensive processes. Companies are increasingly adopting predictive analytics, Al-
driven optimization, and renewable energy integration to minimize carbon footprints. For
instance, optimizing transport routes and consolidating shipments can significantly cut fuel
consumption and emissions. Resource efficiency further extends to minimizing water use,
energy consumption, and raw material inputs, thereby reducing waste and costs
simultaneously. Circular economy practices, such as product reuse, recycling, and
remanufacturing, are gaining prominence as firms recognize the value of extending product
lifecycles and reducing dependency on virgin materials (Odujobi et al., 2024; Nwulu et al.,
2024). By embedding circularity into procurement and production, global supply chains can
mitigate environmental harm while unlocking new business opportunities in secondary
markets.

Environmental: emissions reduction,
resource efficiency, circular economy
practices

J
)
Social: labor rights, supplier equity,
fair trade practices
J
)

Economic: cost optimization, risk
management, resilience in global
markets

Interlinkages and trade-offs among
the three sustainability pillars

Figure 1: Sustainability Dimensions in Global Supply Chains
The social dimension emphasizes the human and ethical aspects of global supply chains,
encompassing labor rights, supplier equity, and fair trade practices. In many developing
economies where supply chains source raw materials and labor, risks of forced labor, child
exploitation, and unsafe working conditions persist. To address these challenges,
organizations are increasingly deploying digital tools to track supplier compliance with labor
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standards and to enhance transparency across tiers of the supply chain. Supplier equity also
forms a critical component, as inclusive procurement practices encourage participation from
small and medium enterprises (SMEs), minority-owned businesses, and suppliers in emerging
markets. Fair trade certification and ethical sourcing programs further strengthen consumer
trust, ensuring that products are not only environmentally sustainable but also socially
responsible (Omolayo et al., 2025; Odinaka et al., 2025). These practices enhance reputational
capital while fostering equitable growth across supply networks.

The economic dimension focuses on cost optimization, risk management, and resilience in
global markets. Traditional procurement strategies often prioritized short-term cost savings,
sometimes at the expense of social or environmental performance. However, in today’s
volatile markets, cost optimization must be balanced with long-term resilience. Decision
analytics and Al-driven forecasting tools allow organizations to identify cost-saving
opportunities while also safeguarding against risks such as geopolitical instability, supply
shortages, or price fluctuations in raw materials. Resilience has emerged as a strategic
imperative, with firms increasingly diversifying supplier bases, reshoring critical production,
and investing in buffer inventories to withstand global disruptions. A sustainable economic
approach therefore emphasizes stability and adaptability, enabling organizations to maintain
competitiveness while meeting broader sustainability expectations (Komi et al., 2024;
Chianumba et al., 2024).

Crucially, the three sustainability pillars are deeply interconnected, and managing their trade-
offs is central to effective global supply chain management. For example, shifting to
environmentally sustainable practices such as renewable energy adoption may initially raise
costs, challenging the economic pillar, but long-term efficiency gains and reputational benefits
can offset these expenses. Similarly, prioritizing social sustainability by enforcing strict labor
standards may reduce access to low-cost suppliers, yet it minimizes reputational risks and
enhances supply chain reliability. On the other hand, excessive focus on short-term cost
optimization without regard for social or environmental impacts can erode trust, trigger
regulatory penalties, and expose firms to long-term operational risks (Odinaka et al., 2025;
Idowu et al., 2025). Decision-making in global supply chains must therefore integrate multi-
criteria evaluation, ensuring that environmental, social, and economic objectives are pursued
in harmony rather than isolation.

Sustainability in global supply chains requires an integrated approach that balances
environmental stewardship, social responsibility, and economic viability. The environmental
dimension emphasizes emissions reduction, resource efficiency, and circular practices, while
the social dimension safeguards labor rights, equity, and fairness. The economic dimension
supports cost-effective operations, risk management, and resilience in globalized markets.
Interlinkages among these dimensions reveal both synergies and trade-offs, underscoring the
need for holistic strategies that move beyond narrow efficiency metrics. As global supply
chains continue to evolve, organizations that embrace balanced sustainability frameworks will
be best positioned to achieve resilience, competitiveness, and legitimacy in the eyes of
stakeholders worldwide.

