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full value of Al in supply chain management.

Keywords: Artificial Intelligence, Supply Chain Resilience

The originality of this thesis has been verified using the Turnitin Originality Check service.



USE OF Al IN THESIS

| have utilised Al tools in my thesis:

O No
Yes

The Al tools utilised in my thesis and their purposes are described below:
Names and versions of Al tools:

e ChatGPT (OpenAl, GPT-4)
e Grammarly
e QuillBot

Purpose of using Al tools:

ChatGPT in technical writing used for generating ideas, structuring sentences, correcting
grammar, and improving clarity. It aided in identifying research questions, integrating existing
literature and clarifying theoretical arguments — all of which have retained academic integrity.
Text was checked after proofreading using Grammarly for grammar, readability, and
consistency. Getting better quality, but more QuillBot used which helped me rephrase
sentences and keep document flow coherent.

Sections where Al tools were used:

Abstract writing and refinement

Literature review synthesis (Chapter 2)

Clarification and editing of theoretical frameworks (Chapter 2.10)

Drafting and restructuring of the introduction and conclusion

Sentence-level corrections and paraphrasing across all chapters (Chapters 1-8)
Formatting and proofreading of case study analysis and discussion

| acknowledge that | am fully responsible for the entire content of my thesis, including the parts
generated by Al, and accept accountability for any violations of ethical standards in publications.



Preface

This paper was written as the Master Thesis of Industrial Engineering and Management
department. This paper presents the vulnerabilities of Al in supply chain in the context of Valio

Ltd and Murata Electronic Oy.

| would like to thank Almighty God for making me be able to complete this degree along with
this Thesis. | am truly grateful to my parents, who motivated me and supported me throughout
my journey. | would also like to thank Associate Professor Mohammad Moshtari for supervising
my work, and for guiding and assisting me. His remarks and suggestions helped me to

understand the current supply chain issues in a broader aspect.

Tampere, May 2025

Muhammad Maaz Khan



CONTENTS

1 INTRODUCGTION ...ttt ettt e e e e e e et e e e e ennee e e e e annaeeas 9
1.1 Contextual Background ... 9
1.2 Problem statement ... 10
1.3 Research Rationale ... 10
1.4 AIM and ODJECHIVES.......coo e 12
1.5 Research QUEeSHIONS ........ooooiiiiiiie 12
1.6 Significance of the Research ... 12
1.7 Structure of the Thesis.........oooooii i 14

2 LITERATURE REVIEW. ...ttt 16
2.1 Artificial Intelligence in the Modern Supply Chain ...........cccoooeii. 16
2.2 Evaluation of Al Technologies Shaping Modern Supply Chain.................. 22
2.3 Human Al-Collaboration in Supply Chain Optimisation .................c........... 23
2.4 Role of Al in Enhancing Circular and Sustainable Supply Chains............. 25
2.5 Al in Demand Sensing and Real-Time Consumer Analytics ..................... 27
2.6 Cross-Border Supply Chain Complexity and Al's Role in Geopolitical Risk
Lo F=Y i o o 28
2.7 Ethics, Accountability, and Al Governance in SCM.............cccevevvvviieeeeeenn. 29
2.8 The Future of Autonomous Supply Chains: Al and Robotics Integration... 31
P I S (oYY =T (o] o T - T o 32
2.10 Theoretical Framework for Al Integration in Supply Chains ..................... 34

2.10.1 Resource-based View (RBV) .........ccccoiiiiiiiiiiiiiiiiiiis 34
2.10.2 Dynamic Capabilities (DCS) ........uuuuummmmmmmnmineiiiiiiiiiiinninnnnnnnnnnnnnens 35
2.10.3 Technology Acceptance Model (TAM) .......cooviiiiiiiiiiiieiiiiiee 36
2.11 Conceptual Framework..........cooooiiiiieieeeeeeeee e 37

3 RESEARCH METHOD........ciiiiiieiiiiie et e 38
3.1 Introduction to Research Methodology ..............cccccciiiiiiiiiiiiiiiiie 38
3.2 Research ParadigMm..............uuuuuuuimiiiiiiiiiiiiiii e 38
3.3 ReSearch DESIgN ..........uuuuuuuiiiiiiiiiiiiiiii e 39
3.4 ReSEArCH PrOCESS ........uuuuiiiiiiiiiiiiiiiiiii e 39

o Usage of Secondary Data..........cccoooiiiiiiiiiiiiiiiiiiiieieeeeee e 41
3.5 Case study selection criteria...........cccoooiieiiiiiiiiiii 41
3.6 Research Method ...........cccuiiiiiiiiiiii e 42
3.7 Ethical Considerations.............couiiiiiiiiiiiiiiiice e 43



3.8 Limitations of Methodology ..........cuvvuiiiiiiiiiiccc e 43
4 DATA ANALY SIS .ttt et e et e e e e nnneeeas 44
4. INFOAUCTION ... e 44
4.2 Overview of Case Studies Companies........cccceeeevviiiiiiiieiii e, 44
. Valio Lt 44

o Murata Electronics Oy...........cccoviiiiiiiiiiiiiieeeeeeeeee 45

o Method of Data AnalySis ..........cccovviiiiiiiiiiiiecceecce e, 45

4.3 Cross-Case Comparison and Synthesis ... 45
4.4 SUMMANY ..o 46
5 E;/ALUATING THE INTEGRATION OF Al INTO SUPPLY CHAIN MANAGEMENT
5.1 FiNNISN INAUSTIY ... 47
5.2 Al in Finnish Supply Chain INAUSEIY ... 48
5.3 Risks and Disruptions in Modern Supply Chain ...........cccccoeiiiiiiiiirieiiinnn. 49
5.4 Al Tools for Risk Detection and Mitigation ...............ccccccuiiiiiiiiiiiiiiiiiiiiees 50
5.5 Implementation Challenges and Adaptive Al Integration Models .............. 51
6 CASE STUDY ANALYSIS. ...ttt a e e e e enneeeas 54
S T £ o N N o SRRSO 54
6.2 Challenges for Valio Ltd implementing Al in Supply Chain........................ 55
o Data Integration and System Fragmentation................ccccvvveennn. 55

o Standardization of Distributor Reporting............ccccccecuveeeneiinnnnnnns 55

o Infrastructure Modernization ............cccccciiiiiii 56

o Cultural and Organizational Adaptation.............cccccceciiinnninnnnnnnns 56

o Regulatory Compliance and Data Governance ..............ccc.......... 56

6.3  Murata EIectroniCs OV .......ccoiuuiiiiiiiiie e 56
6.4 Challenges for Murata Electronics implementing Al in its supply chain ..... 57
o Fragmented Data Systems and Organizational Silos .................. 57

. Infrastructure and Resource Constraints..........ccccccvvvvviiiiiiieennnn. 58

o Sensor Compatibility and Data Quality Issues.............ccccuvvveeeeenn. 58

o Talent Acquisition and Skill Development ..............ccooeeeeeeeie. 58

o Geopolitical and Supply Chain Risks.............cccvvviiiiiiiiiiiiieieiennn. 58

6.5 Comparison between both Case Studies...........cccovvvviieiiiiiiiiee, 59
o Organisational and Strategic Positioning.............cccccceeeeiiieeennnnn, 59

o Infrastructure and Technological Modernization.......................... 60



o Disruption Responses and Al-Driven Resilience.......................... 61

o Thematic Challenges: Culture, Data, Compliance...................... 62

6.6 Synthesis of Key FINdiNgs ........ovviiiiiiiiicce e 63
7 FINDINGS AND DISCUSSION .....ciiiiiiiiiiiee ettt 64
7.1  Comparative Analysis of Challenges ............cccceeeeiiiiiiiiiiiicii e, 64
o Data Fragmentation and Integration...........ccccooooiiiiiiii e, 64

o Infrastructure and Resource Investment ..., 67

o Cultural and Organizational Resistance ..............cccccoeeeeiiiieiinn, 70

7.2 Sectoral Disparities and Strategic Alignment .............cccccouiiiiiiiiiiiiiiiiiinnns 73
o Food Industry Constraints: Compliance and Demand Volatility ... 73

. Electronic Sector Needs: Precision, Speed and Innovation......... 73

7.3 Resilience Through Al: Lessons from Valio and Murata................c........... 73
7.4 Policy, Sustainability, and Ethical Implications...............ccccccciiiiiiiiiiinnnnnns 74
8 CONCLUSION ...ttt e e e et e e e et e e e e e enne e e e e e nnneeeas 75
8.1 Revisiting the Purpose and SCOpPE..........oouvveiiiiiiiiiiiiceie e, 75
8.2 Summary of Key FINdINGS.....coooiiiiieeeeee, 75
8.3 Interpreting Strategic Implications............oooooiiiiii 76
8.4 Organizational Transformation and Human Capital ...............cccevveeneenen. 76
8.5 Resilience, Flexibility, and Futureproofing.............cccooooeiiiii 77
8.6 Sectoral Comparisons and Shared LESSONS ...........cccoeiiiiiiieiiiiiieeiiiieeee, 77
8.7 Theoretical and Practical Contributions .............cccoiiiiiiiiiiiiiiiiieeen 78
8.8 Areas for Future ReSearch ...........cccccooiiiiiiiiiiiiii e 80
8.9  Final RefleCtioNS .......cooiiiiiiiii e 83



List of Tables

Table 1 Keywords used for data searching ..., 40
Table 2: cross case comparison and SYNthESIS ...........couviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee 45
Table 3 Risks @and eXamPIEs ..........ouuiiiiiiiiicc e 49
Table 4 Al Tools for Risk Detection and Mitigation Source: Aljohani, (2023) ...............ccceeeee. 50
Table 5 Foundational attributes of Valio Ltd and Murata Electronics Oy............cccovvvviviiieenneee. 59
Table 6 Tech Infrastructure between Valio Ltd and Murata ..............ccccoooiiiiiiiii 60
Table 7 Disruption Responses and Al-Driven Resilience.............cooovviieiiiiiiiiiiciciee e 61

List of Figures

Figure 1Atrtificial Intelligence in the Modern Supply Chain 16
Figure 2Challenges of Supply Chain 18

Figure 3Technology Adoption Model (TAM) 36

Figure 4 Conceptual Framework identifying variables developed for the study 37



1 INTRODUCTION

1.1 Contextual Background

The increasing interconnectedness of the globalized economy has undoubtedly exposed firms
to a greater focus on supply chain management. This complexity is discussed mainly in terms
of operational, environmental, and cyber-attack vulnerabilities, each with unique challenges
requiring strategic and adaptive measures to mitigate risks effectively (Ilvanov, Dolgui, and
Sokolov, 2022). More specifically, recent disruptions, such as the COVID-19 pandemic, the Suez
Canal blockage, and geopolitical tensions, including the Russia-Ukraine conflict, have intensified
the fragility of global supply chains. Amid these crises and events, organizations operating in
today’s Volatile, Uncertain, Complex, and Ambiguous (VUCA) world have committed to seeking

innovative solutions to enhance resilience and adapt to a volatile business environment.

Supply chains are the pillar of modern commerce, integrating suppliers, manufacturers, logistics
providers, and end consumers within complex global networks. Traditionally designed to be lean
and low-cost, supply chains are increasingly pressured due to rapidly changing market
dynamics, digitalisation, and external shocks (Belhadi et al., 2024). Because of the complex and
tense situation in the typical supply chain, leaders have realised that rethinking their systems
and blending various technologies is necessary. In the last twenty years, globalisation, just-in-
time and other forms of outsourcing have greatly affected supply chains. Although the revolution
has brought about many new options, it has also created greater risks. Even today’s challenges
such as earth-changing events, diseases that curtail business activities, trade issues and a lack
of materials, play a big role in affecting supply chains. For instance, COVID-19 pandemic made
it clear that a problem in any one area can seriously disrupt the world’s supply chain, result in

stockouts, missed deliveries and cause losses.

Modern consumers now require more options such as speedy service, open information and
personalised touch. Therefore, modern businesses should work on combining efficiency, agility,
cost-cutting, sustainability, responsiveness and resilience. Any small disruptions in a highly

interconnected supply chains can multiply and result in major impacts.

In the opinion of Havale (2024), modern organizations operate in a global environment with rapid
technological, economic, policy, and geopolitical shifts, calling for highly responsive supply chain
capabilities. Besides, the advent of e-commerce, geopolitical uncertainties, and sustainability
pressures added new dimensions to the traditional supply chain problem. Companies must

consider cost and performance, carbon footprint, ethical sourcing, and social responsibility.
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These drivers, along with the inherent volatility of global markets, require faster, more advanced,
more open, and less vulnerable supply chains (Min, 2010). Artificial Intelligence (Al) is a
technological advancement transforming supply chain management in this challenging and

dynamic world.

As Modgil et al. (2022) highlighted, artificial intelligence emerged as a transformative force
capable of transforming supply chain management (SCM), bringing new prospects for
enhancing efficiency, resilience, and decision-making. Al technologies, including predictive
analytics, anomaly detection, and real-time monitoring, enable firms to identify patterns,
anticipate disruptions, and optimize decision-making processes. Al-driven solutions can process
complex datasets from various sources, such as logistics, production, climate models, and
cyber-attack patterns, to provide early warning signals and actionable insights (Ivanov & Dolgui,
2022). However, the successful integration of Al into SCM is challenged by organizational

readiness, data quality, technological infrastructure, and resistance to change.

1.2 Problem statement

Volatile markets, uncertain demand, and geographically dispersed supply networks have a
profound impact on businesses. These realities result in operational inefficiencies, high costs,
and missed growth opportunities. Companies struggle to respond quickly to disruptions due to
a lack of visibility across their supply base and slow decision-making processes. While digital
technologies exist, they are usually isolated and reactive rather than proactive and connected
(Celestin & Sujatha, 2024). Al is a latent but auspicious way to enhance end-to-end supply chain

visibility, responsiveness, and resilience in this context.

Theoretically, the research gap lies in the dispersed strategy for exploring Al in supply chain
management. Much of the literature concentrates on specific technologies or narrowly defined
business activities, such as inventory optimization or demand forecasting. Scholarly research
that provides a comprehensive understanding of the strategic integration of Al at different supply
chain levels is scarce. There is also scant empirical testing or framework development bridging
Al abilities and supply chain resilience goals. This research attempts to bridge the theoretical
gap by presenting an integrated framework that puts Al in perspective with broader supply chain

management opportunities and challenges.

1.3 Research Rationale

This research addresses the persisting vulnerability and ineffectiveness of modern supply chains

despite the presence of advanced technologies like Al. Supply disruption, logistics failure, and
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inaccurate demand forecasting risks increasingly expose companies (Awasthi, 2024). While Al-
driven solutions exist that can resolve these problems, their application in strategic supply chain
decision-making is partial and fragmented. Such inefficiencies are challenging as they impact a
company’s capacity to generate value, satisfy customers, and maintain competitiveness.
Disruptions increase the cost of operations and undermine trust in supply chain partners.
Without intelligent, forward-looking systems, organisations remain reactive and lack the
necessary responsiveness to handle uncertainty. Furthermore, the gap between theoretical Al
studies and practical application of Al has become even more significant, and businesses are

unsure how to use Al efficiently (Celestin & Sujatha, 2024).

This issue is most pronounced in the current age, where disturbances are not only the exception
but iterative and expected trials. From pandemics to geopolitical disasters and climate-based
calamities, supply chain managers now encounter a high-risk situation. lronically, this issue is
most pressing precisely at the same time when Al technology advances are more accessible
than ever, giving the ability to face such challenges directly. Integrating technological readiness
and operational weakness provides the right moment to address the issue with a focused and
timely research programme. The objective of the present study is to explore ways in which Al
can be used to design more substantial and agile supply chains. It will develop a conceptual
model that aligns Al potentialities with key supply chain functions to contribute actionable
implications for companies willing to adopt Al as a strategic strategy. The motivation for this
research is observing a growing disconnect between Al solutions on offer and their realisation
in supply chains. Since supply chains continue to evolve, this research is driven by the need to
address this void, contribute to academic theory and practitioner practice, and help organisations

cope with an increasingly complex business environment (Modgil et al., 2022).
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1.4 Aim and Objectives

This research aims to identify these key objectives.

¢ Analyse the principal risks and disruptions affecting supply chains, including operational,
environmental, and cybersecurity challenges.

o To explore the role of Al tools such as predictive analytics, anomaly detection, and real-
time monitoring in mitigating these vulnerabilities.

e To develop a practical and adaptable model for integrating Al into supply chain

management, focusing on addressing implementation challenges.

1.5 Research Questions

Q1. How does the implementation of artificial intelligence contribute to the detection and
management of supply chain vulnerabilities in Finnish manufacturing and food sector

companies?

Q2. What organizational, technical, and ethical challenges arise during the integration of Al

technologies in the supply chains of Finnish companies?

Q3. How does the use of Al tools influence operational efficiency, risk mitigation, and strategic

resilience in Finnish supply chain management?

1.6 Significance of the Research

The current research is prominent in elaborating and promoting Artificial intelligence and its
applications. The study examines various aspects and dimensions of Al, aiming to develop
systems that mimic human intelligence. These systems have experienced tremendous growth
and widespread use in numerous domains. In supply chain management (SCM), Al is no longer
in its science fiction idea stage but rather a pragmatic, revolutionary tool that addresses most of
the discipline’s biggest challenges. Abaku, Edunjobi, and Odimarha (2024) also assume that Al
offers an unprecedented possibility of creating efficient, faster, precise, and strong supply chains
by reinforcing speed, accuracy, and horizon in decision-making. Some examples of Al
applications presently utilised include machine learning (ML), natural language processing
(NLP), computer vision, and predictive analytics. These have implications for shifting toward

proactive and even forward-thinking supply chain strategies.
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The thesis continues to describe demand forecasting as one of the most high-profile applications
of Al in supply chain management. Conventional methods, relying on historical data and unable
to react to a sudden change in the market, cannot produce a forecast that is as dynamic and
accurate as Al. However, beyond this, the implications of Al have long-term ramifications for
other supply chain activities, too. Al systems incorporate real-time inputs from diverse sources
such as social media trends, weather reports, and economic signals, and generate accurate,
dynamic forecasts. This enhances companies’ ability to plan inventory, reduce waste, and
respond to fluctuations in demand more effectively—A Route optimization and logistics. Al can
select the most cost-effective transport routes in other vital areas by considering fuel costs,
weather, traffic patterns, and delivery time windows. This reduces costs but also increases
customer satisfaction through timely deliveries. Al also plays a significant role in supplier
selection and risk evaluation. Abaku, Edunjobi, and Odimarha (2024) state that Al technologies
can analyse supplier performance history, geopolitical risk, financial health, and public opinion
from publicly available sources to generate comprehensive risk profiles. This assists companies

in making better sourcing decisions and developing contingency plans for near-term disruptions.

