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Abstract: Nowadays, integrating Artificial Intelligence (AI) into supply chains (SCs) is a great
challenge in research and for manufacturing managers. The main goal of this study is to determine
the role of AI in the context of the new SCs, according to the concept of Industry 5.0. in order to
improve the level of sustainable production. The research was based on a systematic analysis of the
scientific literature and application of the PRISMA methodology. Due to the relatively new vision
of introducing AI into SC, it was decided to analyse the years 2021–2024. A total of 1181 research
articles were identified in Science Direct, Springer and the Willey Online Library that combined
AI-based methods and tools that support SCs in order to identify the impacts and challenges of
integrating AI in SCs in the context of sustainable production (SP). In this study, 48 items were then
analysed in detail. The results achieved highlighted the main AI-based tools applied in SCs and,
secondly, revealed the main benefits of this integration for manufacturing in the following areas
of manufacturing: predictive maintenance, production planning and customer relationships. The
findings of our study revealed the main challenges and directions: (1) integrating digitalisation and
green SP in order to build resilience to the SP, (2) create a sustainable work environment, (3) and
develop a sustainable and advanced architecture for relationships with customers.

Keywords: Artificial Intelligence; manufacturing; resilience; supply chain; sustainable production

1. Introduction

In the concept of the Industry 4.0 or even 5.0, production models are proposed that
focus largely on professional practices, mainly taking into account ecology issues, an
equivalent supply chain (SC) and achieving specific, measurable goals such as maximising
efficiency. The well-being of employees as individuals, as is generally understood, also
plays a significant role in Industry 5.0. This trend is a consequence of constant global
changes, including from components such as conflicts, pandemics, and technology develop-
ment, as well as the need to consider human beings as the centre of development, including
technological progress. The key threat in this development is a fully responsive supply
chain that uses all available Artificial Intelligence (AI)-based solutions and then further
improves them [1]. Therefore, a gap in the research has been observed in examining the
impacts of applying AI to the SC and designating the changes in manufacturing.

The idea of Industry 5.0 is mostly based on six main pillars: the synergy of people and
machines, ecological materials and devices, digital twins, intelligent analysis and storage,
the use of AI, and energy responsibility in the use of renewable energy sources [2]. The SC
in this concept can be treated very dynamically, due mainly to the fact that its assumptions
evolve along with changes in social and technological priorities [3]. Recent years of market
disruption have shown that the SC requires a change in current business practices and
managerial tasks [4]. In addition, the SC requires that problems be solved with greater
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speed and accuracy. The literature indicates that the SC is the field that can gain the most
from the implementation of AI-based methods and tools [5], emphasising that AI-based
mechanisms enable the use of comprehensive methods of visualising a variety of data at the
same time. Narkhede et al. [6] indicate that the solutions offered by AI are a key support in
improving operational efficiency in all phases of the SC.

Despite the numerous advantages of introducing AI into SCs in terms of the Industry
5.0 concept, many authors point to numerous threats resulting from the use of this solution.
Diaz et al. [7] in their article, show that cyber threats that may appear at each stage they
are introduced are highly probable in the topic discussed. Companies will have to monitor
their virtual space on an ongoing basis and respond to any alarm signals. They also pay
attention to the social aspect of introducing AI into the enterprise. Accordingly, the ability
to manage relationships among employees is extremely important. Employees whose work
will be supported by AI-based applications may feel insufficient, which will ultimately
lead to social disorder, including burnout. Moreover, Boyang [8] notes that employees may
experience strong anxiety, which will result in high staff turnover. Topuz et al. [9] also note
that there is a significant problem in understanding AI-based solutions and translating
them into real company requirements. This may result in a significant incompatibility of the
systems introduced with the current profile of the company and, as a result, in significant
losses. Gupta et.al [10] also point to certain limitations of applying AI, mainly on financial
grounds. They point out that in this respect, blockchain technology is more effective and
resilient in the financial area of SC blockchain technology, as the SC allows the authenticity
and transparency of the entire process to be improved as well allowing as a continuous,
unchanging record of all transactions. The entire production cycle can be recorded with
blockchain, thus creating a history of flows that can be easily audited. This maximum
traceability facilitates the verification of bottlenecks, as well as confirmation of compliance
of the processes with the safety regulations applicable. Additionally, blockchain enables
the ongoing monitoring of the location and condition of goods by all parties interested
in the process, which helps reduce risk [11]. At the same time, analysis of the literature
indicates that the introduction of AI-based elements into SC solutions is associated with
great responsibility on the part of the entrepreneur, including the employer and the need to
conduct a meticulous analysis.

