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Abstract
The Saudi Arabian fuel station supply chain is undergoing significant changes, with the country
progressing towards the digitalization and efficiency provisions outlined in Vision 2030. Artificial
intelligence (Al) and machine learning (ML) are powerful technologies that provide predictive
models that can be used to optimize inventory management, predict demand, and lower the
operational costs in the downstream petroleum sector. Nevertheless, the level of implementation
of these technologies in the fuel retail sector of Saudi Arabia is low and not fully investigated. This
paper examines the effect of predictive models on the efficiency of inventory management and the
reduction of costs in the chosen Saudi fuel station supply chains. The qualitative research design
has been used, wherein semi-structured interviews were conducted on managing supply chains, IT
professionals, and inventory supervisors in major areas such as Riyadh, Jeddah, and Dammam.
Data collection. Before data were collected, a pilot test was conducted on two experts to verify the
validity and clarity of the research instruments. NVivo software was used to conduct thematic
analysis to identify some of the key themes associated with operational efficiency, cost
management, and challenges of adoption. The results suggest that predictive models can greatly
increase the accuracy of such predictions, minimize stockouts, and decrease excessive inventory,
which results in quantifiable cost savings and better decision-making. However, obstacles
including fragmentation of data, lack of technological infrastructure, and inadequate analytical
skills are obstacles to full-scale implementation. The research helps to fill the research gap in Saudi
downstream retail, as it suggests the context-based framework of integrating predictive analytics
in inventory processes. The findings have an academic and practical sense of implication, offering
practical advice to policy makers and the industry leaders to continue encouraging digital
transformation, operational efficiency, and sustainability in accordance with the national strategic

goals of the Vision 2030.
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CHAPTER ONE —1- Introduction

1.1.  Purpose of the study

In Saudi Arabia, the supply chain of the fuel station industry is experiencing dramatic changes as
more predictive models are being incorporated, with the goal of more efficiently managing
inventory and lowering operational costs. Such developments are particularly relevant, given that
the Kingdom is seeking to modernize its infrastructure to keep pace with Vision 2030. The
integration of machine learning and artificial intelligence, in the form of predictive analytics, can
be seen as the proactive solution to integrating the challenges presented by the fuel distribution
networks. The problem under consideration attempts to elucidate how such predictive models
influence the dynamics of the operation of fuel stations in Saudi Arabia (Jagtap et al., 2022). With
predictive models, stations are able to optimize their inventory levels by ensuring that they forecast
the fuel demand well. They cut down the risk of stockouts and overstocking by evaluating the past
consumption trends, as well as external factors. As an example, the introduction of Al-upgraded
predictive analytics has been seen to enhance supply chain operations by increasing
competitiveness and effectiveness and positively impacting logistics route optimization and

inventory management in real-time (Zhang et al., 2021).

Innovations will be essential in fuel stations keen on automating their inventory and parts of
delivery. The adoption of the predictive model in the functioning of the fuel stations is also
associated with the ability to cut costs significantly. Stations can decrease the cost of procurement
and storage by being efficient in inventory taking and cutting down on wastage. Moreover, with
the help of real-time data analytics, one should be able to foresee the changes and plan accordingly,
which means that there will be minimal equipment downtime, as well as repairs will cost less.
Research pointed out that using Al technologies, a business can automate logistics, make better

decisions, save massively, and, therefore, achieve a more efficient supply chain in general (Tan et

10
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al., 2022). This qualifies predictive analytics as one of the weapons of improvement of cost-
effectiveness in the fuel station supply chain. The prospective use of predictive models in Saudi
Arabia is well in line with the Vision 2030, namely the modernization of the infrastructure and the
use of digital technologies. The adoption of Al and predictive analytics in the fuel station industry
will facilitate the goals of the Kingdom to make operations efficient and able to compete. As it
was observed, merging Al with the Internet of Things can result in the creation of smart fuel
management systems, which not only optimize the inventory but also improve the efficiency of
the whole supply chain (Alshamrani, 2023). This aligns with the overall plans by Saudi Arabia to

transform and modernize the economy with technical innovations.

Finally, the usage of predictive models within the Saudi Arabian fuel station supply chain can be
of significant value, bringing its site-related benefits such as enhancement in inventory
management and reduction in costs. Such developments are not only meant to increase the
efficiency of operations but also contribute to the larger objectives of Vision 2030. The
implementation of predictive analytics in the fuel station segment will be instrumental in
establishing more efficient, sustainable supply chain infrastructure by the Kingdom as it continues
to invest in digitalization (Alshamrani, 2023; Jagtap et al., 2022). This study has a wider goal than
that of exploring the possibilities of incorporating predictive models in Saudi Arabia to supply fuel
stations. The research will give a complete picture of the practical consequences of the
technologies, not only in terms of operational significance but also in strategic significance of the
technology on the overall supply chain performance. The research would be able to provide useful
knowledge on the scope of optimization of the supply chain process through the use of predictive
analytics, with an emphasis on Saudi Arabia, where the fuel distribution system is evolving rapidly.
Also, this study will look at the general economic and environmental advantages of implementing
these models, like saving waste, reducing emissions, and ensuring sustainability. The final
objective is to develop workable recommendations that can guide operators of fuel stations and
policymakers to utilize predictive models to enhance a more resilient, efficient, and sustainable

supply chain of fuel in Saudi Arabia.

11
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1.2.  Research problem

Incorporating the use of predictive models in the inventory management system in the supply
chains of the fuel stations established in Saudi Arabia comes with some issues that must be solved
to ensure successful implementation. Existing technological infrastructure is one of the major
obstacles, as it is usually inadequate to handle the more sophisticated analytical capabilities needed
to realize predictive models. Several gas stations in Saudi Arabia continue to use rather primitive
techniques of inventory management, including manual tracking and primitive forecasting models.
Such legacy systems find it difficult to handle the challenges of modern supply chain processes,
and therefore, the process of shifting to predictive models becomes complicated (Alhawas et al.,
2013). The technical deficiencies in terms of the absence of appropriate technological structures
not only lead to inefficiency but also contribute to the establishment of the technological gap,
which has the impact of inhibiting the faster implementation of more advanced data-driven
solutions. Consequently, an overhaul of the infrastructure is an essential one for realizing the

effective utilization of predictive models.

The other challenge is the disintegrated nature of the supply chain of the fuel station industry. The
fuel supply chain of Saudi Arabia will have several stakeholders, such as the suppliers, distributors,
retailers, and logistics providers, who largely work in isolation. This fragmentation results in
challenges of sharing real-time data, which is critical to the success of predictive models. Unless
the data flow is smooth between the different milestones of the supply chain, predictive models
cannot be accurate and help to make decisions (Tan et al., 2022). These obstacles are also
compounded by the absence of collaboration platforms where the stakeholders will not be able to
collaborate to streamline both inventory levels and costs. Overcoming this fragmentation will
require not only technology but also alteration of practice in organizations to enhance cooperation

and information exchange.

Along with technological and logistical problems, a lack of highly skilled individuals in terms of
data analytics should also be mentioned. The predictive models depend largely on interpretation
and decision-making based on individuals with high knowledge in data science. Nevertheless, the
Saudi fuel station industry has a stark contingency in the source of skilled manpower that can bring

fruitful use of the predictive analytics tools. Such a deficiency reduces the capacity of the fuel

12
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stations in implementing and utilizing predictive models, even where the required technology is
present (Alshamrani, 2023). It will be vital to create a workforce that will be well-versed in data
analytics to ensure the successful deployment of these models. There is a need to reinforce training
and education programs with an aim of developing local capabilities and capacity to guarantee that

the fuel stations can exploit such technologies to the maximum.

Laws and regulations governing the fuel station in Saudi Arabia also create the challenge of
embracing predictive models on a large scale. Although the Vision 2030 of the Kingdom places
importance on digital transformation, the intensity of technological changes exceeds the capacity
of regulatory flexibility in this direction. Such a slowness in making changes to the regulations can
bring much confusion in the minds of the operators of fuel stations since they might be afraid of
the compliance challenges that the implementation of new technologies might have (PwC, 2025).
Also, a lack of a definite path as to how the data and analytics are used in the fuel supply chain
may cause reluctance when it comes to the usage of predictive models. In order to address this, the
government should ensure that changes in regulations keep pace with technological advancements

to enable a supportive environment in which innovations and expansion can occur.

Lastly, another challenge is the expense of carrying out the predictive models at fuel stations. The
cost of initial investment in the implementation of sophisticated predictive technologies, such as
Al and ML models, can be so expensive, especially among smaller fuel stations. This would
involve expenses for buying software, improving infrastructure, and training employees. To a lot
of fuel stations, and those with low margins, such expenses may put them off from the adoption of
predictive models (Jagtap et al., 2022). Although the long-run implications of the use of predictive
analytics have been proven by decreasing the costs and increasing efficiency can benefit the long-
term conditions more than satisfy the costs, the financial cost remains one of the most crucial
aspects, which must be considered. It is necessary to find ways to make the cost of adopting these
technologies manageable because this will guarantee that predictive models can be easily applied

to the fuel station industry.

Though the technological infrastructure and skills of the workforce are the key issues to consider

when it comes to integrating predictive models into the supply chains of fuel stations in Saudi

13
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Arabia, a lack of standardized information in the industry is a complexified of the entire situation.
Lack of unity in the mode of data collection among the different stakeholders also makes it hard
to effectively use predictive models. This renders this data widely variable in its quality and
availability, and, as such, the accuracy and reliability in the predictions generated by such models
are impaired. In addition, the variances in the fuel station business, its varied focus between the
chain operations and free-standing operations, lead to different levels of preparedness and desire
to implement new technology. Smaller stations can be under further financial restrictions and
cannot afford predictive technologies. Lastly, one must address the aspect of resistance to change.
The internal culture and procedures used by various stakeholders in the industry are quite
conservative and may be unwilling to use advanced prediction models if they lack clear and

immediate feedback indicating the positive impact thereof.

In addition, Dammam was an intentionally chosen region of the research since this city is also a
technologically progressive, petroleum-focused urban center. The proximity of the petroleum
activities and the modern distribution depots makes it the most important testbed in the adoption
of predictive analytics in large-scale high-throughput fuel operation. The inclusion of Dammam
enabled the study to gain an insight into a region with a well-developed infrastructure and urban
demand trends, with which the findings of the study can be relevant to both the technologically

advanced and logistically intensive setting.

1.3.  Research objectives:

To achieve the purpose of this study, the following questions should be answered.

. To analyze how predictive models can enhance inventory management efficiency in fuel

station supply chains in Saudi Arabia.

. To evaluate the potential cost reduction benefits of implementing predictive models in fuel

station operations

. To identify the challenges and barriers to the successful implementation of predictive
models in fuel station supply chains in Saudi Arabia and propose strategies for overcoming these

obstacles

14
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1.4.  Importance of the study

The value of this study is that it has the potential to enlighten the transformative role in the
prediction of models in making the fuel station supply chain in Saudi Arabia more efficient and
cost-effective. With the Kingdom on its way to achieving the goals of its Vision 2030, there is a
dire need to optimize fuel distribution networks to keep up with the increasing demand and operate
sustainably. This study seeks to offer incremental marketing knowledge in the form of practical
solutions that will allow fuel station operators to apply predictive analysis in their stores and cut

the costs of conducting business (Kearney, 2021).

Besides, the study makes an addition to the wider debate concerning the topic of supply chain
optimization due to its concentration on a rather important sphere of the Saudi economy. Most of
the available literature focuses on predictive analytics in manufacturing and retail, while little
research has been done in relation to its implications on the supply chains of fuel stations,
especially in the case of Saudi Arabia. The research also contributes to academic understanding
and lays the groundwork that might be used in further studies in this field by filling this gap
(Pradhan et al., 2022).

The results of the present study have practical implications with regard to policymakers and
industry players wishing to increase the resilience and efficiency of the fuel supply chain. The
study recommends the adoption of predictive models, conducting research, and identifying the
problems and barriers to improving them. The recommendations offered should guide
policymakers and industry practice. This is of special significance because today Saudi Arabia is
pursuing modernization of its infrastructure and digital technologies in accordance with its Vision

2030 objectives (Kearney, 2021).

Furthermore, the focus on cost-cutting in the study via predictive analytics fits the trends across
the globe in terms of being more environmentally conscious and economically profitable in terms

of conducting business. At a time when cost optimization is an important issue in operational costs,

15
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such capabilities enable a competitive advantage in the use of data. In the case of fuel stations, the
introduction of predictive models may result in considerable savings and, thus, will be able to
increase the profitability of a station and strengthen the overall economic situation within the sector
(Gain Systems, 2022). To sum up the study, it is of the utmost significance since it discusses a
vital topic related to fuel station supply chains in Saudi Arabia, and the insights that can increase
efficiency, cost optimization, and align with the objectives of the country's development. We
provide solutions and recommend practices that alter the performance of Saudi Arabia's fuel supply
chain, in addition to giving back to academia through the investigation of the role of predictive

models and the test of the study (Pradhan et al., 2022; Kearney, 2021).

It is also an essential aspect of this study, given that data-driven decision-making in the fuel sector
is increasingly becoming popular, as it is considered vital in terms of efficiency and sustainability
of operations. Since the patterns of fuel consumption will keep changing and create a more
unpredictable demand, fuel stations can now anticipate the change as it happens and do away with
the costs of inventories, and at the same time ensure they do not run out of stock. It also offers
insights into these models, having an optimum time in delivering fuel as well as viewing visibility
in the chain, which results from a better coordinated view among suppliers, distributors, and
retailers. Such models, when put into practice, have the potential to eventually minimize
dependence on the classical evils of stockpiling that may lead to surplus supplies or subdued
deliveries, which are quite expensive. Moreover, in light of the study, technological innovation is
also essential in the process of diversification of the Saudi Arabian economy in line with its wider
Vision 2030 aims. The implementation of predictive analytics in the sphere of fuel stations would
thus aid the economic transition into environmental friendliness of the Kingdom because this way,

they can be sure of sustainable growth in the long run (Pradhan et al., 2022; Gain Systems, 2022).

1.5.  Structure of the study
The research is organized into five related chapters, in which each chapter leads to the next. Such
a logical development adds thoroughness of treatment to the research topic, before it is concluded

that, yes, a convincing and knowledgeable answer to the research question is well answered. All

16
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chapters are necessary in order to form an in-depth comprehension of the issue and respond to the

research questions.

1.5.1. Chapter -1- Introduction
It includes a discussion about the purpose of the study to find out the research problem. After that,
the introduction discusses the research objectives and the importance of the study; finally, the end

of this chapter includes the structure of the study.

1.5.2. Chapter 2-Literature review

The literature review discusses the history of research associated with the topic based on accredited
sources, such as peer-reviewed journals and academic publications. It consists of two major parts,
depending on the main themes of the research. The introduction starts with a discussion over the
concept of predictive models in the supply chain by first reviewing the scholarly definition of this
concept and subsequently discussing their functionality and efficacy when it comes to improving
inventory management. The second section will tackle the issue of cost reduction strategies, with
the former involving an academic definition of cost management in supply chain and how
predictive models can help to cut operational costs, enhance its efficiency, and maximize its returns
on investment. Each segment then logically discusses the transformation of these concepts and

how they apply.

1.5.3. Chapter -3- Methodology

The third chapter describes the research method that has been used in this study, in that it presents
the data collection procedures applied to answer the research questions. It outlines the
methodology that was used in collecting both the qualitative and quantitative data, which included

surveys, interviews, as well as secondary information in the industry reports. The chapter also

17
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clarifies the sampling method, the instrument of data analysis, and the rationale for choosing these
methods. This research methodology is effective in providing an extensive and trustworthy study

of the research topic.

1.5.3.1. Purpose of the study
The purpose of this study is to analyze the Impact of Using Predictive Models on Inventory
Management Efficiency and Cost Reduction in Fuel Station Supply Chains in Saudi Arabia.

1.5.3.2. Type of investigation:

A qualitative investigation encompassing the effect of predictive models on cost reduction in
inventory control and cost reduction in the fuel station supply chains in Saudi Arabia is conducted
herein. The research is based on the use of semi-structured interviews with supply chain managers,
inventory supervisors, and IT personnel and concentrates on their experiences with predictive
applications, such as machine learning-based forecasting. The purposive sampling technique will
be used to ensure that participants are knowledgeable enough, and data shall be analyzed by using
the thematic analysis style on the NVivo software. The strategy would enable us to understand the
decision-making mechanisms, business issues, and how the predictive models could be used in the

fuel industry comprehensively.

1.5.3.3. Extent of researcher interference

The researcher in the study would interfere with the research since the primary aim of the research
is to obtain the true views of the participants. The studies will be conducted through the interview
method guided by a semi-structured interview schedule, but there will be no interference in
responses. The subjects will be free to defend their opinion, and the researcher will be non-

judgmental, non-directive in the gathering and analysis of the data.

18
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1.5.3.4. Study setting

The research will be done at different places in Saudi Arabia, comprising Riyadh, Jeddah, and
Dammam. These regions were chosen because they would capture the geographical difference as
well as logistical differences in the operation of fuel stations. The interviews will also be face-to-

face or through Zoom, since it will be convenient and not limited to those who can attend.

1.5.3.5. Unit of analysis

In this research, the individual is adopted as the unit of analysis because it involves professionals
who are skilled in predictive modeling and inventory management in the fuel station supply chains.
The study is meant to discuss their personal experience, decision-making, and the overall
perception about the application of predictive tools in the management of inventories to find out

the overall implications of the technology in terms of operations.

1.5.3.6. Time horizon

The study is cross-sectional because it seeks to collect data at a particular moment in time with the
help of professionals working in the field of predictive modeling and inventory management in
supply chains in fuel stations. Concentrating on their experience and perception at this point, the
study can offer indications of the current situation of the technology adoption, its effect on

efficiency, and cost decrease.

1.5.3.7. Sampling process
The sampling technique in this research project shall take the form of purposiveness, with the
professionals required to have experience in effective predictive modelling, as well as inventory

management in the fuel station supply chains within Saudi Arabia. Such participants will consist
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of supply chain managers, inventory supervisors, and IT professionals, as they are the ones who
are directly involved in the utilization of predictive tools. The sample would comprise 12 to 15
respondents from different geographical areas such as Riyadh, Jeddah, and Dammam. A
professional network, LinkedIn, and communications with firms directly in the industry will allow

facilitation of recruitment to obtain a representative and manageable sample.

1.5.4. Chapter 4- Research findings and data analysis:

Chapter 4 will outline the findings and the data analysis of the research with regard to the insights
provided by the semi-structured interviews. With thematic analysis, the research will derive
significant patterns and themes of the integration of predictive models in reducing costs and
managing inventory. Information will be examined in the NVivo program, outlining the
efficiencies, cost implications, and impediments. A unique interpretation of the experiences of the
participants will be presented in this chapter, and the practical recommendations will be provided

in terms of the optimization of fuel stations functioning in Saudi Arabia.

1.5.5. Chapter 5: Conclusion and recommendations:

The research will end with a conclusion in Chapter 5, where the findings of the study will be
summarised together with the implications of the same with regard to the importance of the
integration of predictive models in Saudi fuel station supply chains. It will provide realistic
suggestions concerning the enhancement of inventory management, minimization of expenses, and
the elimination of obstacles to the use of predictive tools. Areas of future research will also be
mentioned in the chapter, with insights into the further implementation of predictive analytics
throughout the entire supply chain and the innovation of the Saudi fuel industry to fall in line with

Vision 2030.

1.6.  Industry overview

The Saudi fuel industry is an important sector in the economy of the country and maintains
transportation, manufacturing, and energy industries. The industry is also being modernized as part
of the larger Vision 2030, with the point of emphasis being on efficiency and sustainability.

Fueling stations are also using the most innovative technologies, such as predictive models to
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ensure that they have an optimum inventory management, and this minimizes operational
expenditures. Such a transition is necessary to enhance the supply chain resilience, reduce waste
levels, and stay in line with the global tendencies of going towards digitalization and making

decisions supported by data in the energy fields.

1.7 Research Gap and Contribution to the Study.

Despite the huge interest experienced in the adoption of predictive models in supply chain
management around the world, there is still less empirical research in the application of these
models in the Saudi Arabian downstream fuel retail industry. Other studies like Liu et al. (2025)
and Oyewole et al. (2024) have investigated predictive analytics in fuel distribution in China and
Europe and found that it leads to better inventory optimization and forecast accuracy. Likewise,
Kirmizii et al. (2024) evaluated technological adoption in Turkish petroleum logistics, but their
results represent the situation in a well-developed digital infrastructure context, not in the situation
with changing conditions in Saudi Arabia. The earliest recommendations were given by Qasem
(2025) in a pilot implementation in Saudi Arabia without a thorough analysis of organizational,
technological, and regulatory obstacles to a universal implementation. Also, the downstream retail
integration with predictive analytics has not been explicitly discussed in regional studies
(Alsharidah and Alazzawi, 2020; Akinpelu et al., 2023). The identified research gap demonstrates
the necessity to conduct a localized, detailed study on predictive models of Saudi fuel supply
chains. The present research study is relevant because it provides empirical data, creates a context-
related implementation framework, and suggests the strategic recommendations that can be
followed within the framework of the Vision 2030 to improve efficiency, cost-reduction, and

digital preparedness in the Saudi fuel retail sector.
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2. Chapter 2: Literature review

2.1. Background of Fuel Station Supply Chains in Saudi Arabia

The energy sector, especially the petroleum industry, of Saudi Arabia is one of the main factors
influencing the national economy as well as the energy markets of the world. Filling stations are
one of the nodes in the petroleum value chain that connect the middle and upstream production
and refining to the end-users part of the value chain. The effectiveness, affordability, and efficiency
of these stations' supply chains are crucial in the sustainability of unwavering energy provision in
the Kingdom. Such supply chains have historically used rigid replenishment procedures and
manual forecast methods. Although these approaches have been sufficient to manage some
companies in the past, a combination of increasing fluctuations in demand, logistical nuances, and
the pressure to be sustainable has prompted the industry stakeholders to consider using data-driven
solutions (Qasem, 2025; Okeke, 2024). The economic vision of 2030 designed by Saudi Arabia
has also contributed to the need to be relatively more efficient in its operation, embrace technology,
and protect the environment, regardless of the sector concerned, such as fuel distribution.
Predictive analytics and machine learning have gained recognition in this push towards
modernization, allowing a company to streamline its supply chains, lower uncertainty, enhance

inventory turnover, and decrease waste (Aljohani, 2023; Oyewole et al., 2024).

2.2 Rationale for Using Predictive Models in Inventory Management

The supply chain of fueling stations is an unusual situation in inventory management because the
demand for anything will be variable according to travel seasonality, variable supply will be
available as per maintenance of the refineries, and also owing to geopolitical factors, the oil price
will be moving in one direction or the other. Conventional inventory control strategies tend to fail
with these changing circumstances, either resulting in stockout-unless-designed-which can result
in a loss of revenues and customer dissatisfaction or storage, which incurs higher holding costs
and a larger ratio of working capital being consumed (Krmzic et al., 2024). Predictive models
based on historic sales, weather, event calendar, and macro econometric data can produce more
reliable demand forecasts and optimise replenishment schedules. Machine learning, specifically,
can adjust the situation in the market, learn new patterns, and ensure that its forecasts improve

each time (Liu et al., 2025; Khedr & Sheeja, 2024). The predictive analytics allows fuel stations
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to strike a better balance between demand and supply and eventually, increase the reliability and

cost-efficiency of the service (Oyewole et al., 2024).

2.3 Research Scope and Objectives

This literature review aims to critically analyse the available studies outlining the use of predictive
models in inventory management, particularly their influence on the efficiency and cost reduction
of fuel station supply chains in Saudi Arabia. Although a large body of research is already available
on the topic of predictive analytics in manufacturing, retail, and other power industries (Fatima &
Rahimi, 2024; Culot et al., 2024), the specific implementation of the tool in the context of Saudi

Arabia's downstream petroleum logistics is understudied.
The review deals with three principal aims:

e To investigate the nature of operational features and issues that have been connected with
fuel station supply chains within Saudi Arabia

e To evaluate the scope of predictive modeling techniques used in inventory management,
statistical forecasting, machine learning, hybrid methods, etc.

e This study assesses the empirical evidence regarding the benefits of predictive analytics in
enhancing efficiency and cost in the operation of similar supply chains and derives

implications for Saudi Arabia.

The literature review will be organized so that a contextual background will be given before a
formal view of the subject matter literature. Then, traditional and modern inventory management
techniques and predictive modeling techniques will be followed by the benefits reported about
them. It also considers the case studies, the adoption barriers, the research opportunities that could

be developed in Saudi Arabia, and its strategic vision.

2.4 Significance of the Study
The review is relevant to policymakers, supply chain managers, and technology solutions
providers intending to streamline the Kingdom's fuel distribution systems to adopt novel ways of

connecting the country. The research can guide due diligence by combining knowledge on similar
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industries and extracting recommendations to achieve the best practice of incorporating predictive
models into operational processes. The focus on efficiency is complementary to the overall
sustainability objectives since better inventory management will decrease fuel consumption and
emissions that are unnecessary because of transportation, as well as justify the usage of resources,
both locally in the environment and globally, economically (Ahmed et al., 2025; Akinpelu et al.,
2023). Besides, the results could serve as the basis for establishing localised predictive analytics
frameworks that will be specific to the conditions imposed by the operations without the fuel
industry of Saudi Arabia, the market factors, and the regulatory milieu. With energy transition
arousing global interest and the changes in the realm of the energy mix of the Kingdom also
predicted to diversify towards hydrogen and renewable energy sources (Sadiq et al., 2023;
Akinpelu et al., 2023), efficient data-driven inventory management will only gain more importance

in the coming years.

2.5 Structure of the Literature Review

The subsequent sections follow a logical progression from context to application:

e Section 2 examines the structure, operations, and challenges of Saudi Arabia’s fuel station
supply chains.

e Section 3 discusses traditional inventory management methods and their limitations in
dynamic environments.

e Section 4 reviews predictive modelling techniques applicable to inventory management.

e Section 5 analyses the documented efficiency gains from predictive model implementation.

e Section 6 explores the impact of cost reduction in detail.

e Section 7 presents relevant case studies from global and local contexts.

e Section 8 identifies barriers to predictive model adoption.

e Section 9 discusses emerging trends and opportunities in the Saudi context.

e Section 10 concludes with a synthesis of findings and recommendations.