Applications of Decision Analytics in Sustainable Supply Chain Management

Decision analytics has become a cornerstone of sustainable supply chain management
(SSCM), enabling firms to navigate the complex trade-offs between economic,
environmental, and social objectives in globalized contexts. By applying optimization models,
predictive analytics, simulations, and multi-criteria decision-making frameworks,
organizations can transform sustainability commitments into actionable strategies (Taiwo et
al., 2025; Erinjogunola et al., 2025). The applications of decision analytics extend across
supplier selection, sourcing strategies, logistics design, waste management, and risk-aware
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procurement, each contributing to the integration of sustainability into the fabric of global
supply chains.

Supplier evaluation is a fundamental decision in supply chain management, and decision
analytics enhances this process by incorporating sustainability dimensions alongside
traditional cost and quality metrics. Multi-criteria decision-making (MCDM) tools such as the
Analytic Hierarchy Process (AHP) and fuzzy TOPSIS allow firms to assess suppliers against
environmental criteria, including carbon emissions, energy efficiency, and waste management
practices, as well as social factors such as labor conditions, community engagement, and
compliance with ethical standards. Predictive models further strengthen evaluation by
forecasting a supplier’s ability to maintain compliance under changing regulations or market
pressures. This ensures that supplier portfolios align with sustainability commitments and
reduce reputational or regulatory risks.

Sustainable Sourcing Strategies Under Uncertain Demand and Global Disruptions
Global supply chains face volatility from fluctuating demand, natural disasters, pandemics,
and geopolitical instability. Decision analytics enables the design of sustainable sourcing
strategies resilient to such uncertainties. Simulation and stochastic optimization models allow
procurement teams to test sourcing strategies under various demand and disruption scenarios.
For example, dual or multi-sourcing strategies can be optimized to balance cost efficiency
with supply continuity, while incorporating sustainability constraints such as emissions caps
or fair-trade certification. Predictive analytics also forecasts demand shifts, enabling proactive
sourcing from suppliers with sustainable practices. This dynamic approach not only secures
material availability but also embeds resilience and sustainability into procurement planning.
Transportation contributes significantly to global supply chain emissions, making logistics
optimization a priority for sustainability. Decision analytics applies linear programming,
routing algorithms, and real-time data integration to design logistics networks that minimize
both cost and environmental impact. For instance, optimization models can suggest
consolidated shipments, modal shifts from air to rail or sea, and route adjustments to reduce
fuel consumption. loT-enabled data streams feed into these models, allowing firms to monitor
vehicle performance and emissions in real time (Erinjogunola et al., 2025; Appoh et al.,
2025). Simulation further evaluates the impact of adopting green logistics solutions, such as
electric vehicle fleets or renewable-powered distribution centers. These applications reduce
carbon footprints while maintaining timely deliveries in global markets.

Circular economy practices aim to minimize waste by reusing, recycling, and repurposing
products and materials. Decision analytics supports these practices through optimization and
simulation of reverse logistics systems. For example, models can determine the most efficient
collection routes for returned goods, optimize disassembly processes for material recovery, or
evaluate cost-benefit trade-offs of refurbishing versus recycling. Predictive analytics identifies
patterns in product returns, enabling companies to anticipate waste streams and design
proactive recovery strategies. By embedding circular economy analytics, supply chains reduce
environmental impact, capture additional value from waste, and comply with regulatory
requirements related to extended producer responsibility.

In globalized economies, procurement must contend with diverse risks, from geopolitical
conflicts and trade restrictions to environmental regulations and compliance demands.
Decision analytics equips firms with risk-aware procurement models that integrate predictive
risk assessment and prescriptive optimization. For instance, predictive models may estimate
the probability of disruption in a supplier’s region due to climate events, while optimization
algorithms recommend alternative sourcing strategies that minimize exposure without
compromising sustainability goals. Blockchain-enabled analytics enhance transparency and
traceability, ensuring suppliers meet environmental, social, and governance (ESG)
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requirements. These models provide procurement teams with robust frameworks for balancing
risk mitigation with sustainability and cost efficiency.

