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Abstract 

Given the new constraints and challenges coming up from the global markets, it is required for Supply Chain 

Management (SCM) to seek the help of technology and be innovative. Towards this, the advent of Artificial 

Intelligence (AI) can be of immense help. We are seeing newer areas of intersection between SCM and AI. This 

bonding has started showing results and as we are writing, the bonding is getting into different dimensions. The 

areas where we are seeing sufficient action are: inventory management, cost management, logistics optimization, 

vendor & supplier management (and evaluation), prediction modelling and many more from the internal viewpoint 

of a company. On the external viewpoint, we are seeing focus of SCM companies on customer service and demand 

forecasting. The aim of the paper is to is investigate the possible dimensions of usage of AI in SCM, the challenges, 

the expected outcomes and the future areas of expected activities.  

The authors explore the tangible benefits of AI adoption across various touchpoints across the value-chain of 

SCM. The evolutionary concepts like autonomous supply chains, the increasing role of ethical AI and the 

integration of AI with other emerging technologies like Block Chain Technology (BCT) and Internet of Things 

(IoT). By extensively perusing relevant & quality research and going through real-world case studies, this study 

offers key insights into the potential which the interplay of SCM and AI throws up. Conclusively, this article adds 

to the existing literature and will guide practitioners, scholars and policymakers of SCM.  

Keywords Artificial Intelligence, Supply Chain Management, Sustainable SCM, Digital Transformation, 

Autonomous Supply Chains. 

1. Introduction 

Supply chain management (SCM) has evolved 

significantly over the past few decades, moving 

from linear, local operations to highly complex, 

globalized networks. This evolution, while enabling 

unprecedented levels of efficiency and scale, has 

also introduced new vulnerabilities: demand 

volatility, supply disruptions, geopolitical risks and 

increased pressure for speed, customization and 

sustainability. In this dynamic environment, 

traditional SCM models, largely reliant on human 

decision-making and deterministic planning tools, 

are increasingly insufficient to ensure 

competitiveness. Organizations must now manage 

massive volumes of data, respond rapidly to market 

changes and optimize across global networks often 

under conditions of high uncertainty. When we are 

on this discussion, it is noteworthy to mention that 

AI not only comes here as a potential solution 

provider but also be a strong change-agent.   

AI, broadly defined as the ability of machines to 

mimic cognitive functions such as learning, 

reasoning and problem-solving, presents immense 

opportunities for supply chains. The known AI 

techniques have the capabilities to handle data and 

approach complex problems which are humans 

difficult otherwise. In supply chains, AI applications 

are already demonstrating significant value in areas 

such as demand forecasting, inventory optimization, 

logistics and routing, supplier selection and risk 

management. By leveraging AI, companies can not 

only enhance operational efficiency but also build 

resilience, agility and innovation into their supply 

chain strategies. 

The significance and the importance of AI has 

increased w.r.t. SCM because of the polycrisis that is 

affecting the planet. Back to back, we had Covid, 

newer trade agreements coming up thick & fast 

because of growing plurilateralism, geo-political 

polarisations & formation of newer equations, two 

major long-term wars, rare earth minerals race and 
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many more have affected the dynamics of supply 

chain in a big way and Ai is expected to bring some 

stability into the chaos unfurled in the domain of 

SCM. Organizations with greater digital and 

analytical maturity particularly those integrating AI 

into their supply chain decision-making 

demonstrated superior adaptability and recovery 

capabilities. These real-world experiences highlight 

that AI is no longer a futuristic optional tool but a 

strategic necessity for modern supply chains seeking 

not only efficiency but also resilience and continuity. 