The study also highlights that Al can automate stock replenishment decisions at the inventory
and warehouse management levels, track inventory in real-time, and predict likely stockouts. Al
is already used within smart warehouses to improve picking and packing accuracy, reduce
labour costs, and speed up order fulfilment. Besides, Al enables end-to-end visibility and co-
planning by integrating information from all supply chain partners. Visibility is paramount in
addressing complex supply networks and responding rapidly to changes in demand or supply

environments.

Lastly, the present research establishes that Al makes a significant contribution to sustainability
goals. By optimizing routes, reducing warehouse power consumption, and minimizing
overproduction, Al helps companies lower their carbon footprint, which is increasingly on the
agendas of stakeholders and regulators. While the benefits of Al for supply chain management
are enormous, success depends on organizational readiness, a practical data foundation, and
aligned strategic objectives. Nevertheless, creating resilience, agility, and efficiency in supply

chains is undeniably a cornerstone of future-proof supply chain management (SCM).



14

1.7 Structure of the Thesis

This thesis comprises of eight chapters, each addressing a distinct segment of the study. They
provide a detailed discussion on how artificial intelligence (Al) can enhance supply chain
management. These chapters are designed to relate to one another logically, starting with a

presentation of the research problem and concluding with recommendations for future research.
Chapter 1: Introduction

This chapter provides the background and context of the present supply chain problems,
establishes the growing importance of artificial intelligence (Al) in supply chain management,

formulates the research question and objectives, and outlines the overall structure of the study.
Chapter 2: Literature Review

It identifies the principal vulnerabilities of modern supply chains and discusses the possible role
of Al in alleviating them. It surveys current Al technologies and barriers to adoption, critiques

existing frameworks, and identifies the main research gaps.
Chapter 3: Research Methodology

This section describes the research methodology adopted in developing the Al framework, from
literature-based to hypothetical case-based research. It also provides information on data

sources, including academic journals, industry publications, and open-source case studies.
Chapter 4: Data Analysis

This chapter focuses on data analysis approaches as well as overview of both selected studies.

Moreover, the chapter has discussed the cross-case comparison and synthesis of the findings.
Chapter 5: Content Analysis

This chapter presents the content analysis conducted to cater the outcomes through secondary
data.

Chapter 6: Findings and Discussion

This outline presents the key findings of the case study, highlighting the challenges in
implementing Al and providing valuable recommendations for industries considering the

integration of Al into their supply chains.
Chapter 7: Discussion

This chapter highlights the findings and discussion in terms of comparative challenges, and

sectoral disparities and strategic alignment. Moreover, the following chapter further highlights
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the resilience through Al in the context of selected firms along with policy, sustainability and
ethical implications.

Chapter 8: Conclusion

This is the final chapter of the study that summarizes the entire outcomes of the research. Also,

this chapter highlights the areas of future research and final reflection.
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2 LITERATURE REVIEW

2.1 Artificial Intelligence in the Modern Supply Chain

Nwamekwe and Igbokwe (2024) explained how supply chains are now more complex, making
businesses vulnerable to hazards such as disputes between nations, weather-related disasters
and pandemics. Complexity in solving these risks with traditional risk management methods
highlights that employing Al improves the work efficiency and outcomes of these procedures. It
makes sure firms are aware of current problems, so the supply chain never falters. It discusses
how Al is helpful in risk management, as it excels at handling vast amounts of data. It allows
organisations to spot problems ahead of time and use them as opportunities to improve their

policies.

Within this research, the analysis is centred on how Al applications are used in managing risks
in the supply chain, making predictions, using machine learning and developing autonomous
systems. It takes different industries, including manufacturing, retail, and logistics. Analyses how
these techs can alter risk management, becoming capable of detecting risk and responding in
real time in the same industries. The thesis aims to add to the understanding of how Al will affect
the global supply chain management via future trends and practical recommendations for
managers. It demonstrates the implementation of Al based on the integration of loT and

blockchain in order to strengthen the supply chain resilience.

Demand forecasting Al in adding Data analytics
in warehouse supply portability based strategic
and demand to supply chai sourcing in
management loading process supply chain
02 04

- -

Machine learning
and Al for the
longevity of
transportation
and logistics

Al for cost-saving
and revenue boost
in supply chain

Figure 1. Artificial Intelligence in the Modern Supply Chain (adapted from Srivastava et al.,
2025).
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According to the research findings of Nwamekwe and Igbokwe (2024), supply chain managers
need to adopt Al technologies early and significantly to cope with the growing complexity and
volatility. By integrating Al into risk management processes, organizations can transition from
reactive to proactive strategies, thereby enhancing operational efficiency and resilience.
However, with its first two challenges of data quality and implementation algorithm biases, as
well as high initial investment costs, the paper recognizes that implementing Al would also
require addressing these limitations. These limitations exist and can prevent the use of Al in risk
management, so they must be tackled to utilize it effectively. Nwamekwe and Igbokwe (2024)
described how Al-driven predictive analytics can be facilitated using historical and current data

to identify and mitigate risks.

From the paper by Schlegel (2014), it can also be understood that operations management has
been greatly affected by globalization, uncertain demands and supplies, and complex supply
chain networks. These changes call for a change of strategy in the supply chain management.
Business and manufacturing industries in particular have been leveraging Big Data and
predictive analytics to mitigate risks in the supply chain. According to Schlegel (2014), more than
90% of the global information was generated within the last two years, hence the need for supply

chain managers to embrace this trend.

Schlegel (2014) also pointed out that with the development in computing processing power, for
instance, IBM’s Watson, able to process search capabilities and simulation, can assist in
managing supply chain risks. In the same year, Schlegel in his writing described predictive
analytics as the ability to make future predictions through statistical testing of data and mining.
This approach is highly suitable for the practice in supply chain management, which has not

been very effective in adopting such methods earlier.

Schlegel (2014) also described using statistics, data mining, and game theory to employ current
and past data to forecast future risks and opportunities in the supply chain. Schlegel (2014)
collected large quantities of data from sources such as industrial equipment, automobiles, and
other digital information sources. Such information is valuable from the point of view of predicting
supply chain management outcomes. The paper contributes to the existing knowledge in the
field by establishing that Big Data and predictive analytics are valuable tools in supply chain risk
management. This helps in understanding strategic uses of these tools in positioning supply
chain decision making and risk management, where these methods have not been tackled

adequately.
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Figure 2. Challenges of Supply Chain (adapted from Moeinzadeh, Pooria & Hajfathaliha,
Abbas, 2011).

Schlegel (2014) recommended that organizations incorporate Big Data and predictive analytics
into their supply chain risk management strategies, as this can improve operational efficiency
and supply chain resilience. Although specific results are not provided in this context, Schlegel
(2014) argues for the effectiveness of predictive analytics in supply chain risk identification and
mitigation, highlighting the potential for better decision-making and operating efficiency by
applying these analytics. Schlegel (2014) suggests that one shortcoming of predictive analytics

is that what works in one industry may not necessarily be effective in others.

They addressed the role of Al in scheduling and making inventories, as well as its benefits.
Forecasts and related services increase the effectiveness of SCM, reduce expenses and
improve the way customers are served by anticipating what they need. After discussing Al in
SCM, the study points out the pros and cons of using Al within the organisation’s work
processes. The framework will be used by Al deployment to help with the process from start to
finish. It outlines how Al can benefit SCM and offers suggestions to companies. Skillful
professionals can make use of Al to help improve the supply chain. Hence, the organisation
should handle governance and ethics in their Al strategies to prevent its actions from conflicting
with their major goals. In summary, the firm may perform better, satisfy their customers and

respond to accurate problems.

Al innovation in SCM fosters real-time analysis of information, lower operating costs and

improved services for customers. It further explains that difficulties include problems with data
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quality and a lack of specific knowledge. It is noted that when it comes to using Al in SCM,
privacy and security are concerns, as well as the expertise required by the organisation for

successful implementation.

Kebande et al. (2021) said that employing real-time monitoring (RTM) in networks is needed
nowadays as it ensures rapid identification of unusual activity. Still, this study proposes that
network administrators begin acting as vigilantes to assess their security situation once the
security issues become more complex. The purpose of it was to discover how RTM helps with
planning and incident response and what issues occur with adopting it. Kebande et al. (2021)

suggest that real-time digital transactions are increasingly used now and face various problems.

RTM is the process of monitoring performance on the network and any problems. It enhances
what administrators can see on the network, helping them quickly deal with any issues and run
the network smoothly. It was noted that the best practises in RTM can assure better detection
of risks, balanced and appropriate security and following all required standards. Besides, RTM
demonstrates that adopting it allows organisations to deal with security incidents efficiently,
limiting any possible issues. RTM is described as increasing efficiency, boosting productivity
and keeping data safe. In addition, it details the difficulties and organisation-related issues of

implementing RTM such as costs and connecting new systems.

Kebande et al. (2021) also outlined challenges with systems integration and application
traceability. RTM solutions are relatively expensive in terms of the costs of necessary hardware
and software and are a challenge for most of these organizations to afford. Also, maintenance
and upgrade costs are incurred periodically. Kebande et al. (2021) additionally referred to the
challenges in tracking applications in a network. Moreover, for organizations, it is essential to
know the history and whereabouts of applications to ensure they are working well and securely.
However, RTM traceability is often missing, causing significant difficulty in implementing it on a
comprehensive level. Additionally, most organizations utilize heterogeneous architectures and
infrastructures that can limit the integration of new RTM tools. Introducing new technologies can
disrupt already developed network environments, but if not done carefully. This complexity
makes it challenging to guarantee that each system works seamlessly with all others (Kebande
et al., 2021).

The main barriers to the adoption of Al in SCM are the management of change within an
organization, according to Hangl et al (2022). To implement Al, there needs to be changes in
the workflow and business process, which may result in opposition from the employees.
However, this change also requires organizations to do it effectively in order to adopt it
successfully. A second major limitation mentioned by Hangl et al. (2022) is that existing technical

limitations. Companies typically face issues having to do with declining data scalability, variation
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in data, and the efficiency of the technology used. All these issues may impede the successful
adoption of Al solutions in SCM. Another important determinant of a successful implementation
of Al technologies is employees’ acceptance of Al technologies. The problem is that many
workers do not have the requisite expertise or capacity to adopt new technologies that might
boost productivity. However, this challenge can be overcome only by training and educating the

workforce of the organization.

Hangl et al. (2022) also point out that security and privacy issues are serious challenges to the
adoption of Al. A range of concerns is involved about these issues: data security, access,
storage, and ownership. Organizations may fear data breaches and privacy violations in a
connected society. It prevents them from adopting the benefits of Al technology. Lack of a
defined policy on the usage of data makes it challenging to adopt Al in SCM. This could result
in organizations being reluctant to adopt new systems if they do not have a solid framework for
data management and usage of Al technologies, and might not be inclined to invest in such, if
there is no guarantee of benefit. It often involves work and investment to implement the Al
solutions. However, as per Hangl et al. (2022), such robust Al solutions may act as a barrier in
the development and documentation of such robust Al solutions and thus may contribute to

hindering adoption by the organizations.

Anil and Babatope (2024) highlighted the growing features in data privacy, security, and
governance in the world that have turned around to be a technological world. It revealed that
with the usage of tools, it is becoming increasingly risky for personal and sensitive information
to be compromised, such as acts of breach and unauthorized access. There are additional
issues of transparency and accountability with the help of Al. Black-box nature also presents
some challenges because it is not clear how the algorithm reaches a decision, which goes
against the regulatory policies that require clear data handling methods. Some of the discussed
regulations include the General Data Protection Regulation (GDPR) in the European Union (EU),
the California Consumer Privacy Act (CCPA) in the United States (US), the Lei Geral de
Protecdo de Dados (LGPD) in Brazil, and the proposed Personal Data Protection (PDP) Bill in
India, as well as, the efforts being made worldwide to tackle these issues. There are other Asian
regulations also named, such as the Act on the Protection of Personal Information (APPI) in
Japan and the Personal Information Protection Act (PIPA) in South Korea. The paper focuses
on the positive aspects related to the use of technology, including security, but also on the
limitations of regulation, including especially that of transparency and accountability, which has

been seen in the applications of, for example, Al and blockchain.

Anil and Babatope (2024) also employed a comparative analysis method to compare data

privacy frameworks worldwide. It utilizes qualitative information obtained from numerous
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regulatory documents and compliance reports. It builds knowledge about global data privacy
frameworks by providing insights into the associated assets and liabilities. According to Anil and
Babatope (2024), the GDPR remains the highest standard in data privacy globally. However,
there is a lack of equal enforcement. It is essential to note that regulations like APPI and PIPA
emphasize both transparency and localization, yet they also seem to raise concerns about
scalability. This research reveals that balancing innovation and privacy poses challenges,

necessitating the implementation of standard measures across the board.
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2.2 Evaluation of Al Technologies Shaping Modern Supply
Chain

Ganesh & Kalpana (2022) stated that over the past few years, the development of Al has
changed the way supply chain management is done. Previously, Al models not only focused on
following instructions. However, the latest version includes advanced machine learning, deep
learning and natural language processing algorithms that improve and adapt solely through their
own experience. The use of ChatGPT, IBM Watson and Google’s Vertex, Al in supply chain
management now allows for more conversation and faster choices. Due to this progress,
computer systems can note abnormal patterns, estimate shifts in demand, handle optimal supply
chain logistics and control the procurement timeline mostly using automation (Younis et al.,
2022).

Advances in technology such as digital twins and computer vision, are improving how
businesses handle inventory audits, automate their warehouses and inspect products. Amazon
equips its robots with artificial intelligence to automate the movement of goods (Attah et al.,
2024). Al has also allowed DHL to improve its routes and predicted deliveries, so costs are
lowered and service improves. Al technology is increasingly being used for making key choices
in supply chain management (SCM). Current Al systems work with tremendous amounts of both
company data, like that from ERP and CRM tools and data from outside sources such as
economic, weather and market reports (Modgil et al., 2022). The benefit of using several
perspectives is that leaders in supply chains can predict possible events, do simulations of other

outcomes and be ready for disruptions.

As a case in point, Siemens and General Electric test their supply chain stress using Al-based
strategic simulators. The simulations help find any weaknesses in the system and recommend
actions to prevent them. With the help of Al, firms can shape their actions related to choosing
suppliers, organising their resources, setting schedules for production and expanding to new
markets. Al's worth is in both its ability to make predictions and to recommend the best actions

after analysing risks and rewards.
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2.3 Human Al-Collaboration in Supply Chain Optimisation

Aljohani (2023) stated that since supply chain activities are now more automated, decisions
more accurate and running the supply chain is now more productive. Still, certain areas of supply
chain management cannot function without human judgment, instincts and a thorough
knowledge of the situation. Teaming up intelligent computers with human workers helps to
achieve the best results. Together, Al and humans interact to make use of their skills in

managing multiple issues that impact the supply chain.

Within the supply chain, Al handles large amounts of information, finds important patterns,
makes predictions, organises logistics and helps manage stock levels (Duong et al., 2023).
There are many ways planning, procurement, transportation and customer service organizations
use ML algorithms, NLP and predictive analytics tools. Still, machine learning tools rely on their
input data and may suffer from algorithmic bias, wrong classification or lack of awareness, all of

which human experts are well-positioned to detect and handle.

People and machines are partners in performing tasks related to the supply chain. Al automates
activities that require rapid calculation, statistics and finding patterns, but people still give the
judgment, ethics, familiarity with the subject and emotions according to Hangl et al., 2022. As a
result, Al helps speed up routines and makes data more reliable and humans are responsible
for making sure decisions follow the company’s targets, comply with ethics and respond to new

environmental challenges.

According to Helo & Hao (2022), one benefit of joining forces with Al is that humans can identify
and correct any biases that may exist in the system. Using historical data in the training of
machine learning algorithms may lead to them repeating unfair and incorrect forms of thinking.
If Al observes that purchasing has not met expectations with a few suppliers, it may choose to
order less, reducing the variety of suppliers and choices from certain regions. A person can
review these unusual situations and modify the way decisions are made in the supply chain to

improve results.

Also, where laws, cultures and regulations are evolving fast, Al may not be able to change
quickly enough. During these events, people must become highly engaged. People managing
the supply chain can recognise the impact of things like local trends, changing tariffs and
geopolitical developments, while Al cannot. As a result, having both Al tools and experts work
together gives organisations the agility they need in tough times (Ganesh & Kalpana, 2022).
When there are many different parts to a supply chain, involving hundreds of factors, Al swiftly
handles the relationships between the parts and models different outcomes. In many cases,

humans play an important role in strategic decision-making. As an example, during the COVID-
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19 pandemic, Al had trouble forecasting the lack of supplies, factory closures and closed borders
brought about by the crisis. People were responsible for changing how goods were shipped,

securing new ways to source them and ensuring both resilience and cost control.

According to Ismaeil & Lalla (2024)., people are relying more on augmented intelligence as a
plan for how Al and people can team up. Many people think Al replaces humans; however,
augmented intelligence focuses on improving the abilities of employees with Al. Here,
technology helps human decision-makers by providing additional information and more speed

in decision-making.