The applications of decision analytics in sustainable supply chain management demonstrate
its transformative role in aligning operational practices with sustainability imperatives. From
supplier evaluation incorporating environmental and social criteria to sustainable sourcing
under uncertainty, logistics optimization, waste reduction, and risk-aware procurement,
analytics-based approaches enable organizations to operationalize sustainability goals while
maintaining competitiveness. By systematically embedding environmental and social
considerations into decision frameworks, decision analytics transforms supply chains into
resilient, transparent, and sustainable networks. In an era of global disruptions and rising
sustainability demands, these applications are indispensable for achieving long-term value
creation and global business resilience (Appoh et al., 2025; Ayumu and Ohakawa, 2025).
Challenges and Limitations

The pursuit of sustainability in global supply chains has gained increasing momentum, with
firms seeking to balance economic performance with environmental stewardship and social
responsibility. However, while digital technologies, decision analytics, and global frameworks
provide new opportunities, organizations face several challenges that constrain the full
realization of sustainable practices. Critical limitations include data quality and transparency
across networks, the complexity of balancing multi-objective sustainability trade-offs,
supplier resistance in emerging markets, and governance and policy gaps in enforcement as
shown in figure 2(Komi et al., 2024; Wash-Anigboro et al., 2025). Addressing these
challenges requires systemic approaches that go beyond technology adoption to tackle
structural and institutional barriers.

One of the foremost challenges is ensuring data quality, interoperability, and transparency
across global supply networks. Supply chains span multiple tiers of suppliers and
intermediaries, each relying on different enterprise systems, reporting standards, and
information-sharing protocols. This heterogeneity creates fragmented data flows, making it
difficult to build reliable visibility into sustainability metrics such as emissions, energy usage,
and labor conditions. Even when data is available, inconsistencies in measurement and
reporting undermine its comparability and accuracy. Furthermore, suppliers may be reluctant
to disclose sensitive information on costs, processes, or sourcing practices due to competitive
concerns. The result is an incomplete or unreliable sustainability picture that hinders
organizations from making informed decisions. Despite advancements in blockchain and Al-
driven integration, widespread adoption of interoperable systems remains limited,
constraining transparency and accountability.

Complexity of
balancing multi-
objective
sustainability trade-
offs

Data quality,
interoperability, and
transparency across

global networks

Governance and
policy limitations in
enforcing
sustainable
practices

Supplier resistance
in emerging markets
due to capacity and
infrastructure gaps

Figure 2: Challenges and Limitations
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A second limitation lies in the complexity of balancing multi-objective sustainability trade-
offs. The three pillars of sustainability—environmental, social, and economic—often conflict
in practice. For example, pursuing lower carbon emissions through renewable energy
adoption or circular economy initiatives can lead to higher short-term operational costs,
potentially affecting competitiveness in price-sensitive markets. Similarly, enforcing strict
labor standards in supplier networks may reduce the pool of eligible suppliers, lengthen
procurement cycles, or increase costs. Decision analytics can model trade-offs and offer
optimization solutions, but the challenge lies in aligning these technical insights with
organizational strategy, shareholder expectations, and regulatory requirements. Moreover,
sustainability priorities differ across regions and industries, complicating the establishment of
universal benchmarks. This multi-objective balancing act requires not only technical capacity
but also managerial judgment and stakeholder negotiation, making it a persistent challenge for
global firms.

Supplier resistance in emerging markets represents another significant limitation. Many
suppliers in low- and middle-income economies operate with limited financial resources,
weak infrastructure, and constrained technical expertise. Implementing sustainability
measures such as emissions tracking, waste reduction, or fair labor practices may require
investments that exceed their capacity. Additionally, suppliers may view sustainability
requirements as externally imposed burdens rather than opportunities for improvement,
leading to resistance or superficial compliance. For multinational corporations, imposing
stringent sustainability standards risks excluding smaller suppliers, undermining inclusivity
and resilience in global value chains (Chima et al., 2024; Komi et al., 2024). Bridging these
gaps requires capacity-building programs, financial incentives, and collaborative approaches
that distribute the costs and benefits of sustainability more equitably across networks.

