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Abstract: The intersection of technology and supply chain management (SCM) in the oil and gas industry represents a
critical focal point for enhancing operational efficiency, reducing costs, and improving overall supply chain performance.
This study explores the transformative impact of advanced technologies such as the Internet of Things (1oT), predictive
analytics, and artificial intelligence (Al) on SCM practices within the industry. By conducting a systematic literature
review, the research identifies key themes and patterns that highlight the benefits, challenges, and best practices
associated with technological integration. The findings reveal that 10T enables real-time monitoring and predictive
maintenance, blockchain enhances data integrity and security, and Al optimizes demand forecasting and decision-making
processes. Additionally, the study addresses the significant challenges faced by the industry, including high initial
investment costs, skill shortages, and cybersecurity risks. By adopting phased implementation strategies, fostering
collaboration, and adhering to regulatory standards, the oil and gas sector can successfully leverage these technological
advancements. The insights gained from this research provide a comprehensive understanding of how technology can be
harnessed to achieve a more efficient, transparent, and resilient supply chain, offering valuable lessons for other
industries, including healthcare logistics.
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1 INTRODUCTION

The oil and gas industry being a critical component of the global economy relies heavily on efficient supply chain
management (SCM) to ensure the seamless flow of resources from extraction to distribution. Contemporarily,
technological advancements have significantly transformed SCM processes within this sector [1]. Therefore, this article
aims to explore the interaction between technology and SCM in the oil and gas industry, analyzing how technological
innovations enhance operational efficiency, reduce costs, and improve decision-making. The methodology employed
includes a comprehensive review of existing literature, synthesizing insights from various scholarly sources to present a
balanced view of the topic.

1. RELEVANT REVIEW

2.1 Technological Innovations and Their Impact

Technological advancements such as the Internet of Things (loT), blockchain, big data analytics, and artificial
intelligence (Al) have revolutionized SCM in the oil and gas industry [2]. 10T enables real-time tracking and monitoring
of equipment and resources, enhancing visibility and transparency across the supply chain [3]. In the same vein,
blockchain technology ensures data integrity and security, facilitating trust and collaboration among stakeholders [4].
Therefore, big data analytics and Al provide predictive insights, optimizing inventory management, demand forecasting,
and maintenance schedules [5].

The integration of these technologies offers numerous benefits, including increased efficiency, cost reduction, and
improved decision-making [3]. For instance, A study reported that real-time data from loT devices can help identify
potential issues before they escalate, reducing downtime and maintenance costs [4]. Additionally, predictive analytics
can streamline operations by anticipating demand fluctuations and optimising resource allocation [6].

Despite the potential benefits, the implementation of advanced technologies in SCM poses several challenges. High initial
investment costs, lack of skilled personnel, and cybersecurity risks are significant barriers to adoption [7]. Moreover, the
integration of new technologies with existing legacy systems can be complex and time-consuming, potentially disrupting
operations [8].
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Critics argue that over-reliance on technology may lead to vulnerabilities, such as cyber-attacks and data breaches [9],
which can compromise the entire supply chain [10]. Additionally, the ethical implications of data collection and usage
raise concerns about privacy and surveillance [11]. There is also the risk that technological advancements may exacerbate
existing inequalities within the industry, as smaller firms may lack the resources to adopt these innovations [12].

2.1.1 Balancing Technological Benefits and Risks

Thus, while the integration of technology in SCM presents both opportunities and challenges, a balanced approach is
essential. Thus, researchers state that companies should conduct thorough cost-benefit analyses to determine the
feasibility of technological investments [5]. Hence, developing robust cybersecurity measures and investing in employee
training can mitigate implementation risks [13]. In the same vein, policymakers and industry leaders should also consider
ethical guidelines to address privacy concerns and ensure equitable access to technological advancements.

2.2 Transaction Cost Economics (TCE)

TCE as an economic and supply chain framework that focuses on the cost of transactions and the governance structures
that minimize these costs [14]. In the oil and gas industry, technologies such as cloud computing and machine learning
can significantly reduce transaction costs by enhancing transparency, trust, and security in supply chain operations [15].
Essentially, the reduction of information asymmetry and the automation of contractual processes can streamline
operations and reduce the need for intermediaries.

One criticism of TCE is its assumption that transaction cost minimization is the primary driver of organizational behavior
[16]. This criticism was seconded by contending that this view can be overly simplistic, as it neglects other strategic
considerations such as innovation, market positioning, and long-term value creation [17]. As such, the theory may not
fully capture the complexities and risks associated with implementing advanced technologies, such as cybersecurity
threats and the need for regulatory compliance.