Contemporary supply chain platforms are engineered with functionalities that facilitate
collaborative intelligence. Cloud-based supply chain management solutions, like SAP
Integrated Business Planning (IBP), Oracle SCM Cloud, and IBM Sterling, employ Al modules
that interface with human operators, dashboards, and warnings. These systems facilitate real-
time scenario planning, exception-driven decision-making, and collaborative problem-solving.
Artificial intelligence generates solutions; however, people assess, reject, or amend them
according to contextual comprehension and company strategy Zedni¢ek (2022). The
implementation of digital twins—uvirtual representations of tangible supply chains—exemplifies
a domain where human-Al collaboration is essential. Digital twins allow supply chain managers
to evaluate different tactics in a simulated environment prior to real-world implementation. Al
algorithms execute simulations and generate insights; nonetheless, human experts are tasked
with evaluating these insights, comprehending potential trade-offs, and making conclusive

conclusions.

Moreover, ethical and societal considerations in the utilisation of Al necessitate proactive human
involvement. Decisions about data privacy, openness, and equity in automated systems
necessitate human monitoring to avert misuse or adverse outcomes. An Al system that
optimises delivery routes exclusively for efficiency may unintentionally overload certain drivers
or disregard local traffic regulations. Humans can intervene to reconcile efficiency with equity
and adherence to regulations (Odumbo & Nimma, 2025). In educational and professional
development settings, organisations are progressively teaching their employees to cultivate Al
literacy and data interpretation competencies. This is crucial for fostering a collaborative culture
in which employees can confidently interact with Al systems, scrutinise their outputs, and utilise
them to improve decision-making. Organisations such as Amazon and Walmart have initiated
internal training programs to enhance employees' skills in Al and machine learning, hence

facilitating more effective human-Al collaborations.
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2.4 Role of Al in Enhancing Circular and Sustainable Supply

Chains

Global environmental issues, emerging regulations and increased interest from consumers in
ethical and eco-conscious items all combine to make sustainability vital for companies’
strategies, says Bettoni et al., (2021). In this setting, supply chains play a key role in shaping
the environmental and social results of business activities. The adoption of Artificial Intelligence
in this area has led to better ideas for the circular economy and more sustainable supply chain
work. A circular supply chain puts importance on reusing, refurbishing and recycling products
and resources. Compared to regular supply chains that end with disposal, circular supply chains
try to decrease waste and help extend product use and the use of resources for a greater period
(Younis et al., 2022). The framework fits well with how ESG performance indicators are used.
Proper use of Al tools makes it easier for supply chains to be both circular and sustainable by

providing clarity, forecasts and better-coordinated processes.

Al, together with technologies including loT and blockchain, support real-time observation of all
goods, raw materials and emissions over the entire lifecycle of a product. Ismaeil & Lalla, (2024)
say that applying machine learning and pattern recognition, Al can find problems in the sourcing,
making, transport and disposal processes. As a result, companies can find out where their
energy use, emissions or waste are too high, helping them act quickly and make well-informed
decisions. Through Al, the origin of raw materials can be found to check that they do not harm
people or the environment. This degree of openness is very important in the fashion, electronics

and food industries, where supply chains are often detailed and diverse.

These tools, explains Ganesh & Kalpana (2022)., empower companies to choose better
materials, organise logistics more efficiently and plan end-of-life management successfully. Al
tools are able to reduce the use of resources in material selection, find ways to minimise energy
consumption in the factory or adjust transportation to save on gas. Additionally, Al can help to
recognise suppliers who use sustainable practises, helping ensure companies follow ESG
standards and have ethical practises in their supply chain (Ghoreishi et al., 2025). With
information from past orders and inventory, Al tools can more precisely determine what will be
in demand. This helps businesses handle overproduction, extra inventory and spoilage which
are common problems for many. Al technologies are used in food supply chains to estimate the
time food stays fresh, manage how and where it is stored and rotate inventories to prevent food
from going to waste. They increase sustainability as well as improve both how most resources

are used and how much they cost.
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ML models help industries manage maintenance so they can repair tools earlier and keep them
from being disposed of prematurely, thus avoiding time-consuming delays. Because of artificial
intelligence, machines are watched, their use patterns are observed and possible failures can
be predicted early, making it less likely that industrial resources are wasted. Because of how
common e-commerce is, product returns are now a major challenge (Eyo-Udo, 2024). Al helps
with the reverse supply chain by identifying returning products by appearance, advising on what
to do next and helping to plan the best path back to suppliers. Such abilities ease the pressure

on landfills and help put important components back into circulation.

In Ivanov & Dolgui (2021), it is noted that organisations can use Al to plan the best moment for
refurbishing, repairing or recycling a product by studying the way a product is used, customer
opinions and inputs from sensors. As a result, products are kept in use until they should be
replaced and are used to their full potential. Al tools can highlight when it’s nearly time for a
product to be replaced or when a small repair would keep it running much longer. The ability to

forecast what’s needed minimises overproduction and helps manage resources wisely.

Al algorithms, according to Duong et al., (2023) allow companies to create fashion products with
better long-term performance and eco-friendliness. Designers rely on the pollution snapshot to
pick materials that can be recycled or biodegrade which makes it easier to close the loop and
support circularity. Through analysing client usage, Al can help companies redesign their

products to be more easily reused, updated or reduced to modules.

According to Hangl et al., (2022) companies are now expected to present their sustainability
efforts and keep in step with environmental legislation on emissions, energy use and dealing
with waste. Al-enabled analytics platforms unite global supply chain data, track the emissions
of products and generate reports that follow ESG regulations. Thanks to these technologies,
organisations can address the growing environmental expectations of investors, regulators and
customers. Organisations are able to predict the ecological outcomes of different decisions in
their supply chain using artificial intelligence. Businesses can rely on Al to measure potential
shifts in emissions if they decide to purchase locally or to compare the effects of using electric
trucks for delivery on sustainability over the long term. These findings help firms make

sustainable selections that do not reduce profitability or affect customer satisfaction.

Al may be used by some businesses to help their customers see how their buying decisions
affect the environment. They give customers the knowledge they need to buy better and support
the idea of reusing resources found in the circular economy. Even so, using Al for sustainability
solutions isn’t ideal since it has its share of problems. The issues are connected to people’s

information privacy, making sure the IT system is robust and preventing flawed training that
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might leave inefficiencies or biases in the system unaddressed. However, if there are capable

leaders and continual enhancements, these kinds of problems can be taken care of.

2.5 Al in Demand Sensing and Real-Time Consumer Analytics

Now, companies contend with tough competition and must react rapidly to what customers want.
Using previous sales figures is a usual way to forecast demand, yet it doesn’t capture the sudden
changes in how modern consumers behave. Because of the strong capabilities of Artificial
Intelligence (Al). Al helps businesses keep track of trends at any moment, manage their stock,
revise ads and improve how customers feel. Rather than relying on guesses regarding future
demand, demand sensing looks at current data more closely to do the job correctly (Odumbo &
Nimma, 2025). Data gathered from POS systems, all types of social networks, e-commerce,
weather channels, economic updates and news on geopolitics can all be processed by Al in

these fields. As a result, companies are able to forecast market changes very precisely.

Using Al in their day-to-day work, Walmart and Target have managed to enhance how they
organise their stock in several branches (Zavodna et al., 2024). These large retailers rely on Al
platforms to track sales data being collected from POS systems to know what, how much and
where products are being sold. Based on this analysis, inventory at each store can be adjusted
at any time as needed. As a result, shelves have the right products when they are needed most
which prevents both stockouts and the need to cut prices on surplus goods. Duong et al., (2023)
state that artificial intelligence helps with highly personalised marketing and product initiatives.
Through accessing and studying data such as browsing history, search behaviour, past
purchases, demographics and site or app activity, Al can put together a broad profile for each
client. Thanks to these data, organisations offer customers personal recommendations,
advertising that matters to them and the latest promotions. If a consumer purchases things that
are eco-friendly or activewear regularly, Al can highlight those items when they shop for a better

experience and higher conversion.

People post their opinions online in these places which makes them important sources of new
trends. Sentiment analysis technology allows reviewing numerous online comments, reviews
and posts to understand what people think about a product, brand or category (Riad et al., 2024).
These tools are able to analyse what users say, feel and discuss to calculate how satisfied they
are instantaneously. Businesses often apply customer reviews to improve their products,

enhance how they help customers or better plan their marketing.
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Al is said by Helfat and Peteraf (2003), to help with faster and more adaptable decision-making.
While traditional systems are updated every month or three months, Al models can keep every
bit of data and demand up to date. It becomes especially beneficial when sudden events like
natural events, pandemics, disruptions in shipping happen—where companies need to quickly
decide on new actions. Thanks to Al support, retailers could more easily and quickly adjust to
the sudden increase in demand for hand sanitisers, masks and exercise equipment during the
COVID-19 times. One more advantage of Al in demand sensing is how well it can group
customers according to their habits. Rather, Al allows businesses to group customers
depending on their actions, how frequently they shop and how long they have been loyal.
Dividing up the market helps companies to better distribute marketing funds and improve their

products to suit a range of clients.

2.6 Cross-Border Supply Chain Complexity and Al's Role in
Geopolitical Risk Mitigation

There are many countries and continents linked within today’s supply chains. This openness to
international business can save cost and allow the company to gain more potential customers,
though at the same time it makes the company more open to significant risks and complexities.
When working in foreign markets, companies must handle disruptions such as trade disputes,
tariffs, penalties from other countries, sudden changes in regulations, trouble at seaports,
unstable governments and possible military conflicts. Events in world politics can quickly create
problems for supply chains and leave products and services unavailable or more expensive for
consumers. During turbulent times, Atrtificial Intelligence (Al) greatly helps in spotting, inspecting

and lessening the impact of geopolitical risks (Goswami et al., 2025).

In the view of Srivastava et al., (2025) using Al helps businesses to predict future challenges by
sharing fresh insights about global political, economic and social developments. It consists of
storeys in the news, statements from governments, diplomatic communications, information
from the financial market and posts made to social media platforms. Al can scan and process a
data to identify possible hazards like increasing disputes among countries, new taxes being
applied or areas that play a key role in trade becoming unpredictable. Al is designed to identify

both quality and low-quality materials so it can present valuable insights.

Ghoreishi et al., (2025) note that early indicators of a potential labour strike at a substantial
international port or news about alterations in trade policy talks in a main exporting nation can
be identified by the Al system. With clear thought ahead, companies can shift transport, prepare
to buy or sell more of specific products or explore alternate suppliers as soon as they anticipate

an issue. In the same way, companies involved in pharmaceuticals and electronics which rely
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greatly on rare or special parts from certain parts of the world, may address uncertainties by

using Al to adapt their purchasing and manufacturing strategies right away.

Gupta & Gupta (2022) reports that Al models allowed companies to explore several post-Brexit
options and better anticipate the consequences on customs rules, adherence to rules and border
queues. As a result of using these simulations, organisations could create flexible plans, review
terms with suppliers and use new routes to avoid major problems. In addition, Al helps with
contract negotiations and managing compliance by identifying signs of breaking world trade
rules or sanctions. Political changes can lead a partner in a supply agreement with a business
to be sanctioned under international regulations. On a regular basis, Al systems cheque sanction
lists and probe for policy updates, sending information to organisations to enable them to make

prompt, correct responses that help avoid legal and image problems.

In Goswami et al., (2025) view, Al models diverse risk examples to help decision-makers know
the possible supply chain impacts of various events. Such models usually cover the complicated
relationships among different suppliers, logistics systems and worldwide trouble spots.
Equipped with this understanding, organisations can use tools such as dual sourcing,
nearshoring and better infrastructure to reduce risk. Besides, Al enhances how companies
interact and work with partners when international situations are uncertain. Thanks to
dashboards and alerts, information moves quickly and clearly across all parts of the supply
chain. This allows each party to be aware of new risks and support effective teamwork to adjust

when delivery deadlines change, the terms are updated or new sources are considered.

2.7 Ethics, Accountability, and Al Governance in SCM

Because Al is being used more in supply chain management (SCM), it is now important to focus
on ethics, accountable measures and good governance. Al is used to improve efficiency,
decisions are made quickly and important areas such as analytics and logistics are improved.
As ZedniCek (2022) explain such technological advancements introduce new ethical issues that
organisations cannot disregard. Given that computers are now involved in handling major
decisions about sourcing, labour and the environment, it is important to clearly define what roles

and regulations Al should follow to ensure everything is clear, fair and confident.

An important difficulty in an Al-driven supply chain is holding anyone accountable. What party
takes responsibility when an Al system chooses incorrectly while selecting a supplier, estimating
demand or planning the best transportation routes? This includes examples where artificial
intelligence leads to biassed solutions, breaches the law or creates problems in how the
organisation functions. He pointed out that figuring out who is responsible for problems with Al

may be difficult because of the complex systems supported by algorithms and machine learning.
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For this problem to be tackled, companies need to outline who should guide and oversee Al, so

that any decisions made or affected by Al have a human leader or group behind them.

Cinar (2023). reported that frameworks to identify those who can deploy, control and handle Al
systems must be instituted. Here, this study is looking at the decisions Al handles without human
input and the ones that require a human check. Though Al can suggest partners by reviewing
the past and expenses, the final choice should reflect human judgement about ethical shopping,
sticking to local rules and maintaining a company’s reputation. Using these protocols allows

companies to balance the use of technology and human decision making.

According to Duong et al., (2023) there is an increasing trend of organisations around the world
providing guidelines for ethical Al research. Following categorization by risk level, the European
Union’s Al Act demands transparency, human oversight and safety procedures from high-risk
Al which play a big role in many aspects of the supply chain. According to the OECD, the smart
technology should support inclusiveness, transparency, clarity and ensure it is socially and
morally responsible. The guidelines highlight how essential it is to apply fundamental human

rights and democracy to Al applications.

Having Al algorithms that are easy to understand is a key rule in ethical supply chain
management. When the outcome of an Al decision matters significantly, those involved must
know its reasoning and how it was made. This means describing how the data was collected,
explaining how that data was trained on the model and providing a reason for every Al
suggestion Frank (2024). Dealing with bias is a major moral problem that should not be ignored.
Al systems based on past information can increase or repeat the biases present in supplier
decision-making, recruitment and distributing resources. It is especially difficult in worldwide
supply chains since customs, practises and the law can vary greatly. Businesses have to
frequently assess their Al programs to spot and get rid of any hidden biases, so that everyone
using the systems is treated the same. They should share details of Al use with suppliers,

customers and regulators as long as it is relevant to them.

Businesses like Microsoft and IBM have decided to set up special teams for managing how Al
is used throughout their companies. The use of Al in supply chain operations is directed by
these frameworks to be responsible. So, they continuously train employees using Al,
examination of Al risks is handled by ethics boards and decisions are supported by integrating
human review into the system. They not only minimise ethical challenges but also build trust

among stakeholders in the company’s technological activities.
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2.8 The Future of Autonomous Supply Chains: Al and Robotics

Integration

Eyo-Udo, (2024) assert that auto-pilot functions in supply chain management are growing rapidly
for autonomous systems to work with minimum human interference. The gathering of Artificial
Intelligence, the Internet of Things, robotics, blockchain and edge computing is leading this
transformation. The combination of these technologies allows for the building of supply chains

that can operate fully autonomously by arranging and carrying out tasks in real-time.

Artificial intelligence, as described by Duong et al. (2020), can go through various large
collections of data, history archives and external weather and traffic data, to organise
transportation routes, manage the amount of stock and predict demand with outstanding
accuracy. When joined with RPA and autonomous vehicles, Al ensures a high level of control
over both the production line and the distribution process. Integration can be clearly seen in
Tesla’s Gigafactories, where robotic arms, self-driving machines and Al coordinate their work at
extremely precise intervals (Steveco, 2023). They are specifically built to maintain top
productivity, detect problems and address them rapidly. The result is a workshop where costs

are lower and each product is similar in quality.

Another important case presented by Abormegah & Bahadin Tarik (2020) is the Cainiao Smart
Logistics Network of Alibaba, leading in automated logistics. Drone technology, autonomous
vehicles and Al systems are used by Alibaba to organise and streamline delivery services.
Because of Al, these systems can manage several packages every day, decide on the most
efficient routes and automatically assign tasks depending on the current situation. The entire
logistics system is tied together by loT sensors that allow real-time monitoring of areas such as
parcel location, temperature and how they are handled, resulting in greater transparency all
through the supply chain. Blockchain is considered an important factor in making supply chains
autonomous. It makes it possible to store transactions and contracts safely, clearly and without
change. In practical terms, blockchain makes it possible for payments to be administered and
delivery terms to be verified with the help of smart contracts. As a result, administrative duties
are reduced, fraud is reduced and all participants in the supply chain feel more confident. In
addition, blockchain makes it easier to track which is needed in the pharmaceutical and food

industries to ensure compliance and source.
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A major advantage of autonomous supply chains is that they remain strong during crises. At the
height of the COVID-19 crisis, many organisations found they had not enough workers,
experienced delays in supplies and faced operational bottlenecks. Autonomous systems
continued operating almost without any breaks. Automated warehousing and contactless
delivery made sure that distributing vitally needed goods could happen without interruption. It
reveals that with automated systems, supply chains can remain robust, allowing businesses to
keep running and customers to be delighted. Lastly, using autonomous supply chains makes
organisations more sustainable and energy efficient. Enhancing resource use, decreasing extra
trips and supporting better waste handling using Al programmes contribute to a company
reaching its ESG targets. Al, for example, is used to optimise shipping and reduces both fuel
use and waste during transport, while automated inventory tools reduce unnecessary

overproduction and limit the amount of items stored.

Many organisations are expected to turn to autonomous supply chains as they aim for greater
agility, cost savings and a competitive advantage. Businesses today are being forced to adjust
their supply chains to deal with geopolitical pressures, rising inflation and new expectations from
customers. Even so, there are continuous issues such as high entry costs, worries about data
security, technology compatibility problems and ethical questions about losing jobs to
automation. Although there are difficulties, the move to independence is clear and those that act

early by using Al and robotics will lead the next revolution in supply chains.

