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Abstract 
This study investigates the role of Artificial Intelligence (AI) in bolstering resilience in supply 
chain management (SCM) and reverse supply chain management (RSCM). A scoping review 
of 44 peer-reviewed articles (2020–2024) is carried out to explore key themes: AI definitions, 
its influence on supply chain resilience (SCR) and reverse logistics (RL), prevailing 
methodologies, and barriers to deployment. The analysis suggests that AI tools, such as 
machine learning (ML), predictive analytics, and optimization algorithms, are crucial in 
improving demand forecasting, real-time tracking, risk mitigation, and RL operations, thereby 
enhancing effectiveness, backing circular economy principles, and aligning with the 
sustainable development goals (SDGs) adopted by the United Nations. However, challenges 
persist, including organizational obstacles like conflicting objectives and limited awareness, 
technological challenges such as subpar data quality and high costs, and ethical concerns 
related to responsibility and AI decision-making. The study underscores AI's transformative 
potential in SCM and RSCM, demonstrating its ability to revolutionize logistics while tackling 
sustainability issues. It advocates for strategic coherence, robust data management, and 
enhanced AI expertise among stakeholders to overcome implementation challenges. These 
findings provide valuable insights for scholars and industry professionals, facilitating the 
progress of adaptive, resilient, and sustainable supply chain systems capable of navigating 
upcoming trials in a dynamic global context.  
Keywords: Supply Chain Management, Reverse Supply Chain Management, Artificial 
Intelligence, Scoping Review, Supply Chain Resilience, Reverse Logistics 
 
Introduction 
The rapid growth of digital technologies and recent advances in artificial intelligence (AI) have 
significantly enhanced the AI tools used by manufacturing firms to manage supply chains (SC) 
and logistics operations (Yamin et al., 2024). Literature on logistics defines AI as advanced 
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technologies capable of performing cognitive functions and operations similar to human 
intelligence, such as learning, real-time interaction, and problem-solving in logistics 
operations. AI also boosts the ability to communicate with machines or devices that support 
logistics operations and generate innovative ideas that benefit entire SC networks (Dubey et 
al., 2021; Olan et al., 2024a; Yamin et al., 2024). Pichai Sundararajan, the CEO of Google, 
stated, "Artificial Intelligence is probably the most vital thing humanity has ever worked on. 
It is more profound than electricity or fire" (Alfawaz & Alshehri, 2022, p. 1).  
 
In SC and reverse logistics (RL), AI technologies such as machine learning (ML), natural 
language processing (NLP), and predictive analytics offer unparalleled opportunities for 
optimization and sustainability. Integrating AI capabilities to manage SC systems within 
organizations has the potential to boost efficiency, mitigate risks linked to SC disruptions, and 
improve delivery accuracy and time to market. Moreover, implementing ML in supply chain 
management (SCM) will refine data classification and pattern detection, offering more 
insights and reducing errors for future improvements.  
 
AI has a broad and escalating impact on achieving the Sustainable Development Goals (SDGs) 
(Leal Filho et al., 2024), According to Vinuesa et al. (2020), AI can aid in accomplishing 79% of 
SDGs (Kar et al., 2022). Alhasawi et al. (2023) noted that the application of AI in the SC and 
the logistics sector is forecasted to grow by 42.9% annually in the upcoming years. A McKinsey 
survey revealed that 93% of SC managers plan to redesign their SC for improved resilience 
(Alhasawi et al., 2023). For instance, Olan et al. (2024a) highlighted that by integrating AI 
technologies into their SC process, Tesla achieved 75% automation of the entire production 
process, leading to enhanced performance and reduced waste. 
 
Regarding reverse supply chains (RSC), unlike traditional supply chains, RSC encounter unique 
challenges such as intricate return processes, unpredictable product conditions, and the need 
for efficient resource recovery. In this context, AI applications play a crucial role in supporting 
closed-loop systems by enhancing resource recovery, recycling, and waste reduction efforts. 
Harnessing AI in RL addresses these obstacles by optimizing returns, automating sorting, and 
predicting future return trends, ultimately establishing a more efficient and sustainable 
closed-loop system. Through these advancements, AI not only fortifies operational resilience 
but also aids industries in adopting a more sustainable and responsible approach to logistics. 
This paper provides a comprehensive scoping review of AI's role in fostering sustainability and 
resilience within SCM, with a focus on RL. By scrutinizing recent papers in this field, this study 
aims to elucidate both the potential and the challenges linked to integrating AI into adaptive, 
sustainable, and resilient logistics systems. This exploration underscores AI's transformative 
impact on attaining sustainability goals and strengthening robust supply chain strategies. To 
deepen this comprehension, the study addresses the following key questions: 
1. What are the various definitions of AI provided in the existing literature? 
2. How does AI contribute to strengthening supply chain resilience (SCR) and RL?  
3. What are the most prevalent AI techniques employed for resilient supply chain and RL? 
4. What challenges and limitations currently hinder the integration of AI in supply chain and 

RL? 
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Background Literature 
This section analyzes the background knowledge relevant to the AI application in supply chain 
management (SCM) or reverse supply chain management (RSCM). The literature is divided 
into four main themes: 1) AI: Definition and classification, 2) Overview of AI in SCM and RSCM, 
3) Techniques and applications in SC and RSC, and 4) AI challenges and barriers in SC and RSC. 
This classification aids in synthesizing essential insights, enhancing the understanding of AI's 
role in boosting  supply chain processes and addressing associated challenges. 
 
Artificial Intelligence: Definitions and Taxonomy 

Artificial intelligence (AI) is a branch of computer science dedicated to creating systems 
that can perform tasks typically requiring human intelligence (Pournader et al., 2021). Such 
tasks include speech recognition, experiential learning, problem-solving, and decision-
making. To achieve this, AI systems often rely on machine learning (ML), deep learning (DL), 
and neural networks, which enable them to detect patterns, generate insights, and adapt to 
new data. ML represents a subset of AI, much like electromagnetics which  is a field within 
physics. Within ML, DL serves as a further subset, encompassing both discriminative and 
generative models. DL also underpins large language models (LLMs), with tools such as 
ChatGPT and Google Gemini integrating generative techniques and LLM architectures 
(Sharma et al., 2022). 

 
The literature does not yet offer a definitive or universally accepted definition of AI. AI 

applications and technologies have been extensively discussed in recent works and studies. 
The term "artificial intelligence" was introduced by John McCarthy in 1955 to explore 
machines' ability to utilize language and solve problems for humans (McCarthy et al., 2006; 
Pournader et al., 2021; Bhattacharya et al., 2024). The Oxford Dictionary defines AI as "the 
theory and development of computer systems capable of performing tasks typically 
necessitating human intelligence, such as visual perception, speech recognition, decision-
making, and language translation" (Richter et al., 2022). The Association for the Advancement 
of Artificial Intelligence (AAAI's) definition of AI is "advancing the scientific understanding of 
the mechanisms underlying thought and intelligent behavior and their manifestation in 
machines" (Helo & Hao, 2022, p. 2). Nevertheless, the literature offers various definitions of 
AI, each representing different perspectives and emphases within the domain. Table 1 
outlines these definitions as identified in the reviewed literature, along with their respective 
sources. 
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Table 1 
AI definition mentioned in previous literature 

No Article Title Domain Authors Definition 

1 

Artificial intelligence 
and machine learning 
applications in 
agricultural supply 
chain: a critical 
commentary 

ML 
(Aylak, 
2021) 

(Machine Learning) ML 
methodologies provide a learning 
mechanism that seeks to learn from 
experience, from training results to 
executing a task. Various statistical 
measures, evolving over time with 
practice, assessingthe model's 
efficiency. 