On the other hand, despite its criticism, TCE provides valuable insights into how technology can reduce transaction costs
and improve supply chain efficiency [18]. However, a study opined that for this theory to attain its highest utility, it
should be used with other models considering strategic, operational, and risk management aspects of technology adoption
[19]. Therefore, a more holistic approach would involve integrating TCE with strategic management theories to address
a broader range of factors influencing technology integration in the supply chain practice.

2.3 Diffusion of Innovations (DOI)

The DOI theory, proposed by Everett Rogers, explains how, why, and at what rate new ideas and technologies spread
within an organization or society [20]. In the context of oil and gas industry, DOI can help understand the adoption
process of technologies like 10T, Al, and Cloud Computing (CC) in SCM. Factors such as relative advantage,
compatibility, complexity, trialability, and observability are identified to influence the adoption rate of these technologies
[21].

Despite its usefulness, DOI has been largely criticized for its linear and deterministic view of innovation adoption. The
argument is that DOI assumes a uniform process of adoption and may not account for the unique contextual factors and
resistance to change within an industry or organization (in this case, the oil and gas industry) [22]. Additionally, some
opined that DOI neglects the hierarchical complexities in the role of organizational culture, power dynamics, and
stakeholder interests in the adoption process [23].

However, DOI provides a substantial framework for analyzing the adoption and diffusion of technological innovations
in organizational operations particularly in supply chain management. Regardless of its substantial framework, Roberts
et al. believe DOI should be applied with caution, considering the specific contextual factors and complexities of the oil
and gas industry [24]. Therefore, integrating DOI with organizational change theories such as TCE and stakeholder
analysis can offer a more nuanced understanding of the adoption process.

2.4 Integrated Perspective

Judging from the foregoing, to gain a comprehensive understanding of the interaction between technology and SCM in
the oil and gas industry, it is essential to integrate insights from multiple theoretical frameworks. In no order of utility,
Ployhart [25] posited that the Resource-Based View emphasizes the strategic value of technological resources; TCE
highlights the cost-efficiency of technological integration [14]; and DOI explains the adoption process of innovations
[26]. Thus, combining these theories provides a robust foundation for analyzing technological integration from various
dimensions — strategic, operational, and behavioral.
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The integration of technology in SCM within the oil and gas industry is a multifaceted process influenced by strategic
value, transaction costs, and adoption dynamics [27]. While each theoretical framework offers valuable insights, a holistic
approach that synthesizes elements from the RBV, TCE, and DOI, along with considerations of dynamic capabilities and
organizational change, is essential. This integrated perspective of theories enables a more comprehensive analysis of how
technology can enhance supply chain efficiency, drive competitive advantage, and address the unique challenges of the
oil and gas industry [28].

2.4.1 Resource-Based View (RBV)

The RBV posits that a firm's resources and capabilities are critical determinants of its competitive advantage [29].
Therefore, in the context of SCM in the oil and gas industry, technological resources such as 10T, Al, and ML can be
considered valuable, rare, inimitable, and non-substitutable (VRIN) assets. These technologies can enhance operational
efficiency, reduce costs, and provide data-driven insights for better decision-making, thus contributing to a firm's
competitive edge [30].

However, RBV is criticized for having limitations when applied to the dynamic and rapidly evolving technological
landscape [31]. It tends to focus on static resources rather than dynamic capabilities, which are essential for adapting to
technological changes and disruptions [32]. Additionally, the theory does not adequately address the challenges of
resource integration and the potential for technology obsolescence [33]. On the other hand, while the RBV provides a
solid foundation for understanding the strategic value of technological resources in SCM, it needs to be complemented
with TCE and DOI to emphasize dynamic capabilities and adaptability [34]. Therein, it is safe to ascertain that integrating
RBV with DOI and TCE concepts from dynamic capabilities theory can offer a more comprehensive understanding of
how firms can sustain their competitive advantage through continuous technological innovation.

1. METHODOLOGY

This section outlines the approach and techniques used to conduct this study on the interaction of technology and supply
chain management (SCM) in the oil and gas industry. The study employs a qualitative research design, incorporating a
systematic literature review to gather comprehensive insights. This study adopts a qualitative research design, which is
suitable for exploring complex phenomena and gaining a deep understanding of the interactions between technology and
SCM in the oil and gas industry. This approach allows for the collection of rich, detailed data from existing literature.