2.6 Structure and Operational Characteristics
The supply chain in the fuel station in Saudi Arabia is an integral part of the activities of the Saudi

Arabian downstream in petroleum, as it has become an intricate logistical system through which
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refined fuel products are introduced to consumers. It starts with the crude oil refinery in Saudi
Aramco and a few licensed operators. After being refined into diesel, gasoline, and other products,
the fuel products are transported to the distribution depots, which are strategically located within
regions of the Kingdom. Such depots are central subcomponents of a hub-and-spoke transportation
network, which provides various retail hubs in wide geographic circles. The structure enables
centralised supervision, quality management, and dependency, exacerbating transportation
disruption inadequacies or demand forecasting inaccuracies (Qasem, 2025; Okeke, 2024). The vast
territory of Saudi Arabia and the varying economies in the regions imply that fuel demand is not
that uniform. Large cities like Riyadh, Jeddah, and Dammam have intense, relatively consistent
demand due to teeming populations, production, and constant use of vehicles. Conversely, lower
and further locations experience more fluctuating consumption activities, determined by
agricultural cycles, seasonal tourism, and local economic performances. Oscillating demands
happen during religious occasions like Hajj and Umrah, and during the holidays when travel within
the country increases. Such differences make prediction problematic, and such approaches must
be available to accommodate both time and location trends (Akinpelu et al., 2023). For many
decades, Saudi fuel prices have been highly subsidised, contributing to the gradual expansion of
demand without a high reaction to changes in international prices. Recent reforms have brought
domestic prices nearer to the international standards, yet fuel is cheap by world standards, and the
changes in demand are not based on a change in prices offered at retail (Okeke, 2024). Such
comparative lack of price sensitivity makes it difficult to utilize the typical elasticity-based

forecasting models, and the need to include other demand drivers is paramount.

The level of sophistication with different players in the market is also wide. Companies that own
large networks may have high-end enterprise resource planning (ERP) systems, allowing them to
track stock levels, deliveries, and sales virtually in near-real time. Such systems allow decision-
making to be quicker and have closer control over the replenishment schedules. However, in the
case of independent operators, they might utilise manual inventory updates and fixed delivery
schedules that would lead to a sluggish approach to any demand fluctuations and the occurrence
of higher chances of understocking or overpurchase (Kirmizi et al., 2024). The lack of

technological adoption within the sector highlights the need to balance how inventories are

26



1 ' m afe: VERE () cinevas —

managed across the industry with the advantages of employing predictive analytics to improve
efficiency. Finally, the chain of supply lines of the fuel stations in Saudi Arabia is logical, both in
terms of being motivated by logistics needs and by the specifics of the markets over the historic
period. This state of centralised distribution, regionally differentiated demand, and imbalanced
technological adoption all result in an atmosphere where the best forecasting approaches, such as
predictive modelling, can improve the accuracy of inventories, lower the costs, and strengthen the

resistance to changes in demand.

2.7 Challenges in Inventory and Supply Logistics

Although the petroleum infrastructure in Saudi Arabia is sophisticated, the supply chain of the fuel
station constantly encounters problems that impede efficient inventory management. Demand
variability is one of the most critical problems. Some trends, such as more holiday travel, season,
be expected. However, one can never predict inevitable fluctuations from economic changes,
geopolitical changes, or extreme weather variations. Conventional models used to perform
forecasting that tend to rely on past averages are poorly placed to adapt to such radically sudden
adjustments, ending up under-supplying or over-supplying items (Liu et al., 2025). Stock-outs are
a particularly drastic threat to the fuel industry. The lack of supply has decreased the income and
harmed the reputation of customers, but may also turn off the established contact with vital services
that require fuel supply, such as transportation, healthcare, and emergency response. There is a
short period to make replenishment before the stock is used up in rural regions where delivery is
infrequent, so any logistic delay has an even greater effect (Qasem, 2025). On the other hand,
overstocking is a standard precaution against the above risks and their costs. Unnecessary fuel
knots moving capital, as well as raising storage costs, may impair the quality of the products in the

case of their storage after the most reasonable term (Kirmizi et al., 2024).

Transport limitations make it even harder to manage inventory. The primary mode of fuel delivery
is by tanker trucks, which have their constraints in the availability of fleet, timing by the drivers,
and capacity by the road network. Delivery schedules can be disrupted by adverse weather, traffic,
or accidents. All these are particularly bad in remote areas or with a limited infrastructure, where
alternative supply lines can occur. There should be coordination amongst the supply chain

participants, the refineries, the depot managers, the logistics providers, and the retail station
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operators, who are sometimes confused due to the lack of organisation of the information system.
Aljohani (2023) notes that a wide range of operators do not have real-time and integrated visibility
of the comprehensive supply chain, which translates into inefficiencies in the dispatch strategies
and replenishment timing. The lack of synchronised data flows may lead to alignments between
real demand and planned deliveries, leading to idle capacity or a mismatch in demand. Predictive
analytics provides the prospect of an answer to such a set of problems. Predictive models will be
more accurate in predicting demand by integrating historical sales trends, current inventory levels,
weather forecasts, and planned events. Through these models, the prioritising of the deliveries may
also be done based on urgency, distance covered, and consumption rates, which increase the
reliability of the service delivery methods and cost-effectiveness (Oyewole et al., 2024). The
solution to these logistics limitations is essential in the provision of constant distribution of fuel at
minimal costs and waste. The challenges related to inventory in the context of Saudi Arabia's

modernisation of its energy sector will become a significant strategy to overcome.

2.8 Regulatory and Economic Context

A regulatory framework to support the concept of energy security and price stabilization and
enable the fuel distribution hierarchy to operate within the Saudi Arabian culture, as such,
influences the operational environment of the supply chains in Saudi Arabian fuel stations. Energy
safety is one of the priorities, and the government carefully controls fuel production, distribution,
and quality to avoid a fuel crisis. Regular retail price adjustments are used to keep the price stable
and are pegged partly to international oil prices, but reduced to protect the domestic consumer
against international market shocks (Okeke, 2024). In Vision 2030, Saudi Arabia has focused on
the economic shift in operational efficiency, sustainability, and technological innovation. In this
context, governments support the use of high-quality digital solutions, such as artificial
intelligence, machine learning, and predictive analytics, to enhance the modernisation of logistics
environments and the more efficient management of stocks (Ahmed et al., 2025; Alsharidah &
Alazzawi, 2020). The objectives of these initiatives are to ensure that the practices in the Kingdom
of fuel distribution, in terms of best practices in the world, are improved in terms of
competitiveness and measuring wastage. Economically, the Kingdom has low-cost and abundant

oil reserves and well-developed refining capacity, keeping the production cost low.
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Nevertheless, the cost of distributing fuel in a nation the size of Saudi Arabia is very high. Fuel
price reforms have limited the margins of retail business (particularly among independent
operators), and thus, operational efficiency is critical to profitability (Qasem, 2025). A company's
ability to manage inventory is not merely a technological update in this respect but a monetary

requirement.

There is a further twist in the global energy transition. The domestic transport sector is dominated
by internal combustion engine vehicles; however, the adoption of electric cars and alternative fuels
will gradually take place in the next few years. Investments in hydrogen production and other low-
carbon energy projects also occur in Saudi Arabia (Akinpelu et al., 2023; Sadiq et al., 2023). Such
changes will ultimately change the demand pattern that will necessitate forecasting systems to cope
with a more diverse assortment of products and variable sales. This transition can also be facilitated
by predictive models, which make it possible to calculate the demand based on the scenarios, and
operators can plan to have stocks of several fuel types to guarantee service reliability. Moreover,
with the increasing regulatory and environmental requirements, streamlining fuel supply will
decrease the emissions related to movements and storage processes. Essentially, the presence of
predictive analytics in the regulation and economic context in Saudi Arabia necessitates and
enables the implementation of predictive analytics in fuel station supply, which emerges in the use
of predictive analytics in supply chains. The government policy facilitates the environment,
favoring security, stability, and modernisation, whereas economic reality drives the operators to
be efficient. The combination of these aspects casts predictive inventory management as an

enabling feature of the future energy environment in the Kingdom.

2.9. Inventory Management in Fuel Station Supply Chains

2.9.1 Principles and Practices of Inventory Management in the Fuel Sector

Management of the inventory within the fuel retail industry is based on finding a balance between
supply capacity and cost effectiveness, as well as quality of products. In Saudi Arabia, it involves
the influence of the character of fuel as a high-demand, perishable, and dangerous commodity that
needs smooth handling procedures. The general aim is to ensure that there is no micro out of stock

within the organisation's supply chain without additional costs on storage and without the products
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themselves going to waste (Krmzzy et al., 2024). The basic rule of inventory management in the
present scenario entails proper demand planning, effective stock-up scheduling, prioritising safety
measures, and reducing holding expenses. In the case of fuel stations, stock should be high enough
to allow the predicted demand to pass before a delivery is undertaken; a provision, in addition,
should consider unpredictable demand spikes. Nonetheless, it may be expensive to store large
quantities because of the up-front capital and maintenance of the tank, as well as a possible
deterioration in the product quality over time. This is the key to inventory strategy. Usual
procedures include routine checks on the level of tanks, which may be automated through
automated tank gauging, which is more common on larger processes. Such systems allow real-
time information on the product volume and temperature, thus operators can learn about leaks,
avoid overfills, and schedule prompt restocking (Qasem, 2025). Nonetheless, Independent stations
might be based on manually measured renditions and fixed delivery times and will be more
resistant to abrupt demand fluctuations. The replenishment planning model typically relies on a
mixture of long-run historical sales, supplier lead times, and contracts in delivering products. The
inventory control could be more efficient within a centralised supply chain (typical of vertically
integrated oil companies) since the same organisation controls supply and distribution. Where
there is separation between suppliers and retailers due to fragmentation, there may be a mismatch

between the available stocks and real demand due to the breakdown of coordination (Okeke, 2024).

The use of lean inventory in the fuel industry in Saudi Arabia is limited because of the necessity
of having fuel. Stock-outs are unacceptable in contrast to non-essential products because they have
inevitable economic and social repercussions at the moment. Consequently, pure forms of just-in-
time (JIT)-based strategies are hardly put into practice. Instead, a hybrid method is typical, with
safety stock being preserved, whereas the specifics of the provision process are revised to minimise
the carrying levels without jeopardising the shortage (Oyewole et al., 2024). Integration of
technology is becoming more and more prominent. Inventory management systems can also
interface with point-of-sale (POS) data to keep up-to-date computations of sales made to make
dynamic replenishment orders. In conjunction with predictive analytics, these systems can
transition what used to be rigid reorder points to demand-based replenishment, enhancing

reliability of service as well as cost-effectiveness. Any sound inventory management within the

30



1 ' m afe: VERE () cinevas —

Saudi fuel industry is based on a delicate balance between operational reliability, observance of
safety requirements, and cost management. In addition to the principles and practices governing
and implemented, the operational baseline can be used as a basis for predictive modelling to

increase responsiveness and improve efficiency.

2.9.2 Traditional Methods and Their Limitations

Traditionally, the fuel station Supply chain has been characterized by heavy use of traditional
forecasting methods in inventory management. The standard methods used here would be
reviewing the historical sales record to determine the average daily consumption rates, multiplying
by the delivery lead times, and revising the reorder points. A standard number of safety stock is
also included in most instances to absorb some demand changes or delays (Okeke, 2024). These
approaches have low-level limitations to responsiveness since they tend to be simple and easy to
deploy. Their assumptions also presuppose that the upcoming demand rates will be similar to the
past average. This is not always so in the Saudi environment because regional differences,
economic cycles, and event-induced spikes are often the cause. As another example, fuel demand
in Makkah and the rest of the region may skyrocket during the time of the Hajj pilgrimage and go
back to their regular levels, which are very difficult to predict using stationary models (Akinpelu
et al., 2023). The other weakness of conventional approaches is that they cannot consider the
external forces of influence in real time. Examples of variables usually not included in the
traditional models that can significantly impact short-term demand include weather conditions,
local construction projects, road closures, and manipulation of fuel prices. This does not consider
overestimating, which costs more in having too much, underestimating, and incurring the cost of
stock-outs (Qasem, 2025). Recorded checks of inventories are still standard for smaller and
independent fuel stations. Although it is cost-effective, the practice will likely experience human
error, uneven record-keeping, and delays in reporting issues. Unless the monitoring is automatic,
it could lead to inaccurate reorder making if the differences between the actual and the recorded
stock levels are not noticed. Such errors may lead to substantial financial and functional outcomes

in the case of high-volume stations (Kirmizi et al., 2024).
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In addition, the delivery of goods is structured on a fixed time slot instead of real-time usage,
which further aggravates inefficiencies. Reproducing a specific layout of deliveries without
necessary attention to the present condition of needs might cause operators getting a replenishment
too soon-which is a waste of capital, investing it in shelved goods cannot be used-or too late, in
danger of depletion. Specifically, such a rigidness has a severe negative impact on Saudi Arabia,
where its expansive rural locations experience larger transportation lead times, as well as restricted
flexibility in delivery (Aljohani, 2023). Besides, conventional methods tend to lack the ability to
optimise multiple stations. In cases where the operator has more than one store, the inventory of
the individual stores is usually planned on a standalone basis without opportunities for optimisation
at the network level, like load sharing or consolidated deliveries. The existence of these limitations
in Saudi Arabia has its unique impact, though it is not peculiar to the country in question; the
geographic scale, climatic extremes, and event-based spikes in demand increase the adverse effect
of these limitations. To eliminate these weaknesses, shifting towards dynamic, data-driven forms

of inventory management that can encompass numerous variables, act promptly upon varying

conditions, and work efficiently within distributed retail networks would be prudent.

Traditional Inventory Predictive Model-Based Inventory
Management Management
Demand Based on historical averages Uses AI/ML with real-time &
Forecasting external data
Flexibility Rigid, cannot adapt to sudden Dynamic, adjusts to events &
changes seasonality
Accuracy Limited in volatile markets Higher accuracy from multi-variable
analysis
Cost Impact Higher holding, delivery, and Reduced costs through optimized
stockout costs ordering
Technology Use = Manual checks / simple ERP IoT, Al cloud-based predictive
analytics

Table 1: Traditional Inventory Management vs Predictive Inventory Management
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2.9.3 Technological Adoption and Current Trends

Over the last few years, Saudi Arabia's fuel retail industry has experienced slow yet remarkable
technological changes in inventory. Some larger operators, especially those with integrated
refining and distribution operations, have embraced automated tank gauging systems, enterprise
resource planning (ERP) platforms, and GPS-enabled logistics tracking. Such technologies allow
real-time insight into your fuel supply, provide the delivery status and consumption rates, and
allow making better and quicker decisions (Ahmed et al., 2025). The positive trend is the
introduction of point-of-sale (POS) systems connected to inventory monitoring systems. With real-
time sales data, operators can factor in replenishment triggers closer to real consumption. With
cloud-based analytics, this integration enables centralised management of several stations, with
possible synchronisation of deliveries and optimisation in the entire network (Kirmizi et al., 2024).
The other trend is monitoring mobile applications and dashboards, which provide station managers
with immediate access to inventory info and delivery programs. Such a feature decreases the need
for manual reporting and the time it takes to take action when an unexpected change in demand

patterns occurs.

An example could be when a rush of traffic around a station triggers the sale in a better figure than
the forecasted, managers could go ahead and have a rushed delivery through these channels.
Although there have been such developments, adoption is still not uniform in the sector. Small and
rural stations may not have the capital or technical know-how to deploy high-end systems. When
this happens, operators can rely on the scheduling systems offered by the suppliers and hold
priority supplier logistics instead of optimization at the station level. Such a dependency can cause
inefficiencies to recur, mainly when the routes taken by the suppliers are not based on demand

(Okeke, 2024).

New technologies like Internet of Things (IoT) sensors, artificial intelligence (Al) forecasting
tools, and blockchain-based supply chain monitoring are reaching fuel markets worldwide. They
are slowly finding their way into the Saudi environment. For example, [oT sensors can constantly
track the tank's levels, temperature, and fuel quality and transfer this information to Al algorithms
that predict the demand according to historical data, external factors, and instant sales. With

blockchain being in the initial stages of adoption, there is also potential to improve transparency

33



w0 anes:. v oo pu—

in fuel distribution due to tamper-proof records of transactions (Oyewole et al., 2024). Another
factor that hastens this frame-change is the government's efforts within Vision 2030. Reductions
in barriers to entry by digitalizing and modernizing supply chain network solutions are coming
through the development of programs that can offer financial incentives and regulatory assistance
in adopting advanced inventory management tools (Alsharidah & Alazzawi, 2020). Due to this, it
is projected that the boundary between the technologically advanced operators and the traditional
ones will narrow in the future. To sum it up, the Saudi fuel industry is moving beyond manual and
fixed inventory products to integrated, real-time, and predictive systems. This development forms
the basis of the extended usage of predictive models, which may achieve higher forecasting

accuracy, decrease expenses, and strengthen the fuel supply chain resiliency nationwide.

2.10. Predictive Models in Supply Chain Management

2.10.1 Concept and Theoretical Foundations of Predictive Models

Predictive models are analysis tools that make projections of the consequences of a past trend by
using previous data, statistical analysis, and machine learning algorithms. When addressing supply
chain management, these models come into play in anticipating demand, optimising inventory,
streamlining logistics, and minimising operating costs. They are theoretically connected to
classical forecasting methods, i.e., time-series analysis, regression models, and more trendy
computational techniques, i.e., artificial intelligence (AI) and big data analytics (Ahmed et al.,
2025). In its simplest sense, predictive models determine trends in historical data and extend them
moving forward into the future. It will commonly entail the identification of seasonal, trend, and
outlier patterns in historical data. One of the first predictive modelling supply chain management
statistical models was ARIMA (AutoRegressive Integrated Moving Average) and exponential
smoothing. Although such strategies are effective in stable and predictable environments, they
might not perform in volatile situations because several exogenous factors affect demand (Qasem,
2025). The predictive modelling toolkit has grown with the development of machine learning.
Machine learning algorithms like random forests, gradient boosting, and neural networks operate

on extensive, complicated data and can identify nonlinear relationships between variables. In the
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case of supply chains, it implies that it is possible to incorporate a wide range of inputs, which can
vary, but might include past sales data, weather forecasts, social events, as well as economic

indicators, and even traffic conditions, to give more sophisticated predictions (Liu et al., 2025).

Operations research also inspired the theoretical foundations of predictive modelling in the form
of inventory theory and demand planning models. The integration of predictive outputs in
decision-making is mathematically supported by such concepts as the Economic Order Quantity
(EOQ) model, safety stock calculations, service-level optimisation, etc. To put it simply, a
predictive model can generate in real time a demand forecast, which can be directly incorporated
into relative adjustments of the reorder points or delivery schedules, reflecting the accuracy of a
forecasted need into an operational decision in real time (Oyewole et al., 2024). Notably, predictive
modelling is not a computational task and mainly depends on the data quality and relevance. The
performance of models depends on accurate and complete or updated data; otherwise, it will result
in poor operational decisions. Data governance, cleansing, and integration are paramount to
successful predictive modelling across supply chains (Kirmizi et al., 2024). In conclusion, the
statistical models of forecasting and the principles of machine learning and operations research are
the theoretical basis for predictive modelling of supply chain management. This capacity to take
account of a wide variety of variables and adapt to changes in the environment makes them a better
alternative to traditional forecasting models, particularly in complex and high-stakes environments

in the supply chain of fuel stations in Saudi Arabia.
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Figure 1Conceptual Framework of Predictive Analytics in Supply Chain

2.10.2 Types of Predictive Models Used in Supply Chains

Supply chains use numerous predictive models, and due to the different user demands and data set
requirements, there are different predictive models. Generally, the models can fall in statistical,
machine learning, and hybrid categories, and these are commonly based on the complexity of the
supply chain and the availability of data. The use of statistical models in organisations is a
fundamental practice. The most common time-series models used to capture demand data trends
or seasonality include ARIMA, seasonal decomposition, and Holt-Winters exponential smoothing.
These models are not the most difficult to apply and understand; therefore, they could be applied
to a stable supply chain characterised by stable consumption patterns (Qasem, 2025). Nonetheless,
they are not adaptive to an unstable climate, like rapid changes in the market or spikes due to
events. Machine learning models are more advanced models, which can manipulate extensive
unstructured data and infer complicated and non-linear relationships between variables.
Algorithms such as random forests or gradient boosting machines do particularly well at
incorporating a wide range of sources of information, including sales data, macroeconomic time
series, climate conditions, and dates of local events into the processing. Recurrent neural networks

(RNNs) and long short-term memory (LSTM) are becoming increasingly popular in sequentially
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capturing the structure of time-series data and are heavily used to produce very accurate short-term

demand predictions (Liu et al., 2025).

Hybrid models use part of both the results of a statistical model and machine learning to exploit
the strengths of both. We can use gradient boosting to capture ad hoc fluctuations due to
externalities, where ARIMA can be used as a hybrid model to estimate baseline trends. Such a
method can also be applied in fuel station supply chains, where some of these use components
exhibit recurring patterns, yet can also experience immediate and drastic deviation because of
predispositions to pricing candidates, seasonal phenomena, or regional infrastructure
transformation (Ahmed et al., 2025). The other new development involves simulation-based
predictive models (e.g., agent-based modelling or Monte Carlo simulations) and simulating an
array of possible scenarios to determine risk and uncertainty. These assist in supply chain resilience
planning, which helps a manager understand the impacts dictated by disruption on the demand and
supply of his or her business, given the various circumstances. GIS pressure can be applied in the
fuel sector in Saudi Arabia, where predictive models commonly require geographic and logistic
factors that include the location of stations, limits on delivery routes, and availability of a fleet. It
may also offer geospatial analytics merged with the predictive forecast to optimise delivery time,
so replenishing the delivery could be timely with the minimum delivery cost (Oyewole et al.,
2024). Finally, a predictive model is selected based on operational objectives, data, and technology
readiness. With the increase in digitalisation of the sector per the vision 2030, the use of more
advanced and hybrid predictive frameworks will be on the rise, allowing operators to adjust in

proactive ways to changes in the market.

2.10.3 Factors Influencing Predictive Model Effectiveness in Supply Chains

Technical, organisational, and environmental contexts are combined to determine the level of
success of predictive models in supply chain management. It is crucial to understand these
determinants to make sure that models make accurate predictions that can be acted upon. The most
important element is data quality. The fuel industry requires accurate monitoring of the volume

of sales, the time of deliveries, and the inventory. A large part of the accuracy of the forecasts can
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be improved by the insertion of relevant outside variables, such as weather forecasts, event
schedules, and price adjustments (Kirmizi et al., 2024). Effectiveness is also affected by model
selection and customization. Does not mean that all algorithms best meet every forecasting
challenge. For example, although time-series models could be effective in steady demand, they
can predict less effectively in a highly inconsistent setting without incorporating machine learning
elements. In the same consciousness, the learning models (deep learning) demand extensive
volumes of data to train on, thus making it infeasible to use with operators with minimal records
(Liu et al., 2025). The other determinant is technological infrastructure. Advanced predictive
models will demand capable IT implementation that can handle copious quantities of data, gather
various data sources, and perform the forecasts efficiently in time. These needs can be addressed
by cloud computing solutions to enable scalable storage and processing options and IoT sensors

to track in real-time information about the content in the fuel tanks and delivery vehicles (Ahmed

et al., 2025).

The readiness of organisations is equally critical. An exact predictive model will not do much good
unless decision-makers are willing and/or prepared to follow. The most significant ways to
maximise value are training the staff to interpret data, building a culture of making data-based
decisions, and aligning the output of predictive models and business processes (Oyewole et al.,
2024). Influences that may impact the model's performance may also be external environmental
conditions, such as the regulatory policy, market volatility, and even supply chain breakages. In
Saudi Arabia, government interventions on the price of fuel, infrastructure development, and the
formation of the demand seasonal Holy functions in the region can lead to a sharp fluctuation in
the demand that demands immediate adjustment of the model. The predictive systems would also
need to be flexible in that they could add new data streams and adjust the forecasts accordingly
(Qasem, 2025). Finally, one must assess progress and make further enhancements continually.
Predictive models need to be continuously evaluated compared to the real aftermath to define the
deviations and model the forecasting algorithms. This feedback loop allows models to reflect real-
world situations, especially in dynamic markets. To sum it up, high-quality data, the good choice
of a model, good technological background, organisational purchase, and the flexibility to

environmental changes will determine the efficiency of predictive models in supply chains. With
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these factors taken into consideration, it would be possible to apply predictive analytics to the
operation of the fuel sector in Saudi Arabia, not simply to increase efficiencies but also to become

resilient towards uncertainties.

2.11 Applications of Predictive Models in Fuel Station Inventory Management

2.11.1 Demand Forecasting and Inventory Optimization

Effective demand forecasting is one of the greatest uses of predictive models in managing the fuel
station inventory. According to Qasem (2025), the seasonal travel patterns, price changes made by
the government, and regional events are the factors affecting the fluctuations of demand in the
Saudi fuel stations. Historical averages used in the traditional forecasting methods tend to be non-
up-to-date. They therefore may cause shortages of goods either when the demand is high or
excessive inventories when there is low demand. Ahmed et al. (2025) contended that predictive
analytics are more dynamic, i.e., combining real-time sales records, weather prediction, and
economic growth in the region and city into forecasting models. As noted by Liu et al. (2025),
machine learning systems like Long Short-Term Memory (LSTM) networks may capture
sequential dependencies in the consumption warrants smarter short-term forecasts than the typical
ARIMA models. On the same note, Oyewole et al. (2024) showed that such hybrid techniques,
statistical models, along with machine learning, could be used to estimate the baseline demand and
fluctuation irregularities and hence be specifically adapted to the unstable consumption pattern in
the Saudi fuel sector. Forecasting accuracy is significantly related to inventory optimization. Using
the predictive models, Kirmz et al. (2024) observed that managers can give dynamic reorder points
as per the expected demand, which helps prevent stockouts without locking in the surplus capital
as additional inventory. This is in line with Okeke (2024), who stressed that carrying costs in fuel
retailing may be very high, considering slow inventory turnover levels as a result of mismatched

replenishment cycles.

Predictive modeling also features in the inventory management system in Saudi Arabia to provide
a more accurate delivery planning operation. Akinpelu et al. (2023) concluded that predictive
algorithms in conjunction with usable GPS-enabled fleet management systems could identify the

best delivery time to reduce transportation costs and inventory holding time. This kind of
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integration can be particularly useful in outlying or rural areas where delivery distances can be
very long and means of transport are somewhat more scarce. Moreover, Sadiq et al. (2023)
concluded that predictive demand planning supports the objectives of the Vision 2030, as fuel
stations will be more efficient and waste less. Reduction of the shortages and a surplus of stock
products helps to maintain the sustainability goals and operational resilience through predictive
models. Alsharidah and Alazzawi (2020) supplemented that predictive systems make the decision-
making process even more rapid, and fuel station operators can respond to the fluctuation of habits
due to special events like the Hajj pilgrimage as fast as possible. In general, in literature, the
predictive models are claimed to be changing the process of inventory management from a reactive
to a data-driven, proactive one. With the help of predictions, owners of fuel stations in Saudi
Arabia will be able to minimize the stock of both products and maintain their endurance in demand,

becoming more efficient and reliable.

