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Abstract. The digital revolution has changed supply chains all across the world, 

therefore companies need to be flexible and strong to stay ahead of the competi-

tion. AI, blockchain, big data analytics, the Internet of Things (IoT), and digital 

twins have all changed how supply chains are designed, how decisions are 

made, and how performance is improved. This article examines the ways in 

which AI and digital transformation enhance supply chain agility, responsive-

ness, and resilience under unpredictable circumstances. Current frameworks, 

peer-reviewed studies, and industry reports from 2015–2025 influence the 

study. AI-driven predictive analytics improves demand forecasting and invento-

ry optimization, digital twins enable real-time visibility and proactive mainte-

nance, blockchain technologies increase transparency and trust, and big data 

platforms enable value network-wide data-driven collaboration. AIoT and 

cyber-physical systems are convergent to create self-learning, adaptive, and au-

tonomous supply chains, the report states. The research addresses digital trans-

formation's strategic issues such data interoperability, cybersecurity, technolog-

ical integration gaps, and ethics. A conceptual framework explains how emerg-

ing technologies synergistically allow agile and resilient supply chains. Future 

research on generative AI for logistics optimization, human–AI decision-

making, and sustainability-oriented digital innovations to increase digital supply 

chain competitiveness concludes the paper. This paper shows how AI-enabled 

digital transformation is a strategic step toward intelligent, flexible, and future-

ready supply chains using theoretical and practical insights. 

Keywords: Artificial Intelligence, Digital Transformation, Supply Chain Agili-

ty, Resilience, Blockchain, Digital Twins, Big Data Analytics 

1 Introduction 

Complex, interconnected, and propelled by technology, modern supply chains charac-

terize modern industry. Supply chain management has evolved in response to the 
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complexity of international trade and the quick pace of technological development. 

Increased efficiency, responsiveness, and competitiveness are the results of digitizing 

every step of the supply chain. The use of artificial intelligence, the internet of things, 

big data analytics, blockchain, and digital twins strengthens and improves supply 

chains. Conventional supply chains have been uncovered by worldwide pandemics, 

geopolitical conflicts, and natural catastrophes. Companies nowadays place equal 

importance on operational efficiency and agility and resilience. Coordination of sup-

ply chain networks, real-time information, and predictive decision-making are all 

made possible via digital transformation, which is essential for achieving strategic 

imperatives. Proactive supply chain management made possible by technology is 

altering the competitive landscape in the service, retail, logistics, and industrial sec-

tors. [1] AI changed the way decisions were made. By analyzing massive amounts of 

data, both historical and real-time, machine learning algorithms are able to forecast 

demand, control inventory levels, and detect dangers. Companies are now able to 

make strategic and operational decisions based on vast amounts of data thanks to big 

data analytics and cloud computing. The security, immutability, and transparency of 

blockchain technology increase confidence among supply chain stakeholders in multi-

tier systems. Through predictive optimization, scenario planning, and simulation, 

digital twins save lead times and minimize operational disturbances. Such technolo-

gies are used by smart, digital supply networks. [2] 

1.1 Rationale for Integrating AI and Digital Technologies 

Network for distribution the merging of artificial intelligence and digital technology is 

being propelled by market demand and opportunities. Conventional supply chain 

management is become less agile, less accurate, and slower as a result of globaliza-

tion, volatile markets, and rising customer expectations. The potential for digital tech-

nology to transform supply chain operations into adaptive learning systems that can 

improve themselves is, nevertheless, widely anticipated. Artificial intelligence (AI) 

and related technologies improve efficiency and strategy. Artificial intelligence has 

the potential to improve service while decreasing costs in many domains, including 

transportation, distribution, scheduling of production, and procurement. Companies 

may use digital twins to digitally try out strategies before committing to them, com-

pare alternatives, and foresee problems. Internet of Things (IoT) sensors that track 

products in real time and blockchain technology that provides immutable records of 

transactions boost trust and openness in multi-party supply chains. [3] Using different 

technologies may make a person more resilient by helping them deal with, recover 

from, and adapt to problems. Supply chains that are connected digitally and can fore-

cast difficulties with suppliers, changes in the market, and logistical issues may re-

spond quickly to these issues. One benefit of using technology together is that it helps 

cut down on waste, protect resources, and make sure you follow environmental rules. 
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1.2 Research Objectives and Scope 

This review article aims to examine the ways in which artificial intelligence and digi-

tal technologies might enhance the agility and resilience of supply chains, considering 

the transformational capabilities of these technologies. The primary objective of this 

study is to: 

 Carefully look at the existing situation of the supply chains that are used to imple-

ment digital technologies and artificial intelligence. 

 

 Looking at how new technologies like blockchain, digital twins, big data analytics, 

and AIoT might make supply chains more trustworthy, flexible, and open. 

 To understand about the problems that organizations have when they try to employ 

these technologies, such as integration gaps and constraints. 

 To provide a complete framework that connects the ability of the supply chain to 

adapt and be resilient to digital transformation and artificial intelligence. 

 To point up viable future research paths, especially in the fields of generative AI, 

human-AI interaction, and sustainable digital advances. 

Case studies, academic papers, and industry reports covering the years 2015–2025 are 

all part of this analysis of theoretical and practical developments. The supply chain 

revolution made possible by technology is understood by looking at the manufactur-

ing, retail, logistics, and healthcare industries. For the purpose of building intelligent, 

adaptable, and future-ready supply chains, this article synthesizes the relevant re-

search and provides academics, practitioners, and legislators with practical recom-

mendations. 

