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1 Introduction

The pandemic of COVID-19 and unprecedented weather events have imposed
tremendous change on the global supply chain ecosystem in recent years,
revealing vulnerabilities in traditional supply chain networks and causing billions
of dollars in damages. These disruptions have revealed the need for resilient,
agile, and interconnected supply chains that can adapt to complexity and
uncertainty.To overcome these obstacles, technologies like artificial intelligence
, machine learning , and data analytics have surfaced as game-changing
answers that present chances to improve productivity, accessibility, and
connectedness (Prasad, 2023.).

Al driven solutions enable businesses to anticipate and effectively handle
difficulties, optimise workflows through intelligent automation, and extract
valuable insights from massive volumes of data. Real-time visibility, predictive
analytics, process automation and digitisation, and end-to-end connectivity via
blockchain technology are some of the main areas where Al and ML are
transforming supply chain operations. By cutting waste and maximising
resources, these developments not only enhance decision-making but also
promote sustainability. Using Al and ML is becoming a need for companies
looking to remain competitive as the logistics sector expands, with the
worldwide market expected to reach over $15 trillion by 2023 (Prasad, 2023.).

1.1 Background of the study

Importance of forecasting and demand planning in supply chains. Al in supply
chain management is critical from a practical and academic standpoint because
of its ability to revolutionise how firms deal with volatility and demand swings.
Companies such as Walmart and Amazon have effectively implemented
modern supply chain tactics, backed by powerful data systems, to keep
inventory costs down while assuring product availability. Similarly, Seven-
Eleven Japan's capacity to alter its supply chain to match local demands



demonstrates the value of adaptation. For organisations who fail to develop in
this area, such as Borders and Webvan, antiquated supply chain procedures
resulted in a loss of competitiveness, demonstrating the risks of not

implementing modern forecasting techniques (Chopra and Meindl, 2016.).

Supply chain management has been changed by artificial intelligence, which
has improved efficiency, lowered costs, and enhanced customer satisfaction.
Big data, machine learning, and predictive analytics are technologies that aid
organisations in anticipating demand, cutting waste, and optimising inventory
management.Al-powered systems, which identify hazards and offer flexible
solutions to disruptions like the COVID-19 pandemic, significantly improve
supply chain stability (Redzeb, 2024.).
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Figure 1. Artificial Intelligence in Supply Chain (Leleko and Holoborodko, 2024).

Al improves data exchange and trust amongst supply chain participants, which

facilitates improved coordination and decision-making. By choosing sustainable
suppliers, streamlining paths, and promoting cyclical supply chain techniques, it
also promotes sustainability. The widespread implementation of Al continues to



be restricted by issues including excessive costs, worries about data protection,
and the requirement for qualified personnel. Regarding these obstacles,
businesses that effectively use Al into their supply chains enhance operations,
sustainability, and adaptability, giving them a competitive advantage (Redzeb,
2024.).

1.2 Problem Statement
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Figure 2. Traditional supply chain (Fagundes Dos Santos, Silva Marins and
Moellmann, 2010).

Traditional supply chains seek to increase profitability, enhance operations, and
develop workforce connections. Products advance in a linear order, with each
stage building on the preceding one. If a mistake happens, it may take days or
weeks to identify, resulting in late deliveries and consumer discontent. The
conventional supply chain is organised, beginning with raw material gathering,
then moving on to supplier procurement, manufacturing, distribution, and
eventually client utilisation. While this method focusses on productivity and
profit, it confronts a number of obstacles, such as a shortage of real-time data
developments, operational interruptions, problems reacting to market changes,
high inventory levels, and slower, inaccurate issue identification. These




Constraints make preparing for and reacting to disturbances more challenging.
While this strategy emphasises productivity and profitability, it faces various
problems (Colakovic et al., 2023).

Traditional supply chains are frequently characterised by lengthy delivery
periods, significant transportation costs, and intricate systems of distribution.
They are very reliant on economies of scale and are exposed to late consumer
feedback, thus resulting in problematic demand forecasting. Demand
uncertainty can be difficult to deal with, resulting in high levels of inventory and

inefficiency.

Furthermore, production often takes place far from areas of consumption, and
product quality control is seldom strictly enforced. Each stakeholder in the
supply chain creates their own demand projections, resulting in discrepancies,
and lower-level personnel are undervalued. These restrictions, along with
slower data updates and difficulty in reacting to market changes, make
anticipating and responding to crises difficult, raising the likelihood of errors and
supply chain breakdowns (Colakovic et al., 2023).

Even though supply chain management uses artificial intelligence more
frequently, acceptance of this technology varies greatly. The huge upfront cost
and the unpredictability of the outcomes are two major obstacles. The expense
of hardware purchase, software development, and data infrastructure
installation places a financial strain on businesses, making it challenging to
realise quick economic advantages. Furthermore, the extended return-on-
investment cycle, along with market swings and concerns about technology
development, poses economic dangers to those making the decisions (Zhu,
2025).

Another primary issue is confidentiality and data security. Al-driven supply
chains are considerably dependent on mass data preparation and stream,
hence raising fear of unauthorised access, data breaches, and regulatory

compliance.



Case studies from industries such as healthcare show that without strong
access control methods, the incorporation of Al could subject organisations to
data security threats (Zhu, 2025.).

Lack of Al skills hinder the implementation of Al. Firms cannot hire technical
professionals as well as management professionals with skills that hinder
successful implementation of Al-based technologies. Meanwhile, Al automation
might result in job losses, disrupting the labour market and raising worries about
technological competition. While some businesses have established strategies
for talent development and human-machine collaboration, a more
comprehensive strategy is required to assure workforce adaptability and avoid
the hazards of general unemployment (Zhu, 2025.).

To address these problems, organisations must fine-tune their Al adoption
methods. Cost optimisation via collaboration and pooled investments can lower
financial risks, as witnessed in the automobile industry. Enhanced access
control systems, as seen in healthcare, may assist firms protect sensitive
information. Furthermore, investing in talent development and encouraging
human-machine cooperation, instead of completely replacing labour by
machines, is critical for securing long-term adoption of Al (Zhu, 2025.).

As artificial intelligence alters supply chain operations, businesses must take an
integrated strategy that considers financial, technological, and social
considerations. Rather than blindly pursuing market trends, firms should
examine their organization's capability for Al transformation and execute plans
that prioritise long-term sustainability and operational efficiencies (Zhu, 2025.).

1.3 Research objectives and questions

This study investigates how Al-powered technologies might improve decision-
making and operational effectiveness in supply chain management, including
demand planning and forecasting. The primary research topic that drives this



study is: How can supply chain management decision-making and operational
efficiency be enhanced by Al-driven technologies, specifically in demand
planning and forecasting?

To address this, the study examines several sub-questions:

1. What are the main benefits of employing Al and machine-learning in
supply chain management as opposed to more conventional forecasting
techniques?

2. How are issues like market instability,inventory optimised performance,
and demand unpredictability handled by artificial intelligence (Al)
forecasting models?