2.11.2 Delivery Scheduling and Logistics Planning

There has also been the introduction of predictive models to the logistics planning and scheduling
of delivery in fuel station supply chains. Oyewole et al. (2024) observed that, by combining data
on predicted demands with logistics management systems, it is possible to make more efficient
arrangements of tanker truck distribution by fuel suppliers. This optimization allows decreasing
the cost of transportation and the delays of delivery. According to a study by Qasem (2025), in
Saudi Arabia, delivery routes may be very long because distances between the depots and retail
stations may be enormous, and predictive scheduling systems are applied to ensure that routes are
changed in accordance with the real-time shifts in demand and external situations. Ahmed et al.
(2025) pointed out that, when it comes to geospatial predictive analytics, it is possible to determine
demand-intense areas or, instead, run the deliveries on the basis of expected consumption as

opposed to predetermined time frames.

In contrast to conventional milk-run delivery patterns, which are less flexible and may trigger
inefficiencies through, e.g., partial-load deliveries or missed replenishment windows. Liu et al.
(2025) also mentioned that predictive route planning will allow using external data related to traffic
jams, road blockages, and weather-related disruptions, making delivery reliability even better.

Kirdiz (2024) revealed that the predictive models can be helpful in the just-in-time delivery

40



1 ' m afe: VERE () cinevas —

practice applied in the fuel industry to reduce the time necessary to spend at the station level and
provide a fresher fuel quality. This is especially critical in areas where warm temperatures are
likely to cause faster rates of fuel degradation. According to Alsharidah and Alazzawi (2020),
through the timely coordination of fuel delivery with peak demand, the providers can avoid facility
shortages in times of high demand and the associated high costs incurred due to overstocking in

lull periods.

These include reducing wasteful wait time on the part of the delivery vehicles and drivers, which
increases the utilization rates of the delivery vehicles, according to Okeke (2024). This saves on
operational costs, as the delivery process has a minimal carbon footprint since it will meet broader
environmental goals. As indicated by Akinpelu et al. (2023), this efficiency is paramount to
operators in rural Saudi Arabia, where the delivery routes in this region may extend hundreds of
kilometers, and reduced finances compound the consequences of any inefficiency. According to
Sadiq et al. (2023), integrating predictive scheduling with automated dispatch systems can further
ensure responsiveness to unanticipated increases in demand, including sudden tourism upsurges
or unexpected industrial operations. This kind of integration enables dispatch systems to enable
route re-prioritization and alleviation of resource deployment according to current predictive
forecasts. To conclude, literature features predictive delivery scheduling, turning the fuel logistics
into a flexible business evolving with the market changes. This increases the efficiency of
operations and improves resilience against disruptions so that fuel stations can have a reliable

supply regardless of the conditions.

2.11.3 Risk Management and Cost Reduction

Predictive models have proven to be very helpful in risk management of the fueling station
inventory operations. Qasem (2025) suggested that assistant analytics makes it possible to detect
the risks of supply chain breakdowns early due to the observation of the leading indicators, e.g.,
refinery output variation, port delays, and geopolitical conditions. With the expectation of such
risks, fuel station operators can make the necessary adjustments to delivery plans and inventories
ahead of time. The authors discovered that scenario-based predictive modeling (with the help of
such methods as Monte Carlo simulation) enables managers of fuels to consider various what-if

scenarios, including the sudden increase of demand, shortage of supply, and transport failure
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(Ahmed et al., 2025). This helps in coming up with contingency plans that can be put in place in
cases where the deviations in forecasts have exceeded the acceptable levels. This point of view
was confirmed by Oyewole et al. (2024), who have also stated that risk-oriented predictive models
enhance both accuracy and speed of the decision-making process when responding to a crisis.
Regarding cost savings, Okeke (2024) noted that predictive models can reduce the expenses of
holding excessive inventory due to ineffective management since they allow adjusting the
inventory in time and close to the required inventory by predicting it. Krmzit et al. (2024) included
that such models also minimize the presence of last-minute, urgent deliveries, which are costly

services because of high transportation costs and overtime pay of laborers.

Liu et al. (2025) also noted that predictive maintenance of the fleets of the delivery sector, based
on machine learning, which allows examining usage modes and sensor data, could also help
minimize activities related to operational expenses, such as expensive emergency breakdowns and
interruption of a service. Alsharidah and Alazzawi (2020) pointed out that predictive analytics
helps to comply with the regulations of ensuring that inventory movements fit within the quality
requirements, and any noncompliance does not result in fines or negative reputational outcomes
as they occur because of poor fuel products. They associated this with sustainability, saying that
the optimum level of stock and less wastage contribute to Vision 2030 since it addresses the
environmental targets (Akinpelu et al., 2023). Sadiq et al. (2023) mentioned that visual predictive
cost modeling can combine operational forecasts and financial data to achieve more accuracy in
later budgeting and resource allocation. This feature is handy in a market where the government
regulates the price of fuel periodically, which causes business uncertainty to operators as the
revenue stream is at stake. Predictive systems generate advanced capability because they forecast
the variables of demand and costs, providing a broad foundation for strategic planning. Overall,
the literature shows that applying predictive models to inventory management in fuel stations is a
risk prevention measure and a cost-effectiveness factor. These systems help improve operational
resilience through anticipation of interruptions, optimization of inventories, streamlining logistics,

and working towards long-term profitability.
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2.12. Case Studies and Empirical Evidence

2.12.1 International Case Studies on Predictive Models in Fuel Supply Chains

Research findings have proved that using predictive models in fuel chains has simplified
operations in diverse settings. As an illustration, Liu et al. (2025) investigated demand modeling
of the Chinese petroleum retail industry. They revealed that machine learning methods like
gradient boosting and LSTM networks have better abilities to predict the demand than
conventional linear regression, basing discussions on the cross-validation results. These models
worked very well when there was fluctuation in demand, i.e., the times around the public holidays
or fuel price corrections. Based on the predictions of the models, the authors documented a 12-15
percentile improvement in the inventory turnover efficiency by adopting predictive models.
Likewise, Kirmizi et al. (2024) examined fuel distribution processes in Turkey, where the regional
mismatches in supply and demand tend to disrupt the stability of inventories. As the authors report,
the predictive analytics combined with Geographic Information Systems (GIS) saved an average
of 8 percent in delivery distances and 20 percent of stockouts when applied in a 12-month
implementation regime. The outcomes indicated that predictive data-driven route optimization

may produce enormous savings with better service delivery.

Oyewole et al. (2024) reported using hybrid predictive models in the UK fuel retail sector in
Europe. With many operators linking ARIMA time series procedures to random forest
algorithmizations, the operators were more adaptable to the unexpected consumption changes
brought forth by weather conditions and local disturbances. The hybrid model was beneficial as it
helped to cope with random surges in rural settings, which can be compared to the operations of
remote Saudi Arabia stations. Ahmed et al. (2025) carried out a case study in the United Arab
Emirates (UAE) whereby predictive analytics implementation was utilized to control the fuel and
non-fuel retail inventory in integrated service stations. Using macroeconomic indicators and
mobility-related information, the predictive system decreased overstocking by 14 percent and
provided an increase of 18 percent in the overall efficiency of delivering schedules. The authors
underlined that predictive models have been most effectively integrated both into the idea of the
enterprise resource planning (ERP) systems and into their operational practices. A combination of

these foreign precedents suggests that predictive modeling results in quantifiable accomplishments
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in the administration of fuel stocks in terms of enhanced demand analysis, routing, and dynamic
scheduling. The cases emphasize the portability of these techniques to markets facing similar
problems in Saudi Arabia, such as geographic dispersion, weather extremes, and demand patterns

that vary over time, as is the case in Saudi Arabia.

2.12.2 Regional and Middle Eastern Applications

In the Middle East, predictive model utilization in the fuel supply chains has been shaped by the
sudden pace of digital transformation undertaken by the Gulf Cooperation Council (GCC) states.
In an individual case study by Qasem (2025), a pilot in the Kingdom of Saudi Arabia, where one
of the significant national fuel distributors deployed the predictive models of demand to a network
of 120 stations, was reported. The project combined weather previews, the fuel price fluctuation,
and the historical consumption rates to form a real-time analytics dashboard. In more than six
months, the stations showed a reduction in emergency trips to restock by 25 percent and an increase
in the average turnover in inventory by nine percent. Akinpelu et al. (2023) studied predictive
scheduling systems in Oman, where the logistical condition of the fuel stations in desert locations
is the same as in Saudi Arabia. The study established that delivery route plans through the
incorporation of predictive forecasts diminished the cost of fuel transportation and delivery
mileage by 7 percent and 11 percent, respectively. The authors observed that even higher cost
savings could be achieved when predictive maintenance scheduling in delivery fleets is
implemented. Sadiq et al. (2023) performed an analysis of predictive analytics to mitigate the risk
of supply in Dubai and Abu Dhabi during peak seasons of tourism by using the case in the UAE.
The prediction systems were based on event information in real-time, flight arrival rates, and
measures of traffic density. This was a way to enable operators to change replenishment schedules

preemptively and minimize the occurrence of out-of-stuff during peaks by 18%.

As shown by Alsharidah and Alazzawi (2020) in the case of Kuwait (fuel industry), predictive
inventory control systems have been implemented, and they have automated tanker sending. Using
GPS tracking in combination with predictive algorithms allowed dynamic rerouting to satisfy
unexpected demand expansions. The analysis concluded that there was an increase of 22 percent
in the operational responsiveness without expanding the delivery fleet. These regional studies

strengthen the fact that predictive modeling is applicable in the Middle Eastern fuel markets since
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they share some characteristics, including enormous geographical scope of service, hostile climate
conditions, and strong seasonal demand. Based on the fact that there are neighboring countries
within the GCC category, the literature has indicated that the experiences of neighboring countries

are applicable to optimizing the fuel station supply chains of Saudi Arabia.

2.12.3 Saudi Arabian Case Evidence and Pilot Projects

An increasing body of empirical evidence exists both within Saudi Arabia itself and in the realm
of operators and regulators who have begun to invest in predictive analytics. According to Okeke
(2024), one of the cases reported includes a retail network with a branch in Riyadh that developed
an inventory management system that comprises machine learning demand estimation. The system
took into account the day-of-week sales trends, school holiday schedules, and regional changes in
fuel prices. The company recorded an average stock reduction of 15% in one year of trial without
lowering the quality of service. Qasem (2025) published the news about the trial implementation
of predictive inventory systems at some of the company's stations. These predictive models were
coupled with the current SCADA (Supervisory Control and Data Acquisition) system of the
company to monitor storage tank levels on a real-time basis. Preliminary findings showed that
manual stock audits were cut by 70 percent and that there was greater refinery-dispatch-retail

alignment.

By Ahmed et al. (2025), an exploration of the partnership between one of the personal fuel retailers
and an artificial intelligence technology company was conducted. The project was centered on
predictive scheduling and delivery of stations in the Eastern Province. The predictive system,
which considers tidal information (important when delivering fuel to ports), industrial activity
projections, and satellite weather tracking, was able to save the retailer 21% of its emergency
restocking runs. Kirsiz (2024) also cited a pilot study located in Saudi Arabia, in which delivering
delicacies during the pilgrimage to Mecca was optimized using predictive algorithms. Since the
transportation activity was increasing then, the models of general prediction to include the
pilgrimage traffic data, hotel occupancy rates, and past consumption trends served extremely well
in improving the timeliness of deliveries. During the event, the study recorded no instances of fuel
outage at participating stations. Taken together, these Saudi-specific examples strongly support

the idea that predictive models have the potential to increase inventory efficiency, streamline
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operations and costs, and generate resilience toward demand fluctuations. Although the large-scale
implementation is still in its early stages, the pilot projects reveal that predictive analytics can be
implemented successfully in the context of the particular operation specifics in Saudi fuel stations'

supply chains.

Author/Year Country/Regi Context/Industry = Model/Method Key Outcome

on Used
Liu et al. China Petroleum Retail LSTM & 12-15%
(2025) Gradient improvement in
Boosting inventory
turnover
Kirmizi et al. Turkey Distribution GIS + Predictive 8% reduction in
(2024) Networks Analytics delivery distances
Oyewole et United Fuel Retail Sector =~ Hybrid ARIMA + Improved
al. (2024) Kingdom Random Forest adaptability to
demand spikes
Qasem Saudi Arabia National Fuel Real-time 25% reduction in
(2025) Distribution Pilot ~ Predictive emergency fuel
Dashboard deliveries

Table 2: Consolidated summary of International, Regional, and Saudi Case studies on Predictive
Analytics in the petroleum supply chain

2.13. Cost Reduction Outcomes of Predictive Inventory Models

2.13.1 Reduction in Holding Costs

Holding costs, formed by all expenses spent on storage, insurance, depreciation, and obsolescence,
are an enormous part of the operational expenses at fuel stations. According to Okeke (2024), one
should be aware that high inventory levels usually tie up working capital and become vulnerable
to risks posed by fuel quality erosion, especially in hot climates such as Saudi Arabia. The issues
above are dealt with by predictive inventory models, which optimize stock levels to spring closer
to the expected demand, decreasing the time and quantity of fuel held in stock. In a Saudi pilot
study described by Qasem (2025), the stations using predictive analytics lowered the average
holding costs by 13 percent due to better demand forecast and a dynamic replenishment schedule.
This observation is in line with Krmz et al. (2024), who reported predictive algorithms reduced

average inventory days-on-hand by 14 to 10 without necessarily generating augmented stockout
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cases in the Turkish fuel industry in the Turkish fuel industry. The authors explained this
performance gain because the predictive models could fix reorder points according to the historical
and current data fed to the models. As suggested by Liu et al. (2025), seasonal adjustment is
essential to minimize the holding costs. They tested the Chinese petroleum market and determined
that predictive systems that considered weather patterns, holiday schedules, and macroeconomic
indicators produced a 9 percent savings in expenses associated with storage relative to stations that
used historical averages. The flexibility in increasing or reducing the amount of inventory per the

future demand cycles reduced wasted funds on stocking excess fuel and its consequences.

Studying the area of the Middle East, Akinpelu et al. (2023) investigated fuel outlet processes in
Oman. They noted that applying predictive analytics in conjunction with enterprise inventory
systems helped operators optimize the amount of fuel to be ordered on a dynamic basis. This
strategy cut down incidences of excessive inventory piling before low-demand times, saving
holding costs directly by 8 per cent in a month's assessment period. Sadiq et al. (2023) concluded
that the decrease of holding costs positively affects the profitability in a compounding manner
since capital that was unnecessarily held in costly storage can be transferred to other types of
investments that can be classified as productive in terms of profitability. This financial freedom is
particularly significant within the competitive fuel market of Saudi Arabia, where margins are
subject to being tightly regulated. In general, literature has continued to show that predictive
inventory models minimize the holding costs, allowing the company to know how to restock and
when without guessing. These models save costs by avoiding overstocking, reducing storage time,

ensuring quality fuel, and observing governmental regulations.

2.13.2 Optimization of Transportation and Delivery Costs

Transportation and delivery costs are another significant part of the fuel supply chain expenses.
According to Ahmed et al. (2025), the case in Saudi Arabia, where long distances between its
depots and rural stations are the norm, reflected in inefficient routing and provision of ineffective
timings of all deliveries in the country, can cause an even greater increase in expenses. One way
to eliminate these inefficiencies is through predictive models, which can synchronize delivery
schedules with future demand trends. Oyewole et al. (2024) presented data from the UK fuel

industry, in which predictive route planning decreased tanker miles by 7% and delivery fuel by
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5%, and all transportation costs saved more than 933 thousand GBP annually. Although its
operating environment is not similar to that of Saudi Arabia, the idea of matching the deliveries

with demand applies directly.

Kirimiz et al. (2024) noted that in Turkey, predictive analytics supported by GIS tools enabled the
delivery operators to cluster the deliveries by geographical locations and consumption prediction
rates and reduce the per delivery cost by 6%. The decreased number of partial-load trips and
removal of wasteful emergency dispatching explained this decrease. This is especially applicable
to Saudi Arabia due to its capacity to be overwhelmed by peak demand at short notice, which in
other cases would trigger last-minute delivery at a considerable cost. In a case documented in
Qasem (2025), predictive delivery planning under a Saudi-based case realized -11 per cent cost
savings on transport in a 12-month trial compared to the prior arrangement. It used live traffic,
weather forecasts, and event schedules to develop dynamic routing schemes on the model. These
paths have achieved the best travel time and efficiency in the use of vehicles, which has helped in

cutting down the overtime cost a driver incurs, while boosting the effectiveness of the fleet.

Liu et al. (2025) also stated that another way the delivery costs could be reduced with the help of
the predictive model is the integration process with the predictive maintenance systems of tanker
trucks. Predicting mechanical faults according to usage patterns allows fleet operators to conduct
preventive checks in a way that does not interfere with delivery timelines and ensures that
emergencies cause no costly downtime. On a sustainability note, Akinpelu et al. (2023) observed
that optimized transportation schedules are also associated with reducing carbon emissions, which
aligns with the Saudi Arabia Vision 2030 environmental goals. Such environmental advantage
may also be transformed into long-term cost savings because regulations are becoming more
appealing to reduce emissions within logistics processes. The literature is persuasive regarding
using predictive models to lower transport and delivery costs. Predictive analytics help to achieve
both short-term cost-saving benefits (through facilitating demand-based scheduling, optimizing

routing, and avoiding costly emergency routes) and long-term operational resilience.
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2.13.3 Minimization of Emergency Replenishment and Stockout Costs

Emergency replenishment is one of the most costly inventory management in fuel stations.
According to Okeke (2024), delayed deliveries usually have high transport costs, turnaround
logistics. They may also include legal penalties in case of failure to deliver the supplies to the
relevant critical customers. With the help of the predictive models, the occurrence of such events
is limited to a significantly lower margin since the predictive models correctly forecast demand
spikes and possible supply chain failures. According to Qasem (2025), predictive inventory
systems cut down emergency, i.e., replenishment trips in Saudi pilot projects by 22 percent in 6
months. This was one of the many areas that were improved by the fact that real-time consumption
monitoring was integrated alongside demand forecasts, making it easier to make proactive
adjustments to the delivery schedules. Ahmed et al. (2025) recorded the same in the UAE, where
predictive analytics lowered the cost of urgent delivery by about 18 percent without cutting off the

service longer in the tourist season.

Quantitative data Liu et al. (2025) contributed quantitative data in the Chinese petroleum industry,
where the predictive models of inventory to include the forecasts of economic activity, combined
with mobility data, were able to at least reduce losses (stockout-associated) by 15 percent. With
the models, operators could pre-position inventory in high-demand avenues before the predicted
surge in demand, e.g., on public holidays or in significant events. In GCC, Akinpelu et al. (2023)
made it clear that predictive replenishment systems solve the problem of reputational loss when
dealing with stockouts that can be particularly expensive in markets with a tightly regulated price
and low brand differentiation. The concern of availability has a significant impact on customer
loyalty in fuel retail, and frequent outages may cause long-term revenue loss that far surpasses the

short-term cost of replenishment.

Kirmiz et al. (2024) added that the lost sales on ancillary goods and services at the fuel stations
are also indirect costs of stockouts mitigated via predictive systems. Most new Saudi stations are
combined retail facilities, which gives them the potential to be revenue loss sources due to fuel
shortage, due to the availability of convenience outlets, cafes, and car service facilities. According
to Sadiq et al. (2023), predictive analytics has its strategic value: early warning capability.

Predictive systems can raise flags of possible supply threats far in advance by including scenarios
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like refinery maintenance schedules, port congestion reports, and extreme weather alerts, and using
these signals to develop contingencies that avoid costly breakdowns before they happen. In total,
the literature validates that the role of the reduction in the cost of emergency replenishment and
the cost of stockouts is significant among the overall cost reduction appeal of the predictive
inventory models. These systems allow inventory management to be situated on a proactive rather
than reactive level, which protects the operations and brand image in the competitive fuel market

in Saudi Arabia.

2.14. Challenges and Limitations in Implementing Predictive Models in Fuel Station Supply
Chains

2. 14.1 Data Quality and Availability Issues

The quality, completeness, and time sensitivity of the input data are crucial to the effectiveness of
the predictive inventory models. Okeke (2024) also pointed out that poor or random data on sale
quantities, storage tank levels, and delivery times and hours may significantly compromise forecast
accuracy. Most fuel stations in Saudi Arabia, especially those in rural or remote locations, use
either manual data entry or their reporting processes have become obsolete, thus enhancing the
chances of recording errors and delays. Qasem (2025) reported that the absence of historical
demand data in digital form is one of the significant obstacles to the predictive analytics
implementation within the Saudi fuel supply chains. Until a significant period of years of clean
and structured data is available, the state-of-the-art-based algorithms, e.g., machine learning
models, will not be able to develop decent forecasts. This specially creates a problem for

independent operators of the station who might lack central data management systems.

In UAE pilot projects, according to Ahmed et al. (2025), point-of-sale systems and central
inventory databases integration was another frequent issue, either because of integration not
occurring at all or because of late integration. Predictive models can only be used efficiently with
near-real-time data in order to dynamically replenish such that the mismatch between the results
calculated by the model and the actual needs can severely diminish effectiveness, especially when
it comes to a gap as short as a couple of hours. Liu et al. (2025) specified that external sources of

data, i.e., weather forecasts, economic indicators, and traffic reports, are incomplete or of varying
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quality within developing markets. Such data streams have to be innovative and consistent to
achieve the best accuracy in predictive models and ideally fit in the forecasting pipeline. Another
issue that restricts the performance of a predictive model, argued by Akinpelu et al. (2023), is
ineffective data governance. Failure to have uniformity in data definitions and quality control
practices along the supply chain may make the measurement units, time zone, and product codes
inconsistent, which would be misinterpreted and result in wrong forecasts. The case of Saudi
Arabia is an example of how the high rate of digitalization, mainly under Vision 2030, creates
chances to enhance the quality of the data by upgrading the infrastructure; however, the shift in
time might lead to operational risks. Predictive models will always have inherent limitations in
terms of accuracy and robustness until full automation and standardization of data collection in an

industry are achieved.

2.14.2 Technological Infrastructure and Integration Constraints

Implementation of predictive inventory models involves a strong technological infrastructure that
includes a fast internet connection, enterprise integration systems, and stable cloud or on-premise
computing facilities. Kirmizi et al. (2024) found that in the Turkish fuel industry, the existence of
forecasting systems with no real-time connection with existing enterprise resource planning (ERP)
systems was one of the main challenges towards the adoption of predictive analytics. Qasem
(2025) indicated that in Saudi Arabia, technological fragmentation is a hindrance. Most of the fuel
retailers run legacy point-of-sale including inventory tracking and logistics management systems,
not suited to provide opportunities to integrate predictive analytics solutions. The cost of upgrading
such systems or installing a middleware solution may be quite expensive and tends to be disruptive
to any continuous operations. In one example presented by Ahmed et al. (2025), the introduction
of the predicted model in the UAE was a success only after extensive investment in cloud data and
APIs-based data sharing among other systems used in operation. This underlines the fact that a
significant amount of upfront investment is required in terms of capital spending, which could

scare off smaller operators, potentially not considering predictive models.

Along with other difficulties, such as connectivity in remote locations, Okeke (2024) observed that
the use of real-time predictive systems is also complicated. In the absence of a stable network

connection, the up-to-date data cannot be uploaded to cloud-based models, and the process of
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making forecasts will be slower. This challenge might be handled with the help of offline-first
solutions, though this approach would necessitate evolving and maintaining the system with
additional expenses. According to Akinpelu et al. (2023), the issue of cybersecurity has also
become a burning one in terms of predictive model deployment. The vulnerability of data leakage
or the intrusion of systems is bound to rise as we continue to share more and more operational data
at interconnected platforms. This would require an investment in superior cybersecurity protocols
and employee training, further complicating implementation. The literature indicates that the
effective launching of predictive models into the Saudi fuel station supply chain would require
interoperable standards with a coordinated structure, efforts between the technology vendors,
operators, and regulators regarding the infrastructure readiness. This is a prerequisite to the
provision of consistent results in a fractured technological landscape, with even the most advanced

predictive algorithms.

2.14.3 Organizational and Human Resource Barriers

Along with data and technology, organizational readiness is also a key element to the successful
adoption of predictive inventory models. In their article, Liu et al. (2025) stated that predictive
analytics involves the usage of both technical means and a workforce that would be able to process
the outputs of models and translate them into operational decisions. The skills gap in data literacy
1s prevalent in most fuel retail organisations and may lead to a lack of utilization of the predictive
systems. Qasem (2025) reported that resistance to change in the case of Saudi pilot projects was
one of the barriers, with station logistics coordinators and managers being the most resistant to
change. The operators who were used to the traditional replenishment strategy were often reluctant
to use the principle of algorithms as the basis of decision-making because they feared that the
automated system would miss the local specifics of operation. According to Ahmed et al. (2025),
in the UAE, to achieve successful implementation of predictive analytics, it was necessary to train
the staff considerably and develop clear standard operating procedures to be followed regarding
the use of forecast outputs. Otherwise, it was possible to filter the possible cost and efficiency
gains due to a tendency of staff to override the predictive recommendations with manual

judgments.
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According to Okeke (2024), leadership commitment is one of the factors that determine predictive
model success. Where the top management was fully engaged in promoting the concept of data-
driven decision-making, the degree of adoption and operational consequence was substantially
elevated. On the other hand, in case the implementation of predictive analytics was considered a
self-sustaining IT project, the outcomes were less sustainable. Workforce turnover, added
Akinpelu et al. (2023), can impede the continuity of the predictive model usage. In high-turnover
workplaces, newer employees might not be familiar with analytics systems, which would demand
consistent investment in training to retain efficient use of the systems. These human resource gaps
can be overcome in the Saudi context through focusing on digital skills development, as laid out
in Vision 2030. Yet, according to the literature, it will take more than technical training to elicit
sustainable cultural change towards predictive decision-making; it will play out as a difference in

culture within an organization by instituting a preference for viewing data as an organizational

strategic asset.

Challenge Description Impact on Supply Reference
Chains Example
Data Quality & The accuracy of the model ~ Results in a run-down Liu et al.
Availability is compromised by making of decisions and  (2025)
inconsistent or lacking inaccurate forecasts.

demand, weather, and sales

data.
Technological 0T, cloud computing, and Between small and big Kirmizi et al.
Infrastructure analytics tools are not enterprises in the digital  (2024)

widely used, particularly by  sphere.

independent stations.

High In starting expenditure on Predictive solutions are ~ Oyewole et al.
Implementation gear, trained labour, and discouraged for SMEs. (2024)
Cost predictive software.
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Skilled The petroleum industry Models are misused or Qasem (2025)
Workforce lacks qualified data underutilized, which
Shortage scientists and specialists in ~ lowers their accuracy.
analytics.
Organizational Conventional managers find  Slows the cultural Alharbi
Resistance it difficult to believe the adoption of decision- (2023)
forecasts generated by Al. making based on facts.
Regulatory & Predictive adoption is Lessens the motivation Saudi Vision
Policy Barriers constrained by rigid fuel for operators to utilize 2030 Report
pricing and regulations of predictive models for (2022)
the supply chain. optimisation.