2 Literature Review 

AI and digital supply chain management have been investigated for a decade. Studies 

have proved AI's value in demand forecasting, predictive maintenance, inventory 

optimization, and decision support. Blockchain is investigated for transparency, trace-

ability, and safe information exchange, while big data analytics and digital twins for 

real-time visibility, operational efficiency, and scenario-based planning. Academic 

research and corporate acceptability remain far apart despite these gains. Many organ-

izations' new technology benefits are limited by legacy systems, manual processes, 

and segmented activities. Additionally, technology development, pilot implementa-

tion, and large-scale rollout took time. AI and digital twin frameworks have been 

presented in the literature since the mid-2010s, but industry adoption in manufactur-

ing, logistics, and retail has only progressed in the recent 3–5 years owing to integra-

tion challenges, high implementation costs, and a shortage of experienced people. To 

address this gap, more comprehensive research that integrates theory and practice is 

needed to find ways to improve supply chain agility and resilience via the use of arti-

ficial intelligence (AI), digital transformation (DT), and the reduction of risks associ-

ated with these technologies. [4] 
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2.1 Gap in Industry 

Table 1. Research Gap in the Industry 

Research 

Area 

Research Title Output of Study Key Findings o

Gap in Study

Ref r 

 

Artificial 

Intelligence 

(AI) in SCM 

Artificial Intelli-

gence in Supply

Chain Manage-

ment: Theory and

Applications 

Reviews the past

record of success

in AI applications

to SCM and identi-

fies the most fruit-

ful areas of SCM in

which to apply AI. 

 

 

Limited applic

tion of AI 

SCM; need f

broader adoptio

 

 

 

 

[5] a-

in 

or 

n. 

Artificial Intelli-

gence in Supply

Chain Manage-

ment: A Systematic

Literature Review 

Presents a system-

atic literature re-

view of empirical

studies concerning

AI in SCM. 

 

 

Need for mo

empirical studi

and practic

applications. 

 

 

[6] re 

es 

al 

Advancing Supply

Chain Management

Through Artificial

Intelligence: A

Systematic Litera-

Evaluates the role

and impact of AI in

SCM through a

systematic review

of 426 articles. 

 

 

 

 

Identifies barrie

to AI adopti

and areas f

future research.

 

 

 

 

[7] rs 

on 

or 

 

AI-Enabled Supply

Chain Manage-

ment: A Biblio-

metric Analysis 

Analyzes 400 sci-

entific papers to

explore AI imple-

mentation in SCM. 

 Highlights ch

lenges in AI im

plementation a

future resear

directions. 

 

[8] al-

-

nd 

ch 

The Role of Artifi-

cial Intelligence in

Supply Chain

Management: A

Quantitative Ex-

ploration 

Investigates the

impact of AI on

SCM efficiency

and performance

through quantita-

tive techniques. 

 

 

 

Emphasizes t

need for huma

AI collaborati

and sustainabil

considerations. 

 

 

 

 

[9] he 

n-

on 

ity 

Digital Twins

in SCM 

Digital Twin-

Driven Smart Sup-

ply Chain: A Re-

view 

 Proposes a digital

twin-driven supply

chain (DTSC) as

an innovative and

integrated solution

for smart SCM. 

Identifies r

search opportun

ties in supp

chain modelin

real-time optim

zation, and da

usage. 

 

 

 

 

 

[10] e-

i-

ly 

g, 

i-

ta 

Digital Twins for

Information-

Sharing in Reman-

ufacturing Supply

Chains 

Analyzes the po-

tential usefulness,

challenges, and

solutions of using

digital twins in

 

 

Addresses info

mation asymm

tries and pr

motes the dev

opment of close

 

 

 

 

[11] r-

e-

o-

el-

d-



supply chains. 

Digital Twin for Reviews the utili- Highlights the [14] 
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remanufacturing loop supply 

The Role of Digita

Twins in Lean

Supply Chain

Management 

Examines how 

digital twins en-

hance lean supply 

chains by optimiz-

ing efficiency and 

reducing costs. 

supply chains. 

l 

 

 

Highlights the 

need for further 

research on the 

relationship be-

tween digital 

twins and lean 

[12] 

chains. 

Digital Twin

Driven Supply

Chain Planning 

Discusses the role 

of digital twins in 

supply chain plan-

ning for reliability, 

efficiency, and 

productivity. 

-

 

Emphasizes the 

importance of 

digital twins in 

global manufac-

turing. 

[13] 

Smart Manufactur

ing: A Review 

zation of digital 

twins to visualize 

assets, track 

changes, and opti-

mize performance 

throughout the 

- need for further 

research on the 

application of 

digital twins in 

smart manufac-

turing. 

Blockchain in 

SCM 

Blockchain Tech

nology for Supply

Chain Manage

ment: A Compre

Provides a holistic 

review of block-

chain features and 

implementations in 

product lifecycle. 

-

 

-

-

Identifies chal-

lenges and oppor-

tunities in block-

chain adoption 

[15] 

Blockchain in

Supply Chain

Management: A

Synthesis of Barri

ers and Enablers 

hensive Review 

Synthesizes barri-

ers and enablers of 

blockchain adop-

tion in SCM. 

SCM. 

 

 

 

-

Highlights the 

need for manag-

ers' understand-

ing of blockchain 

to overcome 

adoption barriers. 

[16] 

for SCM. 

Evaluating Block

chain Require

ments for Effective

Digital Transfor

mation in SCM 

Specifies customer 

needs and design 

requirements for 

blockchain integra-

tion in SCM. 

