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Abstract: The purpose of this article is to provide a comprehensive justification
of the role of artificial intelligence as a key driver of innovative transformations in the
oil and gas industry at the global and national levels, with a focus on the impact of Al
on the operational efficiency, environmental performance, and industrial safety
systems of energy companies. The paper systematically explores the nature of the
digital transformation of the oil and gas sector amid tightening environmental
regulations, escalating geopolitical risks, the destruction of energy infrastructure due
to the war in Ukraine, and a shortage of skilled personnel. It is shown that under such
conditions, artificial intelligence ceases to be an optional tool for targeted optimization
and becomes a fundamental element of new business models focused on data-driven
management of all stages of the value chain-from geological exploration and reservoir
modeling to production, transportation, processing, trading, and maintenance.

The methodological framework of the study comprises methods of analysis and
synthesis, systemic and structural-functional approaches, as well as comparative
analysis, which enabled a comparison of practices among leading international
companies. The use of the case study method allowed for an in-depth exploration of
the specifics of creating and scaling Al solutions for predictive equipment
maintenance, intelligent support for engineers, monitoring of greenhouse gas
emissions, automation of drilling operations, optimization of energy consumption, and
industrial safety risk management. A synthesis of empirical data from corporate
reporting and industry analytical studies showed that the implementation of Al systems
provides a significant reduction in downtime, lower maintenance costs, increased asset
productivity, reduced methane and carbon dioxide emissions, and creates new
sustainable competitive advantages for leading companies.

Particular attention is paid to the role of data management systems as a critical
infrastructure prerequisite for the effectiveness of Al in the oil and gas industry. It is
argued that the quality, integrity, security, and controlled access to production and
operational data are essential for the proper functioning of machine learning

algorithms, the development of reliable predictive models, and the implementation of

https://a-economics.com.ua/index.php/home/about ISSN 3041-2129

VYBech KOHTEHT JlinieH30BaHo 3a ymoBamu Creative Commons BY 4.0 International license



AKTYAJIbHI MATAHHSA
-/ g EKOHOMIYHUX HAYK

computer vision solutions to monitor compliance with occupational safety regulations.
It is shown that for Ukrainian energy companies, the priority is the phased
implementation of Al solutions with a focus on areas that provide the greatest impact
on operational efficiency and safety-predictive maintenance, emissions monitoring
systems, video analytics of production processes, and the digitization of operational
documentation. The approach proposed in this article can serve as a conceptual
foundation for developing roadmaps for the digital transformation of oil and gas
enterprises and for further interdisciplinary research in the field of the digital energy
economy.

Keywords: artificial intelligence, oil and gas industry, oil and gas sector,
innovative transformations, digital transformation, energy security, energy companies,

predictive maintenance.
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AHoTamisi: Mera cTarti nosisirae B KOMIUIEKCHOMY OOTpyHTYBaHHI poIi
IITYy4YHOTO IHTENEKTY fK KIIOYOBOTO JApaiBepa IHHOBALIWHUX TpaHCchopMaiii y
Ha(TOTa30Biil MPOMHCIOBOCTI HAa TIOO0AJBLHOMY Ta HaIllOHAJIBLHOMY pIBHSX, 13
3ocepemkeHHsM yBaru Ha BmiuBi IIII Ha onepauiiiny e€(eKTHBHICTb, €KOJOTIYHY
PE3yJABTaTUBHICTh Ta CUCTEMY IMPOMHMCIIOBOI O€3MEKH €HEPreTUYHUX KOMMaHId. Y
POOOTI MOCITIOBHO PO3KPHUTO 3MICT 1P poBoi TpaHchopmallii HahTOrazoBoro CEKTOpy
B YMOBaX MOCUJIEHHSI €KOJIOTTYHUX OOMEXEHb, 3arOCTPEHHS T€ONOMITUYHUX PU3HKIB,
pPYWHYBaHHS €HEPreTUYHOi 1H(PPAaCTPYKTYpH BHACHIJIOK BIMHM B YKpaiHi, a TaKoX
nedinuty kBamdikoBaHux kajapiB. [TokazaHo, 1110 B TaKUX yMOBaxX IITYYHUH 1HTEICKT
nepectae OyTh (aKyJIbTaTUBHUM 1HCTPYMEHTOM TOYKOBOi oONTHMI3amii Ta
IIEPETBOPIOETHCS Ha 0A30BUI €JIEMEHT HOBUX O13HEC-MOJIENeH, opieHTOBaHUX Ha data-
driven ympaBmiHHS BciMa €TamaMH JIAaHIIOra CTBOPEHHA BapToCTi — Bij
re0JIOTOPO3BIIKM Ta MOEIIOBAHHA POAOBUII 10 BHUIOOYTKY, TPaHCHOPTYyBaHHS,
nepepoOKu, TPEUIUHTY i CepBICHOTO 0OCIIyrOBYyBaHHSI.