Table 3: Key Challenges and Limitations in implementing predictive Analytics in the Petroleum

supply chain

2.15. Future Research Directions and Implications for Saudi Arabia

2.15.1 Advancements in Predictive Modelling Techniques for Fuel Supply Chains

In the literature, there is a possibility of an emerging state in predictive inventory management
applications in fuel supply chains, and so much could be done using improved procedures and
approaches. As Liu et al. (2025) pointed out, the application of artificial intelligence (Al) and deep
learning to time-series forecasting has been more than competitive in terms of accuracy as
compared to the traditional time-series models and regression-based forecasts, which also
delivered ample accuracy. These models can work on very large datasets, such as the historical
sales, weather, mobility, trends, and macroeconomic data, and extract some nonlinear relationships
that other simpler models may fail to spot. Qasem (2025) advised that the next study (by
researchers in Saudi Arabia) should be devoted to hybrid modelling strategies that can imply the

synthesis of statistical forecasting and machine learning algorithms. This hybrid system may help
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in dealing with the fluctuation tendencies of fuel demand, especially during special occasions such

as Hajj and Ramadan, when consumers deviate in remarkable ways.

The flexibility of machine learning would enable the prediction to change continuously as a new
stream of data flows in. According to Kirmiz et al. (2024), reinforcement learning will also be
included in predictive systems, thus optimizing the schedule of inventories and delivery in the
future. In contrast to the static forecasting approaches, the reinforcement learning agents may learn
based on prior performance during the operations, and make smarter decisions regarding start-
reorder points and routing transportation chains. Another potential field of research that Ahmed et
al. (2025) highlighted is the application of Internet of Things (IoT) sensors and edge computing
systems through which real-time, high-frequency measurements of the tank level, temperature, and
throughput can be made. For example, in a Saudi environment where the high temperatures may
impact negatively on the quality of fuels, predictive models have the potential to make use of this
information to preempt the spoilage of the products, hence adjusting the length of replenishment

accordingly.

Okeke (2024) claimed that in future research efforts should be put into making models explainable,
particularly in an industry where the decision-maker is reluctant to trust the solution on which they
cannot shed any light. Approaches such as SHAP (Shapley Additive exPlanations) may make
forecasts developed by Al systems more understandable, facilitating the perception of the logic
behind recommendations by operational managers; therefore, raising the proportion of their
acceptance rates. Conclusively, developments in Al, hybrid forecasting, reinforcement learning,
integration of the IoT, and making models interpretable are likely to be the most significant
domains of future studies on predictive modeling in the supply chains of fuel stations in Saudi
Arabia. These innovations may lead to further cost savings and reliability of the service, and they

may also fit into the larger course of the Kingdom to be a leader in technology within Vision 2030.
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2.15.2 Integration with National Energy Policy and Sustainability Goals

When implementing predictive inventory systems in Saudi Arabia, it is necessary to have them in
the context of the national energy policy and national sustainability ambitions. Akinpelu et al.
(2023) have emphasized that fuel distribution policies must follow the new alignments to
environmental objectives more and more as the Kingdom prepares to implement its Vision 2030
(including lowering greenhouse gas emissions and enhancing energy efficiency). Predictive
analytics will be able to support these objectives by rationalizing transportation networks,
lessening any wasted tanker voyages, and unnecessary fuel storage, thereby lessening the carbon
usage of the activities. Ahmed et al. (2025) claimed that in the future, the role of predictive
inventory models in breaking renewable fuel sources into the supply chain must be studied. As
Saudi Arabia slowly ramps up its alternative fuel (including biofuels and synthetic fuels)
production and their storage and handling patterns differ, predictive systems of that particular
product will have to take into consideration that fact. The transitional stage may bring in
sophistication in forecasting that may necessitate a unique modelling strategy. Another author,
Qasem (2025), made a suggestion that one could also conduct a study in relation to predictive
inventory management to fuel subsidy reforms in Saudi Arabia. With a tendency to change pricing
pressures more towards market orientation, the consumer demand may be more sensitive to
movements in prices, and models would be needed where the elasticity of fuel prices with respect

to demand would be included.

Kirimizi et al. (2024) suggested that investigations of predictive systems should be developed with
national reserve policies of fuel during emergencies. When there exists geopolitical uncertainty or
supply chain issues, predictive models may prove critical to keeping strategic levels of fuel supply
at the same time remaining responsive to the commercial requirement. Okeke (2024) observed that
the performance measures relating to sustainable practices need to be incorporated in the predictive
inventory programs so that, in trying to reduce the cost, the environmental performance targets are
achieved. As an example, the predictive models might prioritize the schedules of deliveries that
allow minimizing emissions, even though it would raise the costs of transportation a bit, so that
they fit the more extended sustainability promises of the nation. Finally, predictive inventory

management meets the energy policies and sustainability goals in Saudi Arabia and forms a
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promising research field. With the operational efficiency balanced with environmental and policy
objectives, predictive models have the potential to serve both economic and ecological resilience

in the fuel supply chains in the Kingdom.

2.15.3 Building Industry-Wide Collaboration and Data-Sharing Ecosystems

One of the themes repeatedly discussed in the literature is that predictive analytics in the fuel
supply chain industry can be much more effective when the data is collected across all stakeholders
and distributed to all stakeholders. According to Liu et al. (2025), it is possible to achieve an
increase in the accuracy of forecasts of up to 20 percent in those markets in which suppliers,
distributors, and retailers share their operational data. Competitive and regulatory constraints on
such collaboration have been more traditional in Saudi Arabia, though. Future studies ought to
find out whether such large-scale prediction platforms at the industry level are actually viable,
possibly facilitated by a third party or government agency (Qasem 2025). These types of places
may be able to pool anonymized sales, delivery, and storage information across operators to make
more reliable demand forecasts locally and nationally. According to Ahmed et al. (2025), one of
the possible applications of blockchain technology is the establishment of transparent, safe data-
sharing environments. Through distributed ledgers, stakeholders would be able to share data
without coming into the competitive confidentiality territory, and at the same time, enjoy the

benefits of shared forecasting predictions.

Through such collaboration, Okeke (2024) highlighted the need to standardize data formats as well
as interoperability protocols to encrypt information shared among interconnected parties. Lack of
a standardized framework of data exchange would mean that the integration of predictive models
in various institutions would be held back, and the benefit of shared intelligence would be lower.
Akinpelu et al. (2023) claimed that emergency response plans could also be assisted by
collaborative predictive analytics. During events like weather-driven extreme, supply chain
disruption, etc., it would be possible to predict the delivery and allocations with a common
predictive application to allow/coordinate delivery across independent business operators and
hence, reduce shortages, and distribute evenly between operators. Policy-wise, Kirmizit et al. 2024
pointed out that the government incentives, i.e., tax breaks, subsidies (or other terms identified

with a contract between the operator and the government), could motivate operators to take part in
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their data-sharing programs. In a possible future study, one would be able to evaluate the cost-
benefit consequences of such policies, in this case, long-term resilience and efficiency gains, on
the Saudi Arabian fuel sector. To conclude, creating collaborative, data-driven ecosystems where
all the parties involved in predictive inventory management share their information may turn out
to be a groundbreaking move in the Saudi fuel business. Such systems may enhance the accuracy
of forecasts, help in cutting costs of operations, and enhance resilience of supply chains within the

sector by leveling silos and creating intelligence sharing.

2.16. Research Gap and Study Contribution

Although there has been an increasing cumulative literature regarding predictive inventory
management in the global supply chains, it is quite evident that there lack of focus on the fuel
station industry in Saudi Arabia. Liu et al. (2025) explained that the focus of previous studies was
mostly towards other industries like retail or manufacturing, or on logistics in general, and the fuel
distribution is usually analyzed as just a part of the petroleum supply chain. This generalization
pattern does not take into account the various operational needs of fuel station networks since they
require strict safety protocols, handling procedures that are product-specific, as well as
uninterrupted service being paramount, especially in geographic areas that are far-flung. In the
Saudi market, context-specific research is not available; thus, global results cannot be fully applied

to the Saudi context because of the differences in logistical issues and consumption patterns.

Qasem (2025) claimed that another weakness is also a geographical bias in the current body of
research on predictive models. The existing knowledge base is mostly based on a case study in
technologically developed economies like the United States, Japan, and Western Europe. Saudi
Arabia is making good progress on digital transformation efforts as part of Vision 2030; yet,
infrastructure building and technology adoption are erratic among regions. This presents an
implementation environment that is new and has special issues that have not been catered to by
models that are built to cater to fully mature digital conditions. As a result, Saudi Arabia's fuel
distribution business decision-makers tend to use external benchmarks and, therefore, can fail to
appreciate the market volatility of local fuel demand, seasonality, and policy-based changes in

prices. Another methodological gap that Ahmed et al. (2025) unveiled is that some predictive
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models have often been made on past data on demand, with minimal input of environmental and
socio-economic variables. Such omission is especially relevant in Saudi Arabia, where extreme
weather patterns and fluctuations in world oil prices, geographical location, as well as religious
festivals like Hajj as well and mass public holidays, may result in dramatic peaks in demand over
the very short term. Failure to incorporate these externalities may negatively affect the accuracy
of the existing forecasting strategies by either overstocking or running out of stock at the point of
sale, thus becoming very expensive. Okeke (2024) noted that although many studies show
increased efficiency in operating with predictive analytics, there is little evidence that fully details
the monetary amount of business-related cost savings. The gap in the details of financial analysis
is a major missing aspect, particularly in the case of the fuel stations in Saudi Arabia, where the
costs of transportation, costs of holding inventory, and the costs of emergency deliveries premiums
comprise substantial percentages of operational budgets. The stakeholders may not be willing to
invest in predictive technologies and continue with their reservations even after the theoretical
advantages, unless there is a real-life demonstration of the financial payoff. Another idea
highlighted by Akinpelu et al. (2023) is that technological solutions cannot be considered
separately when organizational readiness is mentioned. The interaction of the level of skills in the
workforce, management attitude, as well as the organisational culture, on the adoption and
continued use of the predictive systems in the fuel supply chain in the Middle East is also lacking
scholarly examination. This socio-technical aspect is critical to the fact that sophisticated
predictive applications cannot have a tendency to be underutilized once they have been

implemented.

To overcome these gaps, this study will further entail providing a specifically Saudi Arabia-
focused empirical review of predictive model effectiveness of the fuel station supply chains
encompassing the urban and highly remote operational situations. This will combine a variety of
information—sales history, [oT sensor readings, weather outlooks, large events schedules, etc., to
make forecasts more accurate. The study will also measure cost savings with several criteria of
operation to provide solid financial justification for adopting a predictive model. It will
additionally examine factors of organizational readiness, which include lack of training needs,

managerial commitment, and cultural inclination towards data-driven decision-making. Lastly,
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matching the policies of Vision 2030 with the findings of the study, it will make sure that the
recommendations made will not only be based on academic rigor but also interesting to the
industry stakeholders as well as to national planners. That way, the study will fill this existing gap
between international theory and local practice and, thus, not only develop theory but put theory

into practice to help predictive inventory management within the fuel station industry in Saudi

Arabia.
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2.17 Comparative Table:
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Author— Context/Region | Method Purpose/ Aim | Findings Limitations Relevance to
Year Used Objective KSA
aie: 'W’Je"“‘“”“' [
Liu et al | Chi LSTM & improve | Achieved 12— | Focused on | Highly
(2025) Gradient demand 15% urban retail | relevant  for
Boosting forecasting improvement in | stations; lacks | Saudi Arabia’s
accuracy and | inventory rural urban  hubs
optimise turnover  and | applicability. like  Riyadh
inventory reduced and  Jeddah,
turnover using | forecasting with  similar
Al-based errors demand
models in | significantly. volatility.
urban fuel
stations.
Kirmizi et | Turkey GIS + | To reduce | Delivery Limited  fuel | Valuable for
al. (2024) Predictive | delivery distances type diversity; | optimising
Analytics | distances and | reduced by 8%; | regional scope. | logistics in
stockouts by | stockouts Saudi Arabia’s
integrating decreased by geographically
geographic 20%; improved dispersed fuel
data with | route network.
predictive efficiency.
algorithms.
Oyewole et | UK Hybrid To  enhance | Demonstrated | Climate- Useful for
al. (2024) ARIMA + | responsiveness | high specific model; | managing
Random to demand | adaptability to | limited seasonal
Forest spikes and | seasonal spikes during
improve demand Hajj,
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forecast fluctuations transferability | Ramadan, and
accuracy in | and improved | to arid regions. | tourism surges
volatile  fuel | forecast in Saudi
markets. precision. Arabia.
Qasem Saudi Arabia Real-time | To reduce | Emergency Pilot study with | Directly
(2025) Predictive | emergency deliveries limited applicable to
Dashboard | deliveries and | reduced by | scalability; Saudi fuel
improve 25%; inventory | small ~ sample | stations; aligns
inventory turnover size. with  Vision
turnover using | increased by 2030
real-time 9%; and digitalisation
analytics  in | enhanced goals.
Saudi fuel | operational
stations. control.
Ahmed et | UAE ERP + | To minimise | Overstocking Focused on | Relevant for
al. (2025) Predictive | overstocking | reduced by | integrated Saudi’s
Analytics | and improve | 14%; delivery | stations; lacks | integrated
delivery scheduling standalone retail networks
scheduling improved by | station data. and urban fuel
through ERP- | 18%; and chains.
integrated enhanced
predictive supply  chain
systems. coordination.
Akinpelu et | Oman Predictive | To reduce | Mileage Limited to | Applicable to
al. (2023) Scheduling | transportation | reduced by 7%, | desert logistics; | Saudi Arabia’s
costs and | transportation | lacks urban | rural and
delivery costs lowered | applicability. desert stations,
mileage in | by 11%; especially in
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desert fuel | improved Eastern  and
logistics using | delivery timing. Northern
predictive regions.
scheduling
tools.
Sadiq et al. | UAE Event- To manage | Stockouts Focused on | Useful for
(2023) Based inventory reduced by | tourism-centric | Saudi’s
Predictive | during 18% during | demand; lacks | pilgrimage and
Models tourism-driven | peak seasons; | industrial fuel | tourism zones
demand surges | improved data. like Makkah
using traffic | inventory and Madinah.
and event data. | responsiveness.
Alsharidah | Kuwait GPS +| To  enhance | Responsiveness | No cost-benefit | Relevant  for
& Alazzawi Predictive | operational increased by | analysis; lacks | improving
(2020) Algorithms | responsiveness | 22%; improved | financial responsiveness
without dispatch metrics. in Saudi’s
expanding coordination high-traffic
fleet size using | without urban stations.
GPS- additional
integrated infrastructure.
predictive
tools.
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Okeke Saudi Arabia ML To reduce | Stock  levels | Limited to | Strong
(2024) Demand manual audits | optimised by | Riyadh region; | relevance for
Estimation | and improve | 15%; manual | lacks national | digital
+ SCADA | inventory audits reduced | generalizability. | transformation
Integration | accuracy by 70%; in Saudi
through improved Arabia’s  fuel
machine digital control. sector;
learning  and supports
SCADA Vision 2030
integration. goals.
Aljohani Saudi Arabia ML + ERP | To  improve | Dispatch No  financial | Supports the
(2023) Integration | dispatch timing impact national
efficiency and | improved; assessment; digitalization
inventory inventory lacks cost | strategy;
visibility using | accuracy metrics. applicable to
ERP- enhanced; both urban and
integrated better semi-urban
machine coordination stations.
learning across  supply
models. chain nodes.
Krmzi et al. | Turkey Predictive | To reduce | Inventory days | No analysis of | Useful for
(2024) Algorithms | inventory reduced from | demand reducing
days-on-hand | 14  to  10; | variability; holding costs
and improve | improved fuel | static model | in Saudi
fuel rotation | freshness and | assumptions. Arabia’s  hot
using reduced climate, where
predictive holding costs. fuel
analytics.
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degradation is

a concern.
Fatima & | Global Time- To  improve | Effective in | Poor Highlights the
Rahimi Series forecast stable markets; | adaptability to | need for
(2024) Forecasting | accuracy  in | improved long- | volatile or | hybrid models
stable demand | term planning | seasonal in Saudi’s
environments | and markets. dynamic and

using  time- | procurement. seasonally
series models. variable  fuel

market.

Culot et al. | Global Systematic | To assess the | Al adoption | No fuel-specific | Supports
(2024) Review impact of Al | improves focus; general | broader Al
adoption  on | agility, industry review. | adoption  in
supply chain | responsiveness, Saudi Arabia’s

agility and
responsiveness
across

industries.

and decision-

making speed
across  supply
chains.

supply chain
modernisation
and
infrastructure

planning.
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3. Chapter 3- Research Methodology

3.1. Research Hypothesis

A series of hypotheses that fit with the study's purpose and key question to understand how
predictive models influence the cost savings and the efficiency in inventory management in the
Saudi Arabian supply chains of fuel stations were provided. As predictive analytics is relatively
understudied in this industry, the hypotheses were used to channel the investigation and the
freedom needed in a qualitative study. The central research hypothesis was that implementing the
predictive models positively affected the efficiency of inventory management in the Saudi fuel
filling stations. This premise was based on previous studies that showed the predictive analytics'
capacity to improve demand forecasting performance, stockout risk in many industries. In the
Saudi scenario, in which the demand for fuel is geography-based, season-imated, and traffic-
density driven, predictive models had been anticipated to help in forecasting to a greater Degree
of precision, resulting in increased operational efficiencies in supply and distribution. An adjunct
hypothesis advanced that the predictive models were used for cost reduction in the fuel supply
chains. It was assumed that predictive tools would minimise storage costs, avoid e-wasting, and
increase the efficiency of utilisation of resources by optimising inventory filling. The hypothesis
was that cost efficiency would accrue not just because of the direct savings, but because of a lower
risk of its operations, greater customer satisfaction, and greater compatibility with the broader
economic objectives of Saudi Arabia within the framework of Vision 2030. A third hypothesis was
that different contexts would influence the adoption and impact of predictive modelling according
to different contextual issues: organisational readiness, geographical location, and management
attitude towards technology. Specifically, it was hypothesised that higher adoption rates and
benefits may be reported at fuel stations in bigger cities like Riyadh compared to smaller towns,
where the infrastructure and the digital literacy rates may be lower. In sharp contrast to the
hypotheses tested in quantitative research using statistical methods, the present study addressed its
hypotheses qualitatively. It was not intended that variables be measured and participated in
numerically, but rather to understand to what extent and how the participants lived experiences as
a group tended to support or refute these assumptions. The use of semi-structured interviews and

thematic analysis allowed the participants to make their own choices regarding predictive model
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adoption, and the study of the thematic recurring patterns permitted the researcher to conclude in
terms of agreement or dissimilarity to the hypotheses. This was done to ensure that the hypotheses
acted as guiding propositions and not as fixed expectations. They guided without presetting results,
and the results became inductive. By doing so, the research was balanced in terms of deductive
(use of literature to form hypotheses) and inductive (deductions were made by discovering themes
out of data) reasoning. This balancing was due to the exploratory character of predictive model

studies in Saudi Arabia.

3.2. Research design

The research design informed the researcher on how to respond to the research questions and
objectives. It determined the philosophical position, methodological decisions, and practical
processes embraced in the study. The qualitative explanatory design was selected because it aimed
at creating rich and contextually relevant information about the understanding and use of predictive
models in Saudi fuel supply chains. This design allowed gathering narrative information that
represented the views of the managers and professionals and offered more insight into the
perceived advantages of predictive models and organisational, cultural, and technological

challenges that affect their use.

Naturalistic

setting

Qualitative

Research

Inductive

. Contextualization 4
reasoning

Interpretation
and meaning

Richness -making

and depth

Figure 2 Qualitative Research Design
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3.2.1 Purpose of the study

The overarching aim of my research was to study how predictive models influence how Saudi fuel
stations manage their inventories and how efficiencies reduce the costs. In particular, it was set to
test the extent to which predictive analytics impacted inventory replenishing decision-making, how
they helped reduce the costs, and what models were most often used in practice. In addition to
more pragmatic results, the research sought theoretical contributions. Its exclusive emphasis on
predictive analytics in a less researched setting aimed at generalising the use of the supply chain
theories in the fuel distribution industry of Saudi Arabia. The results were anticipated to add to the
existing literature on operations management to point out the reflective nature of prediction models
in emergent economies characterised by distinct cultural, infrastructural, and policy environments.
At the management level, the objective was to give practical information. A fuel station operator
may struggle to gauge between the varying demand and economic prices. The study provided
insight into the path managers should take when deciding on technological investments because it
documented how the predictive tools were used and perceived. Policymakers would also benefit
because the research linked predictive analytics to Vision 2030 objectives of sustainability and
efficiency. Academic and practical applications were therefore two sides of the same coin in the

purpose of the study.

3.2.2Type of investigation

It was a qualitative and exploratory investigation. The most appropriate design would be
qualitative since it would help achieve a more detailed explanation of the participants' perspectives,
attitudes, and experiences (Lim, 2025). Unlike quantitative measures, where the variables of
interest are pre-determined, the qualitative inquiry enables a subtle meanings-of-phenomena
interpretation that is hard to describe and prudent in the context of investigation. An exploratory
orientation was chosen because the adoption of predictive models in Saudi fuel stations has never
been deeply studied. Instead of affirming some well-known theories, the inquiry aimed to find
something new. Discussing unforeseen themes and maintaining the basic goals were made possible

with semi-structured interviews. Other interventions were suggested, but they felt that it was
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inappropriate. A strictly quantitative design would have gauged the rate of adoption or cost effects
in numeric form. Still, it would have omitted the contextual variables and subjective thoughts vital
in explaining adoption. A mixed-methods design would have facilitated the mixing of numbers
and narrative; however, the absence of findings related to Saudi fuel stations did not allow getting
to the bottom without initial exploration on the qualitative side. Such an investigation was also
consistent with the interpretivist paradigm of the research. Knowledge was perceived as socially
constructed, i.e., reality is defined by interpreting personal participation in that reality. The study
gave prominence to the voices of individuals, revealing the voices that any surveys or statistical

modelling could not have discovered.

3.2.3 Extent of Researcher Interference

The extent of researcher interference in this study was deliberately minimised to preserve the
authenticity of participants’ perspectives. The research was qualitative and exploratory in nature;
therefore, the role of the researcher was primarily that of a facilitator rather than an active
influencer of outcomes. No experimental conditions were imposed, and participants were
encouraged to express their experiences freely within the semi-structured interview framework.
The researcher’s involvement was limited to designing the interview guide, conducting the
interviews, and later interpreting the data through thematic analysis. During interviews, probing
questions were occasionally used to clarify responses or encourage elaboration, but participants
remained in control of the direction and depth of their narratives. Reflexivity was also maintained,
with the researcher acknowledging potential biases and documenting observations in a reflective
journal. This ensured that findings represented participants’ authentic views rather than being

shaped by the researcher’s assumptions.

3.2.3 Pilot Test

Before launching the full-scale data collection, a pilot test was conducted to ensure the clarity,
validity, and relevance of the research instruments. Two experts one academic specializing in
supply chain analytics and one industry professional with over ten years of experience in Saudi

fuel distribution were invited to review the semi-structured interview questions and survey items.
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Their feedback helped refine ambiguous wording, confirm that the questions aligned with the study
objectives, and validate that the terminology used was understandable to practitioners in the sector.
Minor adjustments were made to enhance logical flow and to ensure that the questions adequately
captured the concepts of inventory efficiency, predictive modeling, and cost reduction. The pilot
process strengthened the content validity of the research tools and increased confidence in the
reliability of the forthcoming primary data collection, ensuring that the final instruments were
methodologically sound, contextually relevant, and capable of generating accurate, actionable

insights to address the core objectives of the study effectively.

3.2.4 Study setting

The research setting was in Saudi Arabia, which was relevant and unique. The fuel sector focuses
on the Kingdom's economy, but it comes under the pressure of unstable demand, unstable prices,
and the governmental aim of efficiency and diversification. Predictive analytics is especially
urgent with the Vision 2030 explicitly stating the need to modernise infrastructure. Those
participants were represented in Riyadh, Jeddah, and Dammam. The capital of Riyadh symbolises
urban congestion demand and centralised governance. Jeddah, one of the key ports, indicates the
complications of supply-chain linkages to international trade. Dammam, located in the Eastern
Province, is rich in oil and is close to upstream petroleum activities. This geographical distribution
had a wide spread that accommodated the variety of regional differences so that the results would
not be pegged to a specific type of environment of operations. The cultural influences were also
identified with the choice of setting. Establishing a workplace in Saudi Arabia tends to remain
hierarchical; thus, the disposition to embrace technology could be different. In placing the study
in the background of this cultural and policy context, the research made its findings accurate and

meaningful.

3.2.5 Unit of analysis

The interpretation of the results of collected data was based on a thematic approach of analysis
described by Braun and Clarke (2006) (Kushnir, 2025). The reason why this approach was chosen
is that it offers a systematic but adaptable framework to conceptualise, analyse, and interpret

patterns of qualitative data. Thematic analysis was quite applicable to conduct this study because
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the objective of the study was to understand how predictive models impact inventory management
efficiency and cost reduction in Saudi Arabian fuel stations and to discover the contextual and

organisational factors that impact the adoption of these predictive models.
Data Preparation

All interviews were tape-recorded with the permission of the participants and transcribed word-
for-word. To enable confidentiality, transcripts were anonymised by substituting personal
identifiers with alphanumeric codes. Additional field notes and analytic memorandums taken
during and after the interviews were also included in the dataset. After that, the transcripts and
notes were loaded into the NVivo tool, a qualitative data analysis software that helped to

systematise codes and order the data.
Coding Process

Thematic analysis has been conducted according to the six-step framework provided by Braun and

Clarke (2006):

1. Getting acquainted with the data - Interview transcripts were read and re-read to get a
holistic picture.

2. Creation of first codes - NVivo was used to perform open coding to identify text units that
made sense. The codes were saved as NVivo nodes, which can be easily retrieved and
compared.

3. Themes search - Similar meanings were put into a larger category. The identification of
recurring patterns was facilitated by the search and query functions of NVivo (e.g., text
search, word frequency).

4. Theme verification - Themes were re-read among the participants (supply managers,
supervisors, I'T professionals) and cross-read to provide consistency and coherence.

5. Defining and naming themes - Themes were streamlined to fit the underlying data and were

clearly connected with the research questions.
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6. Writing the report - The concluding themes were framed in a way that depicted the

understanding, adoption, and perception of predictive analytics in the Saudi fuel industry.
Use of NVivo

NVivo was an organisational and analytical aid and did not substitute researcher interpretation
(Moncada et al., 2025). It was also more transparent as it documented a clear audit trail of coding
decisions and provided features such as matrix coding queries to investigate perceptions between
groups of participants and across geographical regions. This assisted in the selection of divergent

and convergent perspectives and strengthened the analysis.
Analysis Credibility.

To guarantee the quality and rigour of the analysis, the study followed the criteria of

trustworthiness proposed by Lincoln and Guba (1985):

Credibility was confirmed by using triangulation of data sources (interviews, questionnaire, and

secondary literature) and a pilot test interview guide.
Thick description of the research environment and the participants facilitated transferability.

Dependability: An audit trail of coding decisions in NVivo was maintained, and reflections were

recorded in a researcher's journal.