Several factors are propelling the accelerated 

adoption of AI within supply chains. First, the 

explosion of data generated by supply chain 

activities provides a fertile ground for AI-driven 

insights. Traditional data analysis methods struggle 

to extract meaningful patterns from such massive, 

fast-moving datasets, whereas AI models can learn 

complex relationships, detect anomalies and make 

real-time predictions. Second, advances in 

computing infrastructure, such as cloud computing 

and edge analytics, have lowered the barriers to 

implementing AI at scale. Third, competitive 

pressure demands faster, more informed decision-

making. Companies that can anticipate customer 

needs, optimize logistics dynamically or 

preemptively manage supply risks have a clear 

advantage capabilities that AI significantly 

enhances. Finally, increasing recognition of supply 

chain sustainability goals is prompting firms to 

explore AI for optimizing not just economic 

outcomes but also environmental and social 

performance. 

Despite the enormous potential, integrating AI into 

supply chain management is not without challenges. 

Many organizations face data quality and integration 

issues, where fragmented or unstructured data limits 

the effectiveness of AI models. There is also a 

shortage of talent capable of bridging supply chain 

domain knowledge with advanced data science 

skills. Moreover, organizational resistance to AI-

driven decision-making persists, often due to a lack 

of trust in "black box" algorithms or fear of job 

displacement. High upfront investment costs, 

unclear short-term return on investment (ROI) and 

difficulties in scaling pilot projects into enterprise-

wide solutions further complicate AI adoption. 

Ethical considerations, such as algorithmic bias, data 

privacy and the transparency of AI 

recommendations, present additional risks that must 

be carefully managed. 

2. Literature Review 

The study of the outcomes and the futuristic 

possibilities of usage of AI in improving various 

metric of SCM has been a topic of extensive research 

by the academic community. As supply chains 

become increasingly globalized, digitized and 

vulnerable to disruptions, the potential of AI to 

enhance decision-making and resilience is attracting 

growing attention. This literature review synthesizes 

current research on the following dimensions of AI: 

applications, improving resilience in supply chains, 

the challenges and research gaps.  

2.1 AI Applications across Supply Chain 

Functions 

Much of the academic research focuses on the 

application of AI across different supply chain 

domains, including forecasting, inventory 

management, logistics, procurement and risk 

management. 

Baryannis et al. (2019) presented a state-of-the-art 

review linking AI methods, particularly machine 

learning and expert systems, to supply chain risk 

management. They argue that AI technologies 

enable better risk identification and mitigation by 

uncovering hidden patterns within vast operational 

datasets. 

Toorajipour et al. (2021) conducted a systematic 

literature review mapping AI technique to supply 

chain domains. They found that machine learning 

and data mining dominate in logistics optimization, 

production scheduling and inventory control. Their 

study highlighted the significant potential of AI in 

demand forecasting and dynamic resource 

allocation, pointing out that supply chain marketing 

and collaboration are underexplored areas. 

Pournader et al. (2021) proposed a novel taxonomy 

categorizing AI applications into three roles: sensing 

and interacting (e.g., IoT-enabled AI for real-time 

data capture), learning (e.g., predictive analytics) 

and decision-making (e.g., optimization 

algorithms). Their analysis shows that decision-
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making AI (e.g., for logistics routing, demand 

planning) is currently the most mature category in 

SCM research, while learning-oriented AI 

applications are expanding rapidly. 

Empirical case studies by Cannas et al. 

(2023) reinforce these themes. Their multiple-case 

study of six organizations revealed tangible benefits 

from AI adoption, including cost reductions, service 

level improvements and enhanced sustainability in 

supply chain processes. For example, companies 

applying AI in demand planning achieved higher 

forecast accuracy and reduced inventory holding 

costs. 

Hao et al (2025) opined and found out that AI 

became great internal levers (in the form of technical 

benefits, organizational support, strategy alignment, 

leadership support) as well external levers (in the 

form of demand prediction). Their observations are 

important because their findings came out after 

investigating four key industries namely Airlines, 

Retail, Agri food supply and global transport & 

logistics. 

Wu et al (2024) suggested that there was a need for 

collaboration among the regulators, government, 

academia and industry for making the AI usage in 

SCM a true success. Else, we will just have 

theoretical ideas but implementations may be an 

issue.  

2.2 AI and Supply Chain Resilience 

This perspective of study started with the disruptions 

which followed after Covid-19. 