Metoauuny 0a3zy MAOCHIIKEHHS CTAaHOBJISATH METOAW aHajlizy H CHHTE3Y,
CUCTEMHUH 1 CTPYKTYypHO-(YHKIIOHATHHUHN MIIXOAH, a TAKOXK MOPIBHSUIBHHUM aHai3,
0 JO3BOJMB 3ICTaBUTU TNPAKTUKA NOPOBIAHUX  MDKHApPOAHUX  KOMIIaHIM.
Buxopucranus Keic-MeTOAy JAajno 3MOTY MODIHUOIEHO PO3KPUTU crenudiky
ctBopeHHss Ta wmaciutaOyBanHs IlI-pimens 118 NpPOrHo3HOro 0OCITYyroBYBaHHS
oOnasiHaHHS, 1HTENEKTYaJbHOI MIATPUMKHU 1H)XXEHEpIB, MOHITOPUHTY BHUKHU[IB
MapHUKOBHX ra3iB, aBTOMATU3aIli1 OypOBHX OMepariiii, onTumMi3ailii €eHeproCcrnoKMBaHHS

Ta YIPAaBIIHHS PU3UKAMU MMPOMUCIIOBOT O€3MEKH. Y3arajJbHEHHS eMIIPUYHHUX JaHUX
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KOPIIOPATUBHOI 3BITHOCTI Ta Tajly3€BUX AHAJITUYHUX JAOCHIKEHb IMOKa3asio, IO
BripoBapkeHHsa LlI-cucrem 3abe3nedye CyTTeBE CKOPOYEHHS MPOCTOIB, 3HMIKEHHS
BUTpPAaT Ha TEXHIYHE OOCIYroBYBaHHs, MIABUIICHHS MPOJYKTUBHOCTI AaKTHUBIB,
3MEHIIICHHS BUKHUIB METaHy Ta JIOKCHUIY BYIJICIIO, a TakoX (OpMye HOBI CTIHKI
KOHKYPEHTHI [TlepeBaru KOMIaH1i-111epiB.