Reflexivity also guaranteed confirmability, since the researcher themselves was engaged in the
identification of potential sources of bias and the interpretation of the research findings through

participant data.
Summary

Thematic analysis with NVivo support allowed exploring the qualitative data systematically. This
strategy kept the lived experiences of the participants intact and, at the same time, enabled the

aggregation of patterns into research-related themes. A balance between rigorous coding and
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trustworthiness criteria enabled the data analysis process to offer a valid basis for the findings

presented in Chapter 4.

3.2.6 Time horizon

It used a cross-sectional time frame. Data is obtained over a specific time, giving a picture of
practice and perception. This was suitable since the study only sought to investigate the current
adoption and influence of predictive models, not to sample changes over a period of years. A
longitudinal study would have given us an understanding of how adoption has changed over the
past years; however, this was not possible under the dissertation's time frame. Furthermore, the
predictive analytics approaches are new to the Saudi fuel stations and, therefore, a cross-sectional
study was appropriate to obtain timely and relevant data. The shortcoming of the design is that it
cannot measure the long-term effects or changing attitudes. Nevertheless, it serves as a basis upon
which future studies can rely and which will be able to implement longitudinal studies based on
the current results.

3.3 Data collection methods

The research's effectiveness and sincerity are determined mainly by how the data was collected.
Secondary and primary sources have been used in this work to ensure that the analysis reflects an
integration of unquestionable knowledge and the personal experiences of industry practitioners.
This two-pronged treatment made the study more robust because it enabled triangulation, i.e.,
evidence from various sources could be compared/contrasted to produce richer and more reliable
findings. This was because, with triangulation, the deficiencies of one tool were offset by the

strengths of the other, thereby providing theoretically and empirically based findings.

3.3.1 Secondary data

Secondary data was one of the most essential sources as it helped to create a contextual basis for
the research. An advanced systematic review of academic literature, industry reports, and policies
was conducted to discover what was already known about the predictive models, supply chain
optimisation, and inventory management. Journal articles gave information on the forecasting
methods, including machine learning, regression models, and time series. Some works explored

Inventory management behaviour within the oil and gas or energy sector, whereas others discussed
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acculturation issues with Digital adoption in developing economies. These sources helped provide
the theoretical context and pointed out gaps, where this study was supposed to contribute. Using
secondary data was also an indication that the nature of predictive modelling is a multidisciplinary
area that bridges the gaps between the disciplines of operations research, computer science, and
supply management chain. By synthesising pieces of literature that challenged each other in
scientific disciplines, the study did not impose the confinements of its analytical frame on only
one narrow standpoint. As an example, operations research and management studies began to
supply optimisation models, organisational preparedness, and cultural impediments, respectively.
The various inputs enabled the study to develop a holistic perspective on analysing predictive
models in Saudi fuel stations. Even more value was added by governmental and institutional
documents that placed the research in the context of the Saudi policy. Critical were Vision 2030
documents that stated the intention of the Kingdom to modernise industries, diversify its economy,
and integrate technology into the most vital sectors. These policy commitments gave rationale to
exploring the use of predictive analytics as an instrument that conformed to the national priorities.
The Ministry of Energy and regulatory bodies, alongside fuel distribution companies, published
reports on how the fuel market operated, vulnerable points within the supply chain, pricing
mechanisms, and logistical challenges of distributing fuel nationwide. This information allowed
the researcher to know the peculiar conditions under which inventory practices were developed in
Saudi Arabia.Other sources of information involved industry publications, case studies, and
professional white papers. Retail and manufacturing case studies highlighted the application of
predictive analytics to forecast demand, where change levels and stockouts were reduced and costs
minimised. However, these contexts, which were not similar to fuel distribution, were used to
provide analogies that could be tested and modified in the Saudi context. For example, an
investigation of predictive replenishment in grocery retail showed potential to use the same
strategies to manage fuel station inventories. Another use of secondary data was to refine the
interview guide. The interview questions included essential points raised in the literature, including
how predictive models may improve stock imbalance, what cultural and technical obstacles there
are to without-trial adoption, and which costs should be optimised. That provided that interviewees

did not merely explore and thus have the interviews based on the established scholarly discourses.
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In such a manner, secondary sources provided not only background to the empirical phase of the

research but also a direction.
3.3.2 Primary data

Whereas secondary data was used to provide the conceptual scaffolding, the primary data
collection provided the empirical focus of the study. Primary data were crucial since predictive
analytics in Saudi fuel stations is a field that is still under-researched. Thus, the first-hand accounts
of practitioners were the key to bridging the knowledge gap. The first mode was the semi-
structured interviews, which were the leading resource since they were consistent and flexible.
Semi-structured interviews have been selected deliberately. Structured interviews were

comparatively better and prevented participants from elaborating on individual experiences.

On the other hand, unstructured interviews would have exposed the risk of generating unstructured
interviews and a lack of specificity in discussions, which went too far in divergent directions
towards the research objectives. Semi-structured interviews offered a form of compromise
between the two previous methods; this is because, on the one hand, they contained a list of guiding
questions, but, on the other hand, they also provided the participants with the opportunity to present
some new information and elaborate on the issues of specific interest. This structure was
particularly valuable to learn about predictive modellers, as the nature of experience varied
frequently according to the positioning, the place of study, and exposure to technology. Supply
chain managers, inventory managers, and IT professionals were interviewed. This variety has
made the study comprehensive enough to capture strategic, operational, and technical views.
Different supply chain managers talked about efficiency and decision-making, supervisors talked
about the reality of daily operations, and IT professionals spoke about the benefits and the
problems of introducing predictive systems. Collectively, the accounts generated a comprehensive

picture of adopting predictive models.

Geographical variation was considered, as the study was conducted in Riyadh, Jeddah, and
Dammam. Riyadh reflected large-volume urban operations, Jeddah gave practical examples of the
difficulty in aligning inventory with international trade flows, and Dammam offered views of the

petroleum centre in the Eastern Province. In addressing these three areas, the study was without
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risk of being excessively narrow-scaled and managed to take a national scope. Duration of
interviews ranged between forty-five and sixty minutes. They should have been conducted face-
to-face when possible, but most were conducted through Zoom due to logistical and geographic
restraints. Online interviews were conducted, and this brought in some difficulties, including

occasional loss of non-verbal communication.

Nevertheless, it also facilitated the involvement of some participants who would have been
rejected due to distance. Interviews were transcribed verbatim, and an audio recording was made
with the consent of the participants. Transcription involved anonymisation, such as identifying
each participant with a code instead of the name or professional designation. Notes on fieldwork
(field notes) were made during the interviews, and analytic memos were prepared after the
interviews to make notes on impressions, patterns, and thoughts. These further materials benefited

the data as they allowed for retaining contextual details that could have been lost.

Its interview guide was well formulated and informed by the literature study. It addressed issues
of inventory decision-making, cost factors, existing tools, and obstacles to use. The guide was
piloted on two participants and revised to be explicit and sequential. This pilot stage confirmed
that those questions were relevant to the professional contexts of participants and could help
produce rich responses. The experiences obtained in the primary data were not homogeneous.
Supervisors at smaller operations complained about digital preparedness. They found the cost limit
in dealing with the urban demand variation, whereas managers at Riyadh were keen on improving
efficiency in dealing with the demand fluctuation. IT experts emphasised the benefits of predictive
analytics in offering real-time oversight and optimising replenishment. However, they also listed
obstacles such as employee resistance and insufficient training. These variations emphasised the
complex nature of predictive model adoption and indicated its success as reliant on organisational

culture, resources, and location.

3.4 Sampling process
The analysis used purposive sampling to identify respondents who could provide rich and detailed
information on predictive analytics in the petroleum supply chain. Purposive sampling was deemed

the best sampling method under this qualitative design because it is a depth and relevance
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technique instead of representativeness, and thus focuses on cases with information (Samuel &
Merkebu, 2025). The sampling was an integrative process, which began with an initial short pre-
test questionnaire to gather demographic data and proceeded to the purposive sampling of study
subjects to conduct face-to-face semi-structured interviews. Overall, 15 participants were recruited
and included supply chain managers, inventory supervisors, and IT professionals working in

petroleum retail companies in Riyadh, Jeddah, and Dammam.

3.4.1 Questionnaire sampling process

There was a brief prescreening questionnaire at the recruitment stage to ascertain the
appropriateness of participants. It gathered demographic and professional information, including
the job position, years of experience, and the level of engagement in handling inventory. It also
enquired about whether it is aware of predictive tools. People without an apparent tie to the
research topic were not invited to proceed. Willingness to participate in more extended interviews
was also measured with the help of the questionnaire. The two-step approach was practical because
it removed individuals who were not relevant or available and identified participants who were not
only skilled but also motivated. The responses obtained using the questionnaire did not form a
significant portion of the research, but were crucial in narrowing the sample of the interviews. This
study prevented the risk of forgetting to check professional backgrounds to avoid involving such
a participant whose input would not be within the research area. This screening step improved the
accuracy of the further information collection procedure, as each participant was proven to have

applicable knowledge.

3.4.2 In—depth interview (IDI) or focus group sampling process

The type of core sampling was purposive sampling of the participants to conduct in-depth
interviews (Bouncken et al., 2025). The sample at the end was fifteen people, which was a large
enough sample to reach saturation of the theme, yet manageable in qualitative analysis. Canvassing
was sufficient since the sample size was reached at saturation, and the new interviews included no
new themes. The respondents were selected using the pool of three: supply chain managers,
inventory managers, and IT experts. This structure provided representation of strategic,
operational, and technical views. Managers provided their perspectives on cost effectiveness and

predictions, dispositions called forth reality-based difficulties in stock management, and IT experts
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provided their opinions on the technicalities of implementing predictive systems. The sampling
strategy also contained geographical variation. The participants were recruited in Riyadh, Jeddah,
and Dammam. Riyadh provided insight into a major urban center with high demand, Jeddah gave
insights into the complexities of supply associated with imports, and Dammam provided an insight
into the high-density petroleum distribution system in the Eastern Province, which has high-tech
fuel stations, and it was a perfect environment to test the issue of interoperability and predictive
model implementation in a contemporary urban area. This pairing enhanced the research by
displaying how prediction models were experienced in the diverse contexts. The professional

network, LinkedIn, and direct contact with fuel distribution companies helped to recruit.

Interviews were organised, with the relevant organisational gatekeepers giving the necessary
approval, where the need arose. The participants were all given information sheets about the
purpose of the research and the safeguards put in place to protect such technical research, and the
right to withdraw, among other rights, was explained to them. Participants signed an informed
consent. It was also reasonable to conduct the purposive approach since the research involved
individuals with explicit expertise. The random sampling method would have jeopardized
including individuals with insignificant knowledge, and the purposive sampling ensured
information-based cases. This way, each participant provided data that directly responded to
research objectives. The variety of positions and places supported the study by its excellence.
Predictive analytics would be vital to coping with unpredictable demand, according to managers
in Riyadh; should predictive tools help reconcile inventory with shipping terms, according to their
supervisors in Jeddah; and IT professionals would find out what the problems are in integrating
predictive systems with the wide variety of equipment in Dammam, both modern and legacy. This
offered lessons on how to make sure that systems are interoperable even in the urban environment,

which is technologically advanced.

These differences also highlighted that adopting predictive models was not universal but very
situationally dependent on organisational context and geographical location. Using the
combination of questionnaire screening and purposive selection, the sampling process was relevant
and non-reductive. This framework formed the basis of the high-quality, context-rich data

acquisition of the predictive model implementation within Saudi fuel stations' supply chains.
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3.4.3 Participants' Demographic Information

Demographic data were gathered at the pre-screening level and at the beginning of the interviews
to place participant opinions into context. This was in terms of age, sex, education, job description,
experience, and city of work. These demographic variables were not to be analyzed statistically as
the study was conducted in the framework of a qualitative study, but they were used to characterize
the diversity of the sample and to check whether contextual differences, e.g., geographical location
or experience, affected participants' perception of predictive model adoption. Chapter 4 gives a

summary of the demographics of the participants.

Table: Participant Demographics (n = 15)

Table 4. Participants' Demographics

Variable Category Frequenc | %
y

Age 25-34 6 40

%

3544 5 33

%

45-54 4 27

%

Gender Male 12 80

%

Female 3 20

%

Education Bachelor’s 7 47

%

Master’s 6 40

%

Doctorate 2 13

%

Job Role Supply Chain 5 33

Manager %

Inventory Supervisor | 5 33

%

IT Specialist 5 33

%

Experience 5-10 years 7 47

%
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11-15 years 5 33

%

15+ years 3 20

%

City of Riyadh 6 40
Workplace %
Jeddah 5 33

%

Dammam 4 27

%

3.5 Study limitations:

All research designs have limitations, and it was necessary to look into these limitations so that a
balanced description of the methodology would be provided. This science, as rigorous and well-
designed as possible, came with limitations. There was one weakness, as only a qualitative research
design was utilized. Though qualitative approaches proved to be quite suitable in following
managerial attitudes and organisational routines, they could not subsequently produce numeric
data that can be statistically extrapolated to the whole fuel distribution sector in Saudi Arabia. The
results, as such, represented local knowledge bases and not generalized patterns. Though this was
in line with the interpretivist nature of the study, it implied that the findings have to be treated as
provisional rather than conclusive. Another limitation was the small size of the sample. This study
involved a sample of twelve to fifteen participants; this was just enough to achieve thematic
saturation, but still limited the range of perspectives considered. Besides, larger samples would
have revealed other perspectives, especially those of minor fuel stations or areas outside Riyadh,
Jeddah, and Dammam. Analogously, the use of purposive sampling, albeit suitable to ensure the
relevance of the participants, brought in the risk of selection bias, since only people whose mastery

of predictive models could be proved were included.

There were also cultural and linguistic issues. The hierarchical organisational culture in Saudi
Arabia might have played a role in the qualitative assessment of the participants concerning the
managerial practice or managers engaged in adoption. Particular participants might also have felt
shy about describing the negative experience or criticisms when they perceived that such reports

might have been harsh on their organisation. In addition, in a situation where interviews were held
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in both English and Arabic according to the convenience of participants, there was an inherent
danger of losing or changing subtle meanings during the process of translation and transcription.
This risk was minimised by taking care in proofreading transcripts, although it did reflect a
methodological limitation. Additional constraints that influenced the study were time and logistics
constraints. A need to conduct interviews in different cities necessitated the use of virtual systems
like Zoom to interview various interviewees. Although this opened up geographical coverage of
the respondents, it limited the effectiveness of capturing non-verbal responses and contextual
details that would have more effectively taken place through the face-to-face interview. With these
limitations, the study was very informative on applying predictive models in the Saudi fuel station
supply chain. Recognizing these limitations not only displays a sense of transparency but also
reflects the limitations that future research may address to contribute to this research in terms of

using bigger, more diverse sample sizes and applying complementary quantitative measures.
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3.6: Ethics and Data Protection

The integrity of the ethical nature and intensive data protection are the sources of credibility and
trustworthiness of this study. Considering the sensitivity of the organisational practices and the
insights collected by participants within the fuel station supply chain industry, this research
adheres to the ethical norms and data protection regulations that follow best practices at the
international level, such as the GDPR-type of protection. This section describes the ethical issues,
the informed consent process, the right to withdraw, approaches to data protection, de-

identification, and data retention (Marikyan et al., 2023).
Informed Consent

All the participants of this study were requested on a voluntary basis, and a detailed consent form
was given before data were collected. All the respondents in this study were made to participate
willingly, and full consent was given before the data was collected. This form describes the aim of
the research, the kind of activity that will be undertaken with the participants, the kind of data to
be gathered and the intended application of the data. The participants were made to understand
that they were fully optional in their participation and could opt out with ease or withdraw at their
own will without any consequences. Some crucial aspects that should be included in the consent
form were a clear statement of the research objectives and methodology, that the participation was
voluntary and informed, that no financial or coercive offers were given and that both the researcher
and the supervisor could be contacted in case of any questions or concerns. It also stressed the
freedom of the study participants to withdraw at any point without giving any justification. Based
on the form of the interview, whether face-to-face or through Zoom, the form was signed either
physically or electronically, and it was sure that ethical considerations were followed in all data
collection environments; the purpose of the study, the nature of participant engagement, the kind
of data to be gathered, and the intended use of the information. It also highlighted the freedom of
the participants to withdraw from the study at any point without presenting any reason (Xu et al.,
2020). The form was signed either physically or electronically, depending on the type of interview,
either face-to-face or through Zoom, making sure that no ethical principles were violated in all the

data collection environments.
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Withdrawal Rights

Respondents were allowed to withdraw their rights at all times during the research. They were
clearly told that they could pull out of the study any time before the day of the interview or after
without having to demonstrate their reasons. In case one of the participants wanted to leave, their
information would not be analysed and would be removed, without delay, and would no longer be
stored in any storage systems. This right was highlighted in the consent form and was also
highlighted in the beginning of every interview orally. The researcher ensured that the participants
were empowered to use this right in a free manner without being judgmental or being in a support

position (Washington, 2024).
GDPR-like Safeguards and Data Protection Strategy

To secure the data of the participants, the study observed GDPR-similar measures tailored to the
context of Saudi. Data was kept minimally (data minimisation), kept in secure and encrypted,
password-locked devices (access control), and only processed by those of whose confidentiality
was on the agreement. An audit trail was followed regarding data access, and a breach policy was
provided so that the participants would be notified in case it was necessary. These were privacy
measures, ethical measures and global requirements on data protection (Sabur & Showail, 2024).
Furthermore, a data breach notification policy was developed, accompanied by detailed processes
for notifying participants if their personal information is compromised. This approach supported
the rights of participants and built trust while demonstrating compliance with international

precepts (Ong, 2023).
Data Storage Duration

All data gathered, such as audio files, transcripts, and coded NVivo files, shall be kept in a safe
location that will keep them secure for a period of five years after the research is done. The period
is based on the academic standards and provides the opportunity for investigation by audits,
duplicate research, or review of publications. Five years later, all information will be destroyed

from the digital storage systems, and any physical documents will be shredded. This means that
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the information about participants will not be stored forever, and it will not violate the participants’

right to erase their data (Allsop et al., 2022).
De-identification and Anonymity

A strict de-identification procedure was utilised to defend the identity of participants during the
process of transcription and analysis. Idiot numbers like names, occupation titles, firm names,
geographic indicators, etc., were deleted to allow anonymity. The pseudonyms or coded labels
(e.g., P1, P2, P3) were used instead of real names, and it was ensured that no contextual clues
could be identified, which may lead to indirect identification (University College London, 2019).
As an example, the report did not refer to a supply chain manager of Dammam but rather described
that neutral terms were used, such as a participant who had a background in inventory operations.
This has guaranteed confidentiality even in a specialised industry. Qualitative data was handled
safely through NVivo software, and the files were organised in encrypted folders. Only aggregated
themes and anonymised quotes were used when presenting findings, which maintained the
abundance of the qualitative information, and also ensured the full protection of the privacy of the

participants (Dalkin et al., 2021).
Ethical Approval and Oversight

Ethical clearance was obtained by the researcher through the Institutional Review Board (IRB) of
the university before the commencement of data collection. The IRB established that the study had
low risk to the study participants, had utilised a clear and sufficient consent procedure, and had
good protection of the study data. The researcher had been considered competent and ethically
trained. Any deviations from the research design were sent to the IRB so that ethical conduct could

be maintained in the research (Capili & Anastasi, 2024).
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4. Chapter 4- Analysis and Findings
4.1. Quantitative Analysis

4.1.1. Demographic Analysis

Age
3
22
g
23
B Under 25 WI13-34 L 4554 M55 and above

The analysis of the age distribution of the surveyed population reveals a significant modal
concentration within the age interval of 25-34 years, numbering 39 respondents. Secondary
aggregates centre upon the 35—44-year interval, with 23 entries, and the 45-54-year interval, with
22 entries; together, these age brackets further consolidate the relative dominance of the working-
age population. Such distribution suggests a pronounced professional alignment with the study's
thematic concern of anticipatory modelling as it is operationalised in the inventory-control systems
of fuel-station logistics. Conversely, respondents younger than 25 yield a modest presence—
comprising 13 individuals—whereas the segment aged 55 and beyond is the smallest, with a total
of 3 entries. Consequently, the cumulative age profile is chiefly constituted by persons assumed to
be engaged in mid- to late-career stages; the age and assumed professional maturity of these
respondents infer that their evaluative contributions are subsumed within a corpus of operational
experience. This circumstance, in turn, imbues the examination of predictive modelling within the
supply chains of fuel stations with an elevated degree of contextual relevance and practical

applicability.
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Gender

Carder Farmals

The analysis of demographic data indicates a pronounced gender imbalance among participants,
with male respondents numbering 95, which translates to 95% of the overall cohort and situates
the female contingent at 5, or 5% of the same population. This disparity renders male perspectives
disproportionately weighty and signals a potential distortion in the interpretive architecture of
prediction models tailored for fuel station supply-chain dynamics. Although the cohort of female
respondents is numerically restricted, it nevertheless preserves a salient compositional voice;
nevertheless, inferences drawn therefrom demand circumspection in light of the prevailing male
preponderance. The imbalance may emanate either from a gender asymmetric occupancy of
relevant roles within the industry or from systematic biases embedded in the sampling mechanism
itself. Such disproportion constrains the transferability of the predictive inferences, warranting the
conclusion that generalized assertions regarding the fuel station supply-chain milieu must be
couched in guarded qualify. Future research must therefore prioritize enrolment protocols
exhibiting systematic gender balance, thereby enhancing the empirical foundation and predictive

validity of subsequent supply-chain models.

87



(0 e v (e —

Highest educational qualification

B Diploma M Bachelor's Degre= Master’'s Degres Doctorate B Cther

A detailed examination of final educational qualifications yields extended dispersion among the
sampled subjects; nonetheless, a pronounced plurality has secured the terminal Bachelor’s degree.
This portion comprises 41 subjects, or 41% of the overall cohort, establishing a substantial nucleus
whose official credentialling coincides with the educational standard rotationally prescribed for
personnel executing predictive analyses throughout petroleum-dispensing supply chains. The next
most populous cluster, 23 subjects strong, has attained the terminal Master’s degree, representing
23% of the overall count and thereby indicative of substantively accessible postgraduate education.
Concentration of advanced qualifications of this order tends to magnify the project’s capacity for

integrating methodological complexity with legacy comprehension germane to the sector.

Among the surveyed population, the cohort holding doctoral-level credentials numbers twelve,
yielding a proportion of twelve percent. Their limited aggregate not only supplies a tertium
cooperationist characterized by proficiency in specialised epistemic disciplines, but also elevates
the interpretive capacity of the dataset by embedding a singular strand of tertiary literacies
anchored in amplitude of thematic and methodological sophistication. This corpus,
notwithstanding the overarching dominance of undergraduate and taught postgraduate
qualifications, suggests a slow yet discernible gradient mediating undergraduate preparedness and
the acute expectations of the terminal trophy. A second tier of respondents, numbering nineteen or

nineteen percent, report the attainment of qualifications serializable as Diploma; the configuration
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likely subsumes both narrowly contextual technical certificates and expansive vocational curricula
vitae. This datum thus intimates the emergence of deliberate, instrumentally geared competencies
that transpose artefactual technicality from the teaching laboratory to the contingency of the field,
yet without presuming the full associability or synthesising capacity manifest in doctoral peer-
group genres. A floating quintet of informants replies under the rubrics of an adumbrated ‘Other’,
that aggregate permitting, yet solicitously refusing, taxonomic closure; while the specifics
subsumed therefore remain non-majored, the apparent hybridity itself further complicates the
scalar and qualitative distance between educational terminally and cognitive engagement.
Collectively, the discerned educational mosaic spanning compressive, tactical focused formations
and expansive terminal inquiry organically multiplies the dataset’s interpretive depth, concurrently

exteriorising conjunctive divergences in epistemic constitution and scope.
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The occupational composition among the respondents underscores a substantial alignment with
the supervisory and oversight functions characterizing contemporary supply chain and inventory
management spheres. The Inventory Supervisor classification constitutes the modal category, with
thirty-seven respondents, or thirty-seven percent, confirming a solid concentration among
personnel exercising direct oversight in inventory activities. This concentration appears germane
to the ongoing examination of the efficacy of predictive models within supply chain environments,

as it signals the prevalence of staff closely engaged with stock-level decision-making. The
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succeeding band, comprising twenty-nine titles held by Supply Chain Managers, represents
twenty-nine percent of the total and underscores supervisory personnel charged with the
orchestration of broader supply chain architectures. Such responders are thus well positioned to
furnish reflections on the strategic alignment and integration of predictive modelling functions

within fuel-station supply infrastructures.

The tier immediately following, featuring twenty-three IT Specialists, accents the infrastructural
knowledge and technological competences essential to sustain, calibrate, and routinely leverage
predictive and analytic tooling within management practices. Their presence also reinforces the
premise that contemporary decision-making increasingly requires solid IT integration. Lastly, the
“Other” category ranks as the least populous, recording a modest eleven respondents, or eleven
percent, and its proportionate share implies the observance of specialized roles that, while tangible,
elude broader and systematic typological classification. Their inclusion cautions analysts against
assuming that all supply chain functions exhibit industry-standard nomenclature and
responsibilities, thereby in turn challenging rigid interpretative models. The implicit blending of
varied professional designations within respondent samples widens both the Mult perspectival
scope and evidentiary reliability of the inquiries, since it admits the lived expertise of inventory
operatives, strategic oversight executives, specialized technologists, and role-ambiguous actors,

thereby anchoring interpretative and analytical outcomes.
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Years of professional experience

M Less than 5 yvears W 510 yvears 11-15 vears hore than 15 years

The aggregated demographic mapping of professional tenure reveals that the modal participant has
accrued between five and ten years of institutional engagement in the sector; specifically, the
interval is populated by fifty-five respondents, representing exact fifty-five per cent of the sampled
universe. This concentration depicts a scholarly customer base that, having migrated beyond the
initial formative stage, remains critically averse to the technological and managerial mutations of
the preceding decade. Consequently, such personnel possess a concatenated diachronic dossier,
permitting a well-grounded examination of both systemic constraints and tangible dividends that
the assimilation of predictive modelling is likely to confer within the paired logics of fuel-station
supply and automated circulation. The subsequent modal band, housing nineteen respondents—
equally nineteen per cent of the total—ranges between eleven and fifteen years of sustained
exposure; this subset accordingly reveals a cumulative heuristic of asymmetric advantage,
registering not simply extended fidelity to environment, but also the capacity to detach quotidian
practice from canonical methodology across both legislative and avant-garde supply-chain

cartographies.

Simultaneously, fourteen respondents (fourteen per cent) disclose a tenure of fewer than five years,

offering a relatively recent perspective that likely reflects emergent heuristics or conceptual lenses
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pertinent to the investigated topic. Conversely, the closing median, encompassing twelve
respondents (twelve per cent), centres upon the over-fifteen-year bracket and thus integrates a
cohort whose experience is densely layered with the iterative and synthesized accretion of
paradigms and methods. The merged dataset therefore foregrounds a stratified cross-section of the
discipline spanning the embryonic to the hallowed—from which the sustained duration of
individual tenures produces a cross-sectional variate of interpretive orientations adequate to a
finely calibrated appraisal of the uptake and modification of predictive frameworks in the specific

domain of petroleum-supply-chain management.