3. What obstacles exist for small and medium-sized companies (SMES) in
particular when it comes to implementing Al-driven supply chain

solutions?

4. How might artificial intelligence help supply networks become more
sustainable and efficient with their resources?

Al has the ability to process tremendous amounts of data, recognize patterns,
and provide real-time predictions and is thus way ahead of traditional methods
of forecasting. Artificial intelligence algorithms support businesses in forecasting
changes in demand and reframing their supply chains using real-time data such
as economic trends and consumer behavior. They can identify early signs of
market movements, simulate multiple demand scenarios, and deliver just-in-

time stocking solutions,

reducing waste and increasing utilisation of resources. Al is also crucial in
ensuring supply chain sustainability through route optimization for

transportation, fuel reduction, and enhanced disturbance tolerance.



However, Al implementation is not without its issues for small and medium-
sized organisations SMEs. They are faced with limited implementation costs, no
access to massive datasets, as well as resistance to change, which can all
hinder Al implementation by SMEs. The present research will explore means to
overcome these constraints and make Al implementation more feasible and

economical for small companies.

The purpose of this study is to give insights into how firms may successfully
integrate Al in supply chain management to increase productivity and
sustainability. This study, which examines both the benefits and challenges of
Al integration, can assist organisations in understanding how to remain

competitive in an ever-changing marketplace.

1.4 Significance of the study

The fact that this study tackles actual issues that businesses encounter in the
rapidly evolving supply chain landscape of today makes it significant for both
industry and academics. Concerns like supply chain interruptions, market
alterations, and continuous demand to run more sustainably and effectively are
all things that businesses must contend with on a daily basis. Al-powered
solutions provide a potent remedy by enhancing demand forecasting, optimising
inventory levels, and facilitating more intelligent, data-driven decision-making.
Though small and medium-sized businesses SMEs frequently face challenges
with high implementation costs, data security threats, and a lack of technical
competence, not all firms can readily embrace Al. This study investigates ways
to overcome these obstacles and increase the viability and accessibility of Al

implementation for businesses of all kinds.

This study contributes to the expanding discussion on artificial intelligence's role
in supply chain management from an academic point of view. Major
corporations have already begun utilising Al, but there are still a lot of

unanswered questions about how organisations, particularly smaller ones, can



effectively incorporate it into their operations. Fewer research examines the
long-term effects and practical obstacles of Al, such as workforce
consequences, data privacy issues, and financial hazards, then the numerous

studies that now concentrate on its advantages.

This study offers an in-depth perspective that can assist businesses in making
well-informed decisions and contribute to future scholarly research on supply
chain digital transformation by examining both the benefits and difficulties of

adopting Al.

1.5 Scope and limitations

The implementation of Al-driven technologies into supply chain

management examines how these technologies improve demand forecasting
and planning. Rather than focusing on particular businesses, the study has an
expanded strategy, offering a variety of instances of Al's application in other
fields. The paper highlights the growing significance of Al-driven solutions in
enhancing productivity and decision-making by examining the ways they assist
companies in addressing issues including inventory optimization, demand

uncertainty, and unstable markets.

In order to improve precision in forecasting and supply chain efficiency
generally, machine learning is crucial for analysing big datasets, finding trends,
and creating forecasts in real time. The study also discusses various Al-
associated technologies that support machine learning in enhancing
transparency in supply chains and decision-making, such as processing large
amounts of data, predictive analytics, and real-time data incorporation.

The study also looks at the way continuous evaluation and end-to-end

connection are supported by Al-driven visibility technologies like blockchain.

The adoption of artificial intelligence-driven approaches in supply chain
management is the main topic of this study, featuring an emphasis on



operational decision-making, managing inventories, and future demand
forecasting. It changes conventional supply chain procedures, enhancing
sustainability, and assisting companies in overcoming obstacles including
supply chain interruptions and fluctuations in the marketplace.

This study provides several worldwide cases to show how Al is being embraced
throughout multiple sectors, instead of restricting the study to particular

businesses.

The study also discusses the real-world challenges that companies, especially
SMEs, encounter when using Al. The challenges are a shortage of trained
personnel, costly implementations, and issues regarding data security.

The study also discusses the possible effect of Al in supporting sustainable
supply chain management by maximizing the use of resources, reducing the

cost of transportation, and making supply chain resilience more efficient.

The study has a several of limitations notwithstanding its thorough examination
of the role of Al in SCM. First is that, even though it offers examples across
various firms, it does not cover all the possible areas thoroughly. Second,

the study does not examine new Al technologies yet to reach the peak of their
adoption, instead concentrating on prevalent Al technology across supply
chains.

The other limitation regards externalities affecting the application of Al. Although
case studies across the world are undertaken in the study, no one country or
region remains the focus point. Rather, the study adopts a global approach
without looking too much into how macroeconomic or state issues affect
adoption of Al. Even as it concurs that usage may be influenced by geographic
differences and governmental applications; this method gives an integrated
picture of Al in supply chains.

Lastly, through its analysis of how companies in various industries utilize Al-
powered solutions to improve productivity, sustainability, and flexibility in the
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evolving global landscape, this study offers significant insights into Al's role in
supply chain management.

To set everything above in perspective, Al-driven technology has been a game-
changer with more companies seeking sustainability, efficiency, and resilience.
Machine learning, predictive analytics, and automation provide various benefits
with enhanced supply chain flexibility, minimized errors, and better decision-
making. Nevertheless, despite all these advantages, factors such as sky-high
deployment costs, data safety and security, and Al unawareness are stalling
widescale adoption, especially by SMEs.

The study explains how Al can optimize supply chain management beyond
such challenges, giving an equitable portrayal of the benefits and limitations of
adding Al. The study seeks to contribute to the grand debate around
digitalization in supply chain management by considering practical implications
and best practices from it, providing insightful thoughts on how companies can
use Al to stay competitive in a global market that is becoming ever more

dynamic.

2 Literature review

2.1 Supply Chain Forecasting & Demand Planning

The heavy reliance on statistical models and historical data in forecasting
methods has created time restraints within managing traditional supply chains.
These models rarely consist of real-time data, making it difficult for
management to adapt to sudden market changes or address demand variability
in a timely manner. In forecasting the demand of a product, companies consider
assumptions about future environmental conditions, marketing costs, and
priorities. They then estimate consumer demand for the product using value-
based metrics (Gupta, 1968). The traditional methods of time-series and



11

regression forecasting have historically failed to show proactivity in handling
sudden market changes.

The time-series forecasting method predicts future demand using historical data
and trends. This method’s dependence on fixed numbers and past observations
presents limitations due to its inability to consider real-time disruptions and
events (Makridakis, 1979). As for regression forecasting, these limitations are
also present. Regression models are composed of fixed mathematical
equations that are only able to improve the accuracy of predictions when under
stable conditions. While a stable market is never promised, regression-based

forecasting does not acknowledge that.