2 

The aspects of 
artificial intelligence 
in different phases of 
the food value and 
supply chain 

AI 
(Baciuliene 
et al., 2023) 

AI is defined as a technical 
advantage that cannot be replicated 
by other technologies. 

3 

Building supply-chain 
resilience: an artificial 
intelligence-based 
techniques and 
decision-making 
framework 

AI 
(Belhadi et 
al., 2022) 

AI is based on a set of tools, 
techniques and algorithms. It is used 
to enable a system (machine and 
equipment) to acquire knowledge 
from information and data collected 
from its external environment and 
to administer the resulting cognitive 
utilities to support the potential 
entities. 

4 

Artificial intelligence-
driven innovation for 
enhancing supply 
chain resilience and 
performance under 
the effect of supply 
chain dynamism: an 
empirical 
investigation 

AI 
(Belhadi et 
al., 2024) 

AI is the ability of a system to acquire 
learnings by analyzing the external 
environment’s data and using 
acquired learnings to adjust or make 
new plans against environmental 
changes. 

5 

What drives the 
corporate payoffs of 
using generative 
artificial intelligence? 

AI 
(Bughin, 
2024) 

The range of computer systems and 
techniques which are now able to 
replicate some of the human 
cognitive abilities. Based on data 
and new discriminative techniques. 

6 

Production-level 
artificial intelligence 
applications in 
semiconductor supply 
chains 

AI 
(Chien et 
al., 2023) 

AI is a subfield of computer science 
that is concerned with intelligent 
behavior in artifacts. It includes  
disciplines  natural language 
processing, knowledge 
representation, automated 
reasoning, ML, computer vision, and 
robotics. 
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No Article Title Domain Authors Definition 

7 

Production-level 
artificial intelligence 
applications in 
semiconductor supply 
chains 

ML 
(Chien et 
al., 2023) 

ML is a discipline of AI that deals 
with the use of data and algorithms 
to imitate the way that humans 
learn, gradually improving its 
accuracy. 

8 

Production-level 
artificial intelligence 
applications 
insemiconductor 
supply chains 

DL 
(Chien et 
al., 2023) 

DL can ingest unstructured data in 
its raw form, for instance, text, 
images, or sensor data. It can 
automatically determine the set of 
features that distinguish different 
categories of data from one another. 

9 

Role of artificial 
intelligence in 
operations 
environment: a 
review and 
bibliometric analysis 

AI 
(Dhamija & 
Bag, 2020) 

AI is the process of manufacturing 
enabled by machines which can 
imitate human activities in their 
original form. 

10 

Artificial intelligence 
in operations 
management and 
supply chain 
management: an 
exploratory case 
study 

AI 
(Helo & 
Hao, 2022) 

AI refers to the ability of machines to 
learn from experience and make 
decisions on  a series of 
performances as a human with 
intelligence. 

11 

Generative artificial 
intelligence in supply 
chain and operations 
management: A 
capability-based 
framework for 
analysis and 
implementation 

Gen-AI 
(Jackson et 
al., 2024) 

Generative AI (GAI), a branch of ML 
that can create new content, 
including text, images, music, or 
video, by learning patterns from 
existing data. 

12 

How can artificial 
intelligence impact 
sustainability: A 
systematic literature 
review 

AI 
(Kar et al., 
2022) 

Intelligence in AI is an ability to do 
reasoning, problem solving, 
learning, and integrate various 
human functions like perception, 
attention, memory, language, or 
planning. 

13 

Using emerging 
technologies to 
improve the 
sustainability and 
resilience of supply 
chains in a fuzzy 
environment in the 
context of COVID-19 

AI 
(Kazancoglu 
et al., 2023) 

AI is a branch of computer science 
with the  main goal of developing 
computer technology that can act 
and think like a human being. 
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No Article Title Domain Authors Definition 

14 

Sustainable supply 
chain finance and 
supply networks: The 
role of artificial 
intelligence 

AI 
(Olan et al., 
2024a) 

AI systems are technologically 
driven systems with the ability to 
simulate human cognitive skills such 
as analyzing complex problems, 
visual analytics, optimum 
performance, and providing 
solutions. 

15 
Artificial intelligence 
applications in supply 
chain management 

AI 
(Pournader 
et al., 2021) 

AI is a domain in computer science 
focused on developing systems that 
can do activities typically requiring 
human intelligence. 

16 

Artificial intelligence 
in logistics and supply 
chain management: A 
primer and roadmap 
for research 

Gen-AI 
(Richey et 
al., 2023) 

Generative AI refers to integrating 
ML models to fabricate novel 
content. This encompasses text, 
audio, video, imagery, software 
code, and simulations based on large 
datasets that train the generative 
model. 

17 
Artificial intelligence 
for electricity supply 
chain automation 

AI 
(Richter et 
al., 2022) 

AI is a collective term, which 
combines tools to substitute the 
need for human cognitive ability 
including machine perception and 
ML procedures. 

18 

Barriers related to AI 
implementation in 
supply chain 
management 

AI 
(Shrivastav, 
2022) 

AI is a multi-disciplinary field of 
science that aims to build 
“intelligent” systems. 

19 

RFID supply chain 
data deconstruction 
method based on 
artificial intelligence 
technology 

AI 
(Zhang & Li, 
2023) 

AI is the science of developing 
intelligent machines or machines to 
simulate, refine, and supplement 
human intelligence. 

 
Based on the above definitions, it has been observed that there is no clear evidence 

defining AI in the context of SCM or RSCM. Articles revised as part of this paper generally 
defined AI as a field focused on creating systems that imitate human intelligence or behaviors. 
This includes using tools, techniques, and algorithms to enable machines to learn from and 
respond to their environment. Common themes include the capability to perform tasks 
requiring cognitive functions like perception, learning, and problem-solving. 
 
Overview of AI in supply chain resilience )SCR( and reverse logistics (RL) 

Supply chain resilience (SCR) refers to the ability of a supply chain system to effectively 
handle disruptions and quickly recover to its previous operational capacity or a better one  
after  interruption ensuring steady-state performance (Modgil et al., 2021). General supply 
chains encounter challenges in achieving stability due to uncertainties and vast data volumes. 
Consequently, companies often resort to short-term forecasting and concentrate on 
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improving their supply chain operations (Ivanov, 2022; Mukherjee et al., 2023). Many 
researchers argue that artificial intelligence (AI) can enhance SCR by accelerating recovery 
capabilities; its adoption can assist in predicting demand and optimizing supply chain 
strategies for inventory and resource allocation (Ismagiloiva et al., 2020). Furthermore, AI can 
assess how specific events may impact the entire supply chain over time, ensuring smoother 
operations and sustained efficiency (Dwivedi et al., 2021; Mukherjee et al., 2023; Zhang & Li, 
2023). 

 
SCM is a sophisticated and complex system, not only due to its dependencies on 

numerous chains but also because of the dynamic nature of customer preferences, suppliers, 
and manufacturing changes (Shrivastav, 2022). Therefore, integrating AI into SCM requires a 
highly collaborative ecosystem that encourages seamless data exchange, real-time decision-
making, and adaptive responses to emerging challenges. 