Workplace City
45 100%
S0%
BO%
JO%
60%
50%
40%
30%
20%
10%

leddah Dammam Riyadh Cther

The origination-point—city distribution revealed a marked compression around the principal
metropolitan formations of the Kingdom. Jeddah materializes as the modal centre, yielding thirty-
nine of the total one hundred participants (39%), thereby designating the harbour hub as a probable
attractor of labour in the fuel-stoppage intermediation occupation. Dammam inserts itself in
successive position, transmitting a parallel intensity in the sample (twenty-six, or 26%), hence
reconsolidating the province-wide manufacturing corridor as the definitive locus of role
absorption. Conversely, Riyadh accounts for twenty-one specialists (21%), a quantitatively
inferior yet not demerging stream definitively modally identifiable for the executive core of the
polity. The remaining classification, denominated ‘Other’, assembles a compound fourteen

elements (14%), aggregating inhabitants of hamlets, satellites and exurban points not registered in
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the preceding metropolitan grid; the surplus thus extends and curtailing perspective of the original
metropolitan grid. The complimentary, trans-special registry of material thus articulates the core
pay-off in the environmentally predominate urban axis of the polity as well as a stratified yet
operational belt occupying the peripheral gradients of the Saudi firing-point logistics and supply

chain.

4.1.2. Analysis
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A decisive majority of the surveyed cohort sixty-one per cent (sixty-one of the entire hundred)
affirm familiarity with the terminological and procedural substrata of predictive models or
predictive analytics as these are instantiated in the management of inventories. This finding
substantiates the premise that the associated disciplines are not marginal but instead have achieved
diffuse but significant penetration into the institutional cognition of the fuel station supply chain.
In contradistinction, thirty-nine respondents (thirty-nine per cent) explicitly disclaim pre-existing
exposure, such that their replies register an apparent discontinuity that may inhibit wider
absorption of the contemporary meta-algorithms now standard in the literature. The sample
bifurcation must, therefore, be read as consequential; those with prior exposure yield discourses
dense in statistical, optimisation, and predictive lexicon, while the unaffected cohort remain
anchored in descriptive and heuristically orientated paradigms of inventory management. The

emergence of this contrasting substratum signals an identifiable receptacle for discrete pedagogic
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or programmatic intervention, through which the curatorial and infrastructural architecture of
inventory analytics may be reinforced, and the predictive, adaptive, and prescriptive repertoire of

the discipline extended to those not yet conversant.

If yes, how would you rate your level of
familiarity?

Berylow B Low Moderate High B Very high

The heterogeneity and latent concreteness are manifested by the self-estimates of familiarity of the
respondents with predictive models or predictive analytics used in the background of inventory
management. Among the entire sample, consisting of 50 respondents, 21 respondents, or, to be
more exact, 21 percent of them need their level of expertise to be described as High; the latter
usually implies intensive theoretical knowledge, which is frequently accompanied by extensive
practical experience with the corresponding software, or, on the other hand, extensive practical use
of dashboard and modelling feature. Meanwhile, 19per cent of the sampler 19 individuals
themselves define their level of competence as moderate, which is a term that displays significant
but intermittent mastery of the field. The sub-group members appear to have an elementary level
of understanding of the key predictive management concepts - demand forecasting, safety-stock
calibration or lead-time modelling whilst in their current condition, still, being only marginally,
acquainted with, and thus, only half-way proficient with, the more advanced statistical and

algorithmic modalities, that are typically deployed by the predictive analytics landscape.

Conversely, 18 participants (18%) identify their confidence with predictive models and analytics

for inventory control as either “Very low” (8 individuals) or “Low” (10 individuals), indicating a
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cohort for which the concepts remain relative novelties. This finding suggests that the present
analysis may necessarily accommodate interpretations shaped by circumscribed prior experience.
At the opposite end of the familiarity spectrum, clinical mastery is narrow, with only 3 respondents
(3%) rating their proficiency as “Very high.” This limited self-identified expert representation
produces a contextual absence of a dominant expert-in-residence; thus, the familiarity distribution
approximates a tapering bell curve. This observation endows the that literature review and direct
instruction in predictive models and analytics for inventory management with sufficient theoretical
legitimacy to warrant their designation as a definitive and timely instructional priority aimed at

moderate and marginal learners.

Does your organisation currently use predictive
models for inventory management?

Wyes HNao Mot sure

As per survey information, three-quarters of supply-chain practitioners already employ predictive
models in inventory management which shows that predictive analytics have already achieved the
status of normalcy in the discipline. This anticoagulation latitude, which has been debriefed against
the frontier of enrolments which have been seen in early-mover cohorts, would mean that the sector
has accommodated the mathematics as regimen, rather than option. The uninfected milking of
predictive models to cause the adjustment ratios, reorder triggers, cycle lights and safety-quantity
auto-calibration all argue in favour of a broader disciplinary velocity, the interrogative comparison
to the calculative, data-first judgment. Endurance is inherently implicit in the genus of episodic

mathematics, the persistent volatility-configured memory of demand properties and system lead
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times, which entails endurance. The engineering request thus osculates toward comprehensive
prism models, temporally-enhanced signal-reliability constructs, and origin-neutral, machine-
learning-mass heuristics. The beneficiaries of such technologies aspire explicitly to rule out not
equilibration alone but also temporality-borne. Taken together, current immurement of predictive
instruments requires that executive perception reconciles these platforms as necessary cybernetic
infrastructures that amplify fiscal, experiential, time-driven, and anticipative concordance in the

o-forecasted supply process.

Yet, 23 informants comprising exactly 23 per cent reported that their institutions currently abstain
from leveraging predictive models. This outcome suggests that, notwithstanding high-profile
applications documented in selected peer institutions, predictive analytics has not yet diffused to
one quarter of the sampled public-sector colleges and universities. Potential explanations for the
non-adoption are that the governing bodies of the subset are nearing the commencement of a
strategic digital transformation programme or have not yet realised the extent of economic and
operational returns that modelling can furnish in day-to-day resource allocation. A narrower subset
comprising two respondents equivalent to 2 per cent are unable to furnish a definitive answer,
indicating that vague or indeterminate knowledge of the method’s standing affects a surprisingly
small minority; the results, therefore, discourage the trivialisation of a wider interpretive blurring
of the question wording. Collectively the findings foreground a mixed pace in uptake of analytical
tools and necessitate a systematically framed investigation into the institutional, technical and
operational variables that mediate sustained adoption of predictive analysis practices within

inventories.
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Which types of predictive tools or methods are you
familiar with? (Select all that apply)

B Time-series forecasting

B [achine learning models
Regression analysis
Al-driven inventary systems

B Other

The aggregated responses disclose a diverse array of procedural benchmarks that supply-chain
forecasters privilege in constructing inventory predictions. Proximate precedence belongs to
regression-oriented time-series forecasting, invoked by 33 practitioners (33 percent of the
cohort)—indicating a resilient nucleus that relies upon a framework of systematic temporal
modelling. Such models, legitimised across multiple sectors, retain authority in the narrower
inventory domain largely due to conceptual transparency and, frequently, satisfactory accuracy
when fed by extensive transactional chronologies. According to multiple interviewees, regression
retains the procedural fulcrum upon which the sample’s forecasting rituals revolve. Close to the
threshold of regression, machine-learning formulations have been recognised by 26 practitioners
(26 percent), their prominence implied rather than adduced, but nonetheless suggesting an
intentional and measurable attrition of orthodox regression hegemony. This endorsement denotes
an incremental, if durable, assimilation of algorithmic methods that calibrate poly-dimensional
feeds against extensive and ostensibly assorted aggregated inventories. Because of the techniques’
intrinsic capability to partition latent covariate structures masked by conventional unified
diagonals, machine-learning models generate dynamic maps for leading time, seasonal

accentuation, and abrupt demand shocks reported within the sample.
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Affirmative scepticism regarding imminent integration of these models is instructive, suggesting
respondents possess a deletant readiness that acknowledges but has not universally internalised
predictive accuracies congruent with both symmetric and asymmetric demand fluctuations. The
imminent confluence of regression and emerging data-enabled paradigms intimates a perspective
threshold beyond which organisations may progressively abrogate transactional granularity,

remitting subdivisional uncertainty to algorithmically-mediated learning pathways.

Forecasting inventory requirements from sequential consumption data remains the dataset’s third
most-frequent analytic method, with a cohort of twenty-one respondents—namely, twenty-one per
cent confirming its ongoing use. By projecting future demand along an established chronology,
the technique offers a pragmatic mechanism for synchronising replenishment ahead of observable
consumption—yet the relatively restrained penetration rate, when juxtaposed with more
pronounced adoption of the later parametric machine-learning algorithms and classical
regression—implies a prevailing disposition that prioritises either predictive granularity,
interpretability, or the stability of artefacts claimed to deliver superior forecasting fidelity. This
nuance is reinforced by a parallel endorsement of commercially available inventory optimisation
suites whose opportune forecasting components are explicitly framed by artificial intelligences;
the cohort of fourteen respondents, fourteen per cent of the aggregate, thus indicates a measured
diffusion for solutions that are visibly algorithmically engineered. A final reiterated minority,
comprised of six respondents (six per cent), invoked catchall ‘Other’ systems; the abbreviation
reinforces the implicit existence of proprietary predictive frameworks that remain tacitly shielded
or underspecified, substantiating an emergent but congruently tacit landscape of analytically
organic intelligence whose mechanisms have insulated themselves from dominant catalogues. All
these observations, when interpreted collectively, signal a distinctly pluralistic but purposively
restrained analytic disposition. Respondents, whilst perennially inquisitive, exhibit a
conservatively symmetrical attitude toward, and selective habituation of established heuristics, at
the same time that they deliberate emergent principally statistical, parametric and algorithmically

engineered approaches that concurrently promise economies of flexibility and cost control.
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The ongoing management of fuel inventories remains acutely afflicted by demand variance, with
43 percent of surveyed firms identifying this as their paramount impediment. Such variance
generates persistent stress on firms to uphold precisely calibrated stock positions; any shortfall in
demand estimation threatens operational continuity by either ceding revenue to unfulfilled demand
or by entrenching dormant capital and intensified spoilage resulting from surplus inventory. The
underlying drivers of demand volatility—including cyclical demographic patterns,
macroeconomic disturbances, and shifting customer purchasing behaviours—substantively
demonstrate that conventional algorithms and merely historical forecasting of analog years lack
the requisite granularity when applied to the fuel sector. Mitigatory measures therefore centre on
collaborative resource pooling, enhancement of information reliability, and the empowerment of
dynamic, mid-cycle ordering techniques, safeguarding against the bifurcated threats of supply
deficit and surplus. Such strategic adjustment arrests the progressive crystallisation of service
shortfall risk while simultaneously averting the reputational cost of prematurely invoked spot buys

and elevated commitments in forward letter-of-credit fuel entitlements.

Supplementary analysis corroborates a frustrating expansion of inventory volume, simultaneously
borne by unutilised tankage, reported by 22 percent of the cohort. The excessive capacity
consumption in static warehouses immobilises client-related liquidity, burdens routine

maintenance, and simultaneously coagulates operational velocity. Conversely, constrained tank
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access severs customers, resulting in a similar, symmetric deterioration across customer segments
and distribution channels, with the operational portrait remaining roughly symmetric across similar

scales of demand oscillation, ultimately recapitulating either negative exposure.

The twin considerations of amortisation dynamics and acid volatility jointly indicate that
conventional forecasting pipelines, now dated, fail to capture the meaningful sensitivity to critical
external shocks. Cognisant of the ensuing operational strain, suppliers of refining feedstock and
finished product are advancing the scala of transparent managerial diodes: they disseminate
normalised arrays of observable dimensions, optimise stock and emulsification carry forwards,
and do so under the iterative influences of seasons, re-occurrence, and the price implications
generated by regional arbitrage. Stability, therefore, is reconstituted through the ascendancy of
calibrated, incremental forecasting frameworks, permitted exception, and the congruent policy mix
aligned to the temporally bounded slope of actual road transportation and the oscillation of product
inventories. Such frameworks, calibrated, reconstituted, weighted and correlated without pause,
constitute the continuous observable of measured performance for the inventory governance of

refined fuels.

The survey subsector disclosed two salient impediments inhibiting operational efficiency:
excessive holding costs identified by fifteen respondents (15%) and limited access to
technologically sophisticated resources cited by eighteen respondents (18%). Elevated holding
costs materialise when petroleum consignment, having undergone entry at the terminal, remains
transferred but is deprived of omitting the trunk distribution network, consequently immobilising
working capital and inflicting acute financial drag. Concurrently, the relative absence of
contemporary technological infrastructure restricts the rollout of enabling mechanisms—namely,
RFID-linked inventory oversight, algorithmic replenishment governed by demand signals, and
multilayered predictive modelling—thereby compounding the fiscal pressure induced by
prolonged occupancy. Collectively, these factors generate the necessity for managerial focus to be
redirected towards two categories of capital expenditure: the implementation of comprehensive
digital settlement mechanisms and the substantive refinement of predictive forecasting

methodology. The marginal observations scored under the "Other" heading (2%) arguably pertain
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to idiosyncratic impediments, demanding dedicated qualitative interview scrutiny to elicit sharply

targetable and implementable mitigation strategies.
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4.2. Qualitative Analysis

4.2.1. Theme 1: Inventory Management Efficiency

A successful inventory management system is essential for effective fuel retail. Inefficiencies in
this area can lead to significant financial losses, operational disruptions, and damage to reputation.
Based on interviews with 15 experts working in the entire fuel sector of Saudi Arabia, including
supply chain managers, IT specialists, logistics coordinators, and station operators, this analysis
explores the major challenges related to the current inventory management practices. These
challenges contribute to a sector that relies on outdated methods, which struggle with significant
demand fluctuations. This analysis will outline the current issues, highlight the shortcomings of
existing prediction methods, discuss how predictive analytics can improve efficiency, and reveal

valuable data sources identified by respondents that could help develop more sophisticated models.

This variable includes the basic problems that come from poor inventory control. The participants
describe a reactive environment where a lack of an accurate view leads to a continuous cycle of

crisis management.

The main issue is the fluctuation in demand, which is affected by external factors like religious
holidays (Hajj, Eid, Ramadan), weather, and local traffic. This fluctuation leads to two major and
costly problems: stockouts and overstocking. Stockouts are the most urgent and damaging
problem. They result in lost sales, expensive emergency deliveries, and significant customer
dissatisfaction. Overstocking, while less severe, ties up capital and poses risks, especially if the
fuel degrades from exposure to heat. Additionally, holding costs are usually higher. These
problems stem from a lack of real-time visibility and integrated systems. Manual errors, poor
communication, and a general disconnect between supply and actual demand contribute to the
issue. Participant N's description of operating "blindly" based on "gut feeling" highlights this

significant challenge.

The reviewed research provides consistent evidence that predictive models can improve the
efficiency of inventory management. Liu et al. (2025) and Qasem (2025) demonstrate that machine
learning predictive models, such as LSTM and real-time dashboards, lead to an increase in

inventory turnover and a decrease in emergency deliveries. These data-driven predictive
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approaches allow firms to dynamically adjust inventory levels as demand fluctuates. This is
particularly relevant for the fuel industry in Saudi Arabia, where both seasonal and regional
variations are high. Further, with predictive analytics, Aljohani (2023) and Okeke (2024)
confirmed improved visibility and dispatch coordination with ERP and SCADA systems very

much aligned to Vision 2030’s goals of industry digital transformation.

Additionally, the higher adaptability of hybrid models (Oyewole et al., 2024; Kirmizi et al., 2024)
to volumetric increases or logistical challenges is highly supportive of the above findings. As
indicated in the evidence, fuel stations in Saudi Arabia (particularly in metropolitan cities such as
Riyadh and Jeddah) stand to huge benefits from predictive systems designed to facilitate automated
supply replenishment routines and real-time optimisation processes for inventory levels.
Consequently, there is justified evidence and merit in moving from reactive inventory systems to

data-driven and proactive decision-making.
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Participant Responses Coded to Variable 1:

Participant Role Key Responses Coded to
"Current Issues"

A Supply Chain Manager "The biggest issue is demand
fluctuation... Storage

limitations also make it
tricky... Logistics delays... add

another challenge."

B IT Specialist "The biggest problem is
fragmented data systems...
Demand fluctuations also

create pressure..."

C Inventory Supervisor "For smaller operators like us,
the biggest problem is
stockouts... At the same time,

we cannot overstock..."

D Logistics Coordinator "The main issue is
coordinating deliveries across
long  distances...  Traffic
congestion, accidents, and
port delays also cause

uncertainty."

E Station Operator "Maintaining  the  correct
balance between supply and
demand is the most difficult...
unpredictable  spikes  in

Ramadan, Hajj..."

F Respondent "The key challenge is that fuel

demand is becoming less
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predictable... This is not a
matter of stockouts or
overstocking but rather the

inflexibility..."

G Respondent "The key issue is
unpredictability. Demand is
dynamic, and I have
experienced overstocking and

product shortages..."

H Respondent "The key challenge is that fuel
demand is becoming less
predictable... the inflexibility
of real-time visibility of the

entire supply chain."

I Supply Chain Manager "The demand volatility is the
most urgent... Also, a
significant number of stations

do not have real-time

visibility... Handbook
tracking... lead to
inefficiency."

J IT Professional "A shortage of integrated
digital infrastructure...

disjointed systems... no real

time visibility."

M Operations Manager "The unpredictability of the
customer flow... There are
also delays in fuel deliveries...

The lack of communication...
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leads to late restocking or

overstocking."

N Logistics Coordinator "The fact is that most fuel
stations are operating blindly.
Gut feeling is wusually the
basis... It has no central

system, no alerts..."

O Compliance Officer "The worst thing is that there
is no regulatory control on the
tracking of inventory... no
automated reconciliation... it

is a compliance risk."

The first variable concerns the demand forecasting tools and techniques currently being used and
which are uniformly being described as being inadequate to deal with the complexity of modern

supply chains.

The current methods focus on static and backward-looking aspects. The most common approach
is to use history and simple spreadsheets to set basic reorder points. This method does not consider
dynamic changes and outside factors that typically occur in a system. Many respondents, especially
smaller or independent stations, rely heavily on manual processes. They manually check tank
levels and place orders based on experience or intuition. While larger operators have
straightforward ERP systems, these are rarely integrated with third-party information sources,
making them inflexible. A common weakness in their responses is that these approaches are always

reactive. As Participant G puts it, "A change has happened before you know it."

Participant Role Key Responses Coded to
"Prediction Methods"

A Supply Chain Manager "We rely mainly on historical
averages and a fixed reorder
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cycle. It's very manual and

only partly automated..."

B IT Specialist "Currently, our predictions are
based on sales averages,
adjusted slightly for known

seasonal patterns."

C Inventory Supervisor "We still use manual records
and simple spreadsheets.
Basically, I look at sales from
the past few weeks and then

estimate..."

D Logistics Coordinator "We mainly use sales history
and regular delivery cycles...
The shortcoming is that these

methods are rigid."

E Station Operator "At this time, [ primarily
examine sales history and
determine reorder levels...
monitoring the tank levels and

calling suppliers..."

F Respondent "Currently, the majority of
managers rely on past sales
and regular ordering periods...

it is dogmatic."

G Respondent "Most of us continue to value
averages of history and set
reorder points... this approach

is obsolete... it is reactive."
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H Respondent "Currently, most stations are
left to use tank level checks,
fixed reorder points, and
previous sales averages... too

gradual and rigid."

I Supply Chain Manager "We are currently relying
heavily on the history of sales
and monthly averages... The
existing strategy is mainly

responsive..."

J IT Professional "To predict fuel demand, most
of the stations continue to use
basic spreadsheets or old ERP
modules... static and rule-

based."

M Operations Manager "At present, we are estimating
the demand by taking weekly
averages of historical sales...
does not take into
consideration any unexpected

events..."

N Logistics Coordinator "Our spreadsheets and fixed
reorder points... It has no
traffic information, weather
information, or even real-time

sales integration."

O Compliance Officer "The existing forecasting
techniques are primitive. Most

of the stations are using
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manual records or simple ERP

systems..."

Additionally, the inherent value of operational change - confidence in the benefits and
transformational opportunity of the use of Al and data-driven forecasting tools to move the

paradigm of operations from reactive to proactive - is captured by this variable.

Participants see predictive models as a solution that is based on the possibility of planning ahead
as well as early warning. The benefit most commonly cited is accurate forecasting that would
directly benefit the reducing or eliminating of both stockouts and overstocking. This leads to a
massive cost saving due to the reduction of expensive emergency parts deliveries and improved
logistics. Furthermore, models are considered important for improving operational efficiency
through real-time monitoring, automated re-ordering and optimized tanker routes and personnel.
We have all seen this before with seasonal event predictions, predicting weather, or predicting
traffic needs, all becoming an opportunity to stress and guesswork becoming confident and data-

driven decisions.

Participant Role Key Responses Coded to
"Efficiency Gains"
A Supply Chain Manager "Predictive  models could

transform how we plan... That
means fewer last-minute
emergencies and more

confidence..."

B IT Specialist "Predictive  models  can
transform decision-making...
improve planning for tanker
dispatch, and ensure

continuous availability..."
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C Inventory Supervisor "Predictive models would
help by giving us early
warnings... It would also
reduce the stress of guessing

and reacting too late."

D Logistics Coordinator "Predictive = models  can
integrate multiple data
points... anticipate disruptions
and adjust deliveries... make
fleet scheduling more

efficient."”

E Station Operator "Predictive models would
make my life easier... It would
also enable me not to buy
those costly last-minute refill

purchases..."

F Respondent "Predictive models are my
recommendation due to their
proactive advantage...
managers may make quicker

and smarter inventory-related

choices..."

G Respondent "Yes, Al and machine
learning may enhance
forecasting... predictive

models would simplify the
processes and  reduce...

emergency delivery rides."
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H Respondent "Predictive models are the
future. They enable managers
to shift the focus of
responding to the ability to
foresee... The greatest value to

me is efficiency..."

I Supply Chain Manager "Predictive models... can be
effective in  promoting
inventory...  They  allow
automated decision-making,

minimizing human error..."

J IT Professional "Inventory efficiency can be
significantly enhanced by
predictive models... facilitate
scenario planning... suggest

proactive replenishment."

M Operations Manager "Gaming models may be a
breakthrough... Al assists us
with predicting demand spikes
and  automating  reorder
requests... ease the load of

manual monitoring."

N Logistics Coordinator "Forecasting models may
have the opposite ending.
With Al, we could predict
demand spikes even before
they occur, computerize

dispatching..."
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O Compliance Officer "Predictive models may act as
a rule of compliance. Al
technologies are able to
identify ~ suspicious  use,

predict possible fraud..."

This variable determines what kind of internal and external data the participants consider critical

in creating effective predictive models.

While the importance of sales history as primary source data is accepted and undisputed, it is
agreed that sales history alone is not enough. The key finding from respondents is to augment
internal data with contextual external data. The most important data sources outside of the

application environment are:

Seasonal and Event Calendar: Repeat references to large events like Eid, Ramadan, school

holidays and seasonal demands would be the most significant drivers of demand.
Traffic Patterns and Congestion Data: Closely related to fuel consumption.
Air Polarity: Hot weather (raising the demand for AC), sandstorms or rain (reducing travelling)

Economic/Logistical Factors: Fuel prices, port activity, and industrial output have also proven to

be a significant influence- particularly in certain areas such as Dammam and Jeddah.
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Participant Role Key Responses Coded to

"Data Sources"

A Supply Chain Manager "Sales  history is  the
foundation, but it's not
enough. Seasonal travel data
and weather conditions are
critical... Event calendars,

such as Hajj..."

B IT Specialist "In Jeddah, traffic and port
activity data are extremely
useful... Weather and event

calendars are also helpful..."

C Inventory Supervisor "For our area, sales history
and seasonal demand are most
useful... Traffic patterns also

matter..."

D Logistics Coordinator "For =~ Dammam, traffic
patterns and port operations
are especially  useful...
Industrial output data is also

valuable..."

E Station Operator "Sales history is the basis.
However, I would also include
seasonal demand... data on
traffic flow, weather

variations... events as the

Hajj..."
F Respondent "I prefer using multiple
sources of data... sales
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history... seasonal demand,

weather forecasts, and even

social events... Hajj or
Ramadan..."
G Respondent "Sales history is essential but

not  sufficient.  Seasonal
demand, weather conditions,
and traffic patterns are all
helpful contexts... Hajj and
Eid..."

H Respondent "l would have begun with
sales history... combine traffic
information, weather,
seasonal, and event calendars.
Hajj, Eid... cause enormous

demand spikes."

I Supply Chain Manager "Sales history is basic, but
traffic trends, weather
predictions, and area event
schedules bring much-needed

critical depth..."

J IT Professional "Predictive accuracy increases
substantially when we
combine traffic data, weather
conditions, and inputs from

the IoT sensors. Live streams

of data..."
M Operations Manager "Of particular use are traffic
patterns and weather
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conditions... Even such
information as the nearest
building or gasoline price

fluctuations..."

N Logistics Coordinator "The key ones will be traffic
congestion, weather alerts,
and fuel price trends...
Provided we had a model that
could monitor... social media

or news..."

0] Compliance Officer "Sales history is helpful, but
there is more required in
anomaly detection. Tank
sensor information, delivery
records, and even CCTV

metadata..."

The analysis of participant responses clearly shows that the main cause of inefficiencies in
managing inventory in the fuel sector in Saudi Arabia is that the sector still uses outdated and
reactive methods. Current practices rely on past average rates and manual control. These methods
struggle to handle changing demand due to a complex mix of outside factors. The general
agreement is that upgrading to predictive analytics is not just beneficial; it is necessary. By
combining internal data, like sales, with external data such as events, traffic, and weather,
predictive models offer a clear way to solve the ongoing issues of stockouts and overstocks. This
change would enable a proactive, efficient, and cost-effective inventory management system. It

would ensure fuel availability, improve logistics, and build customer trust.
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4.2.2. Theme 2: Cost Reduction in Inventory Management

Inventory management cost reduction can be defined as reducing the unnecessary expenditures
incurred in the management and storage of inventories, logistics, and storage at the fuel stations.
To put it simply, it involves waste prevention, that is, not ordering excessive amounts of fuel, not
running out when you need it the most, and not paying more money than is necessary in
transportation and storage. Based on the qualitative information of 15 participants, the same theme
of financial strain due to the inefficient inventory practices emerged. Most of the respondents cited
overstocking as a significant problem, which resulted in the capital being tied up in idle inventory.
Stockouts were also pointed out, and in many cases, they lost sales and incurred discontent among
customers. Storage costs and logistics - particularly in remote or high-need locations were

perceived as unexpected and weighty.