-

-

 

-

Highlights the 

transformative 

power of emer-

gent technologies 

on global supply 

chain practices. 

[17] 

Beyond the Hype

How Blockchain

Affects Supply

Chain Managemen

Empirically assess-

es blockchain's 

value in SCM. 

: 

 

 

t 

Identifies the 

need for further 

exploration of 

blockchain's im-

pact on SCM. 

[18] 

Internet of 

Things (IoT) 

Internet of Things

and Supply Chain

Reviews IoT appli-

cations in SCM. 

 

 

Identifies the 

need for further 

[19] 
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in SCM Management: A 

Literature Review 

exploration of 

IoT integration 

with other emerg-

ing technologies. 

IoT for the Future 

of Sustainable 

Supply Chain 

Management in 

Industry 4.0 

Systematically 

reviews IoT in 

sustainable SCM. 

Highlights the 

need for further 

research on IoT's 

role in sustaina-

ble SCM. 

[20] 

Internet of Things 

Applications and 

Challenges for 

Supply Chain 

Management 

Reviews IoT appli-

cations and chal-

lenges in SCM. 

Identifies chal-

lenges in IoT 

adoption for 

SCM. 

[21] 

IoT in Supply 

Chain Manage-

ment: An Over-

view 

Provides an over-

view of IoT appli-

cations in SCM. 

Highlights the 

need for further 

research on IoT's 

impact on SCM. 

[22] 

Supply Chain 

Resilience 

and Risk

Management 

Supply Chain Re-

silience: Develop-

ment of a Concep-

tual Framework 

 

Develops a concep-

tual framework for 

supply chain resili-

ence. 

Identifies the 

need for further 

research on sup-

ply chain resili-

ence. 

[23] 

Risk Management 

in Supply Chains: 

A Review of the 

Literature 

Reviews risk man-

agement practices 

in SCM. 

Identifies the 

need for further 

research on risk 

management in 

SCM. 

[24] 

3 Methodology 

Researchers in the academic world often use systematic literature reviews (SLRs) 

because of how thorough, repeatable, and rigorous they are. Finding, evaluating, and 

synthesizing studies on artificial intelligence (AI) and digital technology (DT) in sup-

ply chain management for operational efficiency, resilience, and agility is the goal of 

an SLR design. Transparency, evidence-based synthesis of research, and the elimina-

tion of bias are all benefits of systematic reviews. The relevance, quality, and timeli-

ness of the papers were guaranteed by the inclusion criteria. In order to be considered, 

studies must fulfill the following criteria: [25] 

 Relevance to Research Theme: We limited our research to new digital supply chain 

management technologies such as artificial intelligence, digital twins, blockchain, 

and the internet of things. Researchers looked at new technologies that may make 

operations more agile, reduce risks, and make supply chains more resilient. 

 



          

 Study Type: Review articles, conference proceedings, and scholarly publications 

were evaluated. In order to comprehend the issue, researchers used both theoretical 

and practical research frameworks. 

 

 Language: Due to the preponderance of English-language scholarly publications on 

the subject, only research conducted in English were considered. 

 

 Timeframe: Studies pertaining to digital transformation from 2015 to 2025 were 

chosen. Supply chain management saw a proliferation of digital and AI-powered 

technology in Industry 4.0. 

 Methodological Rigor: Articles must demonstrate that they used appropriate meth-

odology, set clear objectives, and appropriately examined their results. Additional 

study might be published in the following journals: Journal of Production Research 

International, Computers & Industrial Engineering, Sustainability (MDPI), and 

Physical Distribution & Logistics Management. 
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Keeping the emphasis and quality in mind, exclusion criteria were set. Research lack-

ing conceptual or empirical rigor, not having been peer-reviewed, being duplicated in 

databases, or addressing supply chain problems outside of digital transformation were 

also disregarded. Finding research gaps, assessing technology, and synthesizing evi-

dence are all functions of systematic reviews. In preparation for theme analysis, it 

gleans technical endeavors, performance results, and integration concerns. 

3.1 Sources of Literature 

For thoroughness and credibility, the research used a number of reputable academic 

resources. The most common databases used were: 

 Scopus: Renowned for its comprehensive coverage of electronic journals and con-

ference papers in the fields of computer science, engineering, and management. 

 

 Web of Science (WoS): Ensures inclusion of important research by providing ac-

cess to top-tier journals with citation monitoring. 

 ScienceDirect: Central to research on artificial intelligence and digital transfor-

mation is an emphasis on management, industrial engineering, and computer sci-

ence. 

 SpringerLink: Articles and chapters from books on new supply chain management 

technology may be found here. 

 

 ResearchGate: For use as an adjunct to previously published research papers, pre-

prints, and open-access articles. 

 

According to Industry 4.0's fast adoption of AI, digital twins, IoT, and blockchain, the 

study included the years 2015–2025. Research conducted before to 2015 mostly relied 

on analogue supply chain methodologies and older systems, which may not have been 

reflective of current technology. The search was organized with the use of Boolean 

operators and keywords. The most popular phrases were "Artificial Intelligence AND 

Supply Chain", "Digital Twin AND SCM", "Blockchain AND Supply Chain", "IoT 

AND Supply Chain", & "Agility AND Resilience in Supply Chain". Relevance, pub-

lication year, and peer review status were our criterion. [26] After the first search, we 
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screened the results by title, abstract, and full text. The PRISMA flow diagram made 

it easy to see the processes of inclusion, screening, eligibility, and identification. 