 
Yamin et al. (2024) emphasize that the rapid adoption of digital technologies in managing 

logistics operations has facilitated the acceptance of AI tools, enhancing the agility of logistics 
operations. In recent years, the use of AI for modeling and simulating complex systems has 
become more widespread. Implementing AI in SC and RSC modeling and simulations allows 
for sophisticated scenario-based analysis, ultimately improving decision-making by gaining a 
better understanding of system and consumer behavior (Pournader et al., 2021). Yamin et al. 
(2024) also suggest that AI has the potential to lower transaction costs through rigorous 
monitoring and big data analytics. 

 
AI plays a vital role in transforming SC or RSC throughout the production process. 

Therefore, SCM's objective is to digitalize the production process, connect stakeholders and 
assets, align products with client specifications, and achieve a competitive advantage 
(Alfawaz & Alshehri, 2022). Alhasawi et al. (2023) argue that integrating AI and Machine 
Learning (ML) helps reduce the impact of disruptions, ensuring corporate stability through 
precise forecasting and demand management. For instance, AI and ML are increasingly 
employed in agricultural supply chains for their advanced computational capabilities and real-
time monitoring abilities (Aylak, 2021). 

 
Walmart, leveraging AI to manage and analyze substantial data to enhance customer 

service, utilizes its Social Genome tool, based on Big Data analytics, to comprehend customer 
preferences and behaviors by analyzing social media activities (Helo & Hao, 2022). DHL, a 
logistics giant, uses ChatGPT to automate operations, enhance efficiency in warehouse 
management, and provide driver support. Similarly, Instacart, a prominent US grocery 
delivery service, collaborates with OpenAI to incorporate ChatGPT for quicker and more user-
friendly shopping experiences (Jackson et al., 2024). 

 
When consumers return products, AI assists in automatic categorization through image 

processing and computer vision capabilities. The algorithm identifies defects, directs products 
accordingly, improves the efficiency of return processes, identifies cost-saving opportunities, 
and monitors frequently returned items within the Reverse Logistics (RL) process (S. 
Mukherjee et al., 2024). 

In conclusion, AI significantly enhances contractor-supplier collaboration during supply 
chain disruptions, optimizes warehouse performance, demand management, and product 
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shelf life monitoring. These capabilities enable companies to effectively navigate diverse 
market segments and make informed business decisions. The use of AI technologies is 
essential for employees to efficiently manage supply chain operations. 

 
AI Techniques and Applications Used in SC and RSC 

Techniques and applications used in SC and RSC leverage various technologies to boost 
efficiency and sustainability. In SC, AI-powered predictive analytics and ML models help 
forecast demand, optimize inventory levels, and enhance route planning (Alfawaz & Alshehri, 
2022). The use of Internet of Things (IoT) devices enables real-time tracking of goods, 
improving visibility throughout the SC (Toorajipour et al., 2021). Blockchain has also enhanced 
SCM, improving operational efficiency, and promoting the circular economy (Leal Filho et al., 
2024). In RSC, advanced sorting and recycling technologies, including robotics and AI-assisted 
material classification, facilitate the efficient processing of returned products. Data analytics 
tools help identify patterns in returns and design effective recovery strategies, while cloud-
based platforms streamline collaboration between stakeholders. Table 2 summarizes the 
techniques and applications used in SC or RSC in the literature. 

 
Over the years, the world has been progressing towards a digital future, particularly in 

industry 4.0 technologies (Toorajipour et al., 2021). AI technologies such as ML, DL, Robotics, 
Big Data, Blockchain, Cloud Computing, and IoT are prominent examples of these 
technologies. In general, the methods most used in SCM offer the opportunity to acquire 
human capabilities, such as thinking and acting like humans, reasoning and acting rationally, 
and thinking like humans. According to  Ferreira and Reis (2023), AI approaches can be 
classified into four distinct groups. These categories include human thinking (HTT), human 
acting (HAT), rational thinking (RTT), and rational acting (RAT) techniques. These techniques 
offer the opportunity to improve forecasting in SCM. 
 
Oluleye et al. (2023) argue that the approach currently used in RSC is not efficient in achieving 
systemic circularity of materials. Moreover, to support this argument, a study conducted by 
(Rakhshan et al., 2021) found that a design-related factor often influences the circularity of 
materials. Therefore, the implementation of AI algorithms may make it easier to select 
circular materials with a longer lifespan and reusability. Given constraints on selecting 
materials with circularity features from various options, an optimization strategy employing 
an Artificial Neural Networks (ANN) algorithm could be an effective technique for making 
judgments or choices that yield optimal outcomes (Oluleye et al., 2023). The ANN is a new 
type of AI created using modern methods to mimic human brain cells, structuring how the 
brain functions. Neural networks are now the most popular approach in SCM for solving 
demand planning issues (Kazancoglu et al., 2023). 
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Table 2 
AI technologies and applications area mentioned in previous literature. 

No Author AI Technology Used Applications Area Sector 
SC/
RSC 

1 
(Aylak, 
2021) 

Machine learning, 
optimization 
Algorithms 

Yield prediction, 
logistics optimization, 
demand forecasting 

Agricultural 
Supply Chain 

SC 

2 
(Baciuliene 
et al., 2023) 

Machine learning, 
neural networks, 
robotics 

Food production, 
distribution, quality 
control 

Food Supply 
Chain 

SC 

3 
(Belhadi et 
al., 2022) 

fuzzy logic, Wavelet 
neural networks, 
Multi-criteria 
Decision-making 
(MCDM) 

Supply chain 
resilience, decision 
support 

Manufacturin
g Supply 
Chain 

SC 

4 
(Belhadi et 
al., 2024) 

Predictive Analytics, 
Machine Learning, 
Data Analytics 

Resilience uilding, 
performance 
optimization 

Various 
Sectors 

SC 

5 
(Benzidia et 
al., 2021) 

Big Data Analytics, AI-
based supply chain 
integration 

Green logistics, 
hospital management 

Healthcare, 
Sustainability 

SC 

6 
(Bhattachar
ya et al., 
2024) 

Deep Neural 
Networks, Genetic 
Algorithms, Swarm 
Intelligence, artificial 
neural networks 

Reverse logistics, 
recycling optimization 

Closed-loop 
Supply 
Chains 

RSC 

7 (Bu, 2021) 
Machine Learning, 
Multi-objective 
Optimization 

Logistics efficiency, 
optimization 

Logistics 
Engineering 

SC 

8 
(Cannas et 
al., 2024) 

Machine Learning, 
Expert Systems, 
Predictive Analytics 

Inventory 
,management, risk 
management 

Operations 
and Supply 
Chain 
Management 

SC 

9 
(Chen, 
2022) 

Machine learning, 
automatic ML 
frameworks, image 
processing 

Waste management 
and recycling 

Environment, 
Urban 
management 

RSC 

10 
(Chien et 
al., 2023) 

Machine learning, 
deep learning 

roduction Efeficiency, 
supply chain 
optimization 

Semiconduct
or 
Manufacturin
g 

SC 

11 
(Dhamija & 
Bag, 2020) 

Genetic Algorithms, 
expert systems, Big 
Data 

Operations 
management, logistics 

General 
Operations 
and Supply 
Chains 

SC/
RC
M 
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No Author AI Technology Used Applications Area Sector 
SC/
RSC 

12 
(Dubey et 
al., 2021) 

Supply Chain 
Analytics, Cognitive 
Technologies 

Operational 
performance, 
financial performance 

B2B Supply 
Chains 

SC 

13 
(Garrido-
Hidalgo et 
al., 2019) 