Khatua et al (2021) observed that past research did 

not back the improvement of resilience in the supply 

chains with usage of AI. But they opined that the 

chances of this improving was high.  

Zamani et al. (2023) investigated the potential of AI 

in improving the element of resilience in supply 

chains. They found that AI-driven predictive 

analytics improved risk anticipation, while 

optimization algorithms accelerated response and 

recovery during disruptions. 

Belhadi et al. (2024) empirically tested the 

relationship between AI adoption, supply chain 

resilience and performance across 279 firms. They 

found a positive relationship between AI and SCM. 

The researchers also found out that usage of AI in 

SCM also increased the resilience quotient as well 

as adaptability. Their findings emphasize that AI is 

not only a tool for operational efficiency but also a 

strategic enabler of supply chain robustness under 

uncertainty. 

Saad (2025) opined that among the positive effects 

of the impact of AI, we have resilience, agility and 

flexibility coming out as an output in supply chains. 

These studies reinforce the growing consensus that 

AI strengthens supply chains not only by optimizing 

routine operations but also by improving their ability 

to withstand and adapt to external shocks. 

2.3 Challenges and Barriers to AI Adoption 

Despite the promise, several barriers hinder 

widespread AI adoption in supply chains. 

Cannas et al. (2023) found that data quality and 

integration issues are a major barrier. Many 

organizations struggle with fragmented systems and 

inconsistent data, undermining the effectiveness of 

AI models. Their study also highlights a shortage of 

AI-literate talent capable of bridging supply chain 

operations and advanced analytics. 

Similarly, Wamba et al. (2020) emphasized 

organizational inertia and cultural resistance as 

critical barriers. Their empirical study showed that 

while Big Data Analytics capabilities (often 

powered by AI) improve agility and performance, 

organizations without a supportive culture and 

flexible structures fail to fully realize these benefits. 

The "black box" problem where AI models' 

decision-making processes are opaque remains a 

major source of managerial hesitation (Pournader et 

al., 2021). Concerns about explainability, 

accountability and bias continue to slow AI 

deployment in high-stakes supply chain decisions. 

Toorajipour (2021) after extensive research 

observed that there is lack of industry-specific 

research on the subject of “AI in SCM”. There is 

substantial literature available on this topic but it is 

in general. There is requirement of having more of 

industry-specific areas. 
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Cost considerations are another factor. 

Implementing AI solutions, integrating them with 

legacy systems and scaling them enterprise-wide 

often require significant investments, which firms 

find difficult to justify without clear short-term ROI 

(Cannas et al., 2023). 

Awasthi (2024) categorically mentioned that the real 

benefits of AI specifically in the area of forecasting 

is not being harnessed by companies because of the 

lack of substantial data to create accurate models. 

Biasness in the algorithm chosen may be another 

issue.  

These barriers highlight the need for strategic 

change management, investment in data 

governance, cross-functional AI literacy programs 

and a focus on building explainable AI systems. 

2.4 Gaps in Existing Research 

The reviewed literature also exposes several 

important gaps that future research should address. 

First, most studies to date are conceptual or cross-

sectional. We are discussing concepts like 

“resilience”, “responsiveness” and “accuracy of 

models” but for that we need to have research done 

for a fairly long period of time. 

Second, research on human-AI collaboration 

models within SCM decision-making remains 

limited. Studies are needed to explore how human 

judgment and AI recommendations can be optimally 

integrated rather than viewing AI as a complete 

replacement for human roles. 

Third, the intersection between AI and sustainability 

goals in supply chains (e.g., using AI to optimize 

carbon emissions, promote circular economy 

models) is an emerging but underexplored area 

(Belhadi et al., 2024). 

Finally, ethical, legal and governance challenges 

specific to AI in SCM have received limited 

scholarly attention. As supply chains increasingly 

rely on AI for autonomous decisions, issues around 

fairness, accountability and transparency will 

become even more critical. 