Finally, governance and policy limitations restrict the enforcement of sustainable practices on
a global scale. While international frameworks such as the Paris Agreement and the UN
Sustainable Development Goals provide broad guidance, regulatory enforcement varies
widely across jurisdictions. In some countries, weak institutional capacity, corruption, or lack
of political will undermine labor rights enforcement, environmental standards, and trade
compliance. Global supply chains thus operate within a fragmented governance landscape
where sustainability obligations may be stringent in developed economies but minimal in
developing ones. This unevenness creates loopholes that enable unsustainable practices to
persist, especially in lower tiers of supply networks where oversight is weakest. Without
harmonized global governance and stronger enforcement mechanisms, sustainability
initiatives remain vulnerable to selective adoption and greenwashing.

While the integration of sustainability into global supply chains represents a vital strategic
priority, significant challenges and limitations persist. Issues of data quality, interoperability,
and transparency impede the ability to track and verify performance. The inherent complexity
of balancing multi-objective trade-offs complicates decision-making and strategy alignment.
Supplier resistance in emerging markets highlights the need for capacity-building and
equitable burden-sharing, while governance gaps limit the enforceability of global
sustainability standards. Addressing these challenges requires a multi-pronged approach that
combines technological innovation with institutional reform, collaborative partnerships, and
policy harmonization. Only by overcoming these systemic barriers can global supply chains
transition toward truly sustainable and resilient models that align environmental, social, and
economic objectives (Ochefu et al., 2024; Eyinade et al., 2024).

Future Directions

The future of sustainable supply chain management is increasingly defined by the
convergence of advanced decision analytics with emerging digital technologies and global
sustainability imperatives. As supply chains grow more complex and stakeholders demand
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greater accountability, transparency, and resilience, decision analytics will evolve from a tool
of operational efficiency to a strategic enabler of global sustainability goals as shown in figure
3 (Eyinade et al., 2024; Balogun et al., 2024). Several emerging directions highlight the
transformative potential of these approaches, including the integration of explainable Al and
digital twins, Dblockchain-enabled traceability, collaborative platforms for supplier
engagement, and alignment with the United Nations Sustainable Development Goals (SDGSs).
Artificial intelligence is central to decision analytics, but its complexity often raises concerns
about interpretability and trust. The future lies in explainable Al (XAl), which ensures that
decision outputs are transparent, interpretable, and justifiable to stakeholders. In supply chain
management, XAl can explain why a supplier is classified as high risk or why a certain
logistics route is preferred, thereby fostering confidence in analytics-driven decisions.
Alongside XAl, digital twins—virtual replicas of physical supply chains—offer real-time
simulation and optimization environments. By integrating digital twins with decision
analytics, managers can visualize the impact of decisions on cost, emissions, and social
performance before implementing them. Together, XAl and digital twins will enable
transparent, participatory, and accountable decision-making, a critical factor in achieving
sustainable supply chain outcomes.

Integration of
explainable Al and
digital twins for
transparent decision-
making

Collaborative platforms
for supplier
engagement and shared
sustainability goals

Blockchain-enabled
traceability in
sustainable sourcing

Expanding role of
decision analytics in
achieving UN
Sustainable
Development Goals

Figure 3: Future Directions

Traceability is a persistent challenge in global supply chains, especially for industries reliant
on raw materials sourced from regions with weak governance or regulatory oversight.
Blockchain technology promises immutable, decentralized records that track products from
origin to end consumer. When combined with decision analytics, blockchain-enabled
traceability ensures that sourcing decisions incorporate verified sustainability data such as
carbon emissions, labor standards, and fair-trade compliance. For instance, a procurement
model can integrate blockchain-validated supplier certifications into multi-criteria decision-
making frameworks, reducing risks of greenwashing and fraud. In the future, blockchain will
not only support compliance with regulatory standards but also empower consumers and
investors with transparent information about supply chain sustainability, reinforcing trust and
brand equity.