Providing an example of these limitations, Makridakis et al. (1979) highlights the
regression equation for the mean absolute percentage error (m.a.p.e) of
ARMA'’s fitted model “m.a.p.e.0(ARMA) = 2.30 - .02X1 + .94X3 + .97X4.” This
equation, built using past data, exists on the basis that future trends will follow
past trends. Similarly to time-series forecasting, the regression method makes
no room for unpredictable changes in the market, making its ability to provide

accurate forecasts under unstable conditions questionable.

Case studies have proven the inefficiency of forecasting methods that assume
stable conditions, highlighting how their failures have triggered severe supply
chain disruptions. The just-in-time (JIT) inventory model exists to minimize
storage costs yet unintentionally makes supply chains more vulnerable to
disruptions. In times where demand forecasting fails to consider sudden market
shifts due to their reliance on historical data and numbers, companies that rely

on JIT are likely to experience stockouts.

Bandaly et al. (2012) establishes that “the widely used just-in-time (JIT)
inventory system is a typical example of a supply chain practice that exposes
firms to material shortage risk” (p. 250). At the consumer level, demand
forecasting inaccuracies that may appear to hold little significance are able to

create inefficiencies further up the supply chain.
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This is demonstrated by the bullwhip effect, where inefficiencies upstream in a
supply chain are caused by amplified demand variability. These minor
inaccuracies in demand predictions may lead to excess inventory or
misallocated resources that can result in substantial financial losses (Chen,
2000). Supply chains are vulnerable to disruptions due to their reliance on
models based on past trends. These models do not account for the
unpredictability of future conditions potentially subjecting companies that use

the JIT system to the inefficiencies addressed in the bullwhip effect.

2.2 Introduction to Al in Supply Chains

To combat inaccuracies in demand forecasting caused by an overreliance on
outdated data, companies have begun employing Al as a transformative force in
supply chain management. Al’s ability to process real-time data improves
prediction accuracy, addressing the shortcomings of traditional methods. From
shipment data to product life cycles, due to Al-based systems, companies are
able to incorporate real-time inputs to generate more precise and adaptive
demand forecasts (Dash et al., 2019).

By diminishing their dependency on outdated data, Al-driven forecasting has
assisted companies like Otto reduce their inventory by 90% (Burgess, 2018).
Otto’s ability to reduce their inventory so significantly serves as a clear
indication of the shortcomings of traditional forecasting and the operational
advantages provided by Al-driven systems. In a McKinsey & Company study,
Alicke et al. (2021) establish that early adopters of Al in supply chain
management have seen logistics costs reduced by 15%, inventory levels

lowered by 35%, and service levels improved by 65% (p. 3).

These improvements prove Al’s ability to correct the traditional forecasting
errors that often disrupt supply chains. Companies that adopt Al-based

forecasting are able to proactively address supply chain inefficiencies caused
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by demand variability. Those that fail to do so remain vulnerable to disruptions
that have historically led to financial losses and operational instability.

By integrating predictive analytics, automation, and real-time monitoring, Al-
driven forecasting corrects traditional supply chain inefficiencies. Contrary to
conventional models, Al’s ability to process live data, enables companies to
anticipate demand fluctuations and optimize operations. Predictive analytics
refines demand forecasting by identifying emerging trends, as seen in Motivo’s
compression of semiconductor design cycles from years to weeks, significantly
reducing costs (Bughin et al., 2017:54).

Al-based automation enhances supply chain productivity by streamlining
operations and minimizing manual labor. Real-time monitoring ensures smarter
decision-making, improving both inventory management and pricing strategies.
As Bughin et al. (2017) explain, “Al helps people make smarter decisions, with
more accurate and real-time forecasting” (p. 42). By integrating these
technologies, Al allows companies to proactively manage supply chain
disruptions rather than react to them.

2.3 Al-Driven Forecasting Techniques

Through leveraging machine learning and deep learning algorithms, Al-based
forecasting is able to improve demand prediction accuracy and adaptability. Al-
based forecasting techniques differ significantly from conventional statistical
methods. Machine learning models such as artificial neural networks support
vector machines, analyze extensive datasets. These models, currently used by
major retailers, are able to address non-linear relationships often missed by
traditional approaches (Kagalwala et al., 2025).

Major corporations are adopting Al-based forecasting techniques to better

improve the efficiency of their supply chains and demand prediction accuracy.
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Walmart currently shares real-time data with its suppliers through a centralized
system. This system implemented by Walmart has created better pricing
strategies, optimized merchandising, and allowed for enhanced coordination
across the supply chain. Through this approach, Walmart has been able to
strengthen its partnerships with suppliers by ensuring a more responsive and
data-driven inventory management process (Bughin et al., 2017).

Amazon also employs Al-based forecasting through Amazon Web Services
Forecast. AWS is a deep learning service designed for time-series analysis. By
incorporating real-time consumer behavior and inventory data, Amazon is able
to adjust pricing and stock levels to prevent inefficiencies. This system
enhances demand forecasting accuracy, reduces the risk of stock imbalances,
and improves overall logistics management (Liu, 2022). The adoption of Al-
based forecasting techniques demonstrates how major retailers improve supply
chain resilience by addressing market fluctuations with real-time data-driven
insights.

The increasing adoption of Al-driven forecasting by major corporations is largely
due to the capabilities of advanced machine learning models. Neural networks,
decision trees, and Long Short-Term Memory (LSTM) models enable
companies to analyze complex demand patterns and adjust inventory strategies
dynamically. Neural networks, particularly deep learning models, consist of
multiple hidden layers that extract intricate relationships within large datasets,
functioning similarly to the human brain by refining predictions through iterative
learning (Liyanage et al., 2022).

Decision trees, specifically regression trees, offer a structured approach to
demand forecasting by segmenting data based on input variables. This
technique is effective in predicting demand for products with limited historical
data, as it identifies nonlinear relationships and distinct purchasing patterns
(Feizabadi, 2022).
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Unlike traditional forecasting models, LSTMs can recognize long-term
dependencies in time-series data due to their reliance on memory cells. Not
only do LSTMs recognize demand fluctuations quicker, they also retain and
update information more efficiently than traditional methods. By adopting Al
models, companies will improve their forecasting accuracy and mitigate risks

associated with market instability.

2.4 Al Applications in Demand Planning

Through applying Al-driven demand planning tools in supply chain
management, companies are reducing inefficiencies. Based on Al, dynamic
pricing and inventory optimization are tools that allow businesses to conduct
real-time data analysis and adapt to unstable market conditions. Major retailers
are integrating these tools to better enhance forecasting accuracy and simplify
inventory management. Al-driven demand planning tools strengthen supply
chain durability.

Used in dynamic pricing, reinforcement learning models work to adjust product
prices in real time. These adjustments are made based on the actions of
competitors, inventory levels, and consumer demand. This adaptability allows
businesses to optimize revenue without compromising customer retention.
Studies conducted to measure the effectiveness of Al-driven pricing strategies
have found that while those with lower elasticity saw a 4% rise, products with
high demand elasticity experienced revenue increases of up to 10%. This
demonstrates the model’s ability to balance short-term revenue growth with
long-term consumer trust (Kalusivalingam et al., 2022).