Table 1. Details of Selected Pieces of Literature

Authors Year Title Journal (Volume)
Gardas, B., Raut, 2019 Determinants of sustainable supply chain management: A case study from Sustainable Production and
R.D. and Narkhede, the oil and gas supply chain Consumption (17)

B.
Czachorowski, K.V. 2022 Digital Transformation in the Offshore Qil and Gas Exploration and University of South-Eastern
Production supply chain operations Norway (Faculty of Technology,
Natural Sciences and Maritime
Sciences)
Atstaja, D. and 2024 Sustainable Supply Chain Management in the Oil and Gas Industry in Sustainable Production and
Mukem, K.W. Developing Countries as a Part of the Quadruple Helix Concept: A Consumption (17)
Systematic Literature Review
Source: Author
3.1 Analysis

Key Themes Identified
10T and Real-Time Monitoring
IoT enables real-time monitoring of assets, enhancing visibility and transparency across the supply chain. 10T devices

provide critical data on equipment performance and resource utilization, leading to proactive maintenance and reduced
downtime [35].
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Blockchain for Data Integrity and Security
Blockchain technology enhances data integrity and security in SCM. The immutable nature of blockchain records ensures

transparency and reduces the risk of fraud. Blockchain facilitates trust and collaboration among supply chain partners by
providing a secure and verifiable record of transactions (Czachorowski, 2022).
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Al and Predictive Analytics
The integration of Al and big data analytics is a transformative factor in SCM. These technologies enable predictive

insights for demand forecasting, inventory management, and optimization of supply chain operations. Al-driven
predictive maintenance schedules can significantly reduce operational costs and improve efficiency [38].
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3.2 Challenges of Technological Integration

High Initial Investment and Costs: High initial investment costs are a major barrier to technology adoption in SCM.
Implementing advanced technologies requires significant capital expenditure, which may be challenging for smaller
firms. Cost-benefit analyses are crucial to justify technological investments and ensure long-term returns [35].

Lack of Skilled Personnel: A shortage of skilled personnel capable of managing and maintaining advanced technologies
is another challenge. Specialized training and development programs are needed to bridge this skills gap. Investing in
workforce development is essential to ensure successful technology implementation [37].

Cybersecurity Risks: Cybersecurity risks associated with technology integration are a significant concern. 10T devices
and blockchain networks are vulnerable to cyber-attacks. Robust cybersecurity measures and continuous monitoring are
necessary to mitigate these risks [38].

V. IMPLEMENTATION STRATEGIES

Phased Implementation: A phased approach to technology implementation is recommended. Gradual integration allows
firms to assess the impact of each technology and make necessary adjustments. Pilot projects and incremental scaling
help manage risks and optimize resources [35].

Collaboration and Partnerships: Collaboration with technology providers, industry partners, and research institutions
is a key strategy for successful technology adoption. Partnerships provide access to expertise, resources, and shared
knowledge. Collaborative efforts are crucial in overcoming technological challenges and driving innovation [37].

Regulatory Compliance and Standards: Ensuring regulatory compliance and adherence to industry standards is critical
for technology integration. Standardized protocols and frameworks guide implementation. Regulatory bodies play a
significant role in establishing guidelines and best practices for technology use in SCM [37].

Overall, this analysis reveals that technological advancements such as 10T, blockchain, and Al have a profound impact
on SCM in the oil and gas industry. These technologies offer substantial benefits in terms of operational efficiency, cost
reduction, and decision-making. However, the integration process is fraught with challenges, including high costs, skill
shortages, and cybersecurity risks.
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Hence, it can be ascertained that the interaction of technology and SCM in the oil and gas industry is a dynamic and
multifaceted process. While technological advancements hold great potential for enhancing supply chain operations [39],
their successful integration necessitates careful planning, investment in skills development, and robust cybersecurity
measures [40]. By adopting a strategic and collaborative approach, firms in the oil and gas industry can leverage
technology to achieve a competitive advantage and drive operational excellence in their supply chains [41]. Away from
the oil and gas industry, another important industry that requires the integration of the identified above is the Healthcare
Industry. It is believed that the integration of these approaches will enhance medical operations and supply therein the
industry.

V. APPLICATION OF OIL AND GAS SCM AND TECHNOLOGY APPROACH IN HEALTHCARE

The rapid advancement of technology and the development of sophisticated supply chain management (SCM) strategies
in the oil and gas sector provide a valuable framework that can be adapted to optimize healthcare service delivery [42].
The oil and gas industry, characterized by its complexity, high-risk environment, and need for efficiency, has pioneered
various technological innovations and SCM practices that can significantly enhance the efficiency, transparency, and
effectiveness of healthcare systems. This discussion will elaborate on how these advancements can be transferred and
adapted to the healthcare sector to improve service delivery.

5.1 Technological Advancements

Internet of Things (1oT): In the oil and gas industry, 10T is extensively used for real-time monitoring of equipment,
pipelines, and environmental conditions. 10T devices collect and transmit data continuously, enabling predictive
maintenance and minimizing downtime [43]. Thus, in healthcare, 10T can be utilized to monitor patient vitals, manage
medical equipment, and track inventory. Wearable devices and remote monitoring systems can provide real-time health
data to healthcare providers, facilitating early intervention and continuous patient care [44]. For example, l0T devices
can monitor chronic conditions like diabetes and heart disease, providing alerts for abnormal readings.