Internet of Things 
(IoT), Cloud 
Computing 

Reverse supply chain, 
real-time monitoring 

Industry 4.0 RSC 

14 
(Gupta et 
al., 2021) 

AI-based risk 
prediction, self-
training systems 

Supply chain 
disruption 
management 

Supply Chain 
Disruption 
Management 

SC 

15 
(Helo & 
Hao, 2022) 

Deep neural 
networks, machine 
learning, natural 
language processing, 
artificial neural 
networks 

Operations 
management, supply 
chain lanning 

Operations 
and Supply 
Chain 
Management 

SC 

16 
(Hendriksen
, 2023) 

Large language 
models, predictive 
analytics 

Risk Mmitigation, 
operational 
optimization 

Supply Chain 
Management 

SC 

17 
(Jackson et 
al., 2024) 

Generative AI, 
machine learning, 
decision support 
systems 

Demand forecasting, 
inventory 
optimization 

Operations 
and Supply 
Chain 

SC 

18 
(Kar et al., 
2022) 

Reinforcement 
learning, regression 
models 

Sustainability 
practices, 
environmental 
management 

Various 
Industries 

SC/
RC
M 

19 
(Kazancoglu 
et al., 2023) 

Blockchain, Industry 
4.0, AI 

Sustainability, 
resilience 

Automotive SC 

20 
(Kosasih et 
al., 2024) 

Neurosymbolic AI, 
hybrid models 

Demand forecasting, 
risk management 

Supply Chain 
Management 

SC 

21 
(Long et al., 
2023) 

Deep reinforcement 
learning 

Healthcare supply 
chain mode 
optimization 

Healthcare SC 

22 
(Modgil et 
al., 2021) 

Simulation, real-time 
pracking, predictive 
analytics 

Resilience building, 
supply chain risk 
management 

General 
Supply 
Chains 

SC 

23 
(Mosallanez
had et al., 
2023) 

Metaheuristic 
algorithms, IoT 
optimization 
modeling 

Pandemic waste 
management, 
sustainable supply 
chain 

Supply Chain, 
Healthcare 

RSC 

24 
(Mukherjee 
et al., 2023) 

Machine learning, 
predictive analytics 

Supply chain 
resilience, firm 
performance 

Emerging 
Markets 

SC 

25 
(Neto et al., 
2023) 

Genetic algorithms, 
simulation 

Waste management, 
economic and 

Circular 
Economy and 

RSC 
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No Author AI Technology Used Applications Area Sector 
SC/
RSC 

environmental 
optimization 

Waste 
Management 

26 
(Nikseresht 
et al., 2022) 

Optimization-driven 
methods, 
intuitionistic fuzzy 
solutions 

Sustainable 
development ecision-
making, volatile, 
uncertain, complex, 
and ambiguous 
(VUCA) environment 

Sustainability 
and 
Environment
al 
Management 

SC 

27 
(Olan et al., 
2024a) 

Fuzzy set theory, data 
analytics 

Supply chain finance, 
network optimization 

Finance and 
Supply 
Networks 

SC 

28 
(Oluleye et 
al., 2023) 

Machine learning, 
deep learning, 
artificial neural 
networks 

Circular materials 
selection, pre-
demolition auditing, 
reverse logistics 

Building 
Construction 
Industry 

SC/
RC
M 

29 
(Pawlicka & 
Bal, 2022) 

Machine learning, 
predictive analytics 

Omnichannel logistics, 
financial sustainability 

Clothing 
Industry 
Logistics 

SC 

30 
(Pereira & 
Shafique, 
2024) 

Big Data Analytics, 
Machine Learning 

Supply chain agility, 
disaster relief 
operations 

Humanitarian 
Supply Chain 

SC 

31 
(Pournader 
et al., 2021) 

Machine Learning, 
Deep Learning, 
Natural Language 
Processing 

Demand forecasting, 
inventory 
management, supply 
chain optimization 

General 
Supply Chain 

SC 

32 
(Rajesh, 
2020) 

GreyTheory , layered 
analytic network 
process (ANP) 

Risk mitigation, 
decision support 

Electronic 
Manufacturin
g Supply 
chains 

SC 

33 
(Richey et 
al., 2023) 

Generative AI, robotic 
process automation, 
machine learning 

Logistics, operational 
efficiency 

Logistics and 
Supply Chain 
Management 

SC 

34 
(Richter et 
al., 2022) 

Forecasting, 
optimization, deep 
reinforcement 
learning, neural 
networks 

Energy management, 
predictive 
maintenance, 
autonomous trading 

Electricity 
Supply Chain 

SC 

35 
(S. 
Mukherjee 
et al., 2024) 

Machine learning, 
image processing 

Reverse logistics, 
circular economy 

Circular 
Economy  
Developing 
Countries 

RSC 

36 
(Samadhiya 
et al., 2023) 

Machine learning, 
predictive analytics 

Disruption 
management, supply 
chain resilience 

Healthcare SC 
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No Author AI Technology Used Applications Area Sector 
SC/
RSC 

37 
(Sharma et 
al., 2021) 

Big ata Analytics, 
Machine Learning 

Food logistics, supply 
chain optimization 

Food 
Industry 

SC 

38 
(Sharma et 
al., 2022) 

Artificial Neural 
Networks, Genetic 
Algorithms, Fuzzy 
Logic 

Demand planning, 
green supply chain 
management 

General 
Supply Chain 

SC 

39 
(Shrivastav, 
2022) 

machine learning, 
simulation, 
Optimization 

Implementation 
arriers, risk mitigation 

General 
Supply Chain 

SC 

40 
(Wang et 
al., 2021) 

IoT analytics, 
IoTtechnology 

Smart healthcare, 
agriculture and 
manufacturing 

Technology SC 

41 
(Wilson et 
al., 2022) 

Mechanical AI, 
analytical AI, intuitive 
AI 

Reverse logistics 
functions, circular 
economy 

Circular 
Economy and 
Reverse 
Logistics 

RSC 

42 
(Yamin et 
al., 2024) 

Predictive analytics, 
machine learning 

Supply Chain Agility, 
Resilience Building 

Logistics and 
Manufacturin
g 

SC 

43 
(Yang et al., 
2024) 

Optimization 
algorithms, data 
analytics 

sustainability 
performance, reverse 
logistics 

Manufacturin
g Supply 
Chain 

SC/
RC
M 

44 
(Zhang & Li, 
2023) 

Machine learning, 
RFID data analysis 

Supply chain 
efficiency, real-time 
tracking, inventory 
management 

General 
Supply Chain 
with RFID 

SC 

 
The incorporation of AI technologies into supply chain management (SCM) showcases a 

diverse range of applications across various sectors, as delineated in Table 2. For instance, 
Nikseresht et al. (2022) utilized optimization techniques and intuitionistic fuzzy logic in 
sustainability and environmental management, concentrating on decision-making in volatile, 
uncertain, complex, and ambiguous (VUCA) environments. Similarly, Wang et al. (2021)  
investigated IoT analytics to transform smart healthcare, agriculture, and manufacturing 
processes. Advanced approaches such as Grey Theory and layered analytic network processes 
were employed by Rajesh (2020) to improve risk mitigation and decision support in electronic 
manufacturing supply chains. Oluleye et al. (2023) applied machine learning (ML) and artificial 
neural networks for circular material selection and pre-demolition assessment in the 
construction industry.  