Oco0nuBy yBary MpHUAUICHO POJII CUCTEM YIPaBIIHHS JaHUMH SK KPUTHUYHOI
iH(ppacTpykTypHOi mnepenymoBu edextuBHocti Il 'y HadTorasosii ramysi.
OOrpyHTOBaHO, IO SKICTh, IIUIICHICTH, Oe€3meka 1 KOHTPOJIbOBAHMM JOCTYH JO
BUPOOHUYHMX Ta €KCIUTyaTallliHUX JaHUX € HEOOXITHOK YMOBOK KOPEKTHOI poOOTH
ANTOPUTMIB MAIIMHHOTO HaBYaHHS, MOOYIOBM HAMIMHMX MPOTHO3HUX MOJETEH Ta
BIIPOBA/KCHHSI PIIIEHb 3 KOMII IOTEPHOTO 30py /I KOHTPOJIO ITOTPUMAHHS MPABUIT
oxoponu mpaui. IlokazaHo, 1O [ YKPAiHCBKUX EHEPreTUYHUX KOMIIaHIi
NpIOPUTETHUM € ToeTarnne BupoBapkeHns L I-pimens 13 pokycom Ha HanmpsAMKaXx, siKi
3a0€3Ieuy0Th MAaKCUMAJIBHUN ePeKT I onepariiHoi e)eKTUBHOCTI Ta Oe3MeKu —
MPOTHO3HE OOCIyroByBaHHS, CHUCTEMU MOHITOPUHTY BHKHUJIIB, BiJl€OaHATITUKA
BUPOOHUYMX TIPOIIECiB, UG POBi3allisi BUKOHABUOT JOKyMEHTAIlii. 3ampOonoHOBaHUH Y
CTaTTI MIJX1] MOKe OyTH BUKOPUCTAHUH K KOHIIENITyalbHA OCHOBA JIJI1 PO3pOOJICHHSI
TOPOXKHIX KapT mudpoBoi TpaHchopmariii HaGpTOra30BUX MiAMPUEMCTB Ta TOAATBITUX
MDKIUCIUTUTIHAPHUX JOCTIHKEHB Y c(hepl eKOHOMIKH MU(PPOBOi EHEPTETHKH.

Kuro4oBi cjioBa: mITy4HMi IHTENIEKT, HAPTOra30Ba NPOMUCIIOBICTh, HA()TOra30Ba
rayrysb, IHHOBaIliliH1 Tpanchopmartii, mudposa Tpanchopmarisi, eHepreTnyHa Oe3meKa,

€HepreTUYH1 KOMIIaHii, MPOTHO3HE 0OCIIyrOByBaHHSI.

Problem statement. The oil and gas industry remains critical to the global
economy, yet it i1s simultaneously facing pressure from technological, environmental,
and geopolitical transformations. Digitalization, the war in Ukraine, stricter climate
policies, and a shortage of skilled workers are forcing companies to shift from
traditional resource-intensive models to innovative data-driven strategies. In this

environment, artificial intelligence (AI) is evolving from a tool for targeted
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optimization into a key driver of innovative changes in operational models, data
management, and industrial safety systems within the oil and gas sector. However, for
most companies, especially Ukrainian ones, the question remains of how exactly to
integrate Al into production and management processes while taking into account
safety requirements, regulatory constraints, and limited investment resources.

Analysis of recent research and publications. In recent studies, artificial
intelligence 1s viewed as one of the key tools for improving the economic efficiency of
oil and gas and energy companies, as its application makes it possible to reduce
downtime, improve forecasting accuracy, optimize asset operating modes, and lower
operating costs.

Intelligent drilling optimization systems that combine machine learning,
reinforcement learning, digital twins, and edge computing demonstrate the ability to
reduce non-productive time by 20-35%, which has a direct impact on well construction
costs and overall expenses in the upstream segment [1]. A review [2] confirms that in
drilling and production, Al is most often used to prevent sticking, control hydrate
formation, monitor risks, and support real-time decision-making, thereby reducing
emergency interventions and production losses.

Some researchers demonstrate that machine learning can be used to predict well
integrity failures, reduce unplanned downtime, extend asset lifecycles, and cut
emergency repair costs [3,4].

In turn, a number of researchers have systematized the use of ML, LSTM, neural
networks, and proxy models in field development, intelligent history matching,
reservoir simulation, and production planning, highlighting their role in reducing
computational costs and accelerating the analysis of field development scenarios
[5,6,7].

Research on renewable energy highlights that Al can enhance the economic
viability of renewable energy projects through generation forecasting, predictive

maintenance, resource assessment, and grid integration [8,9].
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An important shift in recent literature is the attempt to move from technical
efficiency to the financial performance of Al adoption [10,11].

In Ukrainian studies, the issue of Al application in the energy sector is primarily
considered in the context of digitalization, energy security, and post-war recovery [12].