Al-driven inventory optimization systems have also led to similar improvements
in supply chain performance. By automating key processes, reordering point
determination, and safety stock management, Al-driven inventory optimization

improves supply chain performance. Traditional inventory methods rely on static
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rules and manual inputs, making them ineffective in handling demand
fluctuations. Al systems overcome these limitations by continuously adjusting
inventory parameters based on supply chain conditions.

Reinforcement learning algorithms determine reorder points by evaluating
demand variability, lead times, and carrying costs, allowing companies to
minimize stock outs while preventing excessive inventory accumulation (Nweje
& Taiwo, 2025). The ability of Al-powered tools to respond to unpredictable
market shifts strengthens supply chain resilience and reduces inefficiencies in
demand planning.

Al-driven demand planning tools mitigate supply chain risks by addressing the
inefficiencies that often trigger overstocking and stock outs. The traditional
inventory systems that rely on static models tend to fail to adapt to real-time
fluctuations in demand. This failure results in costly imbalances for businesses.
Al-powered inventory management overcomes these limitations by continuously

analyzing demand patterns and adjusting stock levels accordingly.

Studies evaluating the impact of real-time inventory tracking indicate significant
improvements in inventory performance, with stock out rates decreasing by
25% in grocery sectors and 18% in fashion retail. Similarly, overstock rates
declined by an average of 15%, with electronics retailers reporting a 20%
reduction in excess inventory, lowering storage costs and product waste
(Immadisetty, 2025). The ability of Al systems to dynamically optimize inventory
ensures that businesses maintain product availability while minimizing excess

stock, enhancing both operational efficiency and customer satisfaction.

2.5 Challenges & Risks of Al in Supply Chain

Though the adoption of Al in supply chain forecasting poses many benefits, it

also poses some challenges. Al’s abilities to improve the durability of supply
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chains or enhance demand prediction accuracy comes at a great cost and risk.
Aside from the data security risks that Al-driven systems face, scientists and
researchers have raised questions regarding the ethicality of Al and how the
increase in its application could significantly disrupt the conditions of the
modern workforce. By applying these technologies into their management
systems, it is possible that companies, big and small, could be subjected to a
variety of issues. From high implementation costs to weak data security,
corporations are being exposed to risks as a result of their new reliance on Al-
based systems.

The financial burdens associated with Al implementation are a critical obstacle
for small and medium enterprises (SMEs) integrating these technologies into
SCM. While Al adoption has been proven to save money for corporations
through inventory optimization, the required high initial investment limits
accessibility for smaller enterprises. Areo (2024) found that 45% of SMEs
identified implementation costs as a primary challenge when acquiring and

integrating Al-driven tools.

These financial strains extend beyond adoption, as SMEs face difficulties when
hiring or training staff to manage Al systems. Areo (2024) states that “38%
reported difficulties in hiring or training staff to manage Al systems” (p. 17),
further increasing the costs linked to recruitment and workforce development.
Due to high financial demands, disparities in the adoption of Al-driven supply
chain systems are evident. While larger corporations can easily handle these

costs, SMEs are unable to compete.

Due to the increasing application of artificial intelligence to supply chains,
concerns regarding data privacy and cyber security risks are being raised.
While traditional monitoring relies on expert judgment and manual oversight, Al
systems process large datasets without human sensitivity. This difference
between the two methods is what increases the likelihood of embedded bias in
Al-based systems. When trained on incomplete or skewed historical data, these
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systems could produce inaccurate outcomes in supplier selection, production
planning, and cost assessment (Brintrup et al., 2023). Al's predictive capabilities
also face limitations due to disproportionate datasets.

The lack of disruption-specific data, in particular, may weaken forecasting
accuracy during unstable conditions. The shift towards automated and digital
infrastructure could also expose supply chains to cyber threats. As systems
become more and more intertwined, the possibility for breaches and data
corruption only increases. These vulnerabilities challenge the assumption that
Al integration improves supply chain performance, instead highlighting the risks
introduced when oversight and adaptability are replaced by automated decision-

making.

The use of Al in SCM introduces risks tied to data privacy and cyber security,
complicating its reliability in decision-making. Traditional supply chain
monitoring relied on expert judgment and manual validation, but Al-driven
surveillance automates these processes, increasing exposure to data biases
that can distort supplier evaluations, production planning, and cost assessments
(Brintrup et al., 2023).

Al systems depend on historical and real-time data to predict disruptions, yet
when disruption-related data is scarce, models may generate inaccurate
predictions, leading to flawed risk assessments. Brintrup et al. (2023) explain
that data variance in Al training can reduce predictive accuracy in high-risk
scenarios. These challenges highlight the vulnerabilities in Al-powered supply
chains, where compromised data integrity and security risks pose significant
obstacles to effective implementation.

Researchers have also shared concerns that the increase in the application of
Al 'in SCM could trigger job displacement for some laborers while adding to the
exploitation of others. Al automates routine tasks like inventory control and
logistics, reducing the need for manual labor (Emmanuel et al., n.d.). This
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automation improves efficiency but removes jobs and creates economic

instability for displaced workers.

Al also enables intensive workplace monitoring, which can lead to unrealistic
productivity demands and worker burnout, creating unsafe conditions
(Emmanuel et al., n.d.). Without proper ethical oversight, businesses risk
prioritizing operational gains over labor rights. Regulatory measures are needed

to ensure that Al adoption protects fair and humane work practices.

2.6 Literature Gap

Evidently, Al has shown potential in improving supply chain forecasting and
demand planning, but research gaps in its accessibility for SMEs limit
projections about its long-term economic impact. Literature offers limited insight
into affordable Al solutions that meet the financial and operational constraints of
smaller businesses. Without this, scalability and inclusivity of Al adoption

remain unclear.

Despite interest in Al-driven forecasting and risk management, research rarely
focuses on cost-effective Al solutions for SMEs. While Al improves crisis
detection and decision-making through models like Critical Event Detection
Analysis (CEDA), such frameworks remain inaccessible to smaller firms due to
financial and operational limits (Ganesh & Kalpana, 2022). Studies prioritize
large-scale applications of big data, machine learning, and loT, often
overlooking the constraints unique to SMEs. As Ganesh and Kalpana (2022)
state, “the SC risks and risk mitigation planning involved in small and medium

scale enterprises have not been discussed much in the literature” (p. 13).

Hybrid models like RS-Multiboosting show promise in predicting financial risk for
SMEs but still require adaptation to fit resource constraints. Research on Al and

human capital integration, such as Makarius et al.’s (2020) socio-technical
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systems model, emphasizes the need for inclusive strategies. The absence of
SME-focused studies leaves the long-term scalability and accessibility of Al in
supply chain contexts unresolved.