3. Methodology 

The researchers adopt an extensive literature survey 

of AI in SCM. They investigate in detail the 

applications, the areas of usage, the benefits, 

technology used, the challenges and lastly the 

futuristic domain details. The study systematically 

analyzes and synthesizes existing scholarly work to 

provide a coherent, up-to-date understanding of the 

topic. 

3.1 Research Design 

The research follows a systematic narrative 

review method, which is appropriate when a field is 

rapidly evolving and when a structured yet 

interpretive synthesis of prior work is needed. This 

design allows for the integration of findings from 

diverse sources to identify dominant themes, 

contradictions, gaps and emerging trends (Tranfield, 

Denyer, & Smart, 2003). 

3.2 Literature Search Strategy 

A structured search of academic databases, 

including Scopus, Web of Science, Elsevier 

ScienceDirect and SpringerLink, was conducted. 

Keywords used included: 

• "Artificial Intelligence in Supply Chain," 

• "AI applications in logistics," 

• "AI supply chain resilience," 

• "machine learning supply chain management," 

• "AI challenges in SCM." 

The search was limited to peer-reviewed journal 

articles published between 2018 and 2025 to ensure 

recency and relevance. Additional backward 

snowballing (examining the references of key 

papers) was employed to capture foundational 

studies. 

Inclusion criteria were: 

• Articles focusing on AI applications within any 

supply chain domain (forecasting, logistics, 

procurement, risk management, etc.), 

• Studies discussing the impact of AI on supply 

chain performance or resilience, 

• Papers published in reputable journals (indexed 

in Scopus, ABDC or similar). 

Exclusion criteria were: 

• Conference papers, theses or non-peer-

reviewed articles, 
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• Studies focused solely on AI algorithm 

development without supply chain application 

context, 

• Articles not available in full text. 

3.3 Data Analysis 

Selected articles were analyzed using thematic 

coding. Key information extracted included: 

• Type of AI technique applied (e.g., machine 

learning, natural language processing), 

• Supply chain function targeted, 

• Reported benefits and performance outcomes, 

• Identified implementation challenges, 

• Research limitations and future directions 

proposed. 

Thematic patterns were then synthesized into 

broader categories namely,  

a AI applications across supply chain functions 

b AI’s role in enhancing resilience 

c barriers to AI adoption and  

d gaps for future research. 

3.4 Validity and Reliability 

To enhance the rigor of the review, multiple 

techniques were used: 

• Triangulation was used as a methodical 

approach for reducing publication bias, 

• Cross-verification of article selection by 

ensuring that cited studies appear in multiple 

recent reviews (e.g., Pournader et al., 2021; 

Zamani et al., 2023), 

• Consistent use of inclusion/exclusion criteria to 

ensure focus and avoid scope drift. 

Although the study relies solely on secondary data, 

the systematic and transparent approach adopted 

supports the credibility and replicability of the 

findings. 

4. Key Applications of AI in Supply Chain 

Management 

This section discusses the major domains where AI 

technologies have been successfully implemented, 

supported by empirical and conceptual evidence 

from the literature. 

4.1 Demand Forecasting and Planning 

Accurate demand forecasting is a critical foundation 

for effective supply chain operations. Traditional 

forecasting methods, such as time-series analysis or 

econometric models, often struggle to capture 

complex, nonlinear and dynamic demand patterns. 

AI, particularly machine learning (ML) and deep 

learning techniques, addresses these limitations by 

uncovering hidden patterns from diverse and 

voluminous datasets. 

Toorajipour et al. (2021) highlighted that machine 

learning models outperform conventional models in 

predicting customer demand. By incorporating real-

time data sources including weather forecasts, social 

media trends and economic indicators, AI-powered 

forecasting systems allow companies to better align 

production, inventory and distribution plans with 

actual market needs. 

For instance, Amazon uses sophisticated AI models 

that dynamically adjust inventory allocation across 

fulfillment centers based on evolving demand 

signals, thereby reducing stockouts and improving 

customer satisfaction. 