Sustainable supply chains cannot be achieved through isolated efforts. Future directions
emphasize the importance of collaborative platforms where manufacturers, suppliers, and
other stakeholders co-create solutions. Decision analytics will underpin these platforms by
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providing shared data insights, sustainability benchmarks, and performance dashboards. Such
platforms can enable joint optimization of carbon reduction strategies, collaborative risk
assessment, and coordinated investment in sustainable technologies. By engaging suppliers
directly in the analytics process, organizations can move beyond compliance-driven
relationships toward partnerships grounded in shared sustainability goals (Olinmah et al.,
2024; Eyinade et al., 2024). This collaborative approach will be especially critical for small
and medium-sized suppliers in developing regions, who often lack the resources to
independently meet global sustainability standards but can contribute significantly through
collective action.
The UN SDGs provide a global framework for addressing sustainability challenges across
environmental, social, and economic dimensions. Decision analytics will play an expanding
role in operationalizing these goals within supply chains. For example, analytics models can
optimize resource allocation to minimize water usage (SDG 6), design logistics systems to cut
greenhouse gas emissions (SDG 13), and evaluate suppliers based on labor rights compliance
(SDG 8). Moreover, predictive and prescriptive analytics can support resilience against
climate-induced disruptions, contributing to sustainable cities and communities (SDG 11). As
companies align corporate strategies with the SDGs, decision analytics will act as the bridge
between high-level sustainability commitments and measurable, data-driven actions in supply
chain management.
Future directions in decision analytics promise to redefine the sustainability landscape of
global supply chains. The integration of explainable Al and digital twins will foster
transparent and accountable decision-making, while blockchain-enabled traceability will
guarantee integrity in sustainable sourcing. Collaborative platforms will strengthen supplier
engagement, ensuring shared responsibility for sustainability outcomes. Most significantly,
decision analytics will expand its role in advancing the UN SDGs, embedding sustainability
into the core of global business practices. As these directions unfold, decision analytics will
evolve into a vital strategic capability, enabling organizations to align profitability with
sustainability and resilience in the decades ahead (Nwani et al., 2024; Uzozie et al., 2024).
CONCLUSION
Applied decision analytics has emerged as a strategic enabler in advancing sustainability
within global supply chains. By leveraging predictive modeling, optimization techniques, and
machine learning, organizations are better equipped to evaluate complex trade-offs, anticipate
disruptions, and align procurement and production decisions with environmental, social, and
economic objectives. Decision analytics enables firms to move beyond reactive strategies
toward proactive, data-driven management, ensuring that sustainability becomes an embedded
principle rather than a peripheral consideration. Through this integration, supply chains can
minimize environmental footprints, uphold ethical labor practices, and optimize costs
simultaneously.
The importance of decision analytics in this context extends to resilience, competitiveness,
and long-term value creation on a global scale. Resilience is strengthened as analytics
provides foresight into risks ranging from climate impacts to geopolitical uncertainties,
enabling firms to adapt swiftly and maintain continuity. Competitiveness is enhanced through
optimized procurement cycles, improved supplier performance, and the ability to respond to
evolving market expectations for sustainability. Most importantly, decision analytics supports
long-term global value creation by aligning business performance with the principles of
responsible growth, thereby reinforcing trust among stakeholders, investors, and consumers.
To fully realize this potential, organizations must invest in building robust data ecosystems
that ensure quality, interoperability, and transparency across supply networks. Analytics
capacity building is equally vital, requiring not only technological tools but also skilled
professionals capable of interpreting insights and translating them into strategic action.
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Furthermore, cross-sector collaboration among businesses, governments, and civil society will
be essential to harmonize standards, foster innovation, and scale sustainability initiatives
globally. By pursuing these investments, applied decision analytics can evolve into a
cornerstone of sustainable supply chain management, driving both operational excellence and
transformative global impact.
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