Researchers view Al as the foundation for shaping the energy grid of the future,
particularly through the use of neural networks, deep learning, decision trees, and
genetic algorithms to forecast energy consumption, balance production and
consumption, and reduce wasteful costs. They are also researching Al systems for
optimizing energy processes at enterprises and analyzing digital tools for green energy,
where Al, smart grids, digital twins, and big data are viewed as means of reducing
technical losses, integrating renewable energy sources, and enhancing the economic
capacity of regions [13,14,15]

Identification of unresolved parts of the problem. Today’s oil and gas and
energy sectors require increased efficiency, cost reduction, optimization of production
processes, and enhanced energy security. For Ukraine, this issue is particularly pressing
due to military risks, damage to energy infrastructure, and the need to modernize it.

Artificial intelligence is a promising tool for forecasting energy consumption,
monitoring equipment, optimizing drilling, managing power grids, and reducing
accident rates. At the same time, existing research primarily focuses on the technical
capabilities of AI, while questions regarding its economic efficiency remain
insufficiently systematized.

Thus, the problem lies in the lack of a comprehensive approach to assessing the
economic feasibility of implementing Al in the oil and gas and energy sectors. Solving
this problem is of scientific importance for the development of methodological
approaches to evaluating digital technologies, and of practical importance for justifying
investments, reducing costs, improving infrastructure reliability, and strengthening
energy security.

The aim and objectives of the article. The purpose of this article is to justify

the role of artificial intelligence as a driver of innovative transformations in the oil and
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gas industry and to establish a conceptual framework for the implementation of Al
solutions, with a focus on data management and industrial safety, that is relevant to
international and Ukrainian energy companies.

Main material. Companies that, just a decade ago, relied exclusively on
traditional methods of geological exploration and production are now forced to rethink
every aspect of their operations: from discovering deposits to managing production,
from logistics to customer engagement. Overall, for Europe and Ukraine in particular,
the war has caused massive damage to energy infrastructure, making the use of modern
technologies-including artificial intelligence-not just a competitive advantage, but a
necessary condition for the industry’s recovery and development.

Artificial intelligence in oil and gas production is no longer a startup or a separate
initiative of particularly innovative companies. It has become the new norm for doing
business. According to a survey by Ernst & Young [16], today 92% of global oil and
gas companies are already using or plan to use artificial intelligence in their production
processes within the next two years. This is a striking statistic, indicating that Al has
become a critically important tool for competitiveness.

The application of Al spans virtually every segment of the production chain.
Companies use the technology to analyze seismic data, where machine learning
algorithms can identify geological structures that humans might overlook. Al-driven
reservoir modeling enables significantly more accurate predictions of reserve volumes
and optimal production methods. Optimizing drilling processes through intelligent
systems reduces well drilling time and lowers costs. Monitoring equipment condition
using Al makes it possible to predict breakdowns before they occur, which is critically
important for expensive and complex oil and gas equipment.

Economic indicators for the artificial intelligence market in the oil and gas sector
show impressive growth dynamics. As early as 2022, the Al market segment in the oil
and gas industry was valued at $5,13 billion. However, forecasts for the coming decade
point to rapid growth: by 2034, the market size is expected to reach approximately

$25,24 billion. This represents an average annual growth rate of nearly 14%,
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significantly exceeding the growth rates of most other technology segments in the
industry [17].

This trend is driven not only by the current buzz around artificial intelligence,
but also by the tangible economic benefits companies derive from its implementation.
Al enables a 20-30% reduction in exploration costs, a 10-15% increase in production
efficiency, and a 30-40% reduction in equipment downtime through predictive
maintenance. For an industry where every percentage point of efficiency can mean
millions of dollars in savings, such figures are extremely attractive.

The intensity of innovation in the application of Al in the oil and gas industry
can be measured by patent activity, and the numbers are truly impressive. The top
countries by number of patent applications in this field are: The United States with
36%, confirming the technological leadership of the American oil and gas industry;
China with 28%, which is actively catching up to the U.S. and has already become the
second most important innovation hub; and the United Kingdom with 3%, which
maintains its position as one of Europe’s technological hubs in the industry. Together,
these three countries control two-thirds of all patents for Al solutions for the oil and
gas industry, giving their companies a significant technological advantage [18].