4.2 Inventory Management and Optimization 

Inventory management is traditionally a balancing 

act between minimizing holding costs and 

maintaining service levels. AI enhances this 

balancing process by providing predictive and 

prescriptive insights. 

AI algorithms analyze factors such as historical 

sales, supplier lead times, seasonality and external 

disruption risks to optimize safety stock levels and 

reorder points. Reinforcement learning techniques, 

in particular, have been explored for developing 

dynamic inventory policies that adapt to changing 

environments (Pournader et al., 2021). 

Cannas et al. (2023) documented cases where firms 

applying AI in inventory management achieved 

reduced carrying costs and improved stock 

availability. Automated inventory classification 

using unsupervised learning models further 

streamlines replenishment and stock allocation 

decisions, contributing to leaner and more 

responsive supply chains. 
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4.3 Logistics and Transportation Management 

Logistics operations covering transportation 

planning, route optimization and last-mile delivery 

present fertile ground for AI applications. 

Machine learning and heuristic optimization 

algorithms are utilized to generate optimal delivery 

schedules considering real-time factors such as 

traffic congestion, weather conditions and fleet 

availability. Baryannis et al. (2019) noted that AI-

driven dynamic routing systems can significantly 

reduce transit times and fuel consumption. 

Moreover, computer vision technologies powered 

by AI are being extensively used to help companies 

do activities like counting, assorting, physical 

inspection in warehouses. Maersk, for example, 

leverages AI to optimize container loading patterns 

and shipping routes, enhancing asset utilization and 

reducing operational costs. 

Autonomous vehicles and drones, still in nascent 

stages, represent the next frontier where AI will 

revolutionize logistics operations by enabling 

autonomous last-mile deliveries and unmanned 

warehouse operations. 

4.4 Procurement and Supplier Management 

Strategic sourcing and procurement involve 

evaluating numerous suppliers based on multiple, 

often qualitative, criteria. AI assists in automating 

and enhancing this process through advanced data 

analytics and decision support systems. 

Natural language processing (NLP) algorithms can 

automatically analyze supplier documents, contracts 

and compliance records. Predictive analytics models 

evaluate supplier performance risks by analyzing 

historical performance data, financial health and 

geopolitical exposures (Pournader et al., 2021). 

Some organizations are implementing AI-powered 

chatbots for routine procurement inquiries, freeing 

human procurement officers to focus on strategic 

negotiations. By enabling better supplier 

segmentation, risk assessment and relationship 

management, AI enhances supply network 

robustness and responsiveness. 

4.5 Risk Management and Supply Chain 

Resilience 

Supply chain disruptions whether caused by natural 

disasters, pandemics or geopolitical events have 

made risk management a central priority for firms. 

AI enhances supply chain risk management in two 

major ways: 

1. Early risk identification through predictive 

analytics models that scan structured and 

unstructured data (e.g., news feeds, weather 

reports, supplier financial reports) for early 

warning signals. 

2. Decision support during disruptions through 

optimization models that suggest contingency 

plans such as rerouting shipments, reallocating 

inventory or finding alternative suppliers. 

Zamani et al. (2023) found that AI tools significantly 

improved firms' readiness and response capabilities, 

thereby enhancing supply chain resilience. For 

instance, firms leveraging AI were better able to 

anticipate pandemic-related supply interruptions 

and adjust sourcing strategies proactively. 

The development of digital twins using AI and 

simulation technologies further strengthens firms' 

ability to model, anticipate and respond to 

disruptions dynamically. 

4.6 Emerging and Future Applications 

While AI adoption is already prominent in core 

supply chain functions, several emerging 

applications are poised to expand its impact: 

• Sustainability optimization: AI models are 

increasingly used to optimize supply chains for 

environmental goals, such as minimizing 

carbon footprints, through smarter routing, 

inventory positioning and production planning 

(Belhadi et al., 2024). 

• Generative AI for scenario planning: New 

advances in generative AI enable the creation of 

simulated supply chain scenarios, assisting 

managers in evaluating strategic options under 

uncertainty. 