2.7 Future Trends in Al for Supply Chains

While projections regarding the long-term economic impacts of Al’s influence on
supply chain management are limited, plenty projections about what the future
of Al in SCM will look like have been published. Down the line, Al's impact in
this industry will be evident through the advancements made in autonomous
supply chains, Al-driven blockchain solutions and digital twins (Kashem et al.,
2023). Current trends are pointing to predictive risk management and Al
applications that will reshape operations through a sustainability-focused
approach. With the purpose of staying competitive, businesses are expected to
integrate adaptive Al strategies and invest in the workforce training necessary

to maintain it.

Al and blockchain will transform supply chains by optimizing resource use and
improving operational efficiency. These technologies enhance materials and
information flow, allowing supply chains to function with lower costs and greater

sustainability (Kashem et al., 2023).

Traditional models rely on rigid structures, but Al-driven solutions adapt to
disruptions, reducing inefficiencies. Replacing outdated practices with Al and
blockchain minimizes risks and strengthens supply chain resilience. Kashem et
al. (2023) state, “this research justifies the potential for Al and blockchain to
balance resources and operational outcomes or smoothness for the sake of
revitalized and transformed views of the future supply chain management.” The
transition to Al-integrated systems will redefine supply chain management by
prioritizing efficiency and adaptability.
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In the future, Al is expected to completely reshape supply chains by advancing
sustainability-driven solutions and predictive risk management. Due to its ability
to analyze dynamic datasets, optimize resource allocation, and identify patterns,
Al improves decision-making. Access to these skills will help companies reduce
their environmental impact and improve sustainability efforts (Khalid et al.,
2024).

Al tools like machine learning and natural language processing address
complex challenges, from climate change mitigation to social equity. Predictive
risk management further strengthens supply chains by using Al to assess
correlations, detect emerging risks, and forecast disruptions in real-time. Khalid
et al. (2024) state, “Al systems can decipher complex data patterns, assess
correlations, and forecast real-time potential hazards empowering organizations

to react promptly and efficiently.

” Traditional methods of risk management rely strictly on human judgment and
historical data. Al-based systems do not which allows them to scale more
effectively and adapt to changing conditions. Through integrating Al into risk
management and sustainability strategies, businesses will increase the
permanence of their supply chains, reduce inefficiencies, and proactively

prepare themselves for future disruptions”.

3 Methodology

Methodology refers to the structured study of research methods used in a
particular field. It includes analyzing different approaches, frameworks, and
techniques-whether qualitative or quantitative. The discipline of doing research
methodically is known as research methodology, and it helps researchers
choose the best approaches to solve issues. It provides insight into the
research approach itself in addition to aiding in the comprehension of study
findings. Evaluating and improving research techniques, pointing out their
advantages and disadvantages, and clarifying the results and effects are the
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goals of the methodology of study. It is essential to the advancement of learning

and expertise in many different sectors (K, 2022.).

Sajjad Kabir (2016) defines secondary data as information gathered from
firsthand sources that may be utilized in ongoing studies. Secondary data saves
time and gives academics the ability to access a wider variety of information
than primary data, which necessitates obtaining fresh information. It might be
qualitative, like survey documentation, exploratory evidence, and interviews, or

quantitative, like demographic figures, social security data, and election records.

The development of electronic media has made it simpler to get secondary
data. Books help in literature reviews by offering perspectives on previous
study, meanwhile journals and publications provide current, in-depth material on
specialized subjects. Newspapers and magazines can also be used as sources;
however, their accuracy differs. The author, publisher, and publication date all
affect how reliable secondary material is; newer sources are better because of

continuous technological and scientific developments.

| will use secondary data as the main source of information for my thesis.
According to Sajjad Kabir (2016), secondary data is information that was
previously collected from primary sources and may be applied to ongoing
studies. In comparison with primary data collecting, this method saves time and
provides the ability to access a wider variety of information.

My study is largely based on secondary sources such as

peer-reviewed journals, case studies, scholarly articles, and industry reports
regarded as authoritative. All these sources provided in-depth insights regarding
the prevailing trend in machine learning and artificial intelligence in supply chain
forecasting and sustainability. Through comparison and analysis of data
obtained from past research as well as the dominant theoretical concepts, | was
in a position to form an efficient image of the topic.



23

This method allowed me to conduct research on various perspectives and
trends without the constraint of performing painstaking primary data collection.
Above all, | employed literature that presented examples of pragmatic cases,
current trends, and actual implementations, which allowed me to construct the
analytical foundation of my thesis. The use of secondary data also enabled me
to review a broad range of opinions and empirical evidence that would have
been difficult to access via primary research.

3.1 Ethical considerations

Research ethics bridge the basic moral values of the scientific and intellectual
community into behaviours that are more aligned with the overall societal
morality. According to (Hasan et al., 2021:1) they act to protect human
participants' welfare, dignity, and rights in accordance with beneficence,
equality, and autonomy principles. Ethical review boards perform monitoring of

studies on human subjects.

Researchers will encounter ethical issues in the conduct of the research itself,
including confidentiality, anonymity, and potential researcher-participant bias.
Ethical guidelines also encourage long-term values like corporate responsibility,
adherence to law, and treatment of animals. Trust, authenticity, and
beneficence are finally the essence of ethical research conduct.



24

Ethical Model

~ Ethics Topic
Selection Results

Methodology Discussion

submitting

Citation to a journal

Figure 3, Ethical model (Hasan et al., 2021)

Ethics are required in the entire research process—right from selecting a topic
to reporting. A good research topic must be interesting, manageable, and
ethical. For Hasan et al. (2021:2), a priority of ethics should come first while

selecting a topic, and any potential harm should always be kept in mind.

Ethics are also a center of the research process. Every step from sampling and
data collection to analysis must comply with ethics to guarantee validity,
fairness, and accuracy. According to Hasan et al. (2021:3), the study findings
must be presented truthfully irrespective of whether it confirms or refutes the

hypothesis. Falsification of results discredits the study.
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Writing my thesis, | ensured ethical use of the sources, by properly citing all
information, ideas, and direct references throughout the thesis, in line with
academic integrity principles.

4 Results and findings

The main findings about the application of Al and ML in supply chain
management (SCM) are summarised in this chapter, along with their effects on
sustainability, operational efficiency, and forecasting accuracy. The findings are
arranged according to four broad themes: the benefits of Al-driven forecasting
over conventional techniques, the degree to which Al can reduce market
volatility and demand uncertainty, the particular difficulties small and medium-
sized businesses (SMEs) encounter when implementing Al, and the potential of
Al technologies for resource-efficient and sustainable supply chain

management.

The chapter demonstrates both the transformative potential and the everyday
realities of artificial intelligence for supply chains today by taking into account

real-world case studies and industry data.

4.1 What are the main benefits of employing Al and machine-learning in
supply chain management as opposed to more conventional forecasting
techniques?