3.2 Analytical Framework for Thematic Synthesis 

The rigorous qualitative method of theme synthesis is used to synthesize data from 

several research in this review. To comprehend the impact of artificial intelligence 

and digital technologies on the agility and resilience of supply chains, thematic syn-

thesis is useful since it identifies, assesses, and reports literary themes. The frame-

work involved three key steps: 

 Coding of Literature: The objectives, methods, technology, main findings, and 

limitations of each research were culled. Through the use of open code, recurring 

themes and categories were discovered. 

 

 Development of Descriptive Themes: Technological endeavors, operational gains, 

adoption challenges, and organizational results are all represented by aggregated 

codes. A few important ideas include "Predictive Analytics for Risk Mitigation" , 

"Real-time Visibility through Digital Twins" , "Blockchain for Transparency and 

Security" , & "IoT-Enabled Inventory Optimization" . 

 Generation of Analytical Themes: By combining analytical and descriptive themes, 

literary trends, patterns, and gaps were uncovered. Analytical concerns included 

challenges with integration, sustainability, operational efficiency, agility, and resil-

ience. Findings, gaps, and future goals were all driven by the participants. 

In order to provide insights that cut across different technical initiatives and concep-

tual connections between them, thematic synthesis looks beyond particular outputs. 

This checks that the review provides a synopsis of the relevant literature, recommen-

dations for further research, and practical guidance. 

4 AI And Digital Transformation Landscape 

Modern supply chain management is a product of the IT revolution over the previous 

30 years. Laborious, disjointed, paper-based supply chains in the past caused ineffi-

ciencies, lengthy lead times, and restricted visibility. Using enterprise resource plan-

ning (ERP) and basic automation, SCM was digitally embraced in the 1990s. Initial 

digital interventions focused on improving internal processes, inventory management, 

and the processing of financial transactions. In the 2000s, supply chains saw a radical 

transformation due to the advent of the internet and cloud computing. Distributors, 

manufacturers, and suppliers all used digital platforms to convey real-time data, 

which improved coordination and responsiveness. The ability to see the whole supply 

chain and react quickly to customer needs depends on digital connection in global 

logistics networks and e-commerce platforms. Improvements in tracking and tracea-

bility were made possible by the automation of warehouse management systems, 

radio frequency identification, and barcode scanning. [27] Industry 4.0 is enabling 

supply networks to become more autonomous, smart, and linked. Supply chain man-



 

            209Artificial Intelligence and Digital Transformation in Supply … 

agement is highly dependent on artificial intelligence, the IoT, blockchain, and digital 

twins. While AI determines the next course of action in the supply chain, the Internet 

of Things (IoT) monitors assets and merchandise in real-time. Digital twins provide 

optimization, simulation, and response to supply chain interruptions, while blockchain 

enhances transaction transparency and secrecy. Thanks to these new developments, 

supply chains are become smarter, stronger, and more flexible. Pandemics and geopo-

litical catastrophes, as well as shifts in demand and market instability, are now man-

ageable for them. The information era has changed all elements of supply chain man-

agement because of artificial intelligence. Machine learning algorithms have been 

able to reduce stockouts and excess inventory by predicting future demand based on 

past sales data, current market patterns, and other outside variables. Businesses may 

better understand what their customers want and change their production and invento-

ry appropriately by employing AI-powered predictive analytics. [28] AI is used in 

smart warehouse and inventory optimization systems, robotic automation, and auto-

mated guided vehicles (AGVs). With little to no help from people, algorithms like 

these make orders more accurate, storage more efficient, and choosing faster. AI deci-

sion-support systems may help you figure out the best ways to distribute your goods, 

when to restock, and how much stock you need by looking at real-time and past data. 

AI is already making a big difference in the fields of procurement and supplier man-

agement. Smart algorithms look at suppliers, find any risks, and recommend providers 

that are cheap and reliable. Using AI-powered contract analysis and negotiation tools 

may help you get things done faster and with fewer mistakes from suppliers. Logistics 

and transportation companies employ artificial intelligence (AI) to plan routes, under-

take predictive maintenance on vehicles, and assign resources in real time. Machine 

learning algorithms figure out the best delivery routes by looking at traffic patterns, 

weather data, and the importance of the goods. This not only saves operating expenses 

but also increases customer happiness. Thanks to AI, supply chains are made stronger 

and risk management is made even better. In order to troubleshoot operational issues, 

advanced algorithms monitor the supply chain network for disruptions and outliers. 

[29] Businesses can get vital supply chain insights, track their movements, and re-

spond instantaneously with the use of blockchain, AI, and the Internet of Things. 

Humans can make better judgments and companies may have an advantage when 

dealing with complicated supply chain issues when AI is integrated into the supply 

chain at every step. Digital technologies and AI are making company supply networks 

smarter, more flexible, and more resilient. 

5 Key Enabling Technologies 

Intelligent, flexible, data-driven supply chains have replaced linear ones. Technology 

that improves agility, resilience, transparency, and responsiveness drives this change. 