2.9 Research Gap

Although there is significant research done on the existing methods of supply chain risk
assessment, very little attention has been given to innovative artificial intelligence strategies.
This research analyses the role of modern technology in making supply chain risk analysis more
effective. The authors of the study emphasised that these technologies offer opportunities for
operational improvements that have not yet been explored. This shows that many people still do
not understand how this material is widely used in industry. For this reason, those in the field do

not receive adequate help on how to adopt these new approaches.

According to Jahin et. al (2024), current risk management tools aren’t flexible which is needed
to manage surprises. During uncertain times, supply networks should be flexible and quick to
adapt to show that they perform well. No research has been done on ways artificial intelligence
may improve adaptive risk management through the use of current information. For
organisations to truly manage risk, they require several sources of data. Useful sources of data
are market trends, the performance of suppliers and geopolitical problems. While combining

various types of data using artificial intelligence is still limited, there is not enough known about
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the possible risks. When a business integrates, it can access correct data and handle risks better

as it makes decisions.

Rane et al. (2024) state that using artificial intelligence, including predictive analytics, should be
further studied in real-time risk management systems in supply chains. Real-time risk detection
and assessment require businesses to use Al-related solutions. COVID-19 made it clear that

existing methods for handling data in risk management need improvement.

According to Rane et al. (2024), using Al tools such as predictive analytics in supply chain risk
management in real time is a topic that has not been fully investigated. The research group of
Rane et al. (2024) found that these innovations hold a potential. Because of the COVID-19
pandemic, businesses are using Al-enabled technology to quickly catch and assess threats as

they begin, instead of checking old information.

Medium-sized businesses (SMBs) often struggle with integrating Al into cybersecurity because
it is so expensive. Less research focuses on affordable Al solutions for SMBs, because many of
them cannot buy the modern technology these solutions require. Because the system is so
complex, bringing Al into current systems is tough. Rawindaran and her team wrote in 2021
that there is currently a shortage of tools to simplify the process for SMBs entering online
marketplaces (Rawindaran et al., 2021). It helps business owners feel more relaxed and
confident during a business journey. Partnering with major companies may help improve the
results of data management and system work. This means it is necessary to research ways in
which SMBs and Al partners can plan their partnerships to help with cybersecurity. Addressing
both privacy and usability is also necessary. As a result, there is a call for developing Al solutions

that are private and easy for users to use (Rawindaran et al., 2021).

As aresult, it's important to study the current ways of handling risks to adjust for the new situation
after the pandemic. Reasons for supply chain disruption include health emergencies, natural
disasters and international conflicts. Al may be used in future projects to review the risks found
in the supply chain. Because of this, firms need to recognise that these technologies should
keep up with any shifts in risk, researchers can determine clearly in modern supply chains which

play a key role after COVID.
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2.10Theoretical Framework for Al Integration in Supply Chains

2101 Resource-based View (RBV)

The Resource-Based View is a theory that examines and interprets a firm’s resources, based
on which it can understand why firms can build a sustainable competitive advantage. In terms
of the RBV, it focuses on the view that, from a better performance and competitive advantages,
the difficult-to-imitate characteristics of the company are the source (Barney, 1986; Hamel &
Prahalad, 1996).

Dickson (1996) explains that the RBV follows an ‘inside-out’ (or firm-specific) perspective to
explain why businesses succeed or fail in the market context. Based on its valuation, a company
can exploit valuable, rare, special, and nonsubstitutes resources (Barney, 1991). Additionally,
businesses can leverage these resources and competitive advantages to achieve higher
performance (Grant, 1991; Wernerfelt, 1984).

An organization can be considered a collection of physical, human, and organizational
resources, according to the Resource-Based View (RBV) (Barney, 1991). All of these resources
are associated with the organization. According to Barney (1991), the primary source of a
sustainable competitive advantage for prolonged better performance is the organization’s

resources that are valued, scarce, imperfectly imitable, and imperfectly substitutable.

According to Shamsuddoha et al. (2025), artificial intelligence (Al) technologies may be
regarded as valuable resources that enable a company to improve its capacity to anticipate and
avoid interruptions in supply chains. By adopting artificial intelligence for real-time data analysis
and forecasting, businesses can get a deeper understanding of their vulnerabilities and respond
more proactively to possible hazards. According to Ristyawan (2020), using artificial intelligence
for supply chain operations can bring a long-lasting competitive advantage. Demand forecasting
can be improved by businesses that use artificial intelligence insights to optimize logistics.
Automated risk reduction strategies can outperform competitors who do not use such
technology. This is consistent with the RBV’s emphasis on maximizing the benefits from an

organization’s unique resources to achieve sustained success.

According to Ristyawan (2020), utilizing artificial intelligence for supply chain operations can
provide a long-lasting competitive advantage. Businesses that leverage insights generated by
artificial intelligence to enhance their logistics will improve their demand forecasting capabilities.
Automated risk reduction strategies can outperform those of competitors who do not employ
such technology. This aligns with the Resource-Based View’s (RBV) emphasis on maximizing

the benefits from an organization’s unique resources to achieve sustained success.
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2.10.2 Dynamic Capabilities (DCs)

The focus of RBV is on the constant change in surroundings, which calls on businesses to
develop dynamic skills. Researchers who study DCs extend RBV in response to dynamic
markets (Helfat & Peteraf, 2003). To deal with a highly volatile environment, Teece, Pisano, and
Shuen (1997) proposed a concept called DCs to address the significant role of capabilities in
constructing, integrating, and reconfiguring resources. Eisenhardt and Martin (2000) argued that
the shifting of the industry environment had produced changes in the foundations of competition.
This means that DCs can explain business competitiveness better than RBV in dynamic

situations undergoing fast-changing surroundings.

According to Roh and Xiao (2024), for businesses to sustain their competitiveness and
resilience, digital controls (DCs) are being implemented that can facilitate quick action in
response to the increasing complexity and unpredictability of the business environment.
Competencies that can be built and exploited effectively enable companies to manage
interruptions and maintain operational continuity. Al technology, such as predictive analytics,
real-time monitoring, and others, makes an organization more responsive. With these
technologies, organizations can detect disturbances and respond promptly to changes. Digital
technologies and DCs are important and closely related (Roh & Xiao, 2024). Blockchain, Al, and
the Internet of Things (IoT) are examples of these technologies. In addition to enhancing the
effectiveness of supply chain management (SCM) by providing real-time data and insights that
facilitate quicker decision-making, they also contribute to the development of distributed

computing (DC) systems.
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2.10.3 Technology Acceptance Model (TAM)

The Technology Adoption Model (TAM), a paradigm in the field of information systems, outlines
how to induce and encourage the use of new technology by users (Davis, 1989). Information
systems experts have widely used it to help companies adopt new information systems (Liu et
al.,, 2015). TAM identifies two critical variables of user acceptance: perceived utility and
perceived ease of use (Davis, 1989). The core idea is that adoption is higher when a particular
program is perceived to make the user perform better and requires less effort. Several additional

elements have been added to the model since its creation.

Perceived
Usefulness

Behavioral Actual System
Intention to Use Use

Perceived Ease
of Use

Figure 3. Technology Adoption Model (TAM) (adapted from Habibian Naeini, Fatemeh &
BalaKrishnam, 2012).

Perceived Usefulness: According to this aspect of the Technology Acceptance Model (TAM),
users are more likely to accept predictive analysis and real-time monitoring technologies if they
believe these technologies will enhance their work performance. To anticipate demand,
organizations can utilize predictive analytics to precisely forecast demand, thereby improving
inventory management and reducing expenses. This aligns with studies highlighting Al's
contribution to enhancing operational efficiency and decision-making within supply chains
(Abormegah et al., 2020; Attah et al., 2024).

Perceived Ease of Use: Employees are more likely to accept user-friendly technologies. Intuitive
and user-friendly real-time monitoring solutions can enhance decision-making speed and
response to disturbances. The study highlights the importance of incorporating Al technology to

reduce resistance to change, which is crucial for effective adoption. (Attah et al., 2024)

Attah et al. (2024) examined the advantages of the Technology Acceptance Model (TAM),
particularly in predictive analysis and real-time monitoring within the supply chain environment.

Supply chain professionals are more likely to utilize predictive analytics technologies when they
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recognize their concrete benefits, such as enhanced risk management and adaptability to

uncertainty.

2.11Conceptual Framework

The following is the developed conceptual framework to conduct the research process. In this
framework highlights the impact of predictive analytics, anomaly detection and real-time
monitoring on the supply chain vulnerabilities in terms of enhanced operational resilience,

enhanced regulatory environment and compliance and cybersecurity resilience.

Overcoming Supply Chain
Vulnerabilities
Predictive
- -
Anomaly
Detection
Real-Time

Figure 4. Conceptual Framework identifying variables developed for the study (adapted from
Patrick et al., 2022).

The design framework illustrates the fundamental connection between the primary technological
tools and the objective of building resilient supply chains. The mechanism consists of three
crucial tools to enhance supply chain resilience: predictive analytics, anomaly detection, and
real-time monitoring. Three essential outcomes emerge from these tools: Enhanced Operational
Resilience, improved Regulatory Environment and compliance, and Cybersecurity
Resilience/Readiness. When implemented together, these outcomes create a comprehensive
solution that protects supply chain weaknesses through proactive risk management, prompt

disruption recognition, and strengthened security frameworks.
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3 RESEARCH METHOD

3.1 Introduction to Research Methodology

The study of Schlegel (2014) explained that the right approach to research is essential for quality
research. It offers all the steps needed to assess and analyse data, with effective tools, so the
research remains reliable for application in the real world. The research method used collects a
full picture of how Al shapes supply chain management, including its shortcomings during
implementation and the negative impact it may cause. To understand how supply chains operate
in high-tech Finnish economies, the research uses qualitative methods and analyses several

cases.

3.2 Research Paradigm

Interpretive research, as a part of the qualitative paradigm, acts as the best approach for the
study. This research approach uses individual and stakeholder perceptions to study reality which
closely parallels the detailed aspects of implementing Al in supply chains (Kumar &

Praveenakumar, 2025).

The interpretive approach studied these variations closely because artificial intelligence involves
both technology and ethical matters. At the same time, how a supply chain is implemented
depends on the unique features of the organisation. Consequently, there is a chance to learn

about how different stakeholders view Al progress, handling risks and technological changes.

Through case studies and thematic analysis, the chosen view supports learning about the inner
workings of an organisation from their circumstances (Snyder, 2019). In this research, looking
at both subjective reports and published information provides unique and worthwhile insights

into using Al in Finnish supply chains.



39

3.3 Research Design

This research used an exploratory-descriptive design to investigate how artificial intelligence is
used in supply chains because it is an emerging technology. Using this exploratory structure,
the research can investigate both new subjects and challenges related to the use of Al in Finnish
industry. The descriptive part of the study discusses how Al tools are currently applied, what

impact they have on supply chain robustness and what risks they introduce.

Dual-purpose design allows researchers to first investigate Al supply chain management issues
and then create descriptions about them. In practise, understanding real-life issues and
experiences plays a bigger role than carrying out controlled examinations as in experiments
(Gupta & Gupta, 2022). Through case-study analysis and the study of existing publications, the
research method allows researchers to study the good and bad results of using artificial

intelligence.

3.4 Research Process

A systematic approach to the study has allowed recognizing the understanding and
requirements for implementing Al in the current supply chain, along with its challenges and the
dark side of implementation. Additionally, a systematic approach has further enabled the
identification of the leverage Al provides in detecting supply chain vulnerabilities. This section
has developed a framework for evaluating the significant vulnerabilities present in modern
supply chains. These variables contribute to disruptions, and the potential of tools based on

artificial intelligence to improve supply chain resilience.

The following research process involves collecting literature from past research papers, case
studies, and journal articles related to the implementation of Al in the supply chain, as well as
its challenges and the dark side of Al. The framework is grounded in support from the literature.
Initially, the chapter has revised the literature review using keywords like “supply chain”, “Al in

[T} ” o«

supply chain”, “sustainable supply chain”,

challenges of Al in supply chain”, “vulnerabilities”,
and “resilience”. Secondly, this study also highlighted and reviewed case studies in the Finnish
supply chain industry context to collect the most relevant and recent articles. These articles were
collected with the help of Google Scholar, Emerald, Sage Publications, and the Trepo website
services. To maintain data quality, the research was limited to clean journals, review articles,

and peer-reviewed articles. The following table shows the keywords used for data collection:
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Table 1. Keywords used for data searching

Sno Keywords
1 Supply chain
2 Artificial Intelligence
3 Vulnerabilities
4 Challenges of Al in the Supply Chain
5 The dark side of Al in the Supply chain
6 Benefits of Al in the Supply Chain
7 Resilience in the Supply Chain

The method for collecting data mostly used secondary research based on literature discussing
the use of Al in supply chain management. Saunders, Lewis and Thornhill (2009) argue that
secondary data has played a key role by providing knowledge of diverse situations and many

meaningful data points that were challenging to collect due to limited resources.

This study included a research example from Finland as the sector is known for its advanced
use of digital tools and acceptance of Al. The study chose which cases to evaluate by
considering various links between the study’s targets and different industry sectors, as well as
company characteristics and the amounts of Al deployment. They achieved a detailed insight
into Al applications in supply chain systems because of the research factors used in this study
(Abormegah & Bahadin Tarik, 2020).
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e Usage of Secondary Data

In the following study, secondary data was mainly used because the research was exploratory
and Al-using companies in supply chain operations offered limited access to their data. Most
Finnish firms in the technology sector are secretive about how they use Al and their Al
performance results. For these reasons, the study could not gather firsthand interviews or
confidential information for this project. Additionally, the wide range of existing literature, reports,
white papers, industry literature and news media gave a strong base to build on. They offered

information such as:

¢ Al adoption trends, plus descriptions of its different tools and cases,
¢ Information on how a company carries out help desk responsibilities and encounters
problems,

¢ Outlining the effect of using Al in a societal and organisational setting.

Relating the research to strong secondary data provides it with established knowledge while
steering clear of bias in participants, restricted entry and unfavourable coverage. As a result, the
research could analyze data in greater detail and depth due to the use of secondary data as

well.

3.5 Case study selection criteria

This research adopted the inclusion criteria based on study’s research objectives. In addition,
the research focused on Finnish companies operating in supply chain management, as Finland
exhibits technological advancements, a strong digital infrastructure, and innovation-friendly
business practices. Finnish companies demonstrate excellent conditions for studying how

artificial intelligence functions in supply chain management systems.

The research involved selecting cases that demonstrated the implementation of Al tools through
predictive analytics, automation, real-time monitoring, and risk detection systems in supply chain
management. During the data collection process, different factors such as business nature,
company size, and supply chain operations served as fundamental selection criteria for
acquiring a wide range of applicable data. The research benefited from diverse literature reviews
and case studies, enabling to gain a better understanding of the functionality of Al tools within

different work environments.

The research analyzed case study information, which included comprehensive academic

analysis, academic research, and industry reports. The study maintains its reliability through
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these selection standards because it selects cases that accurately represent Al adoption trends

within supply chain operations.

3.6 Research Method

As highlighted in Roh & Xiao (2024), a research method is the most essential element of a case
study, as the choice of which significantly impacts the results. Additionally, data collection is an
important decision that can be performed through qualitative and quantitative research.
Accessible data points include existing data from books, charts, and computer databases. The
investigation of Al tools for supply chain management used multiple case study analysis as its
research method (Anil & Babatope, 2024). Numerous case studies, comprising a mix of
industrial sectors, organisation types, and supply chain system intricacies, were used to produce
thorough knowledge about the studied phenomenon. The primary keywords in analysing supply
chain resilience through artificial intelligence were predictive analytics tools and real-time

anomaly detection.

A thematic analysis was applied to examine and interpret the collected data. The study utilized
this analytical approach because it presented an ideal solution for their work, as it enabled
effective pattern detection and interpretation from complex textual information. According to
Nwamekwe and Igbokwe (2024), the adoption of Al in supply chains requires a careful
examination of implementation approaches, operational difficulties, and ethical and unintended

consequences, as stakeholders possess unique perspectives on these complex subjects.

The study by Abormegah & Bahadin Tarik (2020) highlighted that researchers employ thematic
analysis to organize data through systematic coding procedures, which reveal essential themes
for a better understanding of the present Al tool implementations and existing obstacles, along
with their respective risks. Another viewpoint, as noted by Karunarathna et al. (2024), suggests
that the method allows researchers to explore both direct textual content and hidden meanings,
making it suitable for analysing Al changes across various supply chain implementation
scenarios. The chosen method works effectively with document reviews since these methods

are expected to be the primary data sources for this research.
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3.7 Ethical Considerations

This study utilised secondary data sources, implementing ethical protocols to maintain academic
standards and research accountability. The research drew its data from academic journals, peer-
reviewed articles, and publicly available case studies, which was selected due to their
trustworthy characteristics and openness. The investigation did not use personal data or

sensitive information, thereby reducing the likelihood of ethical misconduct.

All information sources correctly received citations by academic guidelines, where plagiarism
was avoided while acknowledging the original authors. Literature review included studies with
both successful and negative results, minimizing publication bias effects through an objective

assessment of Al implementation.

The research remained vigilant to multiple ethical aspects of the subject matter, specifically
regarding the negative aspects of Al technology. The study presents a comprehensive
perspective on the risks associated with Al technology in supply chain operations, ensuring the
maintenance of an ethical research methodology and adherence to content presentation

principles.