"Al’'s ability to process real-time data improves prediction accuracy, addressing
the shortcomings of traditional methods" (Dash et al., 2019). To combat
inaccuracies in demand forecasting caused by an overreliance on outdated
data, companies have begun employing Al as a transformative force in supply
chain management. From shipment data to product life cycles, Al-based

systems enable companies to incorporate real-time inputs and generate more
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precise and adaptive demand forecasts. By diminishing their dependency on
historical data, these systems not only reduce forecast errors but also empower
firms to anticipate and react proactively to market fluctuations.

The heavy reliance on statistical models and historical data in traditional
forecasting methods has created time restraints and vulnerabilities within supply
chains. These conventional methods—relying on fixed mathematical equations
and past observations (Makridakis, 1979)—fail to account for unpredictable
disruptions, resulting in issues such as the bullwhip effect, excess inventory,
and misallocated resources (Chen, 2000).

Case studies have demonstrated that the just-in-time (JIT) inventory model,
despite its goal of minimizing storage costs, exposes firms to material shortage
risks (Bandaly et al., 2012). Integrating Al-driven systems mitigates these risks
by replacing the reactive, static nature of conventional forecasting with a
dynamic, real-time approach that enhances operational efficiency and stability.

Demand forecasting and supply chain management have been transformed by
machine learning, which has increased precision, adaptability, and flexibility. In
contrast to conventional statistical techniques, machine learning examines
enormous volumes of data from sources like social media, Internet of Things
devices, customer communications, and sales transactions in order to find
complex trends that improve predicting accuracy. Businesses can react quickly
to changes in demand and unforeseen interruptions because to these systems'
ability to manage non-linear interactions and learn in real time to react to market

movements.

By coordinating sales, marketing, and operations plans, machine learning also
promotes more interdepartmental collaboration, increasing total productivity and
customer satisfaction. Retail and manufacturing businesses are increasingly
leveraging machine learning to monitor inventory, forecast trends, and

streamline operations. Though it has benefits, the application of machine
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learning is not without its challenges, such as data quality issues, the
acquisition of specialized skills, and the likelihood of organizational resistance
(Mohammed and Mandal, 2022:71).

A number of businesses from various sectors have successfully incorporated
machine learning into their supply chain forecasting systems. For instance,
Amazon uses machine learning algorithms to examine historical sales, client
demands, and seasonal trends. This helps the company predict product
demand precisely, reduce the amount of inventory, and avoid stockouts by up to
30%. These actions lead to a large rise in both inventory turnover and customer
satisfaction.

Procter & Gamble (P&G) analyses sales data from different kinds of products
and geographical areas using predictive analytics approaches. P&G has
effectively improved the effectiveness of demand forecasting by using other
sources, including social media sentiment and economic data. The shift has
enabled reduced inventory holding charges and improved levels of service,
enabling the organization to respond more quickly to market fluctuation.

Unilever has applied advanced machine learning algorithms to examine
historical sales patterns, promotions, and seasonal variations. By doing so, the
company has improved demand forecasting accuracy by 20-30%. The
developments have improved inventory management and production planning,
reduced waste, and increased product availability, thereby enhancing customer

satisfaction.

Walmart has taken a meticulous approach by employing machine learning to
forecast demand at certain store locations. Walmart has optimized the inventory
at each shop by keeping an eye on weather, point-of-sale data, and other
outside factors. This has resulted in a 20—30% increase in inventory turnover
and a 10-15% decrease in out-of-stocks, especially for seasonal commodities.
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Nestlé demonstrates how machine learning is applied in the food and
beverages sector. Machine learning models are used by the company to
forecast demand across various ranges of products on the basis of promotions,
seasonal influences, and trends. Nestlé improved forecasting accuracy
immensely by adding machine learning models together with traditional
methods of forecasting. This in turn helped the company schedule production

more effectively as well as manage inventory.

These case studies all individually and collectively lead towards the disruptive
potential of machine learning in supply chain forecasting. By leveraging
complex algorithms and data analysis, companies can more accurately deliver
forecasting, reduce costs to operations, and increase customer satisfaction—
placing them on track to sustain future success within a changing market
(Mohammed and Mandal, 2022:72).

4.2 How are issues like market instability, inventory optimized performance,
and demand unpredictability handled by artificial intelligence (Al)

forecasting models?

Based on Al, dynamic pricing and inventory optimization are tools that allow
businesses to conduct real-time data analysis and adapt to unstable market
conditions. Through applying Al-driven demand planning tools in supply chain
management, companies are reducing inefficiencies. Major retailers are
integrating these tools to better enhance forecasting accuracy and simplify
inventory management. Used in dynamic pricing, reinforcement learning models
work to adjust product prices in real time. These adjustments are made based
on the actions of competitors, inventory levels, and consumer demand. This
adaptability allows businesses to optimize revenue without compromising

customer retention.
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Studies conducted to measure the effectiveness of Al-driven pricing strategies
have found that while those with lower elasticity saw a 4% rise, products with
high demand elasticity experienced revenue increases of up to 10%. This
demonstrates the model’s ability to balance short-term revenue growth with
long-term consumer trust (Kalusivalingam et al., 2022). Al-driven inventory
optimization systems have also led to similar improvements in supply chain

performance.

By automating key processes, reordering point determination, and safety stock
management, Al-driven inventory optimization improves supply chain
performance. Traditional inventory methods rely on static rules and manual
inputs, making them ineffective in handling demand fluctuations. Al systems
overcome these limitations by continuously adjusting inventory parameters
based on supply chain conditions. Reinforcement learning algorithms determine
reorder points by evaluating demand variability, lead times, and carrying costs,
allowing companies to minimize stock outs while preventing excessive inventory
accumulation (Nweje & Taiwo, 2025). The ability of Al-powered tools to respond
to unpredictable market shifts strengthens supply chain resilience and reduces

inefficiencies in demand planning.

4.3 What obstacles exist for small and medium-sized companies (SMEs) in
particular when it comes to implementing Al-driven supply chain solutions?

As businesses begin to apply Al-systems in supply chain management for the
sake of remaining competitive against competitors, SMEs will struggle to
compete due to the obstacle of high implementation costs. The financial
burdens associated with Al implementation are a critical obstacle for small and
medium enterprises (SMESs) integrating these technologies into SCM. While Al
adoption has been proven to save money for corporations through inventory
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optimization, the required high initial investment limits accessibility for smaller

enterprises.

Areo (2024) found that 45% of SMEs identified implementation

costs as a primary challenge when acquiring and integrating Al-driven tools,
and these financial strains extend beyond adoption as SMEs face difficulties
when hiring or training staff to manage Al systems. Areo (2024 ) states that
“38% reported difficulties in hiring or training staff to manage Al systems” (p.
17), further increasing the costs linked to recruitment and workforce
development.

Case study: Small and medium-sized businesses (SMEs) as (Uwagaba,
2023:8) stated frequently depend on trade credit and unofficial finance sources
since they confront more credit limits than bigger companies. While loan
availability seems to rise with a nation's financial growth and productivity, it
appears to fall with business size.