AI, ML, Big Data Analytics, Blockchain, Digital Twins, and IoT power Industry 4.0 

digital supply chains. Different yet complementary technologies optimize perfor-

mance and decision-making. 
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5.1 AI and Machine Learning: Predictive Analytics and Automation 

Supply chain digitization is driven by AI and ML. They help companies anticipate 

demand, find irregularities, and automate processes to make predictive and prescrip-

tive decisions. Machine learning-powered predictive analytics can forecast market 

fluctuations, customer preferences, and supply disruptions. Past data, social media 

trends, macroeconomic indicators, and seasonal patterns are examined to estimate 

demand. Retailers use AI-based algorithms to estimate seasonal and global sales to 

manage inventory and minimize stockouts. Automating rule-based tasks using AI 

reduces human participation. AI-powered warehouse picking, sorting, and packaging 

robots and cobots are reducing errors and labor costs in manufacturing and logistics. 

For data-driven operational efficiency, AI-driven decision-support systems recom-

mend procurement, route planning, and resource allocation. Corporate AI allows 

smart, adaptive supply chains that learn and grow. [30] 

5.2 Big Data Analytics: Real-time Insights and Demand Forecasting 

Sensors, transactions, and digital platforms generate massive data in connected supply 

chains. Big Data Analytics helps companies make evidence-based decisions by ana-

lyzing complex data. Manufacturing efficiency, supplier performance, and transporta-

tion restrictions are tracked in real time. Aggregating ERP, IoT, and customer inter-

face data lets organizations see end-to-end processes and respond rapidly to disturb-

ances. The app for demand forecasting is important. Data from social media signals, 

weather, economic indicators, and manufacturing, inventory, and sales are all part of 

Big Data's effort to improve accuracy. Clustering, regression, and neural networks all 

play a role in helping businesses utilize resources, plan output, and forecast demand. 

In volatile markets, the supply chain maintains a steady equilibrium between supply 

and demand while being quick to respond and economical. [31] 

5.3 Blockchain: Transparency, Traceability, and Trust 

All supply chain transactions are guaranteed to be legitimate by the distributed and 

immutable ledger of blockchain technology. A supply chain that is open, verifiable, 

and built on good communication is one that you can trust. Blockchain technology 

checks and protects every transaction, from the acquisition of raw materials to the 

final delivery. Legitimacy and conformity with regulations are prerequisites for con-

sumables, pharmaceuticals, and high-end items. By digitally confirming agreements 

among producers, retailers, and wholesalers, smart contracts on the blockchain do 

away with middlemen. By doing so, all room for arguments or delays is removed. The 

ability to track spoiled food all the way from the farm to the shop is a major perk of 

food distribution networks. Systems for the provenance of distributed ledger technol-

ogy (DLT) increase trust in businesses and their products. Cooperation between 
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blockchain, the IoT, and AI allows for real-time trust verification and the realization 

of ethical and sustainable operations. [32] 

5.4 Digital Twins: Simulation, Optimization, and Visibility 

Digital twins are exact replicas of the systems, assets, and procedures involved in a 

supply chain. Organizations may benefit from simulations of real-world processes that 

do not disturb systems while making decisions, testing scenarios, and projecting out-

comes. Digital twins powered by AI and IoT sensors may provide real-time infor-

mation to logistics networks, warehouses, and industrial facilities. In order to better 

anticipate and resolve issues, managers could benefit from using models of produc-

tion capacity, transportation routes, and risk scenarios. A digital twin may help a 

business plan for and evaluate the effects of material shortages. Some examples of 

process improvements include balancing inventories, speeding up the flow of manu-

facturing, and using less energy. Digital twins make supply chains stronger and more 

flexible, so they can swiftly meet the changing needs of consumers. [33] 

5.5 IoT and AIoT: Connectivity and Intelligent Sensing 

There are sensor networks and the Internet of Things (IoT) that let machines, automo-

biles, and other equipment talk to each other in real time. IoT technology might make 

it easier to see, talk to, and keep an eye on the supply chain. Condition-based monitor-

ing and predictive maintenance are possible when sensors that can detect motion, 

temperature, and performance are built into containers, equipment, and vehicles. In 

cold chain activities, connected devices keep the temperature of goods that are about 

to expire the same. Data collected by sensors may be turned into useful intelligence 

by an "Artificial insight of Things" (AIoT) system. Setting up systems, finding prob-

lems, and seeing patterns are all things that Internet of Things (IoT) networks can do. 

This might be useful for smart warehousing, keeping track of energy usage, and man-

aging a fleet of vehicles. Artificial intelligence and the Internet of Things provide 

autonomous supply networks the capacity to make choices in a split second. [34] 

Supporting technology is what makes digital and intelligent supply networks operate. 

A plethora of technologies, including AI, ML, DTs, BD, blockchain, and the IoT, 

collaborate to automate forecasting, build smart, data-driven networks, and augment 

and enhance existing processes. They are looking at their global supply chain man-

agement strategies again because of Industry 4.0, focusing on sustainability, adapta-

tion, and resilience. 

6 Driving Agility and Resilience 

Industry 4.0 has made the world's supply chains more convoluted. They used to be 

straight lines that were designed to be as efficient and cheap as possible. On the other 
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hand, they are complicated and changing networks that require quick responses to 

changes in demand, disruptions, and environmental issues. Digital twins, blockchain, 

big data analytics, the Internet of Things (IoT), and artificial intelligence (AI) have all 

changed how flexible and strong businesses are. You need to look at models of digital 

technology-agility and how they are employed in real life to grasp this change.  