• AI and blockchain integration: Combining AI 

with blockchain enhances supply chain 

transparency and traceability, particularly in 

industries like pharmaceuticals and food. 
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These emerging areas signal that the role of AI in 

SCM will continue to expand beyond operational 

efficiency toward broader strategic and societal 

objectives. 

5. Challenges and Risks of AI Adoption in Supply 

Chain Management 

While the researchers and industry agrees to the 

immense benefit which can emerge through 

utilization of AI in SCM, the path to successful 

adoption is fraught with significant challenges and 

risks. Understanding these barriers is essential for 

organizations seeking to unlock AI’s full value 

without falling into common pitfalls. This section 

critically examines the major challenges identified 

in the literature. 

5.1 Data Quality and Integration Issues 

A foundational prerequisite for effective AI 

deployment is the availability of large volumes of 

high-quality data. However, many supply chains 

operate with fragmented information systems, 

inconsistent data formats and data silos across 

suppliers, logistics providers and internal functions 

(Cannas et al., 2023). 

Poor data quality including missing values, 

duplication and inaccuracies compromises the 

training and performance of AI models. Without 

reliable data, even the most sophisticated AI 

algorithms can generate misleading or biased 

insights. Integrating diverse data sources, often from 

legacy systems with limited interoperability, adds 

further complexity and cost to AI initiatives. 

Ensuring end-to-end data visibility, standardization 

and governance is thus a critical but often 

underestimated challenge in AI-enabled supply 

chain transformations. 

5.2 Shortage of Skilled Talent 

AI implementation in supply chains demands a rare 

combination of skills: expertise in machine learning 

and data science, deep understanding of supply 

chain processes and business acumen to align 

technical solutions with strategic goals. 

Wamba et al. (2020) emphasized that many 

organizations lack personnel with the cross-

functional expertise necessary to bridge AI 

technology and SCM practice. Recruiting, 

developing and retaining such talent remains a major 

constraint, especially for small and medium-sized 

enterprises (SMEs) that may not have the resources 

to compete for scarce AI professionals. 

Furthermore, supply chain managers accustomed to 

traditional planning and operations tools may 

require significant upskilling to effectively interpret 

and act upon AI-generated insights. 

5.3 Organizational Resistance and Cultural 

Barriers 

Adopting AI in supply chains is not merely a 

technological change but a profound shift in 

decision-making paradigms. Traditional supply 

chain planning processes are often heavily human-

driven, relying on expert judgment, intuition and 

experience. 

The introduction of AI-based decision support 

systems can trigger organizational resistance due to 

fear of job displacement, loss of control or 

skepticism toward "black box" recommendations 

(Pournader et al., 2021). Managers and employees 

may distrust AI outputs, particularly when 

algorithms are not fully transparent or explainable. 

Effective change management strategies including 

early stakeholder engagement, training programs 

and building AI trust through explainability are 

critical to overcoming these human-centered 

barriers. 

5.4 High Implementation Costs and Uncertain 

ROI 

Theoretically, the industry and academia concurs on 

the possible improvements in various metrics 

(operations, sales, strategy, customer domain et al) 

while we bring together AI and SCM, but it should 

not be forgotten that implementation of this comes 

at a cost. They may be technical, manpower costs, 

desired ecosystem creation and maintenance costs 

too. For small or mid-sized companies, it may be 

huge.   

Cannas et al. (2023) reported that uncertain or 

delayed ROI often leads to the shelving of AI 

projects after pilot phases, preventing enterprise-

wide scaling. 
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Moreover, the benefits of AI in SCM, such as 

improved resilience or agility, are often indirect, 

strategic and realized over long-time horizons, 

making them harder to quantify in traditional 

financial metrics. 

Developing robust business cases for AI 

investments, including scenario-based ROI models 

that account for risk mitigation and strategic 

flexibility, is essential but remains a challenging 

task. 