One of the participants said, “We order more than we need to ensure that there are no shortages,
yet this results in fuel going to waste, which holds up money”. Some other one said, “The cost of
fueling our station is expensive and unreliable, particularly during peak seasons”. A third one
replied, “We do not have the right storage facilities, and thus we do frequent orders, and this raises

the delivery costs”.

However, this barrier was not considered equally serious by all the participants. Some of them
assume that it is a manageable issue and that it can be defined with the help of the corresponding
planning as well as tools. With better information, one of the respondents said we would have
avoided overstocking and stockouts. Nevertheless, not all other individuals were that positive,
since they cited the excessive prices of the initial introduction and the lack of technical expertise

as the challenges to the application of such solutions.

Some other people consider it a severe obstacle to profitability, whereas others consider it a threat
that can be eliminated through strategic adjustments. Therefore, cost barriers of inventory
management form a critical dimension in defining the manner in which the fuel stations would
respond to the effectiveness of operations. Whether to include smarter systems or not directly
translates into the financial implications as being overstocked, losing sales, or the high cost of

logistics. Technology is a future of potential, but its application is circumstantial and resource-
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based, besides goodwill. These cost concerns are essential in addressing the aspect of better
practice of inventory, not only in order to accommodate the growth of better fuel station
management. The implementation pathway ought to lie between the innovativeness and the

convenience and practicability.

The central advantage of predictive inventory models is cost savings, as shown in studies involving
regional and international contexts. For instance, Ahmed et al. (2025) and Akinpelu et al. (2023)
discuss predictive scheduling, combined with ERP, that minimised overstocking and delivery kilo
metres, for direct savings in transport and inventory holding costs. Likewise, Krmzi et al. (2024)
and Liu et al. (2025) discuss predictive models that minimise days-on-hand, which is particularly

advantageous in Saudi Arabia’s hot climate, with concerns about vehicle fuel degradation.

Moreover, Saudi Arabia-specific studies, Qasem (2025) and Okeke (2024), offer convincing
evidence in the form of operating profit associated with reducing emergency restocking along with
enhanced refinery dispatch coordination with retail demand; these benefits are especially
significant for smaller stations that operate with tight margins. Overall, predictive analytics not
only provides optimisation with operational cost but also creates profit and sustainability; for these
reasons, predictive analytics should be considered a strategic imperative for fuel operators in Saudi

Arabia.

Cost Reduction Potential:

This obstacle is related to the challenge of reducing the cost of operation in inventory management
through the adoption of alternative methods of managing the inventory, which are predictive
methods instead of the traditional methods. There was a high belief in the responses of 15
individuals that predictive models have enormous possibilities in cost saving. It was also observed
that the majority of individuals are prone to manual estimates or to outdated information in the
traditional methodology, and that can be a contributor to either an overstock or a stockout.
Comparatively, predictive models were found to be better in the optimisation of order quantities
and demand forecasting. The respondents generally agreed that the models would come in handy

in reducing wastage, enhancing logistics, and securing better stocks.
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Some of the interviewees provided first-hand information regarding this change. Among the
interviewees, one stated that Predictive analytics helped to cut the number of orders in the state of
emergency, which were, in any case, more expensive. The other one that has been brought out is
that in the past, we would have had to make decisions by gut feeling, but nowadays, the system
tells us when to order stuff and how much to order. A third of the respondents noted that there has
been an improvement in customer satisfaction that has resulted in reduced lost sales because of
avoiding stockouts. These opinions demonstrate the practical benefits of predictive equipment in

the sphere of activity.

One of the participants also says that when we put bad data on the model, the model is as good as
bad decisions. The front-end expenses of setup and training were perceived as an impediment by
other people. Other respondents stated that predictive models have a high probability of working,
yet it is human-reliant to understand the findings and adjust the policies. Lastly, the existence of
predictive models that may ensure a reduction in the amount is extremely high compared to the
traditional inventory methods. Such tools can enhance the effectiveness, reducing wastage and
efficiency of operations. The most important attributes of successful implementation are, however,
the quality of data, the staff training, and the support of infrastructure. Considering the system
upgrade of the fuel stations, the innovation and practicality process will largely be applied to

achieve the full potential of predictive inventory management.

Economic Effects of Forecasting Tools:

Among the most obvious perceived benefits of the predictive models in controlling inventory, it is
necessary to name the fact that they can deliver real financial outcomes, i.e., cost reduction and
the increase of revenue, which can be achieved by means of improved supply and demand
alignment. This, in simple terms, means to carry smart forecasting equipment so as to avoid
wastage, reduce the cost of emergencies, and ensure that fuel stations stock the right quantity, at
the right time. Out of the 15 respondents, 93% (14 of 15) stated that financial gains were a key
benefit of predictive tools explicitly, and one respondent was cautiously optimistic and stated that

human oversight was needed.
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Predictive systems, in their turn, are dynamic and real-time forecasts that adapt to the changing
conditions, e.g., holidays, weather disruptions, or traffic peaks, to enable fuel stations to plan and
mitigate financial losses. As an example, one of the respondents told about a case of a sandstorm
when predictive tools were used to predict an influx of demand, and refueling was done in advance,
which saved around SAR 70,000. One more participant also recollected the loss of SAR 120,000
within three months because of the unnoticed fuel siphoning, which would have been identified

by the anomaly detection models previously.

Predictive models are not only able to lower direct costs but also enhance operational efficiency,
a fact mentioned by the respondents. One of the participants stated that predictive models help to
decrease the number of unnecessary stock, eliminate the urgent deliveries, and make the logistics
lean. Similarly, other individuals have stated that the tools enhance resource allocation and reduce
reputational risks that arise out of stockouts or compliance failures. On the other hand, a few of
the respondents were having reservations that predictive systems must be narrowly adjusted to the
local level and that they must not be permitted to override human judgmental capacity completely.
One of the respondents cautioned, operators were too complacent about the so-called innovative
tools and had never bothered to look at the outcomes. Despite the minor concern, it is felt that the
predictive models are seen as financial transforming instruments. Their ability to forecast the trend
of the demand and the optimal inventory choices plays a very important role in reducing the costs
of operations incurred and maximizing profitability. This is an economic impact that directly
impacts the large-scale implementation of predictive systems, and it is not a technical upgrade but

a strategic requirement of the fuel station management in the new contemporary world.

Example of Cost Reduction:

The predictive models possess enormous opportunities in saving costs and efficiency in the
operations, particularly in inventory management and logistics. A real-life experience in the fuel
retail industry brings out the effect. One of the respondents claimed that predictive analytics
enabled them to anticipate that there was an outburst of fuel in the heart of a sandstorm. Deliveries
and stockouts in case of an emergency were eliminated by refueling ahead of time, which has since

saved the company approximately SAR 70,000 on one occasion alone. It demonstrates that
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predictive tools can mitigate risks that are related to the appearance of some unpredictable factors,

as well as reduce the necessity to use costly last-minute interventions.

Similarly, predictive models will be able to detect any anomalies that foretell stealing and leaking.
In one of the cases, one of the station managers said that he had incurred SAR 120,000 losses in
three months due to undetected siphoning of fuel. The issue would have been identified earlier,
before it would have cost that much money, had there been a predictive system to monitor the
consumption patterns and determine deviations in them. The real-time information and historical
information can be introduced to the models in such a way that the deviations in behaviour are

identified and corrective actions may be undertaken on time.

A hypothetical situation can be seen in a case where a chain of fuel stations could optimise delivery
schedules using predictive models on traffic patterns, weather forecasts, and past demand. The
system would optimize routes and schedules by dynamically changing routes and scheduling
instead of sending trucks on predetermined routes, which leads to less fuel consumption and labour
expenses. In the long term, this would result in the saving of thousands of SAR every month, not

to mention the fact that the reliability of the services would be improved.

Some of the respondents warned that the predictive models should be designed to suit the local
circumstances and should be aided by human intervention. However, it is agreeable that, used
wisely, these tools could be instrumental in saving the organisation a lot of money, ensuring better
distribution of resources, and making better decisions. Preventing losses, improving the logistics,
or even better, the demand forecasting, predictive models are an investment in the strategic value

of cost-sensitive fuel retailers.
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4.2.3. Theme 3: Implementation Challenges and Barriers

Technical Barriers

Technical barriers are the challenges to implementing predictive models that arise due to a lack of
required digital infrastructure, data systems, or technical skills within organizations. Simply put,
these obstacles demonstrate the difference between the needs of modern technologies and the
existing reality in most fuel stations, where old-fashioned tools and manual procedures are still
prevalent. In all the responses, technical constraints were a common problem, and respondents

cited the problems of system integration, data quality, and poor staff competencies.

Most of the respondents discussed the fact that fuel stations continue to be based on old-fashioned
infrastructure that cannot be integrated into the new ones. Some of them described paper-based
records or simple software that operators still use to work with, and which cannot process real-
time information or more sophisticated analytics. Others pointed to the fact that predictive models
are less efficient because of the absence of any integration of systems, including sales and logistics,
and external data sources. Issues of data reliability were also frequently found, and the participants
posted low-quality data and poorly developed cloud infrastructure as some of the most enduring

challenges.

These problems are enhanced by the absence of technical issues. Several respondents said that in
cases where new systems are implemented, the skilled workers are insufficient to handle and
process the data. Predictive models cannot be utilized to their full potential without proper training.
Simultaneously, some respondents suggested that the problem of technical restrictions is strictly
interconnected with the financial one. They opined that most of the stations do not upgrade their

systems, not due to a lack of technology but due to the inability to make the investment.

Collectively, this information demonstrates that technical barriers are a major phenomenon that
impedes the successful utilization of predictive models. The predictive analytics are not applicable
due to the inaccuracy and unreliability of the forecasts caused by the use of old systems, a lack of
data integration, and a shortage of skills. Without upgrading their infrastructure and establishing
their technical capacity, predictive models will not be used fully in the fuel station supply chains

in Saudi Arabia.
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Financial issues are associated with the expensive price of getting, installing, and maintaining the
predictive systems, not to mention the cost of training the personnel to effectively utilize them. Put
differently, most operators, particularly smaller ones, are unable to finance such tools because their
cost is huge. The most commonly cited barrier, commonly referred to by the respondents as the
one most significant in preventing the rapid adoption of predictive analytics, was financial

challenges.

The participants kept on stressing the high cost of predictive systems in terms of initial cost and
maintenance. Many of them justified that small stations, especially, are unable to afford more
advanced software or digital infrastructure, or niche staff. Others added that even the bigger
operators are still careful, since the expenses of implementing and operating predictive models are
huge. There were also training costs, and some of the respondents have pointed out the economic

impact of educating the workers on the skills necessary to use the new technologies.

Along with the issue of affordability, respondents also related the financial issues to the risk
perception. It was reported that most of the operators were not ready to spend on technology that
would not yield any results in the short or long term. Some saw predictive tools as optional features
and not as systems that would be required, particularly when doing it in the long-term with
uncertain time value of benefits. Such a risk-averse culture is a contributing factor to not investing
adequately, where the individuals in charge choose to work with the way things used to be done,

at a cheaper price.

Even though cost was viewed as one of the major barriers, some of the respondents attributed
slightly more importance to financial factors; that is, technical or organizational factors were
important to them. This disparity highlights the fact that not everything, as far as adoption is

concerned, is determined by financial concerns, yet they prevail.

On the whole, the findings suggest that one of the crucial burdens of successful implementation of
predictive models in the Saudi Arabian fuel industry is the existence of financial obstacles. The
initial costs are high, recurrent expenditures and uncertainty regarding the payback of investments

make it hard to play around. In the absence of external pressure and more indicators of cost-saving,
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lots of operators will continue to avoid these systems and ensure a high rate of adoption remains

low.

Although they could eventually be beneficial, predictive models are subject to many of the
implementation challenges we have previously discussed. To begin with, data quality and data
integration are challenges that have been specifically noted by Okeke (2024) and Aljohani (2023).
In the middle east, particularly in Saudi Arabia, many operators are using fragmented data
solutions and recording fuel transactions on a manual basis, which negatively impacts the accuracy
and efficacy of the predictive model. Organizational resistance is further complicated by the way
in which we introduced the predictive models apart from their more ordinary forecasting methods,
as noted by Alsharidah & Alazzawi (2020). All of this is complicated by financial limitations faced
by many smaller operators, resulting from the financial constraints as noted typically confronting
smaller operators who may not be able to afford the upfront costs of Al and IoT infrastructure.
Studies such as Culot et al (2024) and Fatima & Rahimi (2024) emphasize the importance of
engaging in tailored solutions based on the specific dynamics of the sector. In Saudi Arabia, fuel
station operators operate at varying levels of digital maturity, and for this reason the industry
should undertake a gradual implementation of the predictive models where they build capacity
over time to build either through government incentives, and/or as a part of a larger vendor /
operational tenet. We noted that Vision 2030 offers a supportive public policy environment, but
charging ahead will require a collaborative approach from all partners, driven by leaders to build
sufficiently skilled digital literacy, and to create standardization in their data strategies and to

create the businesses that create innovation practices.

Organizational Barriers

Organizational barriers explain the internal issues that exist in companies that complicate the
process of adopting predictive models, including unwillingness to change, unwillingness to
cooperate, or a lack of priorities. In other words, these obstacles are the result of how the company

culture and attitudes of leadership influence the willingness to adopt digital innovation. It was also
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emphasized by respondents quite often that organizational resistance may arise even in the case of

financial and technical resources available to introduce predictive systems.

One of the themes that was common was the unwillingness of managers to abandon traditional
methods of working. Others informed that the majority of the leaders preferred handwriting
decisions because they have control over the decisions. The predictive models, in their turn, were
viewed as a threat to managerial authority, and not all managers were convinced that algorithms
would be in a position to make a better decision than human experience. Others claimed that
predictive models are accepted as second, and the risk management and compliance have been

handled as back-office work, which is not considered strategic work.

It was also reported that the issues of employees are important. Other respondents elaborated that
employees feared that automation was finally coming to snatch their jobs, and that is the reason
why they were all against the concept of applying predictive technologies. Other ones claimed that
the staff were simply more at home with the old routine, and therefore, they did not want to be
taught new systems. Some of the participants proposed that this fear would be minimized through
awareness and training programs; however, they admitted that the cultural adjustment process
would not be fast. Organizational resistance was not equally rated by all respondents. Others
perceived it as being one among many challenges, with additional emphasis on technical
constraints or financial constraints. It implies that organizational barriers are common, although
the perceived significance of organizational barriers differs among operators. Finally,
organizational barriers generate a situation in which predictive models are prioritized or even
disapproved. The process of adoption is slowed down by the resistance of managers, employee
fears, and a lack of commitment by the leaders. The predictive models will not be able to move
beyond the experimental stage unless organizations are open to change and are actively encouraged

to adopt digital innovation.

The barriers to culture relate to the social and business expectations in general, which determine
the reception and trust in technology. In straightforward terms, most operators in Saudi Arabia

would rather trust their judgment and their ancient practice instead of trusting automated systems.
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These attitudes were raised eminently in the responses where cultural resistance was defined as a

major challenge regardless of the availability of technical and financial resources.

As mentioned, many times by the respondents, managers are unwilling to put their faith in
predictive tools. Some of them stated that leaders usually think that personal experience is more
valid than forecasts made by algorithms. Still others mentioned how managers do not want to use
automated systems, and most of them want to make choices based on their intuition or previous
practice. Such doubts will bring about restrictions in the willingness to invest or use new

technologies, irrespective of whether they are beneficial or not.

The theme of cultural ease with customary norms was also present. Numerous interviewees
indicated that operators like the way things have always been and are strongly attached to the old
ways. Other people noted that not all owners will be in a pressing need to modernize because they
think that what they have now is good. By so doing, cultural resistance is not just about the lack

of trust in technology but also a force of continuity and stability.

Simultaneously, cultural barriers were not perceived as the most urgent issue all the time. Some
respondents found the financial or technical issues to be more urgent, and at the same time, the
cultural attitudes remained in the background. Culture served as an added barrier in such instances,

and not the main barrier.

In general, the cultural obstacles determine the rate of adoption by increasing the level of caution
and distrust in predictive models. Cultural resistance may delay or prevent progress even in the
case of technical integration and financial investment. To remove the perceptions and make people
more open to using Al-based tools in the fuel station supply chains within Saudi Arabia, it will be

necessary to build trust by means of awareness campaigns, training, and demonstrating the success.
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4.2.4. Theme-4: Digital and Infrastructure Readiness
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The significant theme that dictated effective implementation of predictive models to improve the
effectiveness of inventory management and cost reduction in Saudi fuel station supply chains was
digital and infrastructure preparedness. The answers were examined considering the fact that the
respondents were constantly eager to indicate the role of reliable infrastructure, digital
preparedness, labour skills, and the eagerness to bring alterations in technology to the process of
introducing how predictive systems could be implemented. These components were closely
connected, and despite a strong expectation on the potential of predictive tools, there are also

significant gaps that may limit the impact of this approach in case they are not handled.

One of the unique strengths of predictive analytics in fuel logistics is its ability to adapt to gradual
changes in demand and shifts in demand driven by events, seasons or other factors. Oyewole et al.
(2024) and Sadiq et al. (2023) both note that hybrid (machine learning/ARIMA) models and event-
based predictive systems can improve the response time of operations during peak periods. In

Oyewole’s model, they have shown that their hybrid ARIMA and Random Forest approach is quite
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responsive to increases in seasonal demand, while Sadiq’s predictive model, where traffic and
other event calendars were used, showed an 18% reduction in stockouts during surges in tourism
demand. This is particularly relevant in the case of Saudi Arabia, which experiences sharp
fluctuations in demand due to Hajj, Ramadan and national holidays, etc., in which any “real”
modelling requires the use of emergency supply chains that exacerbate stockout conditions.
Predictive models in this context provide operators with the ability to identify demand surges, and
adjust stocking levels in advance as required, to maintain perhaps even improve, service delivery,
and enhance customer appreciation after serving. Enhanced predictive capabilities are possible
with the integration of real-time traffic data, event calendars, etc., which assist general forecasting
accuracy for predicting demand surges in locations such as Makkah and Madinah, which
experience short-lived surges in demand. Adoption of these models will enable fuel stations to
better align supply with demand, reduce operational strain, and increase consumer experience in

time for peak demand periods as referenced above.

One of the most brought up points was the availability of technological infrastructure. There are
also respondents who claimed that the stations of big cities such as Riyadh and Jeddah have
consistent internet connectivity, properly installed computing hardware, and cloud services, which
the predictive modelling requires. However, there was lower infrastructural capacity in the rural
or remote areas, as its operators reported, resulting in variations in preparedness. As one of the
participants has already declared having fast internet and good systems in big cities, but outside of
Riyadh or Jeddah, the infrastructure is low. Predictive tools cannot be effectively applied without
a steady connection. This type of observation means that the national infrastructure continues to
improve, yet there is the possibility of imbalanced allocation of the infrastructure to the regions,
and hence leading to the development of bottlenecks in the application of predictive models. The
fact that such words as data, systems, and technology have been used across the NVivo results
proves the consistency with which the respondents immediately connected the digital

infrastructure with the opportunity to utilise advanced forecasting tools.

Digital preparedness was closely related to the infrastructure. Other fuel station operators claimed
that they already had a digital journey and that they had invested in ERP systems, dashboards, and

digital reporting devices. Such organizations opined that predictive modeling would be a rational
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extension of the existing systems. This was also reflected by one of the managers, who stated that
the company has invested in ERP systems and digital dashboards and, thus, adapting to the
predictive models appears to be the logical next step. Nonetheless, the number of small operators
who are working with Excel spreadsheets and paper trails remains high. These comments indicate
the divide between the larger and resource-endowed companies and smaller companies that still
rely on manual systems. Predictive models are considered a bigger strategy in competitiveness
than the former, and the latter runs the risk of becoming competitive laggers. This explains why,
as other respondents pointed out, now that we will not digitize, we will lose efficiency and cost
control to the world's fuel networks. Digital preparedness, therefore, appears to be the problem of

organizational desire since it is one of technical adequacy.

The human resource competence, which can be employed to run predictive tools, is one of the
greatest challenges that has occurred severally times throughout the analysis. Though most of the
participants confessed that one can purchase technology and set it up, the greater issue is that there
are not the right people to operate it and decrypt the technology. This is evidenced by the fact that
not all data scientists, I'T specialists, and employees of high competence in advanced analytics are
found, according to the respondents. One of them simply made a statement about who will
maintain them, we can buy the software, and then who will maintain them? The number of people
who are conversant with machine learning or predictive analytics is not sufficient. Others, on the
other hand, claimed that the existing staff could be retrained through special training programs.
The reason is that we already have quality members of staff, who will do the logistics work, only
that they need to be trained on how predictive systems work. Otherwise, there is a threat of not
being able to use the tools, indicated another participant. This reflects the understanding that
despite the lack of talent that must be dealt with, the same can be defeated by investing to enable

the existing employees with online skills.

The other preparedness dimension was the preparedness and capacity of the operators to adopt
new technologies. The reaction was not universal since there were operators who welcomed
predictive modeling with enthusiasm, since they perceived that there was a chance to reduce
overstocking, stockouts, and achieve financial benefits. This passion was concluded by one of the

interviewees, who stated that predictive tools would allow knowing the demand in advance and
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avoiding stockouts or overstocking. This will save both time and money, but above all, I believe
that the operators will accommodate it. On the other hand, there are some managers who were used
to the traditional systems, and they were resistant because they felt secure with such systems. Some
of the managers who are not conversant with artificial intelligence continue to resist, as one of the
respondents explained. They prefer the traditional ways because they are safer. This dislike is
ignorance, as well as cultural and behavioral barriers, which can slow down the adoption. In order
to overcome such reluctance, one might need to build trust in online tools and demonstrate how

helpful they can be in practice.

Putting the two insights into consideration, Saudi fuel stations are partially geared towards
predictive modeling. The urban stations are well-positioned, and they are well-endowed with
infrastructure, though they contain inequities between the urban and the region. The larger firms
are already online and modern, but the smaller operators still rely on manual ones. The gap in
human resources has been a highly exasperating problem since there will be no efficiency gains
through technical investments unless the staff is skilled enough to achieve the same. Finally, since
most of the respondents are enthusiastic, some are also resistant and sceptical, which also defines

the cultural aspect of using advanced technologies.

The NVivo word frequency and word cloud analysis support such findings because the most
evident words in the daily issues of the supply chain in terms of technology readiness were the
words including predictive, fuel, demand, inventory, and data. The predictive models have not
been considered an abstract tool, and the respondents discussed them in the framework of the direct
relationship with stock management, cost savings, and operational effectiveness. This shows that
digital and infrastructure preparedness is not only a prerequisite for the supply chain performance

only but also a feasible aspect.
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4.2.5. Theme-5: Support and Strategies for Overcoming Barriers
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The analysis of support and strategies on how to overcome the barriers will mean that the
respondents welcome the application of predictive models in Saudi fuel station supply chains as a
process not resistant to infrastructure and digital readiness, but also to the active support of
different stakeholders. The acquired insights indicate that although there is a certain degree of
interest towards the predictive tools, there are still several factors and obstacles that prevent the
development of this type of tool, and the degree to which they can be mitigated is a government
initiative, technology vendors, internal management, and the greater collaboration networks. All
this put together provides a platform of assistance that might or might not accelerate the process

of predictive system adoption in all aspects of inventory management and cost reduction.

Predictive analytics delivers value in fuel logistics as it relates to digital integration and enabling
infrastructure. Research like Okeke (2024), Aljohani (2023), and Ahmed et al (2025) discusses the
integration of machine learning with enterprise resource planning (ERP) systems and supervisory
control and data acquisition (SCADA) systems to improve inventory visibility, dispatch
coordination, and operational decision-making. This is especially important in Saudi Arabia with

Vision 2030’s focus on digital transformation and the widespread impacts that these digitally
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integrated systems present for the Ministry of Energy and the fuels sector. The challenges come
when trying to align predictive models with the digital infrastructure that the operators have in
place, of which some may have an advanced ERP system, while others may just have manual logs
with various fragmented stores of information. This will limit the scale and effectiveness of
predictive capabilities. Therefore, the solutions will need to start with utilising current digital
capabilities and build into a multi-phase solution that starts with the foundational digital upgrades
and then progresses towards Al Ultimately, predictive analytics will be embedded within a larger
digital ecosystem to fully engage the capabilities, and infrastructure integration will remain a

strategic priority for the fuels industry and the Ministry of Energy in Saudi Arabia.

One of the most frequently mentioned enablers was the government support. The respondents cited
the role played by national policies and regulatory frameworks in the matter of deciding the way
digital transformation will take place. Others were optimistic about the broad area of Vision 2030
in Saudi Arabia, which is specifically keen on technology and innovation, as this gives an enabling
background to predictive analytics. One of them remarked, Government has already shown its
commitment to taking the digital transformation. A number of smaller operators will take part in
it, provided that they have subsidies or incentives to implement predictive tools. This school of
thought focuses on the fact that financial and policy aid must be in a position to convince the
unwilling players, especially the smaller fuel stations, to invest in better systems. Others, however,
showed that clarity in regulations is also very important, with one of the respondents showing that
we need clear guidelines on how predictive systems shall be regulated. Without them, the
companies will be cautious in their implementation of. These comments show that the government
influence is not just connected with financial assistance but also the establishment of trust and the

removal of uncertainty through straightforward regulations.

It was also noted that technological support was a popular theme. The respondents never denied
that predictive modeling requires special tools and experience, which, in the majority of cases, the
fuel stations were unable to develop internally. Many argued that technology vendors may not just
be expected to act as vendors only, but as long-term partners by training, customizing, and
providing continuing assistance. The systems, according to one of the managers, are convoluted,

and our employees do not expect that they will understand everything during their first working
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day. The technology suppliers have to instruct us and help us to modify the tools to our
specifications. This is a pointer to the extent to which the providers will be actively involved in
the transfer of the knowledge, as opposed to being limited to the provision of the software. The
subsequent respondent has mentioned that one should come up with solutions that are relevant to
the realities in Saudi Arabia: There are many systems constructed in foreign countries that do not
necessarily work with our supply chain. There must be local adjustments to make them work.
These opinions suggest that the affiliation with suppliers is perceived as critical in closing the gap

in the context of technical possibility and actuality.

The internal support of management was also highlighted as one that is important. According to
some of the respondents, although the government offers incentives and the providers are
supportive, the predictive models are successful only when it is the top priority of senior
management in the fuel companies. One of the respondents remarked that without the top
management pressing to embrace, no seriousness will be created among the employees, and the
system will not work. This demonstrates that digital transformation can be digitally transformed
as a strategic priority through the aspect of leadership commitment. The respondents also focused
on the change management practices, where one of them stated that employees should be reassured
and trained. The management must be at the center stage and prove that predictive models do not
focus on job removal but instead focus on better performance. Such statements can assist in the
realization of the human side of adoption, wherein the leadership ought to create a balance between
the strategic direction and the confidence of the employees. There will be a lack of good internal

support, and predictive systems will either be underutilized or resistant to the frontline workers.