Despite optimistic forecasts regarding the continued importance of carbon-based
energy sources in the global economy, the oil and gas industry faces an unprecedented
set of challenges that require comprehensive solutions (fig.1).

The first and perhaps most significant challenge is the need for large-scale
technological modernization. Although 82% of companies are already using or plan to
use Al, this does not mean that implementation is easy. Oil and gas companies often
have outdated IT infrastructure-systems that were built over decades and are not
designed to integrate with modern Al solutions. Upgrading this infrastructure requires
massive investments and time.

The second critical challenge is the shortage of specialists who understand both
oil and gas processes and artificial intelligence technologies. To effectively implement

Al, you need people who can translate real production problems into the language of
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algorithms and, conversely, interpret the results of Al operations for operational
decisions. Such specialists are scarce in the market, and competition for them from
technology companies is very high. Oil and gas corporations are forced to invest in
retraining their own employees, create internal training programs, and collaborate with

universities.

The use of Al Surface data analysis/geological assessment
in the oil and

gas industry
includes Production Optimization and Planning

Reducing downtime for wells/equipment

Asset Tracking and Maintenance Using Digital Twins
Identification of deviations

Al-driven security

Workplace Safety

Decision-making based on analysis

Emissions tracking

Optimization of the logistics network and supply chains
Shi-oriented inventory management / optimized procurement

Optimization of Back-Office Processes

Fig. 1. Applications of Al in the oil and gas industry
Source: adapted from [19, 20].

The third challenge relates to data. Al is a technology that “runs” on data, and
the more high-quality data there is, the better the algorithms perform. However, in the
oil and gas industry, data is often scattered, comes in various formats, and may be
incomplete or inaccurate. In this regard, companies should pay special attention to
implementing data governance systems that ensure data quality, accessibility, and
consistency-this is becoming a critical prerequisite for the successful application of Al.
This aspect will be discussed in more detail as an opportunity for integrating Al into

the operations of Ukrainian energy companies.
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At the same time, all these challenges also create enormous opportunities.
Companies that can successfully integrate artificial intelligence into their operations
will gain a significant advantage. They will be able to extract more oil and gas from
existing fields, discover new promising areas more quickly, operate more safely and
sustainably, and respond more rapidly to market changes.

The modern world is at the epicenter of profound transformations. The war in
Ukraine has triggered fundamental changes in the global energy sector, forcing both
major powers and smaller nations across all continents to rethink their energy security
strategies. At the same time, the technological revolution, which until recently seemed
like a distant prospect, has become a reality of the present. The oil and gas industry is
undergoing a qualitatively new phase of digital transformation. Leading international
corporations are intensively implementing innovative solutions based on Al
technologies, striving to achieve three strategic goals: maximizing operational
efficiency and optimizing costs, minimizing the environmental impact of production,
and ensuring the highest safety standards for employees.

In this context, it is important to examine specific examples of how artificial
intelligence technologies are being integrated into the operations of international
companies in the oil and gas sector. Practical experience with Al implementation
allows us not only to assess the technology’s real potential but also to identify the most
effective approaches to its use in various business contexts.

The first company worth considering is Siemens, a German technology
corporation that is currently one of the world leaders in the implementation of artificial
intelligence in industry. The company operates in a wide range of sectors, from the
manufacture of industrial equipment and transportation systems to energy
infrastructure. With an annual turnover of over 77 billion euros and a presence in more
than 190 countries, Siemens faces the typical challenges of modern industry, namely:
stricter occupational safety requirements, the need for environmental transformation,
and an acute shortage of skilled professionals. The company views artificial

intelligence as the key tool for solving these systemic problems [21,23].
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Siemens’ flagship product in the field of industrial Al is Senseye Predictive
Maintenance-a predictive maintenance platform that demonstrates the practical value
of the technology for manufacturing enterprises. The system integrates with various
manufacturer data sources: sensors on equipment, production management systems,
and maintenance logs. Using machine learning algorithms, the platform analyzes vast
amounts of information in real time, identifying anomalies and patterns that may
indicate future malfunctions.