5.5 Ethical, Legal and Compliance Risks 

The deployment of AI in SCM raises important 

ethical questions and brings one into the regulatory 

lens. AI algorithms, if improperly designed or 

trained on biased data, may produce discriminatory 

or unfair outcomes for example, favoring certain 

suppliers, regions or customers (Belhadi et al., 

2024). 

There are also concerns about the use of AI-driven 

surveillance technologies to monitor worker 

productivity in warehouses or logistics operations, 

which can infringe on employee privacy and dignity. 

From a legal perspective, supply chain AI 

applications must comply with data protection 

regulations, labor laws and industry-specific 

standards. Questions around accountability such as 

who is liable for AI-driven errors or unethical 

sourcing decisions remain unresolved in many 

jurisdictions. 

As AI becomes more autonomous in supply chain 

operations, establishing ethical guidelines, 

auditability protocols and governance structures 

becomes critical to mitigate these risks. 

5.6 Scalability and Integration Challenges 

Piloting AI in isolated supply chain processes (e.g., 

demand forecasting) is relatively straightforward; 

however, scaling AI solutions across the full supply 

chain network introduces significant complexity. 

Supply chains often involve multiple external 

partners viz. suppliers, logistics providers, 

distributors; each with different levels of digital 

maturity. Achieving seamless data sharing, 

coordinated AI-enabled workflows and 

synchronized decision-making across this 

ecosystem is a formidable challenge (Zamani et al., 

2023). 

Furthermore, integrating AI models with existing 

enterprise resource planning (ERP), warehouse 

management (WMS) and transportation 

management systems (TMS) often requires 

extensive customization, interfaces and change 

management efforts. 

Organizations must therefore plan for scalable AI 

architectures and invest in ecosystem-wide digital 

transformation initiatives to fully realize AI’s 

benefits across the supply chain. 

 6. Future Research Directions 

We do have substantial existing literature and we see 

increased research happening in the “AI in SCM” 

space, yet there remain many areas where inroads 

can be made by industry and academia. This section 

proposes key areas where future research should 

focus. 

6.1 Human–AI Collaboration in Supply Chain 

Decision-Making 

Most studies to date have focused on the capabilities 

of AI to automate or optimize supply chain tasks. 

However, there is limited understanding of how 

human judgment and AI recommendations can be 

synergistically combined for superior outcomes. 

Future research should explore human–AI 

collaboration models within SCM, addressing 

questions such as: 

• How can supply chain planners and AI systems 

co-create decisions? 

• What level of decision autonomy should be 

granted to AI under different operational 

conditions? 

• How can organizations design workflows that 

optimize human oversight without negating AI 

efficiency? 

Experimental studies, case analyses and design 

science approaches could offer valuable insights into 

how firms can integrate human and artificial 

intelligence for robust decision-making. 

6.2 AI for Sustainable and Ethical Supply Chains 
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The potential of AI to contribute to sustainable 

supply chains remains underexplored. Beyond 

optimizing for cost and efficiency, AI can be 

leveraged to: 

• Minimize environmental impacts (e.g., carbon 

footprint optimization), 

• Promote ethical sourcing through enhanced 

supply chain visibility, 

• Support circular economy models via predictive 

analytics on product lifecycle and returns. 

Future studies should investigate how AI-driven 

supply chains can align with sustainability goals, 

balancing economic, environmental and social 

objectives. Integrating sustainability metrics into AI 

optimization models presents an important research 

opportunity (Belhadi et al., 2024). 

6.3 Generative AI and Advanced Scenario 

Planning 

The advent of generative AI technologies like large 

language models (LLMs) and generative adversarial 

networks (GANs) opens new possibilities for supply 

chain management. 

Research is needed to examine how generative AI 

can be utilized for: 

• Dynamic scenario generation under uncertainty 

(e.g., pandemic disruptions, geopolitical shifts), 

• Synthesizing optimal supply chain designs 

based on evolving constraints, 

• Enhancing strategic planning capabilities 

beyond deterministic models. 