6.1 Framework Linking Digital Technologies with Agility Dimensions 

After years of linear systems that focused on cost and efficiency, Industry 4.0 altered 

global supply chains. A more accurate name is "complex adaptive networks," which 

are continually being challenged to swiftly react to changes in demand, risks to the 

environment, and other issues. Digital twins, blockchain, artificial intelligence (AI), 

the Internet of Things (IoT), and big data analytics are some of the latest cutting-edge 

technologies that have made businesses far more flexible and adaptable. Understand-

ing this shift calls for research on digital technology agility frameworks and their 

applications. [35] According to the Resource-Based View (RBV), a company's edge 

in the market is derived from its unique, valuable, and unmatched assets. Both the 

speed and longevity of responses are improved with the use of digital technology and 

other strategic assets. Data and learning feedback loops allow digital technology to 

develop, unlike equipment and money. DAR: A System for Enhanced Digital Flexi-

bility and Security The Digital Agility-Resilience Framework (DARF) connects theo-

ry and practice by describing how technology impacts the four cornerstones of supply 

chain agility: detecting, responding, adapting, and recovering. 

Table 2. Digital Enablers Driving Agility Across Supply Chain Dimensions 

Agility Di-

mension 

Digital Technol-

ogy Enabler 

Capability Outcome 

Sensing IoT, Big Data 

Analytics, AI 

Early detection of disruptions and demand

shifts through real-time monitoring and pre-

dictive analytics. 

Responding AI, Machine 

Learning 

Rapid data-driven decision-making, produc-

tion rescheduling, and route optimization. 

Adapting Digital Twins, 

AIoT 

Scenario simulation and self-learning ad-

justments to optimize performance. 

Recovering Blockchain, 

Cloud Platforms 

Transparent data sharing, faster restoration,

and trust-based collaboration post-disruption. 

In this approach, digital intelligence is used to augment the capability stages of Dy-

namic Capabilities. By using IoT sensors, any issues with logistics or supplier per-

formance might be detected at an early stage. With this information, AI and machine 

learning systems may foresee issues and provide remedies. Digital twins allow man-

agement to virtually test ideas before implementing them. Finally, Blockchain facili-

tates post-disaster recovery and cooperation by increasing network transparency and 

trust. Unlike Lean Supply Chain and Agile Model, DARF focuses on being able to 
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foresee, adapt, and execute in real time. Proactive orchestration is becoming the norm 

in supply chain management, replacing reactive planning. This is because of smart 

decision tools and constant data flows. [36]  

Integration: DARF is like SRA. SRA says that identifying and reacting to changes in 

the market and changing operations are what make a supply chain agile. [37]Digital 

technologies amplify these capabilities: 

 AI enhances sensing through predictive analytics.  

 Machine learning facilitates response by identifying optimal production or logistics 

decisions. 

 

 IoT and Digital Twins foster adaptation by providing real-time feedback loops for 

continuous improvement. 

 

By bringing together Dynamic Capabilities Theory, RBV, and SRA, we can see the 

big picture of how digital transformation promotes resilience and agility. 
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Fig. 1. Pyramid of Digital Agility: Integrating AI, Blockchain, IoT, and Digital Twins for Re-

silient Supply Chains 

AI, blockchain, the Internet of Things (IoT), digital twins, and big data analytics have 

all made supply chains stronger and more adaptable. Predictive analytics using artifi-

cial intelligence might help us discover big dangers and guess what consumers will 

desire. Transactions on the blockchain are secure and transparent since they can't be 

modified in any way. Adding real-time asset monitoring to the IoT might assist with 

operational management and responsiveness. By copying supply chains, digital twins 

might help things operate more smoothly and get rid of delays. Big data analytics 

helps teams make better choices by searching through vast databases for useful data. 

A hierarchical stack of technologies makes the supply chain more flexible (speed, 

changeability, adaptability) and strong (continuity, resilience, risk reduction). When 

people work together, conventional supply chains become smart, self-learning sys-

tems that can handle uncertainty and complexity. In a world where everything is up in 

the air, businesses may utilize the framework to be ready for what's coming. 

6.2 Case-Based Insights and Empirical Evidence 

Research from a variety of fields shows that digital technologies are able to put theo-

retical agility aspects into practice in terms of actual performance results. 

 Siemens (Digital Twins for Resilience): Siemens employed digital twins of facto-

ries and supply chains all around the globe to simulate difficulties with production 

and the supply chain. Siemens employed computerized production models that up-

dated in real time during the COVID-19 epidemic to prepare for capacity re-

strictions, look at alternate possibilities, and make modifications to logistics. Pro-

active simulation saved downtime by 30% and made production more reliable. [38] 

 

 Maersk and IBM’s TradeLens (Blockchain for Transparency): IBM and Maersk 

built the TradeLens blockchain technology, which enables people exchange infor-

mation about shipments in a secure and open way. We were able to cut down on 

paperwork delays and data inaccuracies by 40% by implementing immutable ledg-

ers. This made clearance times faster and helped supply chain partners trust each 

other more. [39] 

 Amazon (AI-Driven Forecasting and Automation): Amazon's AI demand forecast-

er looks at sales, weather, and customer data to make its predictions. Automated 

machine learning predictions may be used to send products to fulfillment centers. 