Currently, the success of companies depends on the level of adaptation of their func-
tioning to constantly changing environmental and social assumptions. Therefore, changes
in SCs should be discussed in the context of sustainable production (SP), a concept which is
now becoming a priority for manufacturing companies. Applying AI-based methods and
tools into SCs enhances the SP level, due to the possibility of providing continuous analysis
of energy and/or water usage within manufacturing [12] and monitoring systems based
on green energy, indicating in which areas they can be even more energy-efficient [13].

So, the topic of AI in SCs, especially in the context of the improvement of the level
of the SP, is still a new and evolving subject; therefore, the authors state that it is worth
raising and analysing this theme in terms of existing literature studies. Therefore, when
considering the role played by AI and the SC, three key research questions were formulated:

• RQ1: What type of AI-based methods and tools, according to the concept of Industry
5.0, were dominant in literature regarding the integration of AI into the SC?

• RQ2: When do the most important effects of integrating the AI into the SC in the
context of the improvement of the level of SP occur?

• RQ3: What are the future challenges and direction for integrating AI into the SC for an
improvement in the level of SP according to the concept of Industry 5.0?

The second section of the paper presents materials and methods. This study uses
the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) and
applies the Systematic Literature Review (SLR) and Mapping to Literature Review (MLR)
methodologies for the systematic analysis of existing studies on integration of AI-based
solutions which are not related to the SC. The PRISMA Checklist is added in the Supple-
mentary Materials for review. The third section presents the results of the literature analysis
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and the answers to the RQ. The fourth section is a discussion on the results and current
trends in the use of AI in SC. This section addresses both the advantages and concerns of
implementing AI and SC. Finally, the fifth section indicates the most important conclusions
resulting from the current literature on the subject and directions for integrating AI into SC
for an improvement of the level of SP according to the concept of Industry 5.0.

2. Materials and Methods
2.1. PRISMA Study Characteristics

The process for selecting the source of information was defined using a PRISMA flow
diagram [14] (Figure 1). PRISMA is the reporting standard for untried literature reviews
and meta-analyses. Figure 1 shows the number of final records identified (Appendix A),
including those both included and excluded and the main reasons for these exclusions.
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Figure 1. PRISMA flow diagram, where *—a field of research not included in the scope of the
systematic review; **—in-depth research of the article’s content showed that the article does not
directly address the research topic, and ***—the article’s bibliography included mainly references to
outdated literature.

The literature analysis, according to the following research stages:

• Step 1: Defining the research objective.

The main objective of the study was to identify AI-based methods and tools applied to
the SC and identify the impacts and challenges of AI integration into the SC in the context
of enhancing the level of SP.
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• Step 2: Carrying out the search process using identified databases, ultimately defining
the final search strings and exclusion criteria.

The following key criteria were identified for selecting literature items in the field of
AI-based methods in the SC: research or review articles; selected type of access: open or
open archive. Only articles in English were accepted for analysis. The analysis excluded
publications in the form of book chapters and post-conference materials. Three reliable
databases were selected for the analysis: Science Direct—ELSEVIER, Springer, and Wiley
Online Library. In the Wiley database that concerned the generally studied issue, after a
thorough analysis it was found that both the detailed topics and the literature they referred
to were inconsistent with the topic discussed—therefore, it was finally decided to abandon
this database.

• Step 3: Conducting the analysis, after a comprehensive process of the analysis of the
content of selected literature items.