 
Furthermore, Modgil et al. (2021) demonstrated predictive analytics and real-time 

tracking to enhance resilience and risk management across general supply chains. These 
research works collectively underscore the transformative capacity of AI in tackling diverse 
challenges and optimizing SCM procedures. Nonetheless, it is noteworthy that despite the 
increasing adoption of AI in numerous SCM functions, organizations face significant 
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challenges and obstacles during its integration (Shrivastav, 2022), which will be elaborated on 
in the subsequent section. 
 
AI Challenges and Barriers in SC and RSC 

The integration of AI in SC and RSC offers substantial opportunities for enhanced 
efficiency and resilience. However, numerous obstacles and challenges impede their 
widespread adoption. A fundamental assumption for any weak AI system used in the industry 
is the constancy of the underlying data distribution, enabling the system to generalize when 
faced with new, previously unknown data (Shrivastav, 2022). Cannas et al. (2024) argue that 
a significant amount of clean data is crucial for training and testing models, along with the 
necessity to implement sophisticated hybrid approaches to address the uncertainties and 
ambiguities inherent in actual data. Rajesh (2020) notes the integration of AI with decision-
support models, providing predictive insights, although decision-making complexity remains 
a barrier.  

 
Modgil et al. (2021) emphasize AI's role in fostering resilience in SC through predictive 

analytics, hindered by challenges such as data availability and trust in AI technologies. These 
studies collectively highlight AI's multifaceted role in strengthening SCM and RSCM practices 
while addressing specific challenges across various sectors. Shrivastav (2022) outlined ten 
barriers to AI implementation in SCM, encompassing organizational challenges like misaligned 
goals, limited AI understanding among stakeholders, lack of top management support, and 
technological obstacles such as insufficient data quality, limited infrastructure, and the 
opaque nature of AI models. (Majumdar et al., 2021) examined barriers to AI implementation 
in SCM within the context of Industry 4.0, mainly focusing on the textile and clothing industry. 
It highlights organizational hindrances like inadequate top management commitment and 
understanding, technological challenges such as poor IT infrastructure and cybersecurity 
issues, and operational hurdles like high implementation costs and skill shortages. Moreover, 
external factors like insufficient government support and unclear legal frameworks 
compound these challenges (Subhodeep Mukherjee et al., 2024). Table 3 summarizes and 
highlights AI's role in enhancing sustainability, resilience, and efficiency under volatile and 
uncertain conditions. Applications span sectors like construction, agriculture, healthcare, and 
energy, improving decision-making, forecasting, and operational agility. AI facilitates circular 
economy adoption, optimizes closed-loop processes, and boosts resilience through dynamic 
reconfiguration and risk sensing. Moreover, AI-integrated tools, such as IoT and big data 
analytics, drive real-time monitoring and sustainability innovations, addressing barriers like 
governance and change management.  
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Table 3 
Key insights and barriers to AI adoption in SC and RSC: A review of existing literature 

No Study Key Findings 
AI Challenges/Barriers 
Adoption in SC/RSC 

1 (Aylak, 2021) 
AI/ML enhances monitoring, 
forecasting, and decision-making in 
agricultural SCs. 

Data quality issues, high 
implementation cost in 
agricultural SCM. 

2 
(Baciuliene et al., 
2023) 

AI improves efficiency across various 
phases of the food SC using advanced 
technologies. 

Social and economic barriers, 
including resistance to 
technology adoption. 

3 
(Belhadi et al., 
2022) 

AI enhances resilience by predicting 
and managing disruptions in SCs. 

Difficulty in standardizing AI 
frameworks and high data 
quality requirements. 

4 
(Belhadi et al., 
2024) 

AI boosts SC resilience and long-term 
performance in dynamic environments. 

Operationalization challenges 
under dynamic SC conditions. 

5 
(Benzidia et al., 
2021) 

Enhanced environmental performance 
via big data analytics and artificial 
intelligence (BDA-AI) technologies 

Data confidentiality, Lack of 
standardization. 

6 
(Bhattacharya et 
al., 2024) 

AI optimizes closed-loop SC processes, 
enhancing sustainability and efficiency. 

Uncertainty in RL and 
complexity in managing 
returned goods. 

7 (Bu, 2021) 
ML and AI optimize logistics operations, 
improving efficiency and reducing 
costs. 

High-dimensional data 
handling and lack of tailored 
optimization models. 

8 
(Cannas et al., 
2024) 

AI methods enhance competitiveness 
by improving process efficiency and 
reducing costs. 

Data quality, investment 
costs, and skill deficiencies. 

9 (Chen, 2022) 
Improved garbage classification with 
ML-based frameworks 

High costs, Poor effectiveness 
of systems 

10 
(Chien et al., 
2023) 

AI enhances production and SC 
efficiency in semiconductor 
manufacturing. 

Scalability and interpretability 
issues of AI models. 

11 
(Dhamija & Bag, 
2020) 

AI is pivotal in optimizing operations 
and enhancing SC performance. 

Limited adoption due to high 
costs and lack of skilled 
workforce. 

12 
(Dubey et al., 
2021) 

AI-driven analytics improves decision-
making and performance during crises. 

Data sharing challenges and 
dynamic market conditions 
during crises. 

13 
(Garrido-Hidalgo 
et al., 2019) 

IoT enhances reverse SCM through real-
time tracking and cloud-based 
monitoring. 

Communication bottlenecks 
and reliability issues in large-
scale IoT networks. 

14 
(Gupta et al., 
2021) 

AI improves resilience by enabling 
dynamic response to disruptions in SC. 

Limited analytical power of 
traditional systems and 
integration complexities. 

15 
(Helo & Hao, 
2022) 

Explores the implementation of AI in 
SCM and its value in business through 
case studies, showing AI improves 
decision-making, process optimization, 
and operational efficiency. 

High costs of implementation, 
lack of skilled personnel, and 
integration challenges with 
existing systems. 
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No Study Key Findings 
AI Challenges/Barriers 
Adoption in SC/RSC 

16 
(Hendriksen, 
2023) 

AI revolutionizes SCM by enhancing 
efficiency and mitigating disruption 
impacts. 

Dependence on human 
sensemaking and interpretive 
processes for AI integration. 

17 
(Jackson et al., 
2024) 

GAI enhances decision-making, process 
optimization, and risk management in 
SCM. 

High computational costs and 
complexity in operationalizing 
GAI capabilities. 

18 (Kar et al., 2022) 
AI supports sustainable practices across 
various industries, improving resource 
efficiency. 

Trade-offs in cost, time, and 
quality in sustainable 
operations. 

19 
(Kazancoglu et 
al., 2023) 

Emerging technologies, including AI, 
enhance SC sustainability and resilience 
under uncertain conditions like COVID-
19. 

Lack of top management 
support and challenges in 
demand planning and logistics 
optimization. 

20 
(Kosasih et al., 
2024) 

Neurosymbolic AI enhances 
explainability in SCM, improving trust 
and adoption. 

Limited application in critical 
SCM functions and 
explainability-performance 
trade-offs. 

21 
(Long et al., 
2023) 

AI-driven optimization improves mode 
selection in healthcare SCs. 

High initial investment and 
adaptation challenges in 
healthcare contexts. 

22 
(Modgil et al., 
2021) 

AI enhances SC resilience by enabling 
risk sensing and dynamic 
reconfiguration. 

Dependence on data 
availability and trust in AI 
predictions. 