The predictive agility lets you deliver on the same day or the following day during 

busy times. [40] 

 

 Unilever (Big Data for Disruption Management): Unilever may utilize Big Data to 

detect any potential problems with the supply of goods on the market. Machine 

learning algorithms keep an eye on the dependability of suppliers, world events, 

and weather patterns to predict power shortages and turn on backup systems to 

keep operations going. [41] 



 

          

 Tesla (AIoT for Adaptive Manufacturing): Tesla's AIoT factory gets information 

on how much electricity is being used and how well the machines are working 

from sensors placed all throughout the assembly line. Predictive maintenance algo-

rithms let you change your schedule and keep your production going by predicting 

when things will break down. [42] 
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Digital maturity enhances agility and resilience, as these anecdotes demonstrate. Digi-

tal supply networks are 30% more responsive and 40% quicker at recovering, accord-

ing to a research published in Computers & Industrial Engineering in 2023. Compara-

tive Perspective and Synthesis: Traditional frameworks such as Lean [43] and Agile 

Paradigm [44] neglected predictive intelligence in favor of operational flexibility and 

avoidance of waste. Instead, digital frameworks build decision-making self-learning 

ecosystems with access to real-time data and strong analytics. Operational resilience 

is giving way to intelligent resilience as dynamic systems become more reliant on AI. 

By incorporating technology-enabled monitoring, reacting, and recovering from 

shocks faster than competitors, the Driving Agility and Resilience paradigm has 

grown beyond resource management. 

Supply chains become more intelligent and adaptable when theories are supplemented 

by digital instruments. The computationally shown Digital Agility-Resilience Frame-

work states that the use of digital twins, blockchain, artificial intelligence, the internet 

of things, and big data improves detection, response, adaptability, and recovery. Busi-

nesses in the fourth industrial revolution may be able to change and expand if they use 

intelligence and openness in all of their operations. 

7 Challenges And Research Gap 

Unfortunately, issues and a dearth of research are preventing digital technology and 

artificial intelligence from being widely used in supply chain management, despite 

their potential benefits. Included in this group are issues with technology, manage-

ment, ethics, and HR. 

7.1 Data Security, Integration Issues, and Scalability Concerns 

Difficult data integration and security measures impede down digital supply chain 

transformation. Artificial intelligence (AI), the internet of things (IoT), and block-

chain all rely on distributed, massive volumes of data provided by suppliers, manufac-

turers, and logistical partners. The interconnected nature of supply chains makes them 

vulnerable to cyberattacks, data breaches, and illegal access. There are legitimate 

worries over the security and immutability of sensitive business data, despite the fact 

that blockchain technology facilitates transparency and traceability. Integrating non-

homogeneous systems is challenging. Cloud-based AI and IoT applications may not 

work with older enterprise resource planning (ERP) and material requirements plan-

ning (MRP) systems. Businesses have difficulties in making decisions in real-time 
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and having visibility from beginning to finish. Investing in enterprise-level digital 

twins or predictive analytics is out of reach for small and medium-sized firms (SMEs) 

due to scalability concerns. Finding a happy medium between speed, security, and 

scalability should be the goal of future studies, which should investigate affordable, 

modular frameworks. [45] 

7.2 Ethical, Organizational, and Skill-Related Barriers 

As critical as technological issues are, problems with people and organizations expe-

riencing digital change are of equal importance. Issues of data ownership, algorithmic 

bias, and judgment are central to the field of artificial intelligence and automation 

ethics. Machine learning-based supplier evaluations may be biased if the training data 

is not representative, which might cause businesses to make unfair or unclear deci-

sions. To mitigate these risks, ethical leadership and compliance with legislation are 

essential. One of the main challenges is that businesses don't want to change. Many 

firms can't line up their IT spending with their entire strategy because they don't have 

a digital-first culture. Digital transformation is not going well because executives are 

not excited, leaders are not good at managing change, and they are not sure what to 

do. People have realized how crucial it is to receive retraining and acquire skills that 

can be applied in more than one sector since technology changes so quickly. Most 

people who work in supply chains don't know how to apply data science, combine 

digital technologies, or grasp AI models. This makes the "skills gap" between tech-

nical competency and operational execution even worse. Putting the Missing Pieces 

Together: Researchers need to concentrate on creating technological and ethical 

frameworks for digital change that put people first. Find out the best methods to keep 

your company's cybersecurity in check at all levels, combine different types of tech-

nologies, and teach your workers. Longitudinal empirical study is needed to under-

stand how companies may transform digitally in AI-driven supply chains while still 

being flexible, strong, and morally responsible. [46] 

8 Conceptual Framework And Future Directions 

Complexity, globalization, and volatility in the supply chain have businesses looking 

to cutting-edge digital solutions to help them weather the storm. Digital supply chain 

resilience (DSCR) integrates AI, IoT, big data analytics, and cloud computing to con-

struct resilient, adaptive, and predictive supply networks. 

8.1 Proposed Model of AI-Driven Digital Supply Chain Resilience 

Artificial intelligence (AI) is crucial to supply chain decision-making in this architec-

ture because to its integration with data from suppliers, logistics, operations, and cus-

tomers. Primary components of the model include: 
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 Data Acquisition and Integration Layer: Data is collected in real time from numer-

ous places, including as supplier portals, enterprise resource planning (ERP) sys-

tems, IoT devices, and social media analytics. Artificial intelligence algorithms 

could be able to create a digital twin of a supply chain that can be accessed from 

anywhere on the network by cleaning, standardizing, and combining this data. 

 

 Analytics and Intelligence Layer: AI-driven models of predictive and prescriptive 

analytics are used to look at changes in demand, operational inefficiencies, and dis-

ruptions. Machine learning algorithms can find trends, figure out what dangers are, 

and come up with ways to lower them. Predictive models may tell you when sup-

plies will be late, while prescriptive models could recommend new suppliers or 

routes. Reinforcement learning could modify how logistics work and how invento-

ry rules work to accommodate new situations. 