Senseye works by continuously monitoring the technical condition of equipment
and comparing current readings with historical data and reference parameters. When
the system detects deviations from normal operating parameters-such as unusual
vibration, increased temperature, or changes in power consumption-it not only alerts
users to the problem but also predicts when a failure might occur and what the likely
causes are. The company claims that thanks to this technology, customers can increase
equipment productivity by 20-30%, reduce unplanned downtime by 50%, and cut
maintenance costs by 10-15% [21].

The economic rationale behind predictive maintenance lies in the shift from a
reactive repair model (where equipment has already broken down) or a preventive
model (scheduled maintenance regardless of actual condition) to a proactive model,
where intervention occurs precisely when it is truly necessary. This is particularly
critical for capital-intensive industries, where a single hour of production line
downtime can cost tens of thousands of dollars.

A recent innovation from Siemens is the development of Industrial Copilot - a
generative Al-based assistant specifically tailored for engineers in industrial settings
[22]. Industrial Copilot performs several important functions. First, the system can
automatically generate program code for industrial controllers and automation systems
based on natural-language task descriptions. An engineer can describe the required
equipment logic in words, and the system will convert this into functional code in the
programming languages of industrial controllers (Ladder Logic, Structured Text, and

others). This significantly speeds up development and reduces the likelihood of errors.
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Second, Industrial Copilot serves as an intelligent diagnostic tool. When an
equipment issue arises, an engineer can describe the symptoms verbally in any
language-English, German, Chinese-and the system will analyze the situation by cross-
referencing it with a vast knowledge base of typical malfunctions, technical
documentation, and a history of similar cases. It will suggest the most likely causes of
the problem and steps to resolve it, referencing specific sections of the technical
documentation.

Third, the system automates administrative processes. Koerte gives a telling
example: when Industrial Copilot detects an equipment issue, an employee can use a
voice command to create a work order that is automatically sent to the appropriate
maintenance team-even if that team is located in another country and speaks a different
language. The system will translate the instructions itself, add the necessary technical
information, and integrate the task into the remote team’s workflows. This
functionality addresses the acute problem of a shortage of skilled personnel in industry;
there is a global shortage of experienced engineers who understand complex industrial
systems [22].

Organizationally, the development and implementation of Al solutions at
Siemens is coordinated through the Siemens Al Lab - a specialized center of excellence
strategically integrated into the corporation’s ecosystem. The lab performs several key
functions. It serves as an incubator for new Al projects, where ideas can be quickly
tested and validated before scaling up. An important function of the lab is training.
Siemens has developed specialized educational programs for its employees and
customers to help them understand the capabilities and limitations of artificial
intelligence and learn how to work with Al tools. The company understands that
technology alone is not enough — a cultural and educational transformation of
organizations is needed.

Siemens also links its activities in the field of artificial intelligence to the UN
Sustainable Development Goals [23]. The company positions industrial Al as a tool

not only for increasing business profitability but also for addressing global challenges:
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reducing greenhouse gas emissions through optimized energy consumption, improving
workplace safety, and using resources more efficiently. For example, predictive
maintenance not only saves money but also extends the service life of equipment,
reducing the need to manufacture new parts and, consequently, the industry’s
environmental footprint.

Siemens’ experience demonstrates how large industrial corporations can
successfully integrate Al into their operations, creating value for customers and solving
systemic industry challenges. Key success factors include a focus on specific practical
problems (rather than AI for AI’s sake), the creation of specialized centers of
excellence, investment in training and cultural change, and a commitment to the ethical
and responsible use of technology.

Saudi Aramco is Saudi Arabia’s national oil and gas company, with a market
capitalization of over $2 trillion and daily production of more than 12 million barrels
of oil (about 12% of global supply). With the world’s largest proven oil reserves, the
company has set an ambitious goal: to transform itself from a traditional oil corporation
into a leading digital energy company. The digital strategy is based on the integration
of three technologies: artificial intelligence, big data analytics, and the Industrial
Internet of Things [24].