3.8 Limitations of Methodology

The research delivers significant findings but contains several essential restrictions to note. The
research relies entirely on secondary data sources, thus restricting the possibility of gaining in-
depth, context-specific knowledge that could have been obtained from primary data, along with
direct observation. The use of published literature in this research creates an issue of publication
bias, as negative or unsuccessful supply chain implementation studies may remain unreported.
The research methodology excluded valuable findings published in non-English sources, even
though they examined localised or regional supply chain practices. The research solely analyzes
supply chain Al integration in the Finnish market, omitting broader global perspectives and

potential.
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4 DATA ANALYSIS

4.1 introduction

This chapter provides comprehensive results from the case study approach used to investigate
Al in the supply chain of Finnish firms. Using the methodology explained in Chapter 3 (Research
Methodology), the analysis in this output covers what the selected companies Valio Ltd and
Murata Electronics Oy have achieved and the risks they may encounter from using Al. The goal
is to analyse how Al technologies are affecting supply chain management in these companies
and find main patterns, important observations and results linked to the three research

objectives.

¢ Analyse the principal risks and disruptions affecting supply chains, including operational,
environmental, and cybersecurity challenges.

o To explore the role of Al tools such as predictive analytics, anomaly detection, and real-
time monitoring in mitigating these vulnerabilities.

e To develop a practical and adaptable model for integrating Al into supply chain

management, focusing on addressing implementation challenges.

4.2 Overview of Case Studies Companies

e Valio Ltd

Valio Ltd is a well-established Finnish company in the dairy industry, carrying out many different
activities. Due to an emphasis on innovation, Valio has used Al and digital solutions to make
their supply chain more efficient, all the way from production planning to distributing products.
The company shows how traditionally-based companies are changing the industry through

technology.
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e Murata Electronics Oy

The Finnish branch of Murata Manufacturing, named Murata Electronics Oy, is involved in the
high-tech electronics sector. The business uses Al to make decisions on quality, maintenance
and inventory in its supply chain. Murata’s storey highlights how Al functions in a demanding

and advanced industry.

e Method of Data Analysis

A directed content analysis and pre-set categories were used for the analysis as guided by the
research goals. Data from company reports, interviews, and other publications were analysed
and organised into themes. The insights into the findings are presented according to the

organisational structure of the study.

o Al implementation and integration
¢ Challenges in developing Al
o The Dark Side of Using Al in Supply Chains.

All the sections discuss in detail the similarities and differences between the two case

companies.

4.3 Cross-Case Comparison and Synthesis

Table 2. cross case comparison and synthesis

Aspect Volio Ltd Murata Electronics Oy
Industry Food and dairy production Electronics manufacturing
Al focus Forecasting, logistics and supply | Quality control, predictive

chain

and maintenance

Integration Style

Incremental and modular

Systematic, and top-down

Key Challenges

Organisational resistance and

legacy system

Skill gaps, real-time data

complexity

Notable Risks

Forecasting errors, and data

governance

Misclassification errors,
employee monitoring and

concerns
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The above table shows the case comparison and synthesis related to the two selected case
studies. As shown, the infographics highlight the aspects including, industry type, integration

style, risks and key challenges along with Al focus.

4.4 Summary

Evidence suggests that although Al helps in running the business more efficiently and making
decisions using data, adopting it comes with problems such as resistance in the organisation,
data-related challenges and ethics matters. It was found that succeeding in Al means using
technology wisely, adopting strategies that help people, operating transparently and reviewing
practices regularly. These support the points made in the Findings and Discussion in Chapter 7

and shape the topics covered in Chapter 8.
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5 EVALUATING THE INTEGRATION OF Al INTO
SUPPLY CHAIN MANAGEMENT

5.1 Finnish Industry

Modern Finnish industrial developments are increasingly driven by the implementation of
Artificial Intelligence within the supply chain industry. According to Pasonen (2020), the nation’s
technological backbone, combined with its innovative mindset and environmental stewardship,
makes Finland well-positioned to become a leader in optimizing supply chains through Al
applications. Al technology has become central to multiple industries, including forestry, as well
as manufacturing, retail, and logistics, as it boosts efficiency and manages both speed and
environmental sustainability, as noted in Helo and Hao (2022). Forest industry operators UPM
and Stora Enso utilize Al to forecast customer demands while planning sources, and to monitor

production and logistics in real-time, thereby achieving sustainable and organizational efficiency.

According to Tukeva (2023), the manufacturing sector, along with engineering, leverages Al
systems for performing predictive maintenance and quality control tasks, as well as automation
functions. Wartsila, along with Metso, implements Al-powered systems for machinery health
surveillance to deliver both prolonged equipment durability and lower operational interruptions.
Onstream supply chains that operate throughout the globe require these essential advanced
capabilities. The Finnish retail industry, together with the logistics sector, uses Al systems to
enhance warehouse administration while also performing automated order fulfiiment and route
delivery optimization, as per the study of Lekamge (2024). The inventory optimization of Kesko,
along with logistics service providers, depends on machine learning algorithms to achieve
demand-based inventory management, along with waste reduction and environmental emission
decreases. The analysis of extensive supplier data, together with geopolitical information and
transportation patterns, conducted by Finnish companies through Al systems enables them to
detect upcoming disruptions early and take prompt action. The capability acquired tremendous
value after global events triggered the COVID-19 pandemic and geopolitical tensions, thus

highlighting the necessity of flexible and resilient supply networks (Wallenius, 2024).
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5.2 Al in Finnish Supply Chain Industry

Kyntaja (2025) noted that the Finnish supply chain industry is experiencing rapid transformation
through Al technologies, which strengthens operational efficiency as well as sustainability and
operational resilience across different industrial sectors. The strong technological base of
Finland, combined with its dedication to innovation, makes Al adoption a crucial business priority
for organizations in the manufacturing, logistics, retail, and energy sectors. The Finnish supply
chain benefits the most from Al through its applications in both demand forecasting and
inventory management operations (Pasonen, 2020). Al capabilities at Kesko and other retail

giants enable them to optimize their operations thus creating better customer satisfaction results.

According to Rusko (2024), Finnish logistics companies, along with startup firms, rely on Al-
equipped platforms to build optimized delivery routes by incorporating information about fuel
usage, as well as weather and traffic conditions. The implementation of these capabilities
decreases operational costs while supporting Finland’s sustainability targets through emission
reductions. Alapati & Logeshwaran, (2024) stated that Predictive maintenance systems
operated by Al are now standard across Finnish manufacturing facilities. Al analyzes industrial
sensor information to predict equipment breakdowns in advance, thereby managing machinery

lifespan extension and decreasing production stoppages.

Khadka (2024) noted that Finnish companies utilize Al systems to identify global supply chain
vulnerabilities, encompassing both political and material challenges, thereby enabling effective
early intervention. The deployment of Al technology enhances supply chain competitiveness, as
it enables Finnish businesses to meet national priorities, such as carbon neutrality goals and
circular economy requirements. The AI-SIM project, funded by Business Finland, aims to
develop technology solutions that establish organizational value through network business
administration, innovative supplier interaction management, and supplier data maintenance
(Kyntgja, 2025).
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5.3 Risks and Disruptions in Modern Supply Chain

According to Duong et al. (2023), the present-day supply chain industry faces multiple risk
factors that threaten its operational efficiency, as well as its ability to maintain resiliency and
continuous operations. The analytical examination of research documents showed operational
disruption types in addition to environmental and cybersecurity risks. The various risk domains
tend to overlap in complex ways, which intensifies the combined influence over worldwide and

local supply chain operations.

Table 3. Risk types and their examples

Risk Type Description Example

Operational Internal inefficiencies, Inventory shortages, shipping delays
logistical delays, and

supplier issues

Environmental Natural or climate- wildfires, and carbon footprint regulation
related disruptions,
regulatory sustainability

pressures

Cybersecurity Data breaches, system | Hacking, ransomware, and phishing attacks
manipulation, and IT

vulnerabilities

Ivanov & Dolgui (2021) highlighted that operational risks occur most commonly due to internal
problems, logistics breakdowns, and breakdowns in manufacturing and supplier relationships.
Product delays, along with insufficient demand forecasting and mismanaged inventory, account
for the bulk of operational risk factors. Supply chains with multiple tiers and an international
reach become highly prone to such problems, as minor operational issues can trigger network-

wide breakdowns.

According to Shekarian & Mellat Parast (2021), the combination of climate change
developments and rising environmental sustainability demands has heightened the number of
risks faced by organizations. Extreme weather events and natural disasters, including floods,
wildfires, and earthquakes, force production systems to stop operating, while bordering
transportation networks close down. Operational supply chains face growing regulatory

demands for sustainability and customer-driven ethical sourcing, as well as carbon emission
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standards that create additional pressure on their operations (DuHadway, Cornovale & Hazen,
2019).

The rise of cybersecurity threats is primarily attributed to the widespread adoption of
digitalization. The combination of cyber risks poses dangers to both organizational operations
and customer trust, as well as regulatory compliance requirements. Duong et al. (2023) found
that supply chains must develop strategies to identify and manage various types of disruptions,
given their vital need to track and respond to multiple emergency scenarios. The nature of
upcoming risks, along with their interdependent relationships, enables the creation of more

targeted mitigation strategies, which Al tools can help detect and respond to quickly.

5.4 Al Tools for Risk Detection and Mitigation

There are three main categories of Al applications: predictive analytics, anomaly detection, and
real-time monitoring. These categories illustrate the functions and impact of each Al tool used

for risk detection and mitigation.

Table 4. Al Tools for Risk Detection and Mitigation (adapted from Aljohani, 2023).

Al Tools Functions Impact

Predictive Analysis Forecast demand, detect | Better planning, reduced
risks early using data | stockouts

trends

Anomaly Detection Identify unusual | Early warning for fraud,
behaviours or performance | delays, and disruptions

deviations

Real-time Monitoring Continuous data tracking | Immediate response to
and decision-making in | operational challenges

real time

The predictive analytics system analyses past and current asset data to make future market
forecasts, then identifies operational slowdowns and predicts supply chain risk points (Cinar,
2023). By integrating statistical patterns and machine learning algorithms, organizations can
enhance inventory management and prepare evaluations of seasonal patterns and supplier
risks. The analysis enables better strategic choices and lowers market risks during unstable
times. Abormegah & Bahadin Tarik (2020) noted that the anomaly detection method helps
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organizations spot supply chain performance abnormalities, producing swift alerts for issues
affecting delayed deliveries, mismatched inventories, and supplier system failures. The tools
examine extensive datasets that comprise both structured and unstructured information,
highlighting abnormal variations that are beyond the capabilities of typical human operators to
identify. Through this system, organizations can tackle emerging issues before their

consequences become significant disturbances.

Supply chain operations are continuously tracked through loT sensors, GPS, and data
dashboards to achieve real-time monitoring. The monitoring system becomes highly beneficial
in supply chains that involve multiple levels of operations since it enables end-to-end node
visibility Attah et al. (2024). By operating together, Al tools help organizations develop a
proactive method of risk management that goes beyond reactive practices. Organizations can
proactively handle threats by addressing pre-strike vulnerability levels, rather than reacting

solely to post-event circumstances.

5.5 Implementation Challenges and Adaptive Al Integration
Models

While Al technologies offer promising solutions for enhancing supply chain resilience, their
integration is not without challenges. This analysis reveals that organizations face several
barriers in implementing Al tools effectively, necessitating the development of adaptable models
that align with real-world constraints. Three significant challenges emerged: technical limitations,
organizational resistance, and ethical or regulatory concerns. Each challenge highlights the

vulnerability in the supply chain that can be eliminated through the implementation of Al tools.

Technical limitations primarily revolve around outdated infrastructure, data silos, and the lack of
interoperability between existing supply chain systems and Al platforms (Riad, Naimi & Okar,
2024). Many firms, especially SMEs, lack the advanced IT architecture required for real-time
data processing and integration. In addition, poor data quality and inconsistent data formats
reduce the effectiveness of Al models, which rely on large volumes of accurate and timely input.
According to Ismaeil (2024), the integration of Al technologies for supply chain resilience
improvement brings along various hurdles despite showing promising results. The
implementation of Al tools encounters multiple hurdles for organizations, which require the
development of flexible models that match real-life obstacles. Three main obstacles appeared:
technical issues, organizational opposition, and ethical barriers, alongside regulatory

complications.
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The integration of Al within supply chain operations is restricted by outdated infrastructure and
data silo problems as well as the insufficient compatibility between Al platforms and existing
supply chain systems (Shahzadi et al., 2024). Most enterprises, tiny to medium-sized
businesses, do not possess sophisticated IT systems capable of processing data in real-time
and integrating various systems. Insufficient data accuracy, together with data standardization

problems, diminishes Al model capabilities due to clean and timely input information.

Attah et al. (2024) stated that resistive behaviours within organizations constitute a central
blocking point. Similarly, Attah et al. (2024) have also identified three main factors that limit the
implementation of Al: employee concerns about job security, insufficient skills for digital projects,
and businesses’ lack of direction for Al applications. Workers resist integrating automated
systems because they have doubts about their effects, and executives face challenges in
making Al strategies compatible with corporate goals. Every organization requires basic training

alongside internal development programs to address such difficulties.

The implementation of Al encounters both ethical and regulatory limitations that affect its
deployment procedures. Establishing trust with clients depends on addressing concerns
regarding privacy protection, alongside issues of algorithm and liability transparency, while
maintaining standards set by both domestic and international authorities (Abaku et al., 2024).
Organizations that neglect these matters do so at their own risk, as this can harm their reputation

and lead to legal consequences.

Adaptive Al Integrattion Model

FULL Al INTEGRATION
ETHICAL OVERSIGHT
ORGANIZATIONAL ALIGNMENT

INFRASTRUCTURE READINESS

Figure 5. Adaptive Al Integration Model (adapted from Vann Yaroson, Abadie, & Roux, M.
,2025).
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The analysis demonstrates the necessity of creating an adaptable Al integration model, as it
should integrate technical readiness assessments and evaluations of organizational culture,
along with ethical considerations. The appropriate model will enable businesses to execute Al
implementation through gradual stages while also demanding team-based work and ongoing
improvement sessions. Every organization benefits from Al implementation when its strategies
align with its unique circumstances and operational readiness level, enabling it to overcome

obstacles during supply chain transformations (Nozari et al., 2022).
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6 CASE STUDY ANALYSIS

In the following study, two case studies are used to answer the research question. The first case
study, Valio Ltd, is examined in detail. Additionally, the second case study is based on the
Murata company, one of Finland’s leading electronic manufacturing firms. These case studies
illuminate the distinct challenges and vulnerabilities faced by each company within the context

of their supply chain operations.

6.1 Valio Ltd

The food supply chain operated by dairy cooperative Valio Ltd. has faced significant challenges
due to global economic conditions, transportation-related issues, and power disruptions over the
past few years. In response to these factors, the company has implemented strategic changes

to maintain operational efficiency and profitability levels.

According to Edisoft’s (2025) findings, significant price fluctuations in the global dairy market
resulted in significant decreases in value for milk powder and butter industrial products. The
market decline creates profitability issues for Valio, as exports play a significant role in their
business activities. A study by Digia (2023) also noted that Valio’s international activities
experienced a 6.5% decrease in sales, while net sales expanded by 2% due to changes in the
domestic price structure. The increase in operating expenses reached 30% for cooperative farm

owners and maintainers, which stressed every part of their supply chain network.

Digia (2023) further noted that Valio faces operational challenges throughout its supply chain
distribution system. Global shipping delays occurred due to worldwide container shortages and
Finnish port congestion, as well as Finnish political labour conflicts. Customer delivery times
were extended by an entire month after the suspension of sea container transport in early 2024,
resulting in higher warehouse costs for international customers. Valio teamed up with Steveco
to enhance the storage capacity and modify transportation routines based on changing market

conditions.

According to Person’s (2025) study, the growth in energy supply inadequacy has created
additional operational strain for Valio. The company is transitioning away from natural gas usage
to electrical power and biofuels, as gas supply problems necessitate immediate action until new
energy systems are developed. This transition enables the company to fulfill its commitment to
producing milk with zero emissions by 2035, while addressing the increasing challenges of

importing energy due to geopolitical tensions.
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Edisoft (2025) reported that negotiations over changes affecting 1,170 employees officially
began at Valio in January 2024. Future staff dismissals were a key part of the negotiations at
the company, which also involved establishing new employment terms that could potentially
result in a workforce reduction of 130 positions. The company implemented these corrective
measures in response to increased operational expenses, declining market requirements, and

deteriorating global industrial product prices.

The company continues to invest in research as part of its strategy to secure more than €100
million in research funding within five years, while targeting exports to exceed one billion euros
during the upcoming period. Through its newly implemented corporate development initiatives,

the company achieves supply chain resilience and innovation dedication (Digia, 2023).

6.2 Challenges for Valio Ltd implementing Al in Supply Chain

Valio Ltd is Finland’s largest dairy manufacturer, having achieved significant advancements
through its digital transformation initiative to enhance supply chain functionality (Desk, 2017).
However, despite these advancements, Valio continues to face ongoing challenges, as it has

implemented artificial intelligence (Al) alongside high-end digital systems.

« Data Integration and System Fragmentation

According to Yla-Autio (2021), supplier information management at the company was previously
operated via decentralized methods, such as emails and spreadsheets, until the implementation
of Microsoft Dynamics 365 for supplier management. The integration of Microsoft Dynamics 365
for supplier management became vital for Valio, as the platform unified data access and
enhanced viewability (Steveco, 2023). However, DFI requires standard data synchronization
between different platforms, making it challenging to unite various legacy systems onto a single
platform (Food Business Middle East & Africa, 2022).

o Standardization of Distributor Reporting

According to Kuha (2024), multiple reports submitted by Valio distributors have caused
difficulties in analysing data and planning future business due to the complicated assessment
processes. The implementation of the EDI system at Valio has served to develop automatic data
collection processes through standardization. Al ledger analysis must maintain standardized

data quality across all distributors and their continuous operations (Frank, 2024).
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e Infrastructure Modernization

Valio supported advanced analytics by moving to the SAP HANA platform to improve real-time
data processing performance (Ghoreishi, Bolund Nielsen & Pynnénen, 2025). The migration
provides a resilient base for Al applications but requires extensive resource deployment to

achieve optimal Al benefits through continuous process enhancement.

e Cultural and Organizational Adaptation

The shift towards digitalization necessitates a cultural change within the organization.
Transitions require Valio to prioritize data standardization and company-wide collaboration in
line with their goal of digital transformation (Seisto et al., 2025). According to Akbari (2024), the
change process demands continuous employee training and change management techniques
to promote team involvement with artificial intelligence tools and their successful

implementation.

e Regulatory Compliance and Data Governance

Seisto et al. (2025) stated that recent EU Green Deal laws require organizations to disclose their
data statistics and environmental information. Valio demonstrates that its Al methods and data
handling protocols comply with regulatory standards, which increases the complexity of its digital

evolution initiative.