Exploring the opportunities and risks of generative 

AI in supply chains will expand the frontier of digital 

supply chain innovation. 

6.4 Ethical Governance and Explainable AI in 

SCM 

As AI systems increasingly influence critical supply 

chain decisions like such as supplier selection, 

pricing and logistics routing the need for ethical 

governance frameworks becomes paramount. 

Future research should focus on: 

• Developing explainable AI (XAI) approaches 

tailored for SCM contexts, enabling 

transparency and building managerial trust, 

• Proposing governance models that define roles, 

responsibilities and accountability for AI-driven 

decisions, 

• Investigating how firms can audit AI models to 

detect biases or unintended consequences, 

particularly in supplier management and 

workforce monitoring. 

This research agenda is critical to ensure that AI 

adoption in supply chains proceeds responsibly and 

equitably. 

6.5 Longitudinal and Cross-Industry Studies 

Most empirical studies on AI in SCM are cross-

sectional, capturing a snapshot of adoption and 

impacts at a point in time. There is a strong need 

for longitudinal research tracking firms over 

multiple years to understand: 

• How AI capabilities evolve and mature within 

supply chain organizations, 

• What factors drive long-term success or failure 

of AI initiatives, 

• How AI influences supply chain strategy, 

structure and performance over time. 

Moreover, cross-industry comparative studies could 

uncover how AI adoption differs between sectors for 

instance, comparing highly digitized industries like 

retail and electronics with more traditional sectors 

like construction or agriculture. 

Such studies will enrich the theoretical 

understanding of AI's diffusion and impact 

dynamics across different supply chain contexts. 

6.6 Integration of AI with Other Emerging 

Technologies 

Finally, future research should explore the 

integration of AI with complementary technologies 

such as: 

• Internet of Things (IoT) for real-time supply 

chain visibility, 

• Blockchain for secure and transparent data 

sharing, 

• Robotics for automated physical operations. 

Understanding the synergistic effects of AI and 

other Industry 4.0 technologies will help firms 

design holistic digital supply chain strategies 
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capable of addressing the complex challenges of the 

future (Zamani et al., 2023). 

7. Conclusion 

The integration of Artificial Intelligence (AI) into 

Supply Chain Management (SCM) represents one of 

the most significant technological shifts in the field's 

evolution. This paper critically examined the current 

state of AI applications across key supply chain 

functions, including demand forecasting, inventory 

management, logistics optimization, procurement 

and risk management. Through a systematic 

literature review and conceptual synthesis, it became 

evident that AI technologies are enabling supply 

chains to achieve unprecedented levels of efficiency, 

responsiveness and resilience. 

However, realizing the full potential of AI is not 

without substantial challenges. Data quality and 

integration issues, talent shortages, organizational 

resistance, high implementation costs, ethical 

concerns and scalability barriers remain persistent 

obstacles to widespread adoption. Addressing these 

challenges requires not only technological 

investments but also organizational transformation, 

cultural change and the establishment of robust 

governance frameworks. 

The paper also identified several avenues for future 

research, including human–AI collaboration 

models, AI’s role in promoting sustainable supply 

chains, the use of generative AI for advanced 

scenario planning and the need for ethical and 

explainable AI frameworks tailored to SCM 

contexts. Longitudinal studies and cross-industry 

comparisons were also recommended to deepen the 

understanding of AI’s dynamic impact on supply 

chain strategies and performance. 

From a managerial perspective, this study highlights 

that AI should not be viewed merely as an 

operational efficiency tool but as a strategic 

capability that can enhance agility, resilience and 

competitiveness in increasingly volatile 

environments. Firms must invest in building AI 

literacy across supply chain functions, prioritize data 

governance and approach AI adoption with a long-

term, ecosystem-wide perspective. 

In conclusion, while the journey to fully AI-enabled 

supply chains is complex and challenging, it holds 

transformative potential. Organizations that can 

harness AI effectively while managing its risks 

responsibly will be better positioned to lead in the 

next era of global supply chain excellence. 
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