When searching for articles on the topic discussed, detailed criteria described in step
2 were used. As a result, 93 scientific articles were obtained, of which 45 were rejected
because they did not concern the research topic. Then, selected literature items were
analysed according to the following criteria: areas of influence, research purposes, and
general topic areas. In order to minimise bias and risk in the data analysis process, the
G-suite tool was used.

Analysis based on the above stages allows the risk and biases in the selection of the
eligible articles for the literature analysis to be reduced.

2.2. Quantitative Analysis of Selected Literature Items

During the analysis, a systematic literature selection method was used, which resulted
in the exclusion of articles that did not meet the group of criteria indicated. The search
used the following sets of keywords, in order to find the answers to the RQs:

• to QR1: AI in SC, AI-based methods and SC, AI-based tools and SC;
• to QR2: effects of integrating AI in SC, integrating AI in SC;
• to QR3: AI in SC, the impact of AI in SC on the level of SP.

The initial review covered the publications from the period January 2021–May 2024.
2024 was also included, due to the fact that items contain the most up-to-date information
on the still-new scope of AI, its impact on the environment, and SC assumptions. The
research was started in the post-pandemic year because, as the research indicates, COVID-
19 indicated the weaknesses of the current SCs and the capabilities of the SP in the context
of increasing SC resilience to disruptions [15–17]. Figure 2 indicates that the number of
articles published is constantly increasing: 2021—15.41%; 2022—21.59%; 2023—37.85%;
and until May 2024—25.15% (the number of articles published in 2024 can be estimated as
twice as much by the end of the year). The results presented may be due to the fact that AI
and its impact on SC have not yet been fully explored. These are new assumptions, whose
effects are still taking shape.

In step 2 (see Section 2.1), after a thorough analysis and verification of the criteria,
1088 (92.13%) publications were excluded that did not meet the thematic assumptions
mentioned. These publications were omitted due to the topics they cover, i.e., medicine,
health, biology and migration, and they also discussed a field of research not covered by the
scope of the systematic review; a thorough examination of the article content showed that
the omitted articles did not directly refer to the research topic and the article’s bibliography
contained mainly references to outdated literature.

At the next step, the remaining 93 (7.87%) articles were processed, taking into account
their title or abstract. Therefore, it was possible to determine which journals contain the
most articles on the topic in the Science Direct database. Most of the articles that pub-
lished literature consistent with the title and/or abstract were Annals of Operations Research
(9.52%) and Sustainable Production and Consumption (9.52%). However, the distribution of
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journals containing articles on the topics discussed was mostly even. The issue presented is
illustrated in Figure 3.
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and/or abstract.

The largest number of articles were placed in Frontiers of Engineering Management
(15%) and Discover Artificial Intelligence (15%), with slightly fewer in Operations Management
Research (10%) and Management Review Quarterly (10%). The obtained results are illustrated
in Figure 4.
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2.3. Assessment of the Full Version of Texts in Terms of Quality

In step 3 (see Section 2.1), the content of the retrieved articles was analysed in terms
of the detailed issues they raise. The above assumptions are presented in the form of a
checklist (Table 1). The developed checklist supported the decision-making process at a
later stage of the analysis. Each of the indicated assumptions was included in a point scale
from 0 (if the content did not comply with the assumptions) to 1 (in the case of compliance
of the content with the assumptions).

The list of journals from the Science Direct and Springer databases in which articles
covering the subject of the review have been published is presented as Appendix B.

Table 1. Checklist.

No. Thematic Scope Yes No

1 Impact of AI in SC on the level of SP
2 Optimal AI solutions in SC
3 A resilient SC and the effects of AI solutions
4 Benefits and opportunities of AI
5 AI-based methods and SC

In the final results, it was assumed that only those items that, as a result of the
analysis, would receive a minimum of 2 points, would be subject to detailed analysis. Thus,
48 articles remained in the final stage of selection, which allowed us to find answers to
the research questions posed in the work (RQ1–RQ3). The characteristics of the selected
literature sources accepted for the final analysis are presented in Table 2.

Table 2. Review the full text.

Source
(Appendix A) Tools and Methods The Impact of AI in SC

on the Level of SP

1 review Yes
2 review Yes
3 review Yes
4 interpretive structural modelling technique Yes
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Table 2. Cont.