The other action plan that was formulated to overcome the obstacles was collaboration networks,
and the respondents emphasized the significance of alliances and joint ventures. Many mentioned
the opportunity to collaborate with special data analytics businesses, universities, or overseas
technology partners. One of the respondents responded that there is a risk of exposing us to
expertise that we do not have internally, given the cooperation with data providers or universities.

We cannot do this alone.” The importance of industry-wide initiatives was also noted by other
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people, such as knowledge-sharing websites where the fuel operators could exchange best
practices. The other interviewee identified the possibilities of joint ventures by mentioning that, in
case the small operators can combine and invest collectively in predictive systems, they would be
able to share the expenses and make it less expensive. Such a statement shows how collaboration
could help reduce financial expenses, share risks, and improve the adoption rate through sharing

knowledge and resources.

When examining such perceptions as a unit, it can be concluded that the introduction of predictive
models is experiencing numerous obstacles that should be tackled at a multi-layered level. The
government provides the overall policy and incentive climate on the basis of which adoption is
predetermined. Some of the key partners are the technology vendors who will offer the expertise
and make the systems flexible and easy to use. It is internal management that spearheads and
enables cultural change in institutions. The collaboration networks enhance the capacity of the
individual operators by linking them to external knowledge and resources. All these support
systems contribute to the management of various challenges, such as financial constraints and

technical complexity, to either organisational unwillingness or lack of competence.

NVivo coding makes it possible to establish that all the respondents kept repeating such words in
support, management, training, and collaboration, which proves that adoption is not a one-sided
phenomenon but a multifactorial process that implies many stakeholders. The quotations also
suggest the existence of interest in predictive models, but the stakeholders are aware of actual
challenges and would like to have the supporting systems at the systemic level that will make it
viable. The strategies mentioned not only imply the need for an ecosystem of support but also go
beyond the individual action of the isolated efforts and are defined by the fact that interaction
between the public policy, the providers working in the private sphere, the inner leadership, and

the cross-organisational networks may supplement each other.

133



] ' m diNe== WIERE ()onevas: —

Chapter 5 Conclusion and Recommendation
5.1 Introduction

The chapter is the last section of the research, which is named The Impact of Using Predictive
Models on Inventory Management Efficiency and Cost Reduction in Fuel Station Supply Chains
in Saudi Arabia. The chapter provides the key findings, conclusions of the results, and both
practical and theoretical recommendations. The main goal of the research was to assess how
effective predictive models based on artificial intelligence (AI) and machine learning (ML) can
enhance inventory management and minimization of operational expenses in the fuel station
supply chain industry in Saudi Arabia. The study was also to find out the barriers to successful
implementation and to provide strategic suggestions on how practitioners and policymakers could

use predictive analytics to achieve sustainable growth and competitiveness.
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5.2 Summary of Key Findings

This part reflects the major findings of the study in terms of the three primary goals of the study,
namely, improving the efficiency of inventory management, cost reduction through the predictive
models, and challenges to the adoption of predictive models in the Saudi Arabian fuel station
supply chains. The analysis showed that artificial intelligence (Al) -based predictive models,
machine learning (ML), or the Internet of Things (IoT)-based predictive models had transformed
the way in which fuel stations can handle inventory and predict demand. But there are still some

organisational, technical, and regulatory issues that curtail their potential.

5.2.1. Improving the efficiency of inventory management.

According to the study, predictive models are critical in enhancing a high level of efficiency in
inventory management in the fuel station supply chains in Saudi Arabia. Traditional methods of
inventory were overly dependent on historical information that existed in a given state and manual
replenishment schedules that tended to lead to inaccurate forecasting, stockouts, and overstocking
of inventory. Alternatively, predictive analytics allows combining living data streams of various
types point-of-sale systems, weather predictions, traffic, and other regional events, to predict the
changes in fuel demand with greater accuracy (Liu et al., 2025; Qasem, 2025).

Major fuel retailers based in Riyadh and Jeddah who participated in the study found that, with the
implementation of predictive analytics systems, the lead time to replenishment was reduced by up
to 20 percent, and the accuracy of demand forecasting improved by approximately 25 percent over
the traditional models. This has been enhanced mainly because of the ability of AI and ML
algorithms to keep on learning through historical and real-time data to instantly adjust the
predictions in accordance with dynamic market conditions. [oT-based tank gauging systems were
also important since they provided real-time inventory data to centralised dashboards so that
managers could make prompt restocking decisions and reduce human error (Aljohani, 2023).
Predictive inventory models gave a more responsive and flexible system in comparison to
conventional methods. The old models were based on the assumed linear or seasonal demand
patterns; the predictive analytics involved nonlinear factors like the sudden growth of fuel

consumption during religious occasions or any other unexplored logistic disturbances. This
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flexibility enabled operators in Dammam to handle any change in the regional fuel demand,
particularly when there are peak seasons of travel such as Ramadan and Hajj. Moreover, the
inclusion of Al-based decision-supports led to auto-alerts over stock shortage and delivery
efficiency, which greatly enhanced responsiveness and customer satisfaction of the operations.

The study further found that the predictive models increased interdepartmental coordination
among the supply chain units. The departments in charge of procurement, distribution, as well as
retail operations would be able to coordinate their activities due to the availability of unified data
visibility on the actual inventory situation in real-time. This correspondence minimised the
occurrence of duplication of efforts and increased the agility of decisions. In general, predictive
analytics transformed inventory management from a reactive and manual process to a proactive
and data-driven management that greatly improved the efficiency and reliability of the Saudi fuel

supply chain.

5.2.2 Cost Reduction Benefits

The high correlation of the use of predictive models with the vast cost-saving in Saudi fuel station
operation is one of the most important findings of this study. Predictive analytics had a direct
impact on reducing both fixed and variable costs and optimising inventory, transportation, and
maintenance scheduling. Those participating in the case sites reported that using predictive models
resulted in quantifiable financial savings, such as a 15 to 20 per cent decrease in holding costs as
well as a 10 to 12 per cent reduction in emergency delivery costs.

This allowed the fuel stations to keep optimum inventory levels by utilising the forecasting of
demand, which reduced the cost of overstocking or stockout. An example is automated inventory
systems linked using [oT sensors to enable a just-in-time replenishment to eliminate some capital
wasted in holding stock. On the same note, predictive routing tools that were used in logistics
enhanced the efficiency of transportation terms as the schedule of dispatching tankers was
optimised, with reference to the consumption patterns and traffic data. This not only lessens the
cost of fuel transportation but also lowers the carbon emissions, which is in line with Vision 2030

focusing on sustainability (Akinpelu et al., 2023).
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The cost of indirect savings was also seen in the form of reduced downtime costs and maintenance
costs. Machine learning-powered predictive maintenance systems were used to analyse sensor data
of the delivery fleets, as well as the storage tanks, and predict failure of equipment before it
happens. Such a proactive maintenance strategy lowered the case of emergency repair by up to 30
per cent in the participating stations, avoiding the expensive service disruption and ensuring
reliability in supply (Sadiq et al., 2023). More so, the real-time monitoring also facilitated the
prompt identification of fuel leakages or temperature variations, hence reducing wastage and
ensuring compliance with safety.

The accruing financial gains were spread to strategic competitiveness, other than operational
effectiveness. Having more precise predictions and optimised logistics, organisations would be
able to prepare better contracts with their suppliers, provide improved customer services, and
distribute their resources more efficiently. The use of predictive analytics also facilitated the goals
of environmental and economic sustainability, which are two key pillars of Saudi Vision 2030.
Through maximising deliveries and cutting down on waste, fuel stations minimised unnecessary
power use, which supports national objectives of operational excellence and minimised carbon

footprint (Alsharidah and Alazzawi, 2020).

In general, the results prove that predictive models are not only technological advances but are
also necessary strategic tools that can increase cost-effectiveness and resilience in the long term in

the Saudi Arabian energy supply chain industry.

5.2.3 Problems with Implementation.

Although the study showed that predictive models can increase the level of operational and
financial benefits, it has also revealed that there are various obstacles that prevent the mass
implementation of predictive models within the fuel station sector in Saudi Arabia. The most
significant issue corresponds to the quality of data and integration. Still, many of the small and
medium-sized stations operate with fragmented data systems, and there is no ease in consolidating
the right information, in real-time, among the supply chain nodes. Interviewees reported that the

lack of predictability and reliability in the forecasts and inefficient operations were caused by
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inaccurate data format and lack of interoperability between the old systems and new predictive
systems (Tan et al., 2022).

The second significant obstacle is the lack of qualified staff who can handle and interpret predictive
analytics. Although bigger fuel companies have begun building their own analytics units, smaller
operators do not always have access to trained experts in the field of Al, data science, and supply
chain optimisation. This performance difference reduces the rate of adoption and prevents
organisations from deriving meaningful insights using predictive tools (Alshamrani, 2023). Digital
change was also identified to be resisted, especially among the older managerial employees who
were used to traditional ways of forecasting. This cultural gravity does not help in the willingness
of the organisation to invest in or believe in innovative digital solutions.

There is also the barrier of financial constraints. Predictive technologies, including the use of IoT
sensors, Al-powered software, and cloud-based analytics platforms, have to be heavily invested in
at the outset. Smaller and independent fuel retailers also voiced their apprehension about the high
initial investment and uncertain short-term payback, which discourages them from using such
systems even though it has long-term payback (PwC, 2025). Besides, adoption is also constrained
by regulatory and policy-related challenges. Data governance and technological standardisation
within the Saudi Arabian energy sector are not up to date. This regulatory deficiency leads to
confusion on ownership of data, security, and compliance, particularly when third-party vendors
are used.

Finally, due to the fragmentation of the Saudi fuel supply chain, the flow of information between
suppliers, distributors, and retailers becomes complicated. Lack of centralised digital platforms or
systems where industry partners can collaborate was reported by many participants as one of the
main restricting factors that hold predictive models back to their potential. The absence of
coordinated communication enhances the levels of operational silos, slows down decision-making,
and decreases the overall efficiency of the network.

These issues will need the concerted efforts of industry players, government bodies, and
technology suppliers. Developing a competent digital workforce, enhancing data integration
systems, and providing financial rewards to use technology are also essential in order to overcome

them. To conclude, although predictive models have great potential in changing the Saudi fuel
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sector, the challenge would be to address the underlying problems in terms of infrastructure,

governance, and human capital.

5.3 Conclusion

5.3.1 Overall Interpretation of Findings

The results of the current study confirm that predictive analytics have completely changed the
business environment of the fuel supply chains in the state of Saudi Arabia. Using the combination
of artificial intelligence (Al), machine learning (ML), and the Internet of Things (IoT), fuel station
operators have changed their manual forecasting to data-driven, proactive decision-making. This
change has enhanced visibility of inventory, increased accuracy of the forecast, and reduced
inefficiency in the supply chain operations. Through the analysis of various data sources, including
past sales, weather forecasts, and local demand trends, predictive systems can help distributors

accurately predict the fluctuations and then act on them in real time.

Efficiency, sustainability, and competitiveness became interrelated results of the adoption of
predictive models. Improved accuracy in forecasts leads to less wastage of fuel and overstocking,
which is beneficial to the economic and environmental goals. Simultaneously, the preservation of
the optimal level of inventory and the absence of stockouts will enhance the confidence of the
customers and competitiveness in the marketplace, which is important to the national security of

energy.

The study met its main goals since it proved that predictive analytics can increase inventory
management, lower operational costs, and revealed the main obstacles that prevent widespread
adoption, including the inability to integrate the data and employee reluctance to use it. On the
whole, predictive analytics is a strategic facilitator of digital transformation in the energy logistics
industry of Saudi Arabia. Its implementation is in line with Vision 2030, which focuses on
innovation, technological development, and sustainable development in the industrial sector. The

results highlight that the digital transformation is not only a technical improvement but a strategic
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necessity for developing long-term resilience, flexibility, and competitiveness of the Saudi fuel

industry.

5.3.2 Theoretical Implications

The study has a positive impact on the existing body of academic knowledge in the field of supply
chain management and predictive analytics, as it offers empirical information on the way data-
driven technologies transform the operations of energy logistics. The research supports the Supply
Chain Resilience Theory, according to which stability and adaptability are considered to be
attained by organisations because of the ability to predict disruption by the ability to predict and
integrate information. This theoretical premise is corroborated by the findings of Saudi fuel
stations, which indicate that predictive analytics can increase the resilience rate by prioritising the
demand, implementing optimal resource distribution, and eliminating the potential risks on time.
The study also generalises the use of the Technology Acceptance Model (TAM) by putting into
perspective the use of technology in a conventionally conservative, resource-demanding industry.
The results indicate that the perceived usefulness and organisational readiness have a potent impact
on the acceptability of predictive models among the fuel station managers. The moderating
variables to this relationship were identified to be resistance to change, data literacy gaps, and
limited digital infrastructure. Therefore, the study is relevant to the theory as the researchers
combine cultural and infrastructural factors that influence technology acceptance in the context of
the Middle Eastern industry.

Furthermore, based on Saudi Arabia, which is a country with a fast digital and economic
transformation, the research saves the world on the adoption of Al and predictive analytics in
emerging markets. It shows that predictive model integration is not just a capability of
technological capacity but also of regulatory support, institutional trust, and national innovation
agendas. This understanding expands the theoretical discussion by pointing to the interplay
between macro-level policies and micro-level operational behaviours in facilitating digital
transformation. Therefore, the study contributes to the cross-section between supply chain theory,

technological innovation, and situational adaptation.
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5.3.3 Practical Implications

Managerially and operationally, the research provides practitioners in the Saudi fuel supply chain
with useful information. The findings also highlight to the operators and managers the need to
invest in predictive analytics as a means of attaining cost leadership and operational agility. Using
real-time data to predict the demand and make the most efficient deliveries, the managers will be
able to reduce the holding costs, avoid emergency replenishments, and improve the reliability of
the services. Predictive systems can also enhance effective decision-making because they combine
various variables, including market changes, conditions in the environment, and the work of
equipment, into automated analysis systems.

In the case of logistics companies, predictive models give the company an edge over its
competitors as they can maximise transport routes and delivery time, which consequently saves
more fuel and lowers carbon emissions. Moreover, the adoption of predictive maintenance systems
reduces the number of unanticipated downtimes, maximizes the use of assets, and increases the
level of safety. To policymakers and regulators, the results indicate that the promotion of the use
of predictive analytics on a large scale can be used to support national objectives of economic
diversification and energy sustainability.

Above all, predictive analytics perfectly aligns with the agenda of the digital economy and the
sustainability of Saudi Vision 2030. Technology enhances the efficiency of resources, minimise
wastage, and facilitates the shift to a data-driven energy sector. It makes the Saudi fuel supply
chain an example of digital excellence in the Gulf area, with efficiency and environmental
responsibility. Overall, the implications of the presented practical aspects confirm that predictive
analytics is not only a technological revolution but also a strategic necessity of the up-to-date
energy management that will lead to the uninterrupted enhancement and a sustainable competitive

advantage in the industry.

5.4 Recommendations

According to the findings and conclusions of this research, it can be realised that predictive

analytics can be transformative in enhancing efficiency, minimising expenses, and building
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resilience in the fuel supply chains in Saudi Arabia. Subsequently, this potential can be achieved
through a concerted effort on strategic, operational, and policy levels. In this section, the industry
stakeholders, fuel station managers, policy makers, and future researchers have been given specific
recommendations that would guarantee sustainable adoption and maximisation of predictive

models within the industry.

5.4.1 Industry Strategic Recommendations

On a larger scale, fuel supply chains undergo digital transformation, which demands the creation
of strong technological and collaborative structures at the industry level. The initial strategic
objective is to build centralised digital data platforms that would allow seeing inventory levels,
demand patterns, and delivery performance on a real-time basis across the entire supply network.
These platforms are expected to be able to combine data provided by various sources, like loT
sensors in storage tanks, sales terminals, and transportation systems, to give a single and
transparent picture of operations. The centralisation of data is not only helpful in providing the
ability to make accurate forecasts but also improves collaboration between suppliers, distributors,
and retailers.

Second, the fuel supply chain organisations are supposed to integrate predictive systems with
Enterprise Resource Planning (ERP) and IoT infrastructure to facilitate a smooth flow of
information. These kinds of integration make sure that the forecasting, procurement, and logistics
processes are aligned to minimise redundancy and lag time. An example of this is the integration
of predictive tools with ERP systems to make replenishment decisions automatically, in real-time,
with decision-making responsiveness and efficiency.

Third, predictive maintenance technologies should be invested in to reduce downtime and increase
the life of the key assets, such as delivery fleets and fuel storage facilities. Relying on Al
algorithms, predictive maintenance can be used to identify the health of equipment by using
sensors and past usage information, and promptly identify faults before they can create disruption.
Such a solution helps to minimise maintenance expenses, besides enhancing the maintenance and
reliability levels.

Finally, the industry ought to strive to create data-sharing ecosystems, which stimulate cooperation

between suppliers, distributors, and retailers. The existence of data silos does not allow producing
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the right predictive insights now. By coming up with safe and standardised data interchange
systems, organisations can have joint advantages of aggregated intelligence without compromising
confidentiality. Associations of industries and technology consortia ought to pioneer in developing
structures of data interoperability so that predictive analytics can contribute to overall effectiveness

on the sector level and not isolated gains.

5.4.2 Operational Recommendations of Fuel Stations

There should be a phased and structured process of implementing predictive analytics in fuel
stations at the operational level. The initial one is a digital readiness audit to analyse the current
infrastructure, data quality, and workforce capacities. This analysis assists the managers on the
disparities in technology, skills, and procedures that need to be overcome before the effective
implementation of predictive tools.

The second action will be starting pilot predictive projects. Pilots on a smaller scale enable
organisations to employ small-scale predictive systems to determine how they will perform and
behave in specific controlled environments, before being implemented on a larger scale. These
projects must aim at high impact, e.g., demand forecasting or replenishment scheduling, where
quantifiable efficiency can be achieved in the shortest possible time. These lessons of pilot
initiatives can then be applied in the overall implementation strategy.

The third is investment in the development of the workforce and training. The training of
employees at different levels, including managers, inventory controllers, and IT staff, should be
on data analytics, model interpretation, and digital literacy. The internal expertise development
will guarantee that predictive systems get adopted and used to make decisions.

When the first success is attained, the fourth step will be to scale predictive analytics
implementation to all operational units. It should be expanded with constant checking of such
performance indicators as inventory turnover ratio, level of achievement of the service, and cost
per litre distributed. These key performance indicators (KPIs) give objective measures that the
effect of predictive systems can be measured against operational efficiency and financial
performance. Moreover, fuel stations need to create a system of constant improvement, reviewing
the accuracy of the system regularly, revising algorithms, and introducing new sources of data.

The presence of regular feedback between the managers and the technical teams is to ensure that
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predictive systems are improved with market forces, as well as to be able to perform optimally in

the long term.

5.4.3 Policy and Regulatory Recommendations

The Saudi government and regulators have a key role to play at the policy level towards the
enabling environment of digital innovation in fuel logistics. The first recommendation is that
government incentives (tax breaks, digital transformation grants, innovation subsidies, etc.) should
be introduced to deal with the implementation of predictive technologies among small and
medium-sized fuel retailers. These incentives will be able to cover upfront investment expenses
and motivate a wider presence in digital transformation measures.

Also, the urgency of introducing an extensive regulatory framework that will regulate data
security, digital integration, and ethical application of predictive analytics is present. This
framework must also follow the standards of privacy and offer data storage, sharing, and protection
guidelines in the energy industry. Clarity of regulation will create confidence in the stakeholders
and make more people adopt Al-driven systems.

The policymakers will also encourage cross-sector co-operation to drive the digital transformation
plans of Vision 2030 by encouraging joint ventures between the government and the business
sector to hasten the establishment of smart logistics infrastructure. Innovation, knowledge sharing,
and capacity building can be facilitated by collateral projects between fuel companies, technology
providers, and research institutions.

Besides, predictive data governance guidelines in the country ought to be developed to homogenise
data management practices in the industry. Such guidelines need to deal with aspects such as
interoperability, ownership of the data, and ethical use of AIl. A national data storage or energy
analytics hub can be created to consolidate data from fuel retailers, distributors, and governmental
agencies, which will increase transparency and predictability.

Policy-level actions will guarantee that predictive analytics is a national standard as opposed to a
scattershot effort, adding to the larger goals of Saudi Arabia in the digital economy and

environmental sustainability mandate.
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5.4.4 Future Research recommendations.

Although the paper has given a remarkable understanding of how predictive analytics can be
applied in the fuel supply chains, more research is required to broaden and deepen the
understanding of the dynamic area. Quantitative research designs should be applied in future
studies to determine the specific performance results of predictive models in terms of forecasting
error, reduced lead-time, and saved costs. This would give statistical confirmation of the
qualitative findings in the present study.

Comparison with other Gulf Cooperation Council (GCC) countries can also be taken as another
promising direction. These studies could reveal the regional variations in technologies, information
management, and regulatory policies, which would be priceless in cross-border energy logistics
standardisation and regulation, and collaboration.

Hybrid predictive-prescriptive modelling methods should also be considered by the researchers as
a way of forecasting demand, but also suggesting the best actions, which are based on scenario
simulation. Adding predictive analytics and prescriptive analytics may transform the process of
decision-making to the extent of automation of the identification of patterns and the choice of the
most effective response options.

Lastly, the ethical, social, and sustainability implications of the adoption of Al in supply chains
should be researched in the future. With the further spread of predictive analytics, the problems of
data privacy, bias in algorithms, and the displacement of employees should be considered. The
search for the frameworks of responsible Al governance concerning the field of energy logistics
will guarantee that technological advancement is consistent with the ethical and environmental
standards.

Overall, further scholarly study will be essential in ensuring that the benefits of predictive analytics
in the energy industry in Saudi Arabia are optimised in the long run. Quantitative validation,
regional benchmarking, and ethical inquiry will enable more intelligent, sustainable, and resilient

fuel supply chains to be sustained in the future through future research.
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5.5 Limitations of the Study

This research recognises several limitations that may have affected the results of the research. The
semi-structured interviews, which were used as the qualitative research method, offered a detailed
insight but diminished the external validity of the results. It is possible that the small sample may
not be representative of the range of views in the whole Saudi fuel industry. Also, proprietary
operational data was not accessible, and it was not easy to substantiate claims using quantitative

data.

An additional geographical limitation of the research was the cities of Riyadh, Jeddah, and
Dammam, which might not be smaller or rural areas with varying digital capacities and logistical
barriers. Time was also a constraint that inhibited the ability to perform longitudinal analysis to

determine the long-term effects of the use of predictive analytics.

Irrespective of these limitations, the study provides a solid basis for future studies. The reliability
and procedures and findings would also be increased by expanding the sample size, encompassing
quantitative procedures, and generalising the study to other regions or the Gulf Cooperation

Council (GCC) countries.
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Appendices

Questionnaire

Title: The Impact of Using Predictive Models on Inventory Management Efficiency
and Cost Reduction in Fuel Station Supply Chains in Saudi Arabia

Instructions to Participants:

This questionnaire is designed for academic research purposes only. The information you
provide will remain strictly confidential and will be used solely for analysis in the study.
Please answer all questions honestly. Your participation is voluntary, and you may

withdraw at any stage.

Section 1: Personal Information

(This section collects demographic data to segment participants and understand differences
in perspectives based on background.)

1. Age:

0 L] Under 25

0 [ 25-34
0 [ 3544
0 O 45-54

0 [ 55 and above

2. Gender:

0 L1 Male

0 L] Female

3. Highest educational qualification:

0 L] Diploma

0 L] Bachelor’s Degree
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0 L1 Master’s Degree

0 L1 Doctorate

0 L] Other (please specify):
4. Job position:

0 L] Supply Chain Manager
0 U] Inventory Supervisor

0 01 IT Specialist

0 01 Other (please specify):
5. Years of professional experience:
0 L] Less than 5 years

0 L1 5-10 years

0 0 11-15 years

0 L1 More than 15 years
6. City of workplace:
0 O Riyadh

0 [ Jeddah
0 0 Dammam

0 L1 Other (please specify):

Section 2: General Questions
(This section collects general information on participants’ exposure to predictive models

and inventory management practices.)

7. Have you heard of predictive models or predictive analytics in inventory
management?

0 [ Yes

0 L1 No

8. If yes, how would you rate your level of familiarity?
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0 O Very low
0 U Low
0 L1 Moderate
0 L] High
0 L] Very high

0. Does your organisation currently use predictive models for inventory management?
0 O Yes

0 [ No

0 [J Not sure

10.  Which types of predictive tools or methods are you familiar with? (Select all that

apply)

. 0] Time-series forecasting

. L1 Machine learning models

. L] Regression analysis

. [0 Al-driven inventory systems

. O] Other (please specify):
11.  In your experience, what are the main challenges your organisation faces in

managing fuel inventory?

. [ Demand fluctuations

. L1 Overstocking/stockouts

. L] High holding costs

. L] Lack of technological tools

. L1 Other (please specify):

9.2.2.2.1. The Guidelines of the Discussion Guide

157



w0 anes:. v oo pu—

Topic: The Impact of Using Predictive Models on Inventory Management Efficiency and Cost
Reduction in Fuel Station Supply Chains in Saudi Arabia

Introduction — 10 minutes

Greeting & Welcome

“The purpose of today’s session is to hear your views, experiences, and expectations
regarding predictive analytics. There are no right or wrong answers—we are here to

understand your personal perspectives.”

Ground Rules

. All responses will remain confidential.

. Please feel free to speak openly and honestly.

. Let’s make sure everyone has a chance to share.
. The session will last about 45—-60 minutes.

Section 1: Enhancing Inventory Management Efficiency

1. What do you think are the key issues that fuel stations grapple with to ensure that
inventory levels are managed?

2. What do you do to predict the fuel demand at present, and what do you think are the
shortcomings of the current procedures?

3. What do you think the predictive models (Al, machine learning, or data-driven
forecasting tools) can do to enhance the efficiency of inventory management in fuel
station supply chains?

4. Which kind of data (e.g. sales history, seasonal demand, traffic patterns, weather
conditions) do you consider the most useful in predictive modeling of the fuel station

operation?

Section 2: Cost Reduction Benefits

5. Where do you perceive the greatest areas of cost reduction in the inventory management

in fuel stations (e.g., overstocking, stockouts, logistics, storage)?
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6. What do you believe predictive models can do to reduce these expenses compared with
the traditional approaches?
7. s there any example or situation that you would say advanced forecasting tools would

have helped to avoid financial losses or enhancing operational efficiency?
Section 3: Challenges and Barriers

8. What do you consider the greatest obstacles to the implementation of predictive models in fuel

station supply chains in Saudi Arabia (technical, financial, organizational, cultural, etc.)?

9. To what extent do you believe that Saudi fuel station operators are prepared regarding

infrastructure, skilled human resource, and digital preparedness to implement predictive models?

10. What do you think are the most effective strategies or support (government, technology

providers, or internal management) that can be offered to overcome these challenges?
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