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ADVANCE IN ARTIFICIAL INTELLIGENCE AND DIGITAL TECHNOLOGIES IN 

THE OIL AND GAS INDUSTRY 

 

The oil and gas sector has undergone significant transformation through the integration 

of artificial intelligence (AI) and digital technologies, driven by the need for enhanced 

efficiency, reduced operational costs, and improved safety in a volatile market. These 

advancements address challenges such as declining reserves, complex reservoir management, 

and environmental regulations. AI applications span the entire value chain, from exploration to 

refining, leveraging machine learning (ML), deep learning (DL), and data analytics to optimize 

processes. This article examines key developments in AI-driven technologies, drawing on 

recent studies to highlight their impact on industry practices [1, 2]. 

In exploration and reservoir management, AI has revolutionized seismic interpretation 

and modeling. Traditional methods rely on manual analysis of vast datasets, but AI algorithms, 

including convolutional neural networks (CNNs) and long short-term memory (LSTM) 

networks, enable automated fault detection and porosity prediction with high accuracy. For 

instance, AI models achieve R² values exceeding 0.95 in porosity estimation, reducing 

computation time by over 90% compared to conventional simulations. Hybrid approaches 

combining AI with physics-based models further enhance reservoir simulations, allowing for 

faster calibration and optimization of drilling parameters. In shale gas extraction, real-time 

analytics adjust production rates dynamically, improving yield in mature fields. Bibliometric 

analyses indicate a 15% annual growth in AI-related publications from 2015 to 2024, with a 

focus on neural networks for seismic data processing. Additionally, generative AI and digital 

twins simulate reservoir behavior, predicting outcomes for enhanced oil recovery techniques 

like CO2 huff-n-puff injections. These tools have been instrumental in identifying optimal 

drilling locations, contributing to a 10-20% increase in upstream production efficiency [3, 4]. 

Production and operations benefit from AI through predictive analytics and automation. 

In drilling, AI optimizes rate of penetration by up to 18%, using real-time telemetry to minimize 

downtime. Automated rigs and robotics, integrated with AI and Internet of Things (IoT) 

sensors, perform inspections in hazardous environments, reducing equipment failures by 40% 

and saving millions in operational expenditures. For gas pipeline operations, ML techniques 

such as support vector machines (SVM) and random forests detect faults and leaks with 

accuracies above 94%, incorporating IoT for real-time monitoring [5, 6]. Digital twins and 

supervisory control and data acquisition (SCADA) systems enable prescriptive maintenance, 

where AI forecasts failures in pumps and compressors, achieving F1-scores over 0.89. In 

refining, AI refines process optimization, adjusting variables for demand forecasting and 

yielding 10-15% profit margin improvements. Edge computing complements cloud platforms 

by providing low-latency processing in remote sites, enhancing asset management and reducing 

operational costs by 10-15%. Studies of proceedings from 2020-2025 reveal clusters of 

technologies focused on real-time decision-making in multistage completions and hydraulic 

fracturing [7]. 

Safety and maintenance are enhanced by AI's ability to mitigate risks in critical 

infrastructure. Corrosion detection in pipelines uses DL models like YOLOv5 and radial basis 

function neural networks (RBFNN), integrating magnetic flux leakage data for proactive 

interventions. Robotics and drones conduct automated inspections, minimizing human 

exposure and improving equipment effectiveness by 20%. AI-powered cybersecurity protects 
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operational technology networks, with threat detection systems addressing vulnerabilities in 

IoT-integrated systems. In offshore environments, augmented reality (AR) and virtual reality 

(VR) facilitate training and digital twin-based simulations, reducing accidents. Predictive 

models for hydrate formation and well integrity prevent failures, promoting sustainability amid 

regulatory pressures. Global trends show AI integration with blockchain for transparent supply 

chains, cutting transaction costs by 30%. 

Challenges persist, including limited datasets, high implementation costs, and integration 

with legacy systems. Regulatory hurdles and the need for skilled talent hinder widespread 

adoption, with market projections indicating AI spending in oil and gas exceeding 50% of IT 

budgets by 2029. Future directions emphasize hybrid AI-physics models, generative networks 

for data synthesis, and 5G-enabled IoT for advanced analytics. As global oil supply capacity 

rises to 114.7 mb/d by 2030, outpacing demand, AI will be crucial for managing surpluses and 

transitioning to low-carbon technologies like carbon capture and storage (CCS). Investments in 

electrification and renewable integration, such as green hydrogen, align with environmental 

goals, potentially displacing 5.4 mb/d of oil demand through electric vehicles. 

In conclusion, AI and digital technologies are pivotal in modernizing the oil and gas 

industry, fostering operational excellence and resilience. Their continued evolution will support 

sustainable development, addressing both economic and environmental imperatives. 
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