6.3 Murata Electronics Oy

The Finnish company Murata Electronics Oy is a subsidiary of Murata Manufacturing Co. from
Japan. It manufactures MEMS sensors for automotive, industrial, and healthcare applications.
The company possesses advanced technological capabilities but has struggled with significant

supply chain issues over the past few years, as noted in a study by Nurmiainen (2024).

According to Zedniek’s (2022) study, key supply chain data remains isolated within different
organizational operational processes. Murata conducts its global operations through 50
production facilities and 57 sales bases, carrying out daily shipments of 25,000 items. Real-time
shipment information proved difficult to obtain because the company lacked integrated data
systems, particularly during disruptions. In 2018, Murata experienced problems tracking
shipments while responding to customer inquiries after Typhoon Jebi struck Japan, as their data

was spread across multiple systems (Martin, 2024).



57

The findings of Article Murata (2023) noted that Murata’s battery business experienced supply
chain delivery difficulties due to worldwide distribution network breakdowns. In 2021, the
company transitioned to airfreight shipments of lithium-ion batteries, as not all shipping vessels

were available, resulting in higher costs and potential business losses for the division.

Murata has initiated multiple strategies to handle these issues. The company’s operations utilize
JMP® statistical software to create automated data integration systems, thereby improving
digital factory efficiency. Engineers have dedicated more time to solving engineering problems
since the data preparation tasks shifted from their primary focus (Standard, 2025). The
development of Al and machine learning solutions at Murata involves data analysis for

manufacturing data processing to improve quality and drive innovation.

Murata operates a continuous initiative for supply chain diversification to protect against political
risks. Fundamental business continuity needs have led the company to explore India as a
potential production base, which would decrease its dependence on a single region. To enhance
its supply chain resilience, Murata intends to set up a joint venture for barium titanate

manufacturing, which is a vital material for manufacturing MLCCs.

6.4 Challenges for Murata Electronics implementing Al in its

supply chain

As a Murata Manufacturing Co., Ltd. subsidiary, Murata Electronics Oy brings artificial
intelligence to its supply chain operations through active implementation for better efficiency and
resilience. The company must overcome multiple difficulties when implementing this integration

strategy.

e Fragmented Data Systems and Organizational Silos

According to Pietikdinen (2020), the MLCC production lines of Murata process 15 facilities
worldwide throughout different geographical areas. Al implementation becomes impeded by
data silos because each site maintains separately developed systems databases and
applications (Nurmiainen, 2024). The isolated information systems work against building a single
database, which Al deployment needs to succeed effectively. Murata conducts business process
re-engineering (BPR) work to develop an integrated data utilization infrastructure, which serves
as the connection between engineering chain management (ECM) and supply chain

management (SCM) processes.
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¢ Infrastructure and Resource Constraints

The study by Piedrafita (2023) identified that as Al projects proliferate within Murata’s
operations, the company requires higher computing system capacity. Engineers had been using
separate computing environments when utilizing AWS or Azure cloud services, but their
expenses and management complexities increased. Macnica provided its Al learning
environment construction service to Murata to address the emerging challenges. By centralizing
Al development tasks, the company reduces cost and enables engineer-to-engineer learning,
accelerating problem fixes and improving both resolution speed and Al development

performance.

e Sensor Compatibility and Data Quality Issues

The findings of Nurmiainen (2023) indicate that the control system sensors from Murata fail to
meet Al application requirements, as they do not provide sufficient quality or real-time
performance for their data. Current sensor technology prioritizes sensitivity, precision, and
environmental resistance as its main attributes; however, these specifications do not align with
the data needs of Al systems. Complete Al-driven analytics require sensors to collect

appropriate data, as the current sensors are unable to meet these requirements.

e Talent Acquisition and Skill Development

According to the study of Zednicek (2022), integrating Al into supply chain operations requires
a workforce proficient in data science and Al technologies. However, the electronics industry
faces a shortage of skilled professionals, with over 70% of manufacturers reporting difficulties
hiring qualified workers. This talent gap poses a significant hurdle for Murata as it seeks to

expand its Al capabilities.

e Geopolitical and Supply Chain Risks

Murata’s reliance on materials sourced from regions like China introduces vulnerabilities related
to geopolitical tensions and trade restrictions (Zednicek, 2022). For instance, the company’s
flagship MLCCs require barium titanate, a material predominantly produced in China. To mitigate
these risks, Murata is establishing duplicate supply chains and joint ventures to secure critical

materials, thereby ensuring a stable supply chain that supports its Al integration efforts.
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6.5 Comparison between both Case Studies

Using Al in supply chain management is now a must for businesses dealing with instability and
complexity around the world. Compared to earlier case studies of Valio Ltd and Murata
Electronics Oy, this study concentrates on a comparative analysis using structure data tables.
Such infographics allow readers to examine how each firm applies Al to resolve its supply chain
challenges. Thanks to this growth, findings can be evaluated in new ways and turned into useful

strategies.

e Organisational and Strategic Positioning

In the table below, the main characteristics of both Valio Ltd and Murata Electronics Oy are
presented. These differences are clear when considering the industry environment, their

ownership, their main markets and how far they have implemented Al.

Table 5. Foundational attributes of Valio Ltd and Murata Electronics Oy

Feature Valio Ltd Murata Electronics Oy
Industry Dairy/Food Processing Electronics Manufacturing
Ownership Cooperative Subsidiary (Murata Manufacturing Co.,
Japan)
Primary markets Domestic and international dairy | Automotive, industrial, healthcare
Key Products Milk, cheese, butter, whey MEMS sensors, MLCCs
powders
Al Integration Intermediate Advanced (Selective areas)
Stage
Core Supply Chain | Energy transition, distribution Sensor compatibility, data silos, talent
Challenges delays, data fragmentation shortage
Strategic Priorities | Green transition, digital Global risk mitigation, Al optimization
standardization
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Valio Ltd is a dairy and food company that operates under a cooperative model, so farmers earn
profit from their farms. It links the company’s daily operations to both what is happening in the
local farming sector and the dairy market worldwide. Because the industry works in both
domestic and global markets, it has to handle production issues at home and export logistics.
On the other hand, Murata Electronics Oy which belongs to Japanese Murata Manufacturing
Co., focuses on high-tech manufacturing. It manufactures MEMS sensors and MLCCs which

are important for automotive, industrial and healthcare sectors.

As the industries are much different, their strategies tend to vary greatly. The company’s biggest
problem is to deal with the challenges of domestic markets and high energy costs while
preserving its competitiveness with sustainable efforts. On the other hand, Murata is
concentrating on strong technology, diversifying suppliers worldwide and using digital
technology to link its fragmented production line. That's why Valio is focusing on using Al to

standardise key data, while Murata has developed its use mainly in manufacturing and logistics.

¢ Infrastructure and Technological Modernization

The table below looks into the infrastructure shifts undergone by each company, as well as the
key tech that enables their Al work. Valio is taking an important step forward with real-time data
analytics by moving to SAP HANA. Even so, the migration process is extremely demanding,

mainly due to Valio’s dependence on old systems and its cooperative cost structure.

Table 6. Tech Infrastructure between Valio Ltd and Murata

Aspects Valio Ltd Murata Electronics Oy
Main Al Support Platform | SAP HANA JMP, Macnica Al Environments
System Upgrade Goal Real-time analytics Cloud-native Al processing
Obstacles Resource-intensive migration; | Computing cost, integration
legacy system dependency difficulty across global sites
Outcome Increased operational visibility | Enhanced  cross-department
collaboration and speed

From the above table, it can be seen that Murata’s approach to development includes varying
and strategic initiatives. For factory statistics, it uses JMP and Macnica environments help
oversee the cloud processing used for development. The finer and more metric-based analytics
found in sensor manufacturing are better achieved with these tools. However, setting them up

creates problems with managing expenses, making software work in every global site and
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supporting Al engineering needs. Because Al development through external cloud services
(AWS, Azure) is costly and complex, Murata is now looking for a single Al solution. Due to this,
the Al at Voice is more flexible and serves individual projects, while Valio has a firm digital

foundation for the whole organisation.

Both companies agree that Al infrastructure needs to adjust easily, stay stable and respond
quickly to real-time changes. While Valio applies Al to merge its internal processes, Murata uses
it to remove data barriers between their offices worldwide and solve issues more swiftly in their

technical teams.

e Disruption Responses and Al-Driven Resilience

Retailers’ reactions to supply chain delays explain much of the difference between them as
explained in Table 7. Valio has been affected by delays at domestic ports and ongoing
geopolitical problems with energy prices. The company made changes to how its goods are
shipped, more freely used different size storage areas and placed more importance on sources
of green energy. Al is mostly used to streamline warehouse activities and predict any upcoming

problems in logistics.

Table 7. Disruption Responses and Al-Driven Resilience

Disruption Type Valio Ltd Murata Electronic Oy

Transportation Finnish port delays Shipping vessel
unavailability

Energy Transition from gas to biofuels N/A

Al Mitigation Modifying transport routines; Supply chain

Strategy predictive warehouse analytics | diversification; Al-based
demand forecasting

The main disruption Murata faces usually comes from problems in global shipments such as the
ones caused by the COVID-19 pandemic and typhoons like Jebi. The problems they
experienced made Murata realise that they don’t have good visibility over their data which
encouraged them to adopt air freight given its improved dependability. Since then, Murata has
automated its supply chain, using Al to make forecasts and strengthened its chain through
worldwide partnerships. For instance, the company’s work with new technology for barium

titanate in India reflects its strategic planning due to global issues. While Valio is optimising its
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local bottlenecks with Al, Murata utilises Al to handle global risks. Valio manages stress by
enhancing its operational plans; Murata responds to the same by rebuilding its supply chain

basics.

e Thematic Challenges: Culture, Data, Compliance

A review of themes in Table 4 reveals underlying conflicts that affect how Al is implemented in
an organisation. The idea of centralization is an important theme. The company has only just
started to collect supplier information in a single place and to unite its corporate systems.
Canadian health organisations are moving toward this goal by using Microsoft Dynamics 365,
but the platform often fails to connect with older, non-networked systems. In contrast, Murata
faces the challenge that each of its over 50 facilities uses unique systems, spread across
different regions. Al is used to help design and optimise physical infrastructure in these cases.
Readiness of the workforce is yet another contrast. Because Valio is a cooperative, advancing
its culture through Al is not easy, but it has introduced projects aimed at helping staff get familiar
with Al tools. In the IT field, Murata finds it hard to find talent in Al and data science. Even though
Murata and other companies use engineer-to-engineer Al learning programmes, more than 70%
still experience gaps in hiring. This slowdown is the main reason why Al technology does not

get used enough in quality assurance and predictive maintenance.

There are many different reasons people use Al. Because of EU environmental laws, Valio now
uses Al to watch over its energy use and emissions of carbon. Murata’s growth has resulted
from the need to predict supply delays, comply with regulations globally and safeguard their
important information. Trying to get sensors to work together and integrate data can be
challenging as well. Valio relies on distributor reports and input that follows a standardised
format from its external partners. For Al to function well, all the data used must be in the same
format. Murata, by comparison, sees that its high-performance sensors may lack the needed
data form and frequency for Al analysis in real time. As a result, there is an unexpected difficulty:
using modern technology alone does not ensure Al readiness. Because of this, Murata is

working to update its data acquisition processes for the Al application.



63

6.6 Synthesis of Key Findings

Bringing together these comparative analyses allows for several key conclusions:

7
0.0

7
0.0

Al is mainly applied by Valio to optimise its internal processes such as logistics and
compliance, but Murata does this to help manage risks from outside and to enhance the
operations (engineering, global shipping, materials) within the company. These
industries have prominent differences because food distribution and electronics
manufacturing place them under various pressures.

Valio is working on an enterprise-level, connected digital infrastructure, starting from
using spreadsheets and separate systems. While other companies move within
infrastructure more quickly, Murata is taking its time to set up global and unified solutions.
Al success is strongly influenced by how well data is prepared and how smoothly it is
combined. While Valio tries to combine its partners’ data records, Murata first must bring
its different sensor technologies and data sources together.

While building Al applications for engineering and sensors shows Murata’s progress, it
nevertheless struggles with worker recruitment and aligning data. The lack of advanced
tech in Valio means their Al policies are more in step with the regulations and
environmental goals set by the country.

When culture and organisation are aligned, change management becomes very
important. Even though making decisions can take more time in a cooperative model, it
helps teams stick together for the long term and improve together. Because Murata is
built as a multinational hierarchy, pilots can be placed quickly, but cultural integration

and training new employees are issues.

It became clear from the analysis that each supply chain sector requires unique Al tools. Valio

and other dairy cooperatives need to make sustainability a priority, expand their integration with

partners and make data more visible to everyone in the farm network. Unlike in other fields,

Murata and similar companies are required to work on sensor fusion, use artificial intelligence

to help control quality and consider geopolitical risks.

It is clear from this study that being ready for Al requires attention to many parts, including

infrastructure, data, the company’s culture and strategy. Organisations can improve at one

aspect simultaneously with declining performance in another area. A good way to implement

well is to assess technology, as well as people, processes and partners on a balanced

scorecard.
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7 FINDINGS AND DISCUSSION

This chapter presents and interprets findings obtained through a content analysis of two Finnish
companies—Valio Ltd and Murata Electronics Oy—that have integrated artificial intelligence (Al)
technologies into their supply chain management systems. Drawing from qualitative case
evidence, the findings are discussed in relation to the research objectives: identifying the impact
of Al on supply chain resilience, understanding sector-specific implementation challenges, and
evaluating the dark sides and ethical dilemmas of Al adoption. The discussion is organized
thematically and comparatively to reflect the shared and divergent experiences of each firm,

while also embedding insights from broader industrial trends in Finland.

Finnish industries have become emblematic of digital transformation due to their high levels of
innovation readiness, regulatory alignment with EU digital and environmental frameworks, and
robust ICT infrastructure. These macro-contextual factors are critical to understanding the micro-
level decisions and technological deployments observed in Valio and Murata. Al, in this context,
serves as both a technological enabler and a strategic imperative for ensuring operational

continuity, innovation scalability, and ethical governance across complex supply chains.

7.1 Comparative Analysis of Challenges

It is neither easy nor consistent to instal Al in the supply chain. Based on the case, both Valio
and Murata met with major obstacles related to organisational structure, managing data,

technological capabilities and unique barriers in their industry.

o Data Fragmentation and Integration

A central and recurring theme evident in both Valio Ltd and Murata Electronics Oy is the
pervasive challenge of data fragmentation. This issue, though manifested differently in each
organization due to their respective industries and operational scopes, fundamentally impedes
real-time decision-making and predictive accuracy—two pillars essential for Al-driven supply
chain management. The inability to seamlessly access, integrate, and analyze supply chain data
at critical points has historically hindered operational efficiency, limited organizational agility, and

slowed Al adoption.
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In the case of Valio Ltd, a Finnish dairy company operating under a cooperative business model,
the supply chain was historically managed through a fragmented set of tools and communication
channels. These included traditional spreadsheets, standalone software systems, and email
correspondences across departments. This disjointed data infrastructure made it incredibly
difficult to build an end-to-end view of operations. For instance, tracking product movement
through multiple distributors, verifying inventory across various warehouses, and maintaining
quality control standards at different processing stages were all hindered by siloed information.
This lack of cohesion made it nearly impossible to forecast production needs accurately or
respond dynamically to supply chain disruptions such as changes in demand or logistic
bottlenecks. Moreover, the fragmented data environment also meant that departments worked
in isolation, often duplicating efforts or missing out on critical cross-functional insights.
Forecasting models suffered due to outdated or inconsistent data inputs, resulting in either
surplus stock or underproduction—both of which bear significant financial implications in the
perishable goods industry. In a sector where shelf-life and freshness are paramount, these

inefficiencies posed considerable risks.

Recognizing the urgency of these challenges, Valio undertook a strategic digital transformation.
A significant component of this transformation was the implementation of SAP HANA, a high-
performance in-memory database that supports real-time analytics and reporting. This platform
was integrated with Microsoft Dynamics 365, a cloud-based enterprise resource planning (ERP)
solution. Together, these systems enabled Valio to consolidate data across departments,
distribution nodes, and sales channels into a single, unified platform. This centralization
dramatically improved data visibility, enabling the company to generate holistic reports, track
inventory with greater precision, and optimize distributor coordination. More importantly, it laid
the foundation for predictive analytics—allowing Valio to anticipate trends, forecast production
volumes, and proactively manage logistical challenges, such as those arising from port

congestion or energy disruptions.

In contrast, Murata Electronics Oy, the Finnish arm of the Japanese multinational Murata
Manufacturing Co., faced an even more complex landscape of data fragmentation. Operating
within the high-tech electronics sector, Murata's supply chain is deeply interconnected with
engineering operations, particularly in the manufacture of multilayer ceramic capacitors
(MLCCs). These components are used extensively in automotive, industrial, and healthcare
electronics, making product precision, quality control, and uptime critical to the company's global

competitiveness.
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Murata's operational model spans 15 global production sites, each with its own localized
systems and protocols. These systems often lacked interoperability, making it nearly impossible
to develop a centralized or standardized method for synchronizing engineering data with supply
chain logistics. The absence of a “universal language” or protocol between sites contributed to
an environment where operational silos were the norm. For example, maintenance data from
one plant could not be easily compared or shared with another, nor could insights from a
production anomaly in one region inform preventive strategies elsewhere. As a result, there were
considerable challenges in machine maintenance, spare part planning, and standardizing quality

assurance across international facilities.