23 
(Mosallanezhad 
et al., 2023) 

Effective RSC network using IoT for 
pandemic waste 

High-risk handling of COVID-
19 Pandemic Wastes (CPWs), 
Sustainability constraints 

24 
(Mukherjee et 
al., 2023) 

AI enhances resilience and 
performance of MSMEs by improving 
SCM agility. 

Limited application scope and 
cross-sectional data 
limitations. 

25 
(Neto et al., 
2023) 

AI-based simulation optimizes 
economic and environmental aspects of 
WEEE reverse chains. 

High cost of implementation 
and regulatory compliance 
issues. 

26 
(Nikseresht et al., 
2022) 

AI tools help in sustainable decision-
making under VUCA, analyzing 
influential research trends. 

VUCA complexity, lack of 
integrated frameworks for 
decision-making. 

27 
(Olan et al., 
2024a) 

AI optimizes SC finance, improving 
financial and operational efficiencies. 

Regulatory challenges and 
high initial investment costs. 

28 
(Oluleye et al., 
2023) 

AI facilitates circular economy adoption 
in construction through systemic 
circularity. 

Data integration issues, 
limited AI adoption in 
construction SCM. 

29 
(Pawlicka & Bal, 
2022) 

AI supports sustainable finance and 
omnichannel logistics, driving 
operational innovation. 

Financial risk and lack of 
integrated data systems. 

30 
(Pereira & 
Shafique, 2024) 

AI enhances SC agility and collaboration 
in dynamic environments like disaster 
management. 

Coordination and data sharing 
issues among stakeholders. 

31 
(Pournader et al., 
2021) 

AI applications improve decision-
making and efficiency in SC operations. 

Data fragmentation and 
integration challenges. 
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No Study Key Findings 
AI Challenges/Barriers 
Adoption in SC/RSC 

32 (Rajesh, 2020) 
AI integrates with decision-support 
models for enhancing SC resilience 
strategies. 

Complex decision-making due 
to interconnected SC risks. 

33 
(Richey et al., 
2023) 

Proposes a roadmap for research on 
integrating AI in logistics and SCM to 
enhance decision-making and 
operational efficiency. 

Data privacy concerns, lack of 
transparency in AI models, 
and workforce adaptability. 

34 
(Richter et al., 
2022) 

AI optimizes electricity SC automation, 
improving forecasting and grid 
reliability. 

Integration challenges with 
legacy systems, high data 
heterogeneity. 

35 
(S. Mukherjee et 
al., 2024) 

AI optimizes RL, enhancing circular 
economy performance in MSMEs. 

Dependence on government 
support and technological 
readiness. 

36 
(Samadhiya et 
al., 2023) 

Examines AI's role in improving 
healthcare SC resilience through 
adaptability and collaboration. 

Complexity in collaboration 
and limitations in dynamic 
capability realization. 

37 
(Sharma et al., 
2021) 

AI and big data drive sustainable 
innovations in the food SC. 

Data management 
complexities and 
technological literacy gaps. 

38 
(Sharma et al., 
2022) 

Highlights AI's transformative impact 
on SCM through trend and gap analysis. 

Lack of standardized 
frameworks and the need for 
industry-specific AI solutions. 

39 
(Shrivastav, 
2022) 

Identifies major AI implementation 
barriers, including change management 
and governance issues. 

Resistance to change, lack of 
AI governance, and multi-
actor coordination challenges. 

40 
(Wang et al., 
2021) 

Evolution of IoT with focus on security 
and thematic trends 

IoT security, algorithm issues, 
privacy concerns. 

41 
(Wilson et al., 
2022) 

AI enhances RL within circular economy 
through better decision-making and 
efficiency. 

Integration complexities and 
data quality issues in RL. 

42 
(Yamin et al., 
2024) 

AI and HR strategies improve agility and 
resilience in logistics SCs. 

Need for human capital 
development and overcoming 
cultural resistance. 

43 
(Yang et al., 
2024) 

RL and SSCI positively influence 
sustainability, moderated by 
organizational learning. 

Limited empirical data on 
sustainability impacts in 
developing nations. 

44 
(Zhang & Li, 
2023) 

AI-enhanced RFID improves data 
analysis efficiency in SC operations. 

High initial investment, 
resistance to technological 
change. 

 
Methodology 

A scoping review was conducted to assess the current state of research on AI 
technologies or systems utilized in the field of SCM or RSCM. This methodology was selected 
due to the abundance of papers focusing on AI in SC and RSC, signifying a vast area of 
investigation. A scoping review does not require well-defined inquiries or a testable 
hypothesis, which is why it was favored over a systematic literature review (Panagou et al., 
2024). Additionally, conducting scoping reviews aims to pinpoint and outline the existing 
evidence present in the literature (Munn et al., 2018). 
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To meet the scoping review standards, we have followed the Arksey and O'Malley (2005) 
framework scoping review stages:  
Stage 1: Identifying the research question/s 
Stage 2: Identifying relevant studies 
Stage 3: Studying and analyzing the selected studies. 
Stage 4: Charting the data 
Stage 5: Collating, summarizing, and reporting the results 
 
Identifying the research question/s 
The research questions guiding this scoping review, which have been outlined in the 
introduction, focus on exploring core aspects of AI in SC and RL, including its definitions, 
contributions to resilience, prevalent techniques, and associated challenges. This section 
discusses the next stage of the scoping review process. 
 
Identifying the relevant studies. 
 In order to gather the relevant studies, the keywords were searched in the Google 
Scholar search engine (www.scholar.google.com), Web of Science (WoS) 
(www.webofscience.com)  and Scopus (www.scopus.com). All databases are major search 
engines for searching scholarly sources. The Scopus database was adopted for this study for 
the following reasons: 
 
1- Scopus offers a wide range of literature coverage, with the capability for citation analysis 

(Pournader et al., 2021). 
2- One of the world’s largest abstract and citation databases for peer-reviewed papers 

(Ferreira & Reis, 2023). 
3- The Scopus database provides comprehensive coverage of journal articles indexed in other 

databases such as WoS, ScienceDirect, Emerald Insight, and Taylor & Francis (Oluleye et 
al., 2023). 

4- All papers selected for the scoping review are indexed in the WoS database, ensuring their 
scholarly credibility. Among these, 31 papers are ranked as Q1, reflecting their position in 
top-tier journals with the highest impact. Additionally, ten papers are classified as Q2, 
indicating strong academic quality, while two papers fall under Q3, and one paper is 
categorized as Q4. 

5- Generates fewer and more targeted results when compared to Google Scholar engine. 
 
The assembled list of keywords is applied to the title, abstract, and keywords using the query 
syntax supported by Scopus (designated as TITLE-ABS-KEY). Keywords related to AI, separated 
by Boolean logic "OR," are combined using Boolean logic "AND" with keywords related to SC 
and RSC, also separated by Boolean logic "OR." The final syntax used to search for the relevant 
articles is provided below: 
 

Keywords query: (“AI" OR "ant colony optimization" OR "artificial neural network*" OR 
"artificial intelligence" OR "bayesian" OR "bees algorithm" OR "cluster analysis" OR "deep 
learning" OR "decision tree" OR "intelligent automation" OR "support vector machine" OR 
"machine learning" OR "intelligent agents" OR "fuzzy set" OR "unsupervised learning" OR 
"supervised learning" OR "reinforcement learning" OR "computational intelligence" OR 
"predictive model*" OR "neural networks" OR "regression analysis" OR "regression methods" 

http://www.scholar.google.com/
http://www.webofscience.com/
http://www.scopus.com/
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OR "digital technology" OR "computer vision" OR "image processing" OR "self-learning" OR 
"self learning" OR "transfer learning" OR "cognitive computing" OR "logic programming") 
 
AND ("closed-loop supply chain" OR "closed-loop supply chain networks" OR "closed-loop 
supply chain network design" OR "closed-loop supply chain management" OR "reverse supply 
chains" OR "product recovery" OR "circular economy" OR "reverse supply chain 
management" OR "sustainable supply chain*" OR "green supply chain*" OR "reverse supply 
chain" OR “reverse logistics"). 
 
Selection Process and Analyze the Selected Studies 
As of November 2024, the search resulted in 3,563 records in Scopus. In addition to the 
specified criteria, the inclusion of this review paper involved: 1) Selection of articles closely 
related to the research questions targeting AI's impact, challenges, and strategic implications 
in SC or RSC; with a focus on understanding AI's impact in this domain, 2) articles published 
between 2020 and 2024, 3) peer-reviewed articles in scientific journals, and 4) articles 
addressing the research questions, yielding 2,741 documents. The exclusion criteria included: 
1) book chapters, 2) working papers, 3) articles in languages other than English, and 4) articles 
lacking full text, resulting in 1,637 documents. Finally, given the large number of results, we 
refined the search to articles containing the keywords "Supply Chain," "Artificial Intelligence," 
and "Reverse Logistics," resulting in 372 articles. 
 
Considering the significant number of eligible articles, a final selection of 56 papers was 
reviewed and summarized. Conference articles were excluded, leaving 44 papers for further 
analysis based on the following reasons: 
1- A scoping review's purpose is to map existing literature and identify themes and gaps. 

Analyzing 44 articles allows for a comprehensive approach, highlighting major themes and 
discussing critical insights in detail. 

2- The final 44 publications were chosen based on their relevancy to the research questions 
and contributions to the field, focusing on important and highly cited studies. 

3- The selected 44 articles provide in-depth insights into crucial topics and advancements in 
SCM or RL using AI. 

4- Evaluating 372 articles might be excessively time-consuming and resource-intensive for this 
study. Focusing on 44 articles allows for a more detailed and manageable examination of 
the period. 

 
In conclusion this paper scoping review method focused on papers published between 2020 
and 2024 to ensure relevance to current AI advancements in SCM and RSCM. We selected 44 
out of 372 articles based on strict relevance to our research questions and their significant 
contributions to the field. This targeted approach allowed us to manageably explore major 
themes and identify knowledge gaps, fitting the scoping review’s aim to map and detail the 
latest developments in a rapidly evolving area. 
 
Charting the Data 
As part of the scoping review process, data from the articles were charted to identify key 
themes and trends. The outcomes of this thematic grouping are presented in the literature 
review section, where the studies are discussed based on their contributions to the field. 
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Results 
Analysis of the full text disclosed 44 articles (Table 4) that explore the use of AI in SC and RSC. 
Before diving into the analysis specifics, it is vital to analyze the data pertaining to the final 
selection outcomes for the 372 papers. Figure 2 illustrates the distribution of total articles 
across the reviewed period from 2019 to 2024. Figure 3 demonstrates the frequency of the 
selected papers reviewed by this study. 
 
 

 
Figure 2. AI and SC/RSC filtered publications from 2019–2024 (Source: Scopus) 

 
Figure 3. AI and SC/RSC for the reviewed publications from 2019–2024 

 
We conducted an exhaustive review of one article published in 2019 and three articles 

from 2020. Our emphasis has been on examining more recent articles, especially from the 
past four years. Specifically, we analyzed ten articles in 2021, nine articles in 2022, 12 articles 
in 2023, and nine articles in 2024. The country analysis was carried out using the Scopus 
website. However, the Scopus database provides information on the country of publication 
but does not specify the country where the study was conducted. This differentiation is 
particularly critical for academics and researchers. Figure 4 showcases the top 10 countries 
where the filtered papers were published. In contrast, Figure 5 portrays the 44 countries of 
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publication, and Figure 6 indicates where the studies from these 44 reviewed papers were 
primarily focused or conducted. 

 

 
Figure 4. Filtered papers by top 10 countries(Source: Scopus) 
 

 
Figure 5. Reviewed papers by country  
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Figure 6. Geographic scope of reviewed papers: country-specific vs. global studies 

 
Based on the Scopus analytical tool, the refined set of 372 papers indicated that the top 

11 subject areas prominently showcased the field of Engineering in 21% of the publications 
focusing on the application of AI in SC and RSC contexts. Environmental Science and Computer 
Science followed, each contributing 15% of the total publications, while Management 
represented 14% and Energy 10%. These findings underscore the interdisciplinary aspect of 
research on AI in SC and RSC, highlighting its significance across technical and managerial 
domains. Figure 7 depicts the analysis summary. 

 

 
Figure 7. Filtered papers by subject area (Source: Scopus) 
 

The scoping review of the 44 publications covered 37 different journals, illustrating the 
comprehensive range that showcases the multidisciplinary nature of artificial intelligence (AI) 
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in supply chain (SC) or retail supply chain (RSC). The "International Journal of Production 
Research" has the highest number of articles published on the interface of AI and SC, followed 
by "Annals of Operations Research," "IEEE Transactions on Engineering Management," and 
Procedia CIRP.  

 
The scoping review includes a diverse selection of articles, all indexed in the WoS 

database, ensuring their academic credibility and relevance. Most articles are published in 
high-impact journals, with 31 classified as Q1 and ten as Q2, indicating the robust academic 
quality of the sources. Remarkably, five of the reviewed papers were published in the 
International Journal of Production Research, a leading journal in the field. Other prominent 
journals include Annals of Operations Research, from which two papers were selected, along 
with Computers & Industrial Engineering, Computers in Industry, Energy Reports, and 
Engineering Applications of Artificial Intelligence, with one paper chosen from each. Figure 8 
presents a summary of the chosen journals. 

 

 
Figure 8. Journal name and number of papers reviewed 
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This diverse range emphasizes the interdisciplinary nature of the research, covering 
operations research, industrial engineering, and the applications of AI in SCM. The inclusion 
of such journals highlights the robustness and comprehensiveness of the scoping review. The 
provided keywords cover various interconnected domains, emphasizing the significance of 
emerging technologies, sustainability, and SCM. "Artificial Intelligence (AI)" and "Machine 
Learning (ML)" are the most frequently mentioned keywords, emphasizing their crucial role 
in fostering innovation and improving decision-making across industries. Other commonly 
cited keywords include "Sustainability," "Circular Economy," "Supply Chain Resilience," and 
"Supply Chain Management," highlighting the increasing emphasis on developing flexible, 
efficient, and environmentally sustainable systems. Moreover, terms like "Energy 
Management," "Healthcare Supply Chains," and "Agri-Food Systems" illustrate the sector-
specific applications of these technologies. Figure 9 illustrates a word cloud generated from 
the keywords extracted from all 44 papers reviewed in this study, providing a visual 
representation of the principal themes and concepts addressed in the literature. 

 

 
Figure 9. Word cloud of keywords mentioned in the reviewed papers. 
 
Discussion 

The swiftly evolving landscape of SCM provides significant opportunities for harnessing 
AI systems and tools to address complex challenges. However, current research often 
neglects crucial aspects that could enhance the integration of AI technologies in SCM. By 
examining the first question in this paper, the limited emphasis on adaptability in dynamic or 
rapidly changing environments within SCM is underscored. Consequently, the literature 
discussions mainly revolve around imitating human behavior (Dhamija & Bag, 2020; 
Pournader et al., 2021; Helo & Hao, 2022; Bughin, 2024; Olan et al., 2024b) or functional 
capabilities that involve problem-solving, decision-making, and autonomous learning (Helo & 
Hao, 2022). Nonetheless, these definitions do not delve into ethical considerations or social 
impacts. Future research could define AI, ML, and Gen-AI in a manner that encompasses 
ethical guidelines, responsible use, and societal effects. Definitions, especially concerning 
complex models like DL and Gen-AI, lack coverage of explainability, which is an increasingly 
critical issue.  
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Moving on to the second research question in this paper, the authors argue that AI 
empowers SCM by automating routine tasks, analyzing large volumes of structured and 
unstructured data for real-time insights, and enabling adaptive responses to dynamic market 
conditions. This integration improves efficiency, enhances demand forecasting, reduces risks, 
and supports sustainable practices by utilizing predictive analytics, autonomous systems, and 
data-driven strategies. It is crucial to note that as AI technologies evolve, the provided 
definitions may become outdated, requiring continuous updates to align with emerging 
innovations.  

 
AI plays a pivotal role in strengthening SCR and RL; however, its integration is not without 

challenges. While AI offers significant opportunities to boost productivity and quality, it also 
brings risks such as overreliance on AI systems, inappropriate delegation of authority, 
misplaced trust in AI evaluations, and potential unethical usage affecting employees or 
customers (Hendriksen, 2023). To effectively leverage AI's potential, organizations must move 
beyond technical implementation and address the human and ethical dimensions of AI 
adoption. This includes managing human perceptions, nurturing an AI-aware culture, and 
providing training to enable effective AI-human collaboration. Moreover, ethical and 
accountability concerns related to delegating decision-making authority to AI systems must 
be proactively addressed. Organizations should establish control mechanisms to prevent 
misuse, monitor AI behavior, and mitigate potential social issues like job displacement arising 
from AI integration (Hendriksen, 2023). By balancing technical, human, and ethical 
considerations, AI can significantly enhance the development of more resilient and adaptive 
supply chains and RL systems.  

 
The findings of this scoping review underscore the application of SCM and its associated 

technologies across various sectors, aptly addressing the third research question posed in this 
paper. This highlights the interdisciplinary nature and broad relevance of SCM, demonstrating 
its adaptability and significance across diverse domains. General supply chains, 
manufacturing, and healthcare emerge as the most frequently studied sectors in the 
literature due to their pervasive impact and practical importance, particularly post the COVID-
19 pandemic. Additionally, sectors like sustainability and environmental management, 
circular economy, and RL were mentioned in the reviewed papers, with RL having 
considerably fewer papers compared to SCM, as evidenced in Table 2, where only 11 out of 
the 44 reviewed papers focused on RSC.  

 
Based on the studies reviewed in Table 2, AI technologies reveal that ML is the most 

prevalent, appearing in multiple studies alongside other methods such as DL, predictive 
analytics, and optimization algorithms. This highlights ML's essential role in addressing 
various challenges within SCM. Additionally, technologies like genetic algorithms, fuzzy logic, 
and big data analytics frequently complement ML to enhance decision-making and problem-
solving. Advanced methodologies such as deep reinforcement learning, natural language 
processing (NLP), artificial neural networks (ANN), and cognitive technologies are increasingly 
integrated, indicating a shift towards more sophisticated, hybrid AI systems. These 
commonalities underscore the broad applicability of AI in optimizing operations, improving 
predictive accuracy, and supporting decision-making processes in complex SC environments.  
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Table 3 addresses the fourth research question by summarizing the barriers to 
implementing AI technology in SC and RSC operations. These barriers can be classified into 
four key areas, offering a structured understanding of the challenges hindering AI adoption: 
1) Organizational barriers, such as the lack of top management support and misaligned 
strategic objectives, often impede AI adoption. 2) Technological challenges, including poor 
data quality, fragmented IT systems, and inadequate infrastructure, lack of standardized 
frameworks, and hinder integration. 3) Operational issues, such as high implementation costs, 
human acceptance and skill gaps, and difficulties in integrating AI with legacy systems pose 
significant hurdles. Lastly, 4) External factors like regulatory uncertainties and limited 
government support exacerbate these challenges. Collectively, these barriers emphasize the 
need for strategic alignment, robust data governance, and enhanced AI literacy across 
organizations to maximize the benefits of AI in SCM and RSC.  

 
During sizable data transfers, companies must consider upgrading outdated systems and 

ensuring cross-functional coherence; neglecting this could lead to significant hurdles during 
the transfer or adoption of AI (Venâncio et al., 2022). These challenges highlight the crucial 
need for strategic alignment, robust data governance, and a cooperative strategy to fully 
exploit AI's capabilities in supply chain management. Furthermore, the lack of standardized 
protocols and frameworks for AI integration in SCM results in compatibility issues and 
inefficiencies. Establishing industry-wide standards can ease the transition to AI and enhance 
interoperability among diverse systems (Hangl et al., 2022). 

 
The findings in the results section underscore the interdisciplinary nature of AI in SCM, 

showcasing its ability to drive innovation and efficiency across industries. However, they also 
highlight the need for further research to tackle implementation challenges, such as data 
availability and sector-specific customization, to maximize the benefits of AI integration. 
While AI offers transformative opportunities for SCM and RSC, its successful implementation 
necessitates overcoming significant barriers. Addressing these challenges through 
collaborative efforts, strategic planning, and technological investments is crucial to fully 
harness AI's potential and drive SC innovation. 
 
Conclusion 

AI plays a crucial role in advancing SCM and RSCM, enhancing resilience, efficiency, and 
sustainability. This analysis highlights AI's potential in optimizing SCs through predictive 
analytics, real-time monitoring, and resource retrieval, effectively tackling operational 
challenges and encouraging circular economy practices. However, AI integration encounters 
obstacles like organizational, technological, and ethical barriers, including issues related to 
data quality, high implementation costs, and the lack of standardized frameworks. 
Overcoming these challenges requires strategic alignment, robust governance, and a deeper 
understanding of the ethical implications of AI. Future research should focus on enhancing AI 
frameworks, improving data integration, and addressing the ethical dimensions of AI 
adoption in SCM and RSCM. In the context of RL, AI technologies address challenges such as 
complex return processes, resource recovery, and waste reduction by optimizing operations 
and enabling more efficient closed-loop systems. These advancements not only strengthen 
operational resilience but also support industries in achieving sustainability goals through 
innovative solutions. 
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Delving into aspects such as algorithmic accountability, bias mitigation, and data privacy 
is essential for ensuring responsible and equitable AI deployment. By addressing these 
constraints and ethical considerations, researchers and practitioners can effectively harness 
AI's transformative potential in establishing sustainable and resilient supply chain systems. 
One notable limitation of this study is the rapidly changing landscape of AI technologies, 
which may render some findings obsolete quickly, necessitating continual updates to ensure 
relevance. Moreover, contextual factors such as regional economic conditions, industry-
specific regulations, and organizational culture are not fully examined in the review, despite 
significantly impacting the adoption and outcomes of AI. Resolving these limitations could 
significantly enhance the rigor and practical relevance of future research in this domain. 
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