 Decision-Making and Action Layer: At this level, either autonomous systems or 

systems with a human in the loop may use the results to make decisions. A combi-

nation of AI agents and people might aid with buying, making, storing, and ship-

ping goods. When things aren't clear, supply chain managers employ optimization 

and scenario simulation to figure out what to do. Robotic process automation 

(RPA) speeds up responses and lowers the risk of human error in processes that 

need to be done time and over. 



The proposed model emphasizes three dimensions of resilience: 





Robustness: Ability to withstand disruptions without significant performance deg-

radation. 

Agili  

 

 ty: Speed and flexibility in adapting to changing circumstances.

 Adaptability: Learning and evolving based on past disruptions for long-term sus-

tainability. 
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Fig. 2. AI-Centric Model for Digital Supply Chain Resilience: Integrating IoT, ERP, Portals, 

and Analytics for Robust, Adaptive, and Agile Decision-Making 

AI is a significant element of the three-layer model that keeps the supply chain strong. 

The Data Acquisition Layer collects data from social media, ERP systems, supplier 

portals, and the Internet of Things in real time. AI cleans up and combines the data to 

create a digital copy of the supply chain. The Analytics Layer may use prediction and 

machine learning to detect problems, forecast how much demand there will be, and 
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suggest ways to deal with them. It's easy to adjust how things are stored and commu-

nicated using reinforcement learning. The Decision-Making Layer looks at both what 

you find out and what other people say. AI can assist managers decide what to buy, 

manufacture, and sell. Scenario simulations and robotic process automation both 

make things operate better and more correctly. This strategy gives businesses the tools 

they need to solve issues, respond quickly, and learn from their mistakes, which 

makes them wiser and more prepared for the future. This is because it makes the sup-

ply chain stronger, more flexible, and readier to change. 

8.2 Emerging Trends in AI-Driven Supply Chain Resilience 

 Generative AI: Some typical applications for generational AI include building 

supply chain models, improving manufacturing schedules, and finding novel meth-

ods to manage logistics. Generative models might utilize fake datasets to test sup-

ply systems for infrequent problems so that they don't hurt the actual system. [47] 

 

 Sustainability Integration: The main goals of the present supply chain are to protect 

the environment and society. AI-driven frameworks may make procedures that are 

good for the environment and don't use up the planet's resources by learning from 

the circular economy and keeping track of carbon footprints. We can meet all so-

cial and legal criteria and make sure that we are strong in the long run by buying 

things that are good for the environment and using logistics that work well. [48] 

 Human–AI Collaboration: AI may be smart in certain ways, but it will never be 

able to think critically about things like strategy, ethics, and judgment as a person 

can. Collaborative AI frameworks grow better at things like ethics, creativity, and 

problem-solving when they combine human and AI knowledge. When people and 

AI work together, they become more resilient and efficient by combining computa-

tional power with knowledge of the situation. [49] 

The future of DSCR will be shaped by AI-powered, hyperconnected, and self-driving 

supply networks. Using sophisticated AI models with these technologies might help 

things make more sense, allow people make choices in real time with edge compu-

ting, and keep a watch on operations with augmented reality. To attain these goals, we 

need to help people do their jobs better, design AI that is clear and moral, and make 

sure that digital supply chains are reliable. AI-powered digital supply chain resilience 

architecture may help organizations stay in business and even grow in a world where 

things can change rapidly. This design is efficient, flexible, and good for a long time. 

[50] 

9 Conclusion 

AI-driven research on digital supply chain resilience has led to the development of 

several practical and theoretical solutions. Blockchain, the Internet of Things (IoT), 

and artificial intelligence (AI) are changing how supply chains work by letting people 

see things in real time, use predictive analytics, and make decisions that alter over 
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time. These qualities make the supply chain stronger and more efficient by making it 

less likely that problems will come up that no one saw coming. Research indicates 

that digital supply chains are evolving into autonomous systems capable of self-

regulation, information dissemination, and adaptation to internal and external changes 

within the organization. The results might be utilized to build frameworks for resili-

ence and supply chains. The Dynamic Capability Theory says that as the world 

evolves, organizations can better find, understand, and adjust their resources. This 

theory is backed up by supply chains that use AI. Companies may go ahead if they 

leverage digital assets and AI-generated insights wisely to find problems and make 

better use of their resources. The research fills a vacuum in information and shows 

that working together with AI may help people make better decisions. The main point 

of this essay is the shift from resilience strategies that rely on technology to those that 

employ technology while respecting people. [51] AI-powered digital resilience is 

realistic. These technologies improve forecasting, risk reduction, and preparedness. 

The research recommends people development, change management, and data gov-

ernance to benefit from digital transformation. The paper suggests that generative AI 

and sustainable supply chain practises may improve resilience and serve environmen-

tal and social objectives. Companies may improve operational agility, cost efficiency, 

and growth in volatile markets by proactively applying these methods. Finally, this 

research proposes multidisciplinary supply chain management, data science, organiza-

tional behavior, and sustainability studies. The research offers a core knowledge of 

AI-driven digital supply chain resilience, but it does not cover the long-term conse-

quences of AI adoption on organisational culture, ethical difficulties in autonomous 

decision-making, or real-time multi-tier supply chain data integration. Technology, 

management, and social science cooperation may show how digital technologies in-

fluence organizations and decision-making. Comparative industry and area study may 

provide best practises, resilience strategies, and digital supply chain governance rules. 

[52] 

Finally, AI and digital technology provide robust, efficient, adaptive, sustainable, and 

strategically flexible supply networks. This study lays the groundwork for future re-

search and guides supply chain ecosystem researchers and practitioners. 
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