Benefits of IoT in the Healtheare Industry
Improved inventory management and equipment maintenance.
Reduced operational costs through predictive maintenance. N
Enhanced patient monitoring and care continuity. % )
i

Artificial Intelligence (Al) and Predictive Analytics: Al and predictive analytics are used to optimize drilling
operations, forecast demand, and enhance decision-making processes. These technologies process vast amounts of data
to predict equipment failures and optimize resource allocation. Al can be used for diagnostic purposes, predicting patient
outcomes, and personalizing treatment plans [45]. In the same vein, predictive analytics can help in anticipating patient
admission rates, optimizing staffing, and managing supply chain logistics for medical supplies [46].

Benefits of AT and Predictive Analytics

Improved diagnostic accuracy and personalized treatment. -~ =E_

o : : : o
Optimized resource allocation and operational efﬁmency.(a"-“ A

» Enhanced predictive capabilities for patient care and management.

5.2 Supply Chain Management Strategies

Integrated Supply Chain Networks: The oil and gas sector employ integrated supply chain networks to ensure seamless
coordination between suppliers, manufacturers, and distributors. This integration enhances transparency and efficiency.
Healthcare can adopt integrated supply chain networks to improve coordination between hospitals, clinics, suppliers, and
pharmacies. This can lead to better inventory management, reduced lead times for medical supplies, and improved patient
care [47].

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 145


https://iarjset.com/
https://iarjset.com/

IARJSET ISSN (0O) 2393-8021, ISSN (P) 2394-1588

@ International Advanced Research Journal in Science, Engineering and Technology

Impact Factor 8.066 :: Peer-reviewed & Refereed journal ::< Vol. 11, Issue 2, February 2024
DOI: 10.17148/IARJSET.2024.11222

Benefits of Integrated Supply Chain Networks

£

. Enhanced coordination and communication across the supply chain. | 287 &
: i T

« Reduced stockouts and excess inventory. =

. Improved patient outcomes through timely availability of medical supplies.

Lean and Agile Supply Chains: Lean principles focus on reducing waste and optimizing processes, while agile supply
chains enable quick responses to market changes and disruptions [48]. Healthcare can implement lean principles to
streamline processes, reduce waste, and improve efficiency. Agile supply chains can enhance the ability to respond to
emergencies, such as pandemics or natural disasters, by quickly adapting to changing demands [49].

Benefits of Lean and Agile Supply Chain

. Increased operational ctficiency and cost savings.

. Enhanced flexibility and responsiveness to emergencies

. Improved patient care through streamlined processes.

Supplier Relationship Management: Strong relationships with suppliers are crucial for ensuring quality, reliability, and
cost-effectiveness. The oil and gas industry uses strategic partnerships and continuous collaboration with suppliers.
However, Vecchi, Cusumano and Boya opined that healthcare providers can establish strategic partnerships with
suppliers of medical equipment, pharmaceuticals, and other essential goods [50]. Effective supplier relationship
management can ensure the timely delivery of high-quality products and services.

Benefits of Supplier Relationship Management

. Improved quality and reliability of medical supplies.

. Enhanced collaboration and innovation with suppliers.

. Cost-effective procurement and reduced supply chain risks.

VI. CONCLUSION

The technological advancements and SCM strategies from the oil and gas sector can be effectively adapted to optimize
healthcare service delivery. In this context, a notable healthcare company implemented loT devices for patients with
chronic heart disease [51].

These devices monitored vital signs and transmitted data to healthcare providers in real-time; they reduced hospital
readmissions by 20%; improved patient satisfaction and health outcomes; and enhanced the ability to detect and manage
health issues early. In another report by Maleki Varnosfaderani and Forouzanfar, hospitals in the United States with
integrated Al-powered diagnostic tools to analyze medical images for conditions such as cancer and neurological
disorders experienced increased diagnostic accuracy by 30%., reduced time for diagnosis, enabling quicker treatment,
and enhanced ability to handle large volumes of diagnostic data [52].

By leveraging 10T, Predictive Analytics, and Al, healthcare systems can enhance patient monitoring, secure data
management, and improve diagnostic capabilities [53]. Additionally, Raji, Rossi and Strozzi opined that the integrated,
lean, and agile supply chain strategies can streamline operations, reduce costs, and improve responsiveness to patient
needs [54]. Hence, the adaptation of these innovations and strategies promises significant improvements in the efficiency,
transparency, and effectiveness of healthcare delivery, ultimately leading to better patient outcomes and overall
healthcare system performance.
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