Furthermore, Murata’s data issues extended into the engineering chain, where inconsistencies
in sensor data, machine learning model performance, and lack of integration between hardware
and software platforms led to suboptimal use of Al tools. Even though the company possessed
technically advanced sensors and equipment, their isolated deployment and incompatibility with
enterprise-level Al applications rendered them underutilized. The fragmented nature of these
systems also slowed problem resolution times, impeded root-cause analysis, and reduced the
effectiveness of demand forecasting and supply planning functions. To address these
challenges, Murata embarked on a multi-pronged approach to data centralization and Al-
enablement. A key element of this strategy was the migration of data operations to cloud-based
platforms, particularly Amazon Web Services (AWS) and Microsoft Azure. These platforms
offered scalable infrastructure, real-time processing capabilities, and integrated Al development
environments. This move allowed Murata to break down data silos, centralize analytics, and
support collaborative workflows between engineering and logistics teams located across
continents. The cloud environments not only improved data accessibility but also supported
advanced machine learning models that could operate across distributed datasets, enabling

predictive maintenance, demand forecasting, and production optimization.

An additional strategic partnership with Macnica, a Japanese Al solutions provider, further
enhanced Murata’s capabilities. This collaboration brought in Al engineering expertise and
supported the development of tailored Al algorithms that were fine-tuned to Murata’s operational
needs. These included anomaly detection systems for early fault prediction in machinery, Al-
assisted logistics planning tools, and real-time performance dashboards. Macnica also provided
guidance on data cleansing and preprocessing—crucial steps for ensuring that historical and

live data could be leveraged effectively for Al training and analysis.
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Despite these advancements, Murata still faces ongoing challenges, particularly in harmonizing
data structures across legacy systems and aligning organizational cultures around new
technologies. Nonetheless, the shift toward centralized data management and Al-driven process
control represents a transformative step in its supply chain evolution. Furthermore, the issue of
data fragmentation serves as a foundational barrier to effective Al integration in supply chains,
regardless of industry context. Both Valio and Murata illustrate how fragmented data ecosystems
can cripple decision-making, limit operational insight, and hinder the full potential of Al
technologies. Their respective journeys underscore the necessity of centralized, standardized,
and interoperable data platforms as a prerequisite for Al maturity. Valio's evolution from
spreadsheets to enterprise-wide ERP systems highlights how structured data integration can
unlock agility in logistics and forecasting, particularly in consumer goods. Meanwhile, Murata’s
transition to cloud environments and Al collaboration showcases how advanced manufacturing
firms can re-engineer their data architectures to support global consistency, engineering
integration, and predictive precision. These experiences reinforce the notion that data cohesion
is not merely a technical challenge, but a strategic imperative for any organization seeking to

future-proof its supply chain in the era of intelligent automation.

¢ Infrastructure and Resource Investment

A significant and often underestimated dimension of integrating artificial intelligence (Al) into
supply chains is the infrastructure and resource investment required. Both Valio Ltd and Murata
Electronics Oy encountered considerable financial, human capital, and operational demands as
they overhauled their existing frameworks to accommodate Al-driven processes. These
investments went far beyond basic software installations or equipment upgrades—they involved
extensive organizational restructuring, cultural shifts, and long-term commitment to digital

transformation.

For Valio Ltd, a Finnish dairy manufacturer known for its cooperative ownership structure and
extensive domestic distribution network, the transition to Al-enabled systems was initiated
through the adoption of SAP HANA. This shift represented more than a mere technological
enhancement. It required a comprehensive transformation of internal data governance
frameworks, as the new system demanded unified, real-time data inputs from disparate
departments including procurement, logistics, quality assurance, and sales. Previously, many of
these units operated in silos, using isolated spreadsheets or manual reporting practices that

were neither scalable nor suitable for integration with predictive Al algorithms.
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To realize the full potential of SAP HANA, Valio had to redesign its internal workflows. This
meant aligning operational procedures with new digital tools, introducing automation protocols,
and mapping data flows from input to decision points across the supply chain. Moreover,
substantial staff retraining initiatives were rolled out to equip employees with the digital skills
necessary to interact with new dashboards, analytics tools, and enterprise-wide platforms.
Special attention was given to middle management, who were tasked with translating Al-
generated insights into operational decisions. Additionally, Valio had to restructure supplier and
distributor reporting system to ensure real-time data transmission and compatibility with its
centralized infrastructure. This reconfiguration included contract revisions, standardization of
metrics, and onboarding of smaller partners who lacked technical readiness, thereby extending

the transformation process beyond the company’s internal environment.

While Valio's transformation was substantial, Murata Electronics Oy faced a markedly higher
level of technical complexity and infrastructure intensity due to the nature of its industry. As part
of a global electronics manufacturing conglomerate, Murata’s production processes are heavily
reliant on precision, scalability, and speed. The company manufactures multilayer ceramic
capacitors (MLCCs) and other components that require not only real-time monitoring but also
proactive fault detection and quality control. These requirements demanded the deployment of
high-performance computing (HPC) infrastructure capable of ingesting, storing, and analyzing
massive streams of sensor data emanating from numerous manufacturing lines across different

global facilities.

The integration of Al tools at Murata involved supporting advanced machine learning (ML)
models that require high data throughput, latency minimization, and sophisticated edge
computing capabilities. Unlike Valio, whose supply chain operations are relatively linear and
predictable, Murata’s environment necessitated Al solutions capable of functioning under
variable production conditions and adjusting in real-time. This required significant investments
not only in hardware—such as GPUs and edge servers—but also in software environments

compatible with distributed Al processing.

Another critical layer of Murata’s investment was in human capital development, particularly in
Al-literate professionals and data scientists. The complexity of manufacturing electronics at
scale, combined with the goal of predictive maintenance and real-time quality assurance, meant
that the company had to build a robust internal team of experts capable of developing, testing,
and deploying Al models. These professionals were needed to design Al algorithms tailored to
the company's unique manufacturing processes, interpret complex data trends, and collaborate

closely with engineering teams. However, this recruitment drive encountered a major obstacle:
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a nationwide shortage of Al specialists in Finland, a trend reflective of broader European labor

market challenges.

This talent scarcity significantly slowed Murata’s Al deployment timeline. The company cited
difficulty in attracting qualified professionals with the requisite blend of machine learning,
domain-specific knowledge, and operational experience in manufacturing settings. This
observation is consistent with industry findings; a report by Pasonen (2020) indicates that over
70% of electronics companies in Europe are grappling with shortages of Al professionals. The
report emphasizes that while many firms have the financial capacity and strategic intent to

implement Al, the lack of skilled human resources remains a critical bottleneck.

To mitigate this challenge, Murata pursued multiple strategies. It partnered with academic
institutions to establish internship pipelines, initiated internal upskilling programs for engineers,
and collaborated with external Al consultants like Macnica to fill immediate knowledge gaps.
These efforts, while beneficial, introduced additional costs and required careful coordination to
ensure alignment with the company's long-term goals. Furthermore, the integration of external
consultants required clear communication protocols and knowledge transfer strategies to ensure

sustainable internal capability development.

In contrast, Valio’s human resource challenges were less intense. Although the company also
needed to train its workforce in using new ERP and data visualization systems, the learning
curve was more manageable due to the relatively standardized nature of its production
processes. The company could rely more heavily on off-the-shelf training programs, and the
need for in-house data scientists was less urgent. This highlights an important distinction in Al
readiness: industries with high process variability and product complexity often face steeper

resource and talent barriers when integrating Al tools.

In addition, moving forward with digital transformation meant both firms had significant costs. In
the beginning, the researcher provided upgrades to our infrastructure, purchased licencing for
software, improved cybersecurity and started using cloud storage. For the long run, companies
faced the need to continually develop their model, look after the system, pay their team and
incur consultant expenses. The defence investments were always considered important for the
country, regardless of the situation. Valio and Murata saw that keeping farming traditional would
not only slow operations but also make it hard to compete in today’s data world economy.
Because data needed to be available and fault tolerant at international locations, Murata spent
more than others for duplicate infrastructure. Because Al is used in quality assurance,
technology teams needed to create backup systems to avoid losing connexion in case the Al
model or hardware systems failed. They complicated things which costed more money, but that

was necessary for keeping up the company’s outstanding quality in its products.
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e Cultural and Organizational Resistance

Even though Al technology helps drive adoption in supply chains, it is mostly human practises
and company culture that fuel its success. Valio Ltd and Murata Electronics Oy had to work
against both cultural and organisational obstacles when they began their Al changes. The
challenges came from both people’s own fears about technology and from the ways

organisational structures, standards and politics made organisational reform more difficult.

A company like Valio, having been around for many years and with a cooperative model, was
first unsure about moving toward Al. People at this company who had been there for decades
were used to the legacy systems the business had for years. While these systems weren’t very
efficient, they gave users an understanding of what to expect. Automation, data-based decisions
and digital tools were seen by many as a problem, rather than a good chance. In different ways,
this resistance showed up as new online dashboards, questioning if predictive analytics are

accurate and worrying about being replaced by computers.

Valio handled these concerns by starting a complete transformation initiative based on
openness, learning and all employees being involved. It was early on acknowledged by
leadership that Al would work best if people could trust technology, rather than simply rely on its
performance. Employees were given training on digital skills to prepare them for use of Al
technology, not only for their advancement, but to show what Al really is. Sessions were given
to teach people that Al would be used to assist workers, not replace them and to explain that

algorithms would support good choices, not diminish them.

Also, the company strategically picked out insiders and early adopters who showed great
excitement for the shift. These people showed how Al can be used in practise and supported
those who found Al harder to accept. Over a period, this approach began to shape how
organisations looked at their roles. Even so, the process did not always happen the same way
everywhere and produced mixed results. Different departments advanced at different rates and

in certain units with a lower visible value for Al, opposition remained.
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The leaders at Valio recognised that matching Al plans with core company values was very
important. Because the company was cooperative and focused on responsibility, Al was
explained in terms of how it would help fulfil sustainability, make products better and make clients
happier. Because the company tied the transformation to what everyone believed in, team
members didn’t worry about being replaced by robots and felt the corporate mission was still

present.

Meanwhile, Murata Electronics Oy found that resistance came from a mix of cultural diversity
and structural lack of unity. Because Murata’s electronics are produced in fifteen countries, its
organisational model is naturally decentralised. Local responsiveness was made possible by the
matrix-style structure, but it posed big challenges for having a standardised Al approach. Since
every site handled things differently, Al readiness was not the same everywhere within the

organisation.

Murata’s study proves that organisational resistance takes many forms. There are facilities in
technologically well-developed regions where both employees and managers were very eager
to use Al because they viewed it as important for both their precision and competitiveness. At
the same places where folks had less previous experience with technology, there was
considerable mistrust of automation, mainly because people were uncertain about job security
and data being visible. Several site managers chose to use their usual ways and push back
against centrally directed Al strategies, misunderstanding them as control platforms rather than

efforts for everyone to contribute.

Thus, Murata put in place a system where control is diffuse while still involving coordination. The
company asked how ready each area was for Al and how its culture might affect adoption, before
designing its rollout. For this system, teams would visit each site, recognise any obstacles—of
any kind—and design unique ways forward. Because Murata recognised local differences but
focused on global collaboration, problems related to resistance were dealt with effectively in

each different place.

The main strategy that helped them overcame resistance was by having Al champions in various
departments, trained to handle both the technology and leadership parts of the rollout. The
champions advised leaders inside the company on how to use Al and helped explain technical
details in simple terms to other teams. They gathered opinions, dealt with issues and reported
on barriers affecting work. The model encouraged a continuous connexion between the plan
and how it was made reality which made adoption quicker and increased confidence in the

approach.
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Murata understood communication should not only happen within internal champions. For
internal use, the company sent digital newsletters, set up interactive demonstrations and shared
videos from those who had already achieved early results. By using cases and clear
explanations, entrepreneurs made sure Al was seen as something everyone could use, instead
of something that was a problem. Besides, Murata helped fund international knowledge
exchange platforms where workers from around the globe could share thoughts and challenges
about using Al. It encouraged everyone to work towards the same goals and to help each other

learn, even though the company’s staff was not centralised.

It turned out that Murata struggled with managers in the middle of the organisation, who were
bothered by technology rather than by their ability to decide. It was feared by managers that
using Al dashboard data and KPIs would allow others to look at or even reverse the decisions
made by them. To counter this form of resistance, it was made clear that the evaluation work
supported decisions, rather than trying to control what was done. Experts in Al were clear that
the correct use of Al required managers to review the Al's suggestions along with their own

experience.

In both organisations, it is obvious that resistance based on culture and organisation will keep
coming up and will not go away without consistent effort. While initial changes may come from
above, they will only work when employees at every level feel psychologically safe, the
company’s communication is honest and all stakeholders own a part of it. Improving the skills of
employees, creating personal strategies and making their internal change agents effective kept

the cultural strife limited.

Both companies realised that handling resistance requires constant effort. Once new Al systems
and technologies appear, people can start to wonder once more about what Al can do. That’s
why establishing a work culture that encourages new ideas, allows for mistakes and values
continuous learning helps create and maintain digital maturity over time. Based on these case
studies, it is identified that the impact of Al on human society. Although they wanted to solve
different problems, both organisations met challenges that depended on culture, structure and
perception. They have found that Al success comes from both managing human actions and
overcoming rules or forces that keep organisations stuck, as well as working with algorithms and
updating systems. Thus, for any organisation working with Al in supply chain, building the
system requires as much attention to its employees’ mindsets as it does to building the

technology.
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7.2 Sectoral Disparities and Strategic Alignment

Through comparative analysis, how an industry works can guide how Al works within it. The

examples of Valio and Murata highlight the different ways that businesses achieve Al maturity.

e Food Industry Constraints: Compliance and Demand
Volatility

Introducing Al allows Valio to meet requirements in efficiency, rules and sustainability. Since the
EU has strict food safety and carbon reporting laws, Valio depends on Al to keep energy
consumption at a minimum, reduce greenhouse gas emissions and arrange its routes efficiently.
Due to Microsoft Dynamics 365, the company now manages its operations better, wasting less
and falling in line with sustainability reporting rules. Because the food industry is easily affected
by changes in demand, Al forecasting tools have become very useful. Using Al, Valio looked
back at people’s preferences and considered external information like weather and industry

trends to set their production plans accordingly.

e Electronic Sector Needs: Precision, Speed and Innovation

The company’s Al application aims to increase product quality, improve how items are made
and help in predicting failures. Thanks to sensors and anomaly algorithms, the company is able
to set up its production equipment instantly, improving both its products and the equipment’s
uptime. Al aids in their smart manufacturing by constantly observing and fixing problems in
production, without the need for human help. Also, Murata uses Al to model risks in the supply
chain, for instance, when components are not delivered or a delay in shipping occurs. Al plays
a key role in helping quickly decide on altering freight routes or maintaining several suppliers for

the smooth running of production.

7.3 Resilience Through Al: Lessons from Valio and Murata

The global crisis caused by COVID-19, trade complications, and environmental threats has
made resilience a critical business objective. The two case studies demonstrate different

approaches to supporting supply chain resilience.

Valio enhances resilience by employing artificial intelligence to conduct improved predictions,
optimize energy use, and distribute digital platform functions to its network of distributors. Al is
central to creating precise predictive models, as the company transitions from natural gas to

biofuels and electricity in its energy system. Murata utilizes Al to create redundant supply chains,
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minimize material risks, and sustain innovation operations. Through Al risk modelling, the
company takes explicit measures to minimize barium titanate dependency from China by

creating new joint ventures and establishing Asian production bases.

Utilizing Al technology and real-time analytics monitoring enables Murata to make swift sea-to-
air freight adjustments in response to shipping disruptions, thereby supporting responsive supply

chain operations for electronics, where supply needs must match immediate demand.

7.4 Policy, Sustainability, and Ethical Implications

The research also reveals that regulatory compliance and environmental goals significantly
influence the deployment of Al. EU Green Deal regulations impose data transparency and
sustainability reporting requirements on Finnish companies. Valio must ensure that its Al
systems align with environmental disclosure norms, while Murata faces ethical issues related to

data privacy and the reliability of Al in its manufacturing ecosystems.

In both cases, Al is not only a technological shift but also an enabler of compliance and
stakeholder trust. Finnish firms are increasingly aware that failure to align Al with ethical and
regulatory standards can jeopardize brand credibility and invite legal scrutiny. This insight
confirms results that identified regulatory pressure and ethical concerns as significant
implementation barriers, particularly for companies attempting to implement Al-based risk

mitigation in a complex supply chain environment.
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8 CONCLUSION

Studying the use of Al in the Finnish supply chain of Valio Ltd and Murata Electronics Oy clearly
demonstrates how Al is changing logistics and operations today. This chapter brings together
the findings and explains the main implications of Al in industries that are structured and operate
in very different ways. It highlights the steps needed for a smooth adoption of Al, including
increasing competitiveness, using technology and culture and how it supports progress,

resilience, innovation and sustainability.

8.1 Revisiting the Purpose and Scope

This research looked at how Finnish businesses are relying on Al to deal with problems in their
supply chain, overcome any obstacles and keep their business alive. The study used Valio from
the agro-industry and Murata from the electronics industry to compare the companies and learn
about the specific problems each industry faces. By considering both case studies, it was made

possible to study realistic experiences and notice what works or doesn’t with the use of Al.

8.2 Summary of Key Findings

As the case shows, Al is more often used in Finnish supply chains because it provides functions
for forecasting needs, joining information, providing quick feedback and self-help tools.
However, there are still many problems in achieving Al's greatest capabilities. There were
several themes that became clear in the analysis. In today’s world, despite using manual

methods, integrated Al continues to struggle due to messy data organisation.

e Newer infrastructure is necessary but updating it can be a hard task and costs
money. How complicated this stage is will vary according to the business’s

existing IT system.