Less than 1% of businesses in sub-Saharan Africa are implementing artificial
intelligence (Al), and the main obstacles are expensive costs, an absence of
technical expertise, and restricted data access. In comparison with bigger
companies and those in better-developed industries, SMEs and businesses in

lesser-developed areas have unique challenges when it comes to using Al.
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Figure 4, Market size estimates of frontier technologies in billions (Uwagaba,
2023)

According to the UNCTAD Technology and Innovation Report 2021, without
accessible policies are put in place, cutting-edge technology like artificial
intelligence might exacerbate already-existing inequality. Even though these
technologies offer enormous economic potential, numerous emerging
economies need to improve their ability to take use of them and stay ahead of
the technological curve (Uwagaba, 2023:8).

Therefore, even if Al has a lot of promise, SMEs, particularly those in Africa,
require improved data access, qualified staff, and funding in order to engage in
the digital economy and promote sustainable development. (Uwagaba, 2023:8)
mentioned that, finding the main obstacles SMEs face-such as a lack of money,
skilled labor, and awareness is essential to accelerating the implementation of
Al in sub-Saharan Africa. Al's worth may be shown by emphasizing its
advantages, such as higher efficiency and expense reductions.
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In addition to supporting government regulations, effective tactics include
providing training, financing assistance, and awareness campaigns. Execution
can be guided by stakeholder collaboration and survey data, and local solutions
might be inspired by studying international best practices. To guarantee
sustainable and inclusive Al integration, ethical and societal issues must also be

taken into account.

4.4 How might artificial intelligence help supply networks become more
sustainable and efficient with their resources?

Al and blockchain will transform supply chains by optimizing resource use and
improving operational efficiency. These technologies enhance materials and
information flow, allowing supply chains to function with lower costs and greater
sustainability (Kashem et al., 2023). Due to its ability to analyze dynamic
datasets, optimize resource allocation, and identify patterns, Al improves
decision-making. Access to these skills will help companies reduce their
environmental impact and improve sustainability efforts (Khalid et al., 2024).

Predictive risk management further strengthens supply chains by using Al to
assess correlations, detect emerging risks, and forecast disruptions in real-time.
Khalid et al. (2024) state, “Al systems can decipher complex data patterns,
assess correlations, and forecast real-time potential hazards empowering
organizations to react promptly and efficiently.” When prediction accuracy is
improved and companies are better able to confront variations in demand, they
are able to avoid the waste that is often times created by the failure to predict
demand accurately.

Otto's ability to cut their inventory by 90% after adopting Al-driven forecasting is
evidence of this (Burgess, 2018). When a company like Otto cuts their inventory
levels so significantly, they are also decreasing their environmental footprint. By

adopting Al-based forecasting techniques, supply networks become more
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sustainable. For when consumer demand is predicted correctly, companies do

not waste resources on manufacturing unsold products.

By optimizing resources, cutting waste, and increasing operations, machine
learning has greatly enhanced sustainable company operations throughout
sectors. ML enhances demand forecasting in inventory management, which
helps businesses like Walmart and Zara cut down on waste and overstocking.
ML is used by Too Good To Go and other dynamic pricing apps to optimize
prices and re-distribute leftover food products, hence reducing product waste.
As demonstrated by UPS, machine learning optimizes routes in logistics,

reducing emissions and fuel consumption.

ML also predicts energy use in buildings, maximizing consumption, and aids
predictive maintenance in manufacturing, lowering equipment failures and
waste. Siemens among other companies uses ML to maximize efficiency and
minimize downtime while maximizing raw material use (Mohammed and
Mandal, 2022:71).

5 DISSCUSION

The findings in this study clearly indicate the growing importance of artificial
intelligence (Al) and machine learning (ML) in influencing supply chain
management (SCM), particularly in forecasting, handling market volatility,
adapting to SME adoption, and ensuring sustainable business. This analysis will
interpret these findings, explain their significance, and connect them to the

research question.
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5.1 What are the principal benefits of employing Al and machine learning in
supply chain management as opposed to more conventional
forecasting approaches?

Classical forecasting methods that rely on historical data and static statistical
models often malfunction in contemporary dynamic markets. These methods
are not able to handle uncertainty, and this causes inefficiencies like the
bullwhip effect and resource-ineffective allocation, as Makridakis (1979) and
Chen (2000) highlight.

Machine learning and Al offer a more flexible solution by analysing up-to-date
data from diverse sources such as customer behaviour and shipment records.
Such flexibility offers better forecasting and the ability for firms to predict
adjustments in reaction to market alterations (Dash et al., 2019). For instance,
Al can assist in offsetting risks related to JIT inventory systems, which, though
being the best practice, are prone to disruptions (Bandaly et al., 2012).

In contrast to traditional models, Al systems learn and get better with time,
allowing improved decision-making and reliability. As supply chains become
more complicated, Al's capacity to analyse large, real-time datasets provides
companies with a major edge in attaining operational efficacy and forecast

accuracy.

5.2 How do artificial intelligence (Al) forecasting models deal with problems
like market volatility, optimized performance of inventory, and uncertainty

in demand?

Al-driven forecasting models deliver outstanding advantages in handling market
volatility, inventory management, and handling uncertainty of demand. Supply
chain processes with traditional approaches that are typically grounded in rigid
rules and human intelligence do not handle rapidly evolving market fluctuations
and shifting buyer patterns. Al, however, is capable of handling data in real
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time, allowing organizations to respond quickly and efficiently in handling

shifting situations.

Dynamic pricing is arguably one of the key tools facilitated by Al. By applying
the reinforcement learning models, firms may dynamically price goods in real
time depending on circumstances like actions taken by the rivals, inventories,
and end-user demand. This dynamism enables businesses to strike a fine
balance between optimum short-term returns and long-run customer
trustworthiness, providing evidence of effectiveness in increasing both
profitability and client satisfaction. Studies show that the elasticity of demand for
products can realize revenue increases of up to 10% with high elasticity,
compared to 4% with lower elasticity, in a demonstration of the model's capacity

to optimize prices optimally (Kalusivalingam et al., 2022).

Similarly, Al-driven inventory optimization offers significantly improved
performance over traditional methods. Traditional inventory systems are static
and rely on fixed reorder points, which cannot respond to variability in demand
as well as shifts in the market. Artificial intelligence systems, however, modulate
important parameters such as reorder points, safety stock, and lead times as

per continuous examination of supply chain conditions.

Reinforcement learning algorithms have a critical role in gauging volatility
demand, reducing stockout events, and preventing excessive inventory
accumulation by continually enhancing inventory control practices (Nweje &
Taiwo, 2025). This real-time responsiveness enhances operational efficiency
and supply chain resilience by enabling companies to counteract inefficiencies

and maintain optimized inventory levels.
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5.3 What are some of the challenges small and medium-sized businesses
SMEs usually encounter when implementing Al-based supply chain

solutions?

Small and medium-sized businesses SMEs face a number of difficult barriers to
overcome when trying to use artificial intelligence Al technology for supply chain
management. While Al has been shown to save costs and increase efficiency
for large organisations, SMEs are bound by the costly financial and resource-
based barriers of entry. The largest barrier for SMEs is an initial investment in
Al integration. 45% of the SMEs in Areo's (2024) research reported cost of
implementation as the largest hindrance with the implementation underscored
particularly for inventory optimization alongside other supply chain

improvement.

In addition to the cost issue, it is also laborious at both the adoption and cost
stages, SMEs face challenges, especially because they repeatedly invest in
hiring and training experts. Areo (2024) also concludes that 38% of SMEs have
difficulty recruiting or training personnel to drive Al systems, one of the

expenses of utilizing it to small business.

Furthermore, SMEs, particularly those in emerging economies, have their own
specific challenges regarding access to finance and capital. Sub-Saharan
Africa, for instance, has SMEs often resorting to trade credit and informal
finance, with more binding credit constraints relative to their larger counterparts
(Uwagaba, 2023).

These businesses face greater difficulty to invest in the technical advancements
necessary to embrace Al due to the utilisation of their limited financial
resources. The expense, lack of technical experts, and restricted data
availability are the main reasons why less than 1% of sub-Saharan African
businesses have used Al. Compared to their counterparts in more developed
nations, SMEs in less developed economies confront particular hurdles, making

these issues much more noticeable.
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to address these obstacles, a multinational strategy is required. To develop the
needed technical skills in the labour market, governments and international
organisations may play a key role in organising training programs, establishing

appropriate legislation, and offering financial rewards.

5.4 How can artificial intelligence help make supply chains more resource-
efficient and sustainable?

Artificial intelligence and machine learning play a revolutionary role in driving
sustainability and efficiency in supply chains. These technologies enhance
operating procedures, optimize the use of resources, minimize waste and
environmental footprint in various industries. Al's ability to evaluate dynamic
data and optimally allocate resources is the cornerstone of advancing
sustainability programs and making better decisions. Kashem et al. (2023)
argues that blockchain and artificial intelligence technology are of especial
importance for maximizing data flow and commodities and improving the

efficiency of supply chains as well as cost reduction and sustainability.

Predictive risk management is most valuable contribution of Al to sustainability.
Real-time analysis of correlation, threat detection, and damage prediction are
made feasible by artificial intelligence technology (Khalid et al., 2024). This kind
of vision enables businesses to take action against dangers, avoiding wasteful
activities and inefficiencies that might usually emerge from unexpected

interruptions.

According to Khalid et al. (2024), artificial intelligence's capacity to recognise
complex patterns in data is essential for assisting businesses in promptly and
efficiently responding to challenges, hence enabling supply chain security and
sustainability. This foresight serves to enhance forecasting of demand such that
unnecessary overproduction and attendant environmental cost in making

excess products are not generated.
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One of the finest examples of the way in which Al is being utilized to make the
most of resources is the way in which Otto used Al-based forecasting
techniques, which allowed the company to reduce its stock by 90%. As Burgess
(2018) highlights, not only did this save costs but also reduced Otto's carbon
footprint, showing the potential for Al to make business more sustainable. When
demand is forecast correctly, companies can better align production with actual

customer needs, minimizing wastage of excess inventory and idle resources.

One of the types of Al, machine learning, further enhances sustainability by
maximizing functions across numerous industries. For example, ML improves
demand forecasting and inventory management, allowing retailers like Zara and
Walmart to reduce waste and overstocking (Mohammed & Mandal, 2022). Food
waste may be decreased by optimising the sale of extra food products through
the application of machine learning in technologies such as Too Good To Go.
Logistics has also benefited from machine learning. For instance, UPS
optimises delivery routes using machine learning algorithms to save fuel and
reduce emissions (Mohammed & Mandal, 2022). This lowers transportation-
related carbon emissions in addition to saving operating costs.

Furthermore, ML application extends to energy management and manufacturing
procedures. In construction, ML predicts energy consumption, optimizing usage
and minimizing wastage. In manufacturing, ML-based predictive maintenance
minimizes downtime and prevents costly equipment failure, resulting in
improved material utilization (Mohammed & Mandal, 2022). Siemens, for
instance, uses ML to maximize efficiency in its operations while minimizing
material wastage, indicating the vast range of Al and ML use in encouraging

resource efficiency.
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6 Conclusion

This thesis explored the revolutionary impact of artificial intelligence and
machine learning on supply chain management, particularly forecasting,
sustainability, and the unique challenges for startups and medium-sized
enterprises SMEs. The central theme of this research was to explore how Al-
driven technologies can be utilized to enhance operational efficiency, improve
forecasting accuracy, and enable sustainable resource allocation in supply

chains.

The results of this study show how Al and ML perform significantly better
compared to conventional methods of forecasting. Through the utilization of
real-time data and sophisticated algorithms, these technologies allow firms to
act proactively against emerging market trends. In contrast with conventional
systems that mostly utilize historical data, Al models are capable of adjusting in
an agile and precise manner to fluctuations in demand and supply. This
flexibility allows firms to cut surplus stock, waste, and respond better to unstable

markets through practices such as dynamic pricing and predictive planning.

Real-world examples of business behemoths like Amazon, Walmart, and
Unilever showcase the real worth of embracing Al in supply chain operations.
The three companies have experienced a remarkable boost in forecasting
accuracy, inventory turnover, and end-to-end customer satisfaction. That these
organizations were able to implement Al successfully goes on to further validate
its revolutionary potential when deployed strategically and at scale.

But while large companies can well afford to employ these technologies to their
full potential, the path is not so easy for startups and SMEs. For most such
smaller companies, adopting Al remains a daunting challenge. Staggering initial
investment costs, absence of technical talent, and poor access to quality data
are some of the most common obstacles. These issues are accentuated in the

scenario of developing nations, where structural impediments and resource
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inadequacies aggravate Al uptake. To facilitate SMEs' utilization of the full
range of Al, targeted policy support, access to financing options, and capacity-
building programs are required.

Though there are some of these problems, the study demonstrates the
significance of how Al is able to support supply chain sustainability. Al
technology supports maximizing resource efficiency, reducing waste, and
improving forecasting—innovations that propel ecologically friendly and resilient
supply chain management. Those organizations that utilize Al solutions are less
environmentally resource-intensive and more resilient in addressing disruptions,
whether in the form of sudden shifts in demand, supply constraints, or external

interference.

Generally, the studies show the way in which artificial intelligence is today a part
of modern supply chain management. As much as large corporations have
already maximally applied Al, there is currently an imperative need to provide
equal provision to all businesses. Pricing technologies such as Al more
affordably, simplifying them so that they are easier to use, and making them
accessible could quite possibly enable more organisations to build leaner, more
sustainable, and more efficient supply chains. To be successful, this vision will
require a collective effort by companies of all shapes and sizes, governments,
and technology providers.

In short, not only does Al have the ability to change the nature of supply chains,
but also democratize and make them more accessible to small and large

businesses enabling a more sustainable, resilient, and efficient future.
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