Source
(Appendix A) Tools and Methods The Impact of AI in SC

on the Level of SP

5
integrated system for traceability of operations over

time, semantic network of things, IoT, intelligent
CPS, LAsim Smart FActor Plus reference framework

Yes

6 IoT, blockchain Yes

7 blockchain, digitalisation, convenience sampling
method, standardised mean square root residual No

8 review Yes

9
distributed data analytics, embedded computing,
IoT, CPS, software engineering, edge and Cloud

technologies
Yes

10 - No
11 review No
12 lean maintenance, lean manufacturing No
13 review No
14 review Yes
15 ML (ALRC) Yes
16 review Yes
17 mathematical formulation for own model Yes
18 review Yes
19 CPPS Yes
20 digitization, IoT No
21 review No
22 ChatGPT No
23 HR systems support, NN No

24 intelligent identification, ANAFIS, genetic
algorithms, hidden Markov models No

25 digitisation, XAI Yes

26 HRM, Cloud manufacturing, IoT, predictive
analytics, DT Yes

27 - Yes
28 IoE, Cobots, Smart sensors, 3Dprinting Yes
29 DT, IoT No

30 ML, DL, Collaborative Robots, tracking technology,
blockchain, DT No

31 IoS, CPS, Big Data Analytics, DM, Blockchain, AR,
Cobots Yes

32 ML, bibliometric, IoT Yes
33 Cobots, ML, intelligent algorithms Yes
34 Cloud computing No
35 statistical methods, data

36 distributed data analytics, embedded computing,
IoT, CPS

37 Bayesian Best Worst Method No
38 review Yes
39 Digital cognitive clones Yes
40 review Yes
41 TVP-SV-VAR methodology No
42 IoT No
43 questionnaire, OMEGA method No
44 Big Data Analytics, AHP, GRA methodology Yes
45 review No
46 ontological model, MATLAB, JAVA, IoT Yes
47 survey Yes
48 review Yes

explanations of abbreviations: ML—machine learning; DL—deep learning; NN—neural networks; DT—digital twin;
DM—Data Mining; CPS—Cyber Physical Systems; CPPS—Cyber–Physical Production Systems; IoT—Internet of things;
ANFIS—fuzzy inference systems; HRM—human resource platforms; AHP—analytic hierarchy process; GRA—grey
relational analysis; ALRC—Adaptive Logistic Regression Classifier; XAI—explainable artificial intelligence.
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3. Results

A total of 48 articles were taken into account, which were chosen by a detailed analysis
of both their content and the literature to which reference could be found in the text. The
authors wanted the most up-to-date knowledge of the topic in question, especially in the
aspect of the post-COVID-19 time, which forced many significant changes on companies in
the manufacturing industry. In addition, the authors of the article wanted to demonstrate
research gaps and directions for further research.

Answering the first RQ, we found that the following AI-based tools, according to the
concept of Industry 5.0, were dominant in the literature regarding the integration of AI
into the SC: ChatGPT4, Google Bard, Chatsonic, Midjourney, DALL-E, SlidesAI, Alli AI,
Hubspot Free AI Content Writer, Paradox, Synthesia, aiXcoder, TabNine, DeepBrain AI,
SecondBrain, Textio, Wordtune, Figstack, and Descript. The tools distinguished are applied
to the SC to support process automation and data analysis.

Next, text mining features were adopted for article analysis and used to visualise the
network of the co-occurrence of key terms using the programme VOSviewer version 1.6.20
(Figure 5). On the basis of the network (Figure 5) of connections generated and the analysis
of the results of the accepted articles, the authors responded to the RQ2 and RQ3 posed in
the paper.
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The network of connections (Figure 5) shows the degree of intensity and strength
of connections among the sources analysed. Cluster analysis, marked in red, indicates
variables that have a significant impact on the research topic in the sources analysed. Thus,
it is indicated that the main trend of AI in the SC is building strong relationships with
contractors, changing the architecture, and analysing the benefits and impact of AI on the
functioning of the SC. The second cluster analysis, marked in blue, indicates variables that
have a strong but non-dominant influence on AI activities in the SC. This cluster indicates
the importance of activities aimed at improving such elements as resilience, time, and
the level of sustainability of SC through the use of technical means (e.g., machines). The
third cluster analysis, marked in green on the chart, indicates the relationships between
variables. The last cluster in the network indicates the important role of AI in the SC in the
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context of changing the role of humans in SCs and thus the effectiveness and efficiency of
processes, as well as customer expectations and the possibility of progressive predictive
maintenance. Thus, the map of connections presented allows us to determine the business
and the strategic and technical challenges that enterprises encounter in the process of
implementing AI in SCs. Answering RQ 2, the most important effects of integrating AI into
the SC in the context of the improvement in the level of SP occur when they are linked to
the following areas of manufacturing:

• predictive maintenance, which reduces costs and saves time,
• production planning (orders), which increases efficiency and performance,
• customer relationships, which increases advancement.

Next, looking for the answer to RQ3, the implementation of AI in SC, drives actions
towards improving SP in manufacturing, to develop the SC resilience. Therefore, the main
future challenges and direction for integrating AI into SCs for an improvement in the
level of SP according to the concept of Industry 5.0 are the following: (1) strengthening SC
resilience by integrating digitalization with SP assumptions, (2) creating a sustainable work
environment, and (3) developing a sustainable and advanced architecture for relationships
with customers. The first of the assumptions is based to a significant extent on the introduc-
tion of digital tools based on ecological SP, in such a way as to maximise the resilience of
SP to all likely threats, both external and internal, by means of the use of materials with
a higher level of environmental acceptance and the introduction of IT solutions that will
continuously monitor the impact of production on ecology.

Another aspect, i.e., creating a sustainable work environment, is an area focussing
on introducing balance in the context of work and organisation. It is crucial to examine
the environmental characteristics of an individual in relation to the environmental char-
acteristics of work and their impact on satisfaction and the development of professional
attitudes. Introducing balance into the productive work environment allows autonomy in
the working environment to be increased, and improves the organisational climate [18]. The
last assumption, i.e., developing a sustainable and advanced architecture for relationships
with customers, places greater emphasis on introducing AI solutions into contacts with
customers. A larger number of data that can be analysed using AI allows interaction with
the customer in real time and maximum adaptation to their needs [19]. All these aspects
are crucial in maintaining an ecological and sustainable SP, with the help of AI.

4. Discussion

The literature analysis indicated that an efficiently operating SC aimed at optimal
profit requires continuous and dynamic adaptation to changes in the context of SP, applying
AI-based methods and tools. As shown in the work [15], the SP concept can help build
the resilience of enterprises in the face of global crises. Today’s SC should therefore
be characterised by a balance that allows joint action in line with changing social and
environmental trends [3]. A systematic literature review presented in [20] explains that AI-
based solutions implemented in the SC such as machine learning, intelligent applications,
digital twins and smart things [21], facilitate the ongoing and continuous detection of
errors and enable their quick elimination. In our work we distinguish the main AI-based
tools applied in the SC. Despite the advantages of implementing AI in SCs, as indicated
in the paper, doubts are also pointed out related to the potential threats that AI can
generate [7], especially in the area of cybersecurity. AI tools and methods implemented in
SCs are undoubtedly a necessity that creates new opportunities for enterprises, but actions
are necessary to identify potential threats. Currently, solutions are being sought that will be
the industry’s response to the needs of the environment and global society [22] especially
in the area of the SC, which is of key importance in post-pandemic times.

A great example of confirming that AI in SCs brings tangible benefits and that there
is a need to develop areas related to it is the European project “knowlEdge—Towards
Artificial Intelligence-powered”, which combines a focus on production services, processes,
and products throughout the entire life cycle, and takes into account the human aspect. The
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authors of this project indicate that strategies based on AI in the SC should constantly adapt
to rapidly changing conditions, including customer needs, while optimizing all processes
taking place in the company [23].

According to the benefits of the integration of AI into the SC for production discovered
so far, in the next stage of our research, human–robot co-operation (HRC) should be
developed, which will facilitate effective predictive maintenance, production planning and
customer relationships. The main goal of HRC is to create a collaborative environment that
will allow harmonious and safe work between people and robots.

Due to the dynamic development of HRC, it is necessary to search for solutions that
improve safety in this area. The literature review indicates that safety in HRC is not
limited only to the technical shaping of the work environment, but also takes into account
psychophysical and social aspects. Many solutions implemented in HRC to improve the
comfort and safety of the work environment are based on artificial neural networks or
deep learning algorithms [Appendix A, ref. 36]. It is necessary to point out the key role
of collecting data from sensors and their integration and processing in order to achieve
a full picture of the working environment and its impact on the operator [24]. Moreover,
the literature indicates the important role of deep learning methods, which allow for
the ongoing recognition and identification of working conditions, as well as optimal
matching of tasks to the robot and its operator [25]. The indicated methods support the
shaping of the working environment in the new HRC space in the social, technical and
environmental context.

Previous SC management was labour-intensive and focussed on manual processes.
HRC opens up new possibilities in the SC area because it supports or replaces staff in
performing repetitive, uncomfortable and non-ergonomic operations. In addition, collabo-
rative intelligence can combine human creativity with the speed and accuracy of equipment,
making up for the shortcomings of each manufacturing method. The potential of HRC,
including the integration of technological innovations such as AI-based automation and
AR, allows new foundations for warehouse operations to be defined. HRC may be a
paradigm that will completely change the face of industry and enable full collaboration
between the environment and society [26]. The role of HRC in shaping a safe working
environment should also be emphasised, as over the past decade safety has been the most
frequently cited topic in the literature on collaborative robots. Therefore, this area requires
further actions that will permit better understanding of the implementation of HRC in
the SC. Figure 6 provides a research insight for enhancing sustainable production due to
integrating AI into the SC.
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The limitations of this research are, firstly, a limited number of searched databases and
a limited number of keywords, and, secondly, the still developing topic of AI in SCs. This
is an aspect that is constantly evolving, which greatly affects the availability of literature
that presents current data regarding the production environment.

The main challenge is how we can improve the resilience of SCs, which can be deter-
mined as the “ability to maintain, execute and recover (adapt) planned execution along
with achievement of the planned (or adapted, but yet still acceptable) and is therefore the
next objective property of the supply chain” [27]. Resilience in the SC should be built on an
approach based on stability and acceptance, through the integration of broadly understood
protection and significant adaptability [28]. In order to maximise the resistance of the SC to
disruptions and the period after the disruptions, it is crucial to adopt appropriately selected
resilience strategies [29] built through appropriate communication and co-operation at all
levels, together with innovation and visibility and sharing of information. The key issue in
building the resilience of SC is the appropriate management of its processes, including the
creation of flexibility and various scenarios for solving potential problems. SC tools, such
as SC mapping, material allocation and stocks around the world and scalability, and human
resources that will be able to respond to potential threats and take appropriate actions, are
also very important in building resilience [30].

5. Conclusions

Research results indicate that AI in SCs allows the level of SP in the enterprise to be
strengthened and contributes to building the resilience of a sustainable SC. It is important to
take actions in manufacturing that will allow the selection of the best AI-based techniques
in SCs, especially in the context of SP, which seems to be a key element in building the
resilience and competitiveness of the enterprise. Therefore, it is crucial to analyse possible
solutions and propose specific practical actions with AI-based methods to support manu-
facturing companies in the event of unexpected variables. Applying AI-based methods to
SCs allows the achievement of the assumptions of SP strategy, e.g., reducing the amount of
waste, selecting appropriate parameters and tools for improving the SP level, determining
the market demand, and estimating the possibility of reducing energy cost.

Further research should focus on presenting exemplary case studies and defining
a catalogue of good practices. It is also important in future analyses that the AI-based
methods and tools supporting HRC in the SC determine whether AI support for HRC
should be further developed, as well as identifying components that may negatively impact
the optimal introduction of AI tools into HRC in the SC.
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