» If the whole organisation is motivated and properly trained, Al projects usually
succeed more often. Managers also worry about weak worker skills, hesitation to

adapt to changes and problems with team members getting along.

o Different industries use and apply Al according to how they operate. Valio works
on sustainable practises at every stage, but Murata succeeds by focusing on

precision, growing its operations and bringing forth new products.
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e According to the EU’s current sustainable policies, businesses should use ethical

and open-minded Al management practises.

8.3 Interpreting Strategic Implications

Al does more for the supply chain than only automating duties. With Al, Valio can achieve what
customers want and ensure the business is running in compliance with all sustainability rules.
Unlike Kitamura, Murata relies on Al to make sure its products are accurate and to respond

rapidly to changes in global shipping.

It is essential that using Al helps achieve the company’s main aims. Al helps with organising
Valio’s supply chain and is a key element of their 2035 goal to eliminate emissions.
Developments in energy, city planning and distribution are now closely linked to sustainability
because of new technology. While the initial strategy focused only on one site, Murata now uses
data from around the world in real time and relies on Al to cheque the quality. Considering about
the organisation’s objectives and competitors is important when applying Al. Progress made in

energy-based food industries may not fit well in the fast-moving electronics industries.

8.4 Organizational Transformation and Human Capital

Al transformation also requires a company to adjust how it carries out its work. For Al to be used
in operations, firms must adapt their processes, reporting systems, the division of labour and
how their staff makes decisions. There have been differences in the way these two companies

have handled this.

They are achieving organisational readiness by handling changes in stages, training their people
and communicating with key stakeholders. This means businesses need to unite all supply chain
members, so the process goes from farms right through to distribution. It seems the company
supports learning Al inside the organisation, with the engineers helping each team member to

improve their skills.

However, companies in both countries encounter an acute shortage of Al skills, much worse for
Finland. Because of the high demand for talent, businesses are encouraged to share and nurture

their personnel or to team up with universities, research organisations and young companies.

Other than that, the success of digital transformation is linked to the improvement of human
capital. If users don’t understand complex Al and have the proper strategy, success may be

limited.
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8.5 Resilience, Flexibility, and Futureproofing

Due to the COVID-19 pandemic, tensions between countries and changes in the environment,
supply chains now need to be more resilient. It proves that Al is key to today’s resilience
approaches by allowing for early notifications, forecasting needs in advance, setting up response
plans for disrupted supplies and enabling flexible island operations. By using Al, Valio is
improving its use of clean energy and making their relationships with distributors more
transparent which has made their business more resilient. When Al simulations are added to
Murata’s system and the organisation diversifies the places where products are made, the result
is a solid and flexible supply chain. Real resilience depends on networks or systems that can
work together, have backup components and are prepared for challenges ahead. They are

continuing to develop their operations in these sectors.

Murata is still dealing with sensor problems and having difficulties combining data which affects
the connexion between its various international teams. Because its infrastructure is old and
distributor data is inconsistent, Valio cannot make quick changes. It has been determined that
while Al builds resilience, the structure in which these technologies are used should also be
updated. It also means ensuring data is standardized, using platforms in the cloud, providing

machine learning tools that grow and using APIs to tie all supply chain partners together.

8.6 Sectoral Comparisons and Shared Lessons

This study is comparing companies from various and huge industry sectors. Looking at various
fields helps explain and appreciate the top Al methods across industries. By covering traceability
and sustainability reporting, Valio makes it clear to electronics companies how to set up their
technology budgets in line with ESG (environmental, social, governance) requirements. Farmers
and food producers may also use Murata’s technology to enhance their product security and
manage their delivery service more efficiently.
o Even with all the differences, both groups require the same basic things.
¢ A real-time view of data is vital for a supply chain that can respond well and quickly.
e For projects dealing with demand planning, organising stock and identifying
problems, predictive analytics becomes essential.
e |t is important for Al that everyone, including suppliers, partners and customers,
contributes data.
¢ More effort is now being placed on ethics and rules when developing, delivering and

managing Al systems.
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e This shows that appropriate Al maturity frameworks for every industry can encourage

other industries to switch to digital tools sooner.

8.7 Theoretical and Practical Contributions

The results of this study make important additions to the study and application of Al, SCM and
organisational behaviour. As global business practises change, digital technologies such as Al
are now at the heart of decision-making instead of just being used as additional help. This
research demonstrates how Al is used inside both Valio Ltd in the dairy industry and Murata
Electronics Oy in electronics, adding to scholarly knowledge and supplying practical tips for

practitioners and policymakers.

From a theory standpoint, this dissertation adds depth to the literature by linking Al adoption to
actual industrial, technological and cultural environments. The study stands out by looking at
actual cases, avoiding the more usual approaches of studying Al in theory or through
predictions. The move from theory to application brings depth to conceptual models that address
digital transformation, change control and functional optimization. By including examples of how
Al tools connect to current systems, management positions, employee attitudes and outside

forces, this research adds detail to current theories that often remain unexamined.

The study also contributes by linking Al technology with the field of organisational behaviour
theory. Although technical areas explore Al systems, not enough human, behavioural and socio-
cultural factors have been studied when it comes to adopting technology. This study closes the
gap by combining ideas from organisational change, resistance and leadership. The findings
show that how well Al implementation works depends on cultural aspects, leadership
involvement, how engaged employees are and the organisation’s support structure. Based on
these findings, any Al integration model should factor in how ready workforce behaviours and

the ability to adapt of the organisation will be key to its success.

Besides, this research develops knowledge about Al maturity models when related to supply
chain activities. The outcomess can be seen by looking at Valio and Murata, that firms with
varying levels of digital progress face different difficulties that can be solved by different
solutions. Since Valio was early on the adoption curve, its data was in multiple isolated locations
and some staff members did not want to use digital equipment. Meanwhile, Murata had a unique
digital infrastructure that involved handling the challenges of collecting data in one place, using
similar standards everywhere and scaling Al technology across the world. Because integration
and adaptation of Al differ, the implementation process should depend on each organisation and

follow specific stages, showing that digital transformation is not always step-by-step or the same.
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In practise, the research provides several helpful suggestions useful for industry experts,
technology consultants, supply chain managers and those making policy. Before anything else,
the research describes a path to Al adoption by starting with a review of existing facilities. Both
examples show that the main IT abilities needed for successful Al adoption are cloud computing,
data interoperability and analytics infrastructure. It's clear from both cases that Valio benefited
from leaving spreadsheets behind, while Murata found that AWS and Azure made it possible for
their data to be used in real time to improve sales forecasts. As a result, people using these
insights can cheque how ready their infrastructure is and upgrade where needed, before

continuing with advanced Al projects.

In addition, the study emphasises that building a skilled workforce plays a major part in digital
transformation. Valio shows how offering training courses, peer guidance and change
ambassadors can help a company overcome resistance and encourage everyone to be curious
about digital technologies. Embedding Al experts and supporting staff who understand Al well
is a useful method for Murata to handle change at many sites. With these strategies based on
case studies, companies can find specific ways to help employees and the organisation catch

up with new technology.

It is also valuable that the framework promotes linking Al efforts to a company’s main goals.
Research indicates that companies do better in their digital change because Al is seen as part
of the company’s main goals, rather than only another IT task. Valio linked its work with Al to
better quality and environmental sustainability which earned the company support within the
company and among stakeholders. At the same time, Murata was aiming for accuracy,
scalability and better efficiency worldwide which supported its main strategy of making reliable
goods through manufacture. As a result, it becomes vital for organisations to connect Al
applications with their strategy so that investments in technology improve both present day

operations and help reach long-term aims.

The study also provides guidance by emphasising actual case studies for content analysis,
rather than working with bothers models or lab simulations. To understand how Al is used in real
supply chain systems, this research analyses corporate reports, public records and scholarly
reports. Thanks to this empirical design, it can be used to do similar studies in other sectors or
regions. As a result, the study addresses the common failing of simulations which usually cannot
catch the unpredictable aspects of organisational life in different cultures and among a variety

of stakeholders.

On top of this, using two case studies allows for more comparison than found in studies focused
on only one case. The research does this by looking at both companies’ stories, allowing it to

discover both specific sector points and common areas such as difficulty in managing data,
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support for infrastructure and challenges in changing culture. Practitioners can thus draw

insights from other fields which can help them use the results more widely.

The findings of the research also matter for governments and public institutions as they try to
improve national competitiveness by driving digital transformation. From these results, it can be
seen that not only funding science, developing infrastructure and research help Finland’s
innovation ecosystem—but so does educating people about Al. According to Murata, the
shortage of Al professionals suggests a major problem that can’t be tackled by each company
on its own. The findings of this research help policymakers propose new policies, professional

training courses and industry-academic collaborations to improve digital skills.

8.8 Areas for Future Research

Though this study shows useful findings on how artificial intelligence (Al) is used in supply chains
by two Finnish companies, it also has some limitations. While these problems are recognised,
they also give rise to new ideas for study. Future researchers can build on the present study’s
insights by taking its boundaries and limits into account. First, because the case study method
includes detail and situation, it mostly prevents us from using the findings elsewhere. The study
looks at what is happening in Valio Ltd and Murata Electronics Oy, both part of the Finnish
business sector. Because of this, examining Al use in many types of organisations and industries
is still an unexplored area. By studying several organisations, including SMEs, new research
could better understand the kinds of challenges small and medium-sized firms face and which
problems organisations tackle first. Al is often used quickly by big companies, but small
businesses, usually due to limited funding or advanced technologies, may not keep up in this

way. Discussing how SMEs are impacted by Al in SCM would benefit both research and practise.

In addition, the research takes place only in Finland, known for having great digital networks,
top-notch schools and helpful programmes for innovation. Even though this approach helps us
see Al adoption under very supportive circumstances, it might be misleading when it comes to
places that have weaker internet access, less support from government or different feelings
about technology. For this reason, new research studies that compare China and countries in
the West could show how the way a nation is set up legally and how society values things have
an impact on the use of Al in supply chains. An approach like this could study nations with
different innovation policies, by examining Nordic countries against emerging Asian or Latin
American states, to find out about both best practises and what to avoid in innovation

management.

Mainly, current research looks at the tactics and processes related to artificial intelligence—

including its effect on collecting and managing data, modifying organisational structure,
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adjusting staff and evaluating performance. This approach leaves the technical structures and
data science frameworks behind the main business models and methods uncovered. There is
little exploration within the study of which Al learning model is used (supervised or
unsupervised), how data is properly processed and matters of transparency and fairness in the
solutions. Given that ethical Al, data security and regulatory rules are being scrutinised more
often, these have turned into important areas. Future work may therefore focus on the technical
aspects of how choosing algorithms, training models and managing data helps and guides the

right application of Al in supply chains.

However, because it looks at only one moment in time, the current study cannot show the whole
evolution of digital transformation. Unless directly using ready-made solutions, Al is generally
deployed in stages: experimentation, pilot testing, spreading it, enhancing it and setting it up
permanently within an organisation. For this reason, it's very important to monitor firms over
several years to discover how their ability to use Al influences their business, supply chain and
innovation. Some research in this area might ask: Do start investing in Al help companies stay
ahead in the long term? Does the ability of firms to embrace Al change with industry shifts in

external environments?

It would also be beneficial for researchers to examine the human and behavioural parts of
adopting Al as time goes by. This research highlights challenges against Al adoption in its early
days, so future studies should examine how employees, managers and the organisation learn
to use Al after implementation. Also, it would be beneficial to understand the connexion between
employees and their employers in Al-driven jobs. What difference do new algorithms and
technology make in the experience of job security, relevant skills and work freedom? Being
aware of these factors aids in creating Al applications that improve how people work and feel at

work.

More research is needed to explore collaboration that connexions Al-fueled across overall
supply networks instead of being limited to just one company. Even though this study centres
on changing from within, many supply chains now function as unified communities sharing
information, predicting results and organising plans with other groups. Gaining knowledge about
how Al either supports or opposes inter-organisational cooperation, trust among participants
and the building of value can help us better understand what affects the entire ecosystem. It's
most important in international supply chains where players can operate at very different

technological and strategy levels.

How Al touches the environment and sustainability in supply chains is an area that hasn’t been
closely investigated yet. By using Al, it is possible to improve environmental performance by

controlling routes, limiting wastage and maximising resource use. However, the energy-heavy
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use of Al, mainly during the development of large models, makes people wonder about its effect
on the climate. Exploring ways firms consider both digital progress and green practises is a
research direction with the potential to introduce models for mainstreaming Al in more

environmental fields.

This study also require new governance and policy solutions that assist in adding equity,
responsibility and inclusion to Al adoption processes within supply chains. Since Al is now part
of many key services and organisational systems, policymakers need to address issues facing
data privacy, the ownership of intellectual property, job displacement and sector-based
inequalities. Study of how public systems, industry rules and international guidelines influence

the ethics of using Al in supply chains would give needed direction in this fast-changing space.

In short, the insights from this research lay a strong base for tackling the use of Al in supply
chains, but many important avenues for future exploring are available. Deepening study of Al,
its influence and the wider aspects of investigations through organisational, spatial, technical,
temporal and ethical dimensions will help others shape a fuller view of Al and the global supply
chain. Such efforts will assist scholars as well as those who design, build and implement Al

approaches over the next few years.
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8.9 Final Reflections

Overall, the influence of artificial intelligence (Al) on supply chains is now recognised, as it is
changing the way businesses do things and compete and is fully underway. Al is being
introduced into key supply chain processes and offers more than automation by using intelligent
systems, analysis and instant optimization. Looking at Valio Ltd and Murata Electronics Oy

shows how Al is changing supply chains and exactly what problems can arise.

Valio and Murata demonstrate why and how industrial Al is used to overcome complexity and
improve companies’ positions in their respective fields. The company’s progress meant
introducing SAP HANA and Microsoft Dynamics 365, replacing its old systems. As a result,
information between systems was combined, forecasting demand became better and suppliers
were arranged more efficiently. Yet, because Murata’s industry is so advanced and leaves little
room for error, they had to manage global coordination, deal with data silos and need precise,
ongoing data to analyse. With AWS and Azure cloud platforms and expert help from Macnica,
Murata shows how the latest advanced technologies can support progress in smart

manufacturing.

In contrary to usual belief, adopting Al requires changing people’s roles and the way an
organisation works. It matters to have the latest products, but it matters just as much to ensure
they fit into how work is done, currently. Firms need to closely match people, processes and
technologies to achieve this. Valio’s situation meant helping their employees give up old,
traditional ways of thinking. Thanks to specialised management programmes and digital
education, employees in the organisation became more ready to adapt to new situations.
Because Murata has teams working all over the world, they faced various difficulties in adopting
automation, due to different habits among workers at each site. By giving department leaders
roles as Al champions and adjusting its ways of implementing Al to each local situation, Murata

made the transformation more welcoming for all employees.

It is important to realise that adopting Al goes on throughout the company’s journey for growth.
Due to technological progress, new customer demands, rules and laws and disruptions around
the world, supply chains must be flexible and focused on learning. A company should keep
reviewing its skills, modify its methods and spend money on both technology and its employees.
Both case studies demonstrated that significant spending was needed for buying technology,
teaching employees, reorganising the company and encouraging workers to think and test new

ideas.
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Improved performance, in addition to improved processes, are highlighted in the findings. If
applied properly, Al tools can guide organisations to rethink the way they run their supply chains.
With this change, people go from using history or fixed ideas when making decisions to using
machine learning to guide them towards the best possible steps now. The result for Valio was
better controlling the balance between supply and demand and much better traceability for their
products, both of which is significant in food production. As a result, Murata noticed predictive
maintenance, better quality from their equipment and stronger coordination among all of their

remote factories.

Because the world’s supply chains are now linked together more than ever, using Al to ensure
sustainability is very important. Because of COVID-19, climate change and supply shocks, it's
clear that standard supply chains are not as secure. Al helps us tackle these weaknesses
through scenario planning, working out risk possibilities and quickly responding to uncertainty.
Both companies showed in their early years that they wanted to use Al to improve their systems’
performance and resilience against outside problems. It supports the idea from across the
industry that strengths such as resilience will be at the heart of superior supply chains going

forward.

It's clear that making sure Al efforts are in line with overall business goals is very important. How
well technology works inside the organisation often depends on its relationship with the overall
strategy. Al helped Valio achieve its aims of better quality, better traceability and more customer
trust. For Murata, the key was keeping things fast, exact and in sync around the globe which is
key to producing high-precision electronics. If Al is just seen as an IT initiative by an organisation,
it's unlikely to reach its full potential. It should instead be managed as a key enabler, fitting

seamlessly with the company’s vision, top priorities and future goals.

The study also describes how studying Al in supply chains impacts theory and practise.
Theoretically, it increases the collection of literature in this area, by looking at digital change
from an organisation’s perspective and explaining its challenges rather than only listing its
innovations. Pretty much, it creates a plan for practitioners aiming to execute change. Lessons
from Valio and Murata can show us what to expect and what to avoid while preparing
infrastructure, retraining staff, dealing with resistance and getting all stakeholders working

together.
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There is no question that Al-enabled supply chain practises will soon become the standard, not
the exception. Yet, the way firms reach that destination will be very different because of industry
traits, culture, management teams and national regulations. Every organisation requires a
different strategy. Rather, companies should fit their Al strategies to their own conditions and be
flexible enough to react when things change. This study supports the view that supply chain
digitalization is a continual, repeating journey where companies must continue to try, learn and

adapt.

Meta supply chain supply chains may encounter many challenges—related to technology,
culture, finances and ethics—even so, the rewards can be significant. Al gives organisations the
tools to be more effective and reliable, more sustainable and satisfies customers more in the
supply chain industry. The study found that when Finnish firms take Al to drive wider change in
the organisation, real benefits emerge. Organisations that support this point of view, make wise

investments and teach their staff to learn continuously should do well in future supply chains.
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