Aramco’s strategic decision to invest in artificial intelligence is driven by several
factors. First, the enormous volume of data generated daily during the extraction,
processing, and transportation of hydrocarbons makes the company a natural
environment for the application of Big Data technologies. Second, the complexity of
oil and gas operations — from geological modeling to managing a vast network of
pipelines — requires intelligent systems capable of analyzing millions of data points in
real time. Third, growing pressure regarding environmental responsibility is forcing
the company to seek innovative ways to reduce its environmental impact, and it is
artificial intelligence that allows for the optimization of processes to achieve

environmental goals without sacrificing efficiency.
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A key innovation is the intelligent monitoring of flare combustion. Gas flaring
involves the release and combustion of hydrocarbon gases due to increased pressure in
the system, resulting in economic losses and significant CO. emissions. Aramco has
deployed a system comprising 18,000 data sources to monitor its entire gas processing
network. Proprietary artificial intelligence algorithms compare real-time data with
predictive models, allowing the system to anticipate when a facility is approaching
regulatory limits and take corrective action in advance. As a result, the company
maintains flaring at less than 1% of total raw gas production, which is significantly
better than the global average of 3-5%.

For intelligent modeling of oil reservoirs, Aramco has created the TeraPOWERS
simulator, which covers the entire hydrocarbon system of the Arabian Peninsula. The
system integrates geological data from decades of exploration and is constantly
updated with new information from current operations. Complex algorithms identify
patterns that are invisible to the human eye, enabling the optimization of new well
locations, the selection of effective methods for enhancing oil recovery, and the
forecasting of long-term field productivity.

Another significant achievement is the automation of drilling using computer
vision. The company has developed a well-steering system based on high-resolution
cameras and Al algorithms. Real-time computer vision analyzes the placement of the
drill string, identifies correct and incorrect equipment placement, and detects potential
problems before accidents occur. Automation improves safety and speeds up drilling,
reducing unproductive downtime.

The company also demonstrated the effective application of digital
transformation at one of the largest fields, Khurais (over 20 billion barrels of reserves).
Aramco deployed 40,000 sensors to monitor over 500 wells. The integration of
machine learning, smart sensors, and robotics has yielded concrete results: a
proprietary Al-based solution reduced fuel gas consumption in boilers; robots and
drones perform routine inspections in hazardous areas. The result is a 15% increase in

production and a 100% improvement in response time to malfunctions.
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Saudi Aramco is demonstrating a systematic digital transformation of the
world’s largest energy corporation. Key success factors: massive investments in digital
infrastructure, the creation of specialized centers of excellence, the integration of Al
with the Industrial Internet of Things and Big Data, and a focus on measurable results
— from increased productivity to reduced environmental impact.

TotalEnergies is a French multinational energy corporation and one of the
world’s leading companies in the oil and gas industry. The company is actively
transforming itself from a traditional fossil fuel producer into a diversified energy
company by investing in renewable energy sources and innovative technologies. The
company’s strategy is based on flexible research and development that aligns with its
growth principles, business expansion ambitions, and sustainability commitments.

To prepare for the future, the company has invested over $1 billion in research
and development, industrial innovation, and digital initiatives by 2024. These large-
scale investments are aimed at developing innovative technologies that reinforce the
company’s leading role in the energy transition. Digital technologies and artificial
intelligence play a key role in accelerating the transition of both the company itself and
its customers toward more sustainable energy solutions.

TotalEnergies’ strategy [25] calls for flexible research and development aligned
with its growth principles, ambitions, and sustainability commitments. The company’s
information and communication technology expenditures are estimated at $820.7
million for 2024, a significant portion of which is earmarked for digital transformation
and the implementation of Al solutions.

In 2020, TotalEnergies launched its Digital Factory, bringing together 300
experts in Al and digital technologies, including developers, data scientists, and other
digital specialists. By 2024, the team had developed over 100 solutions, 60 of which
utilize technologies ranging from machine learning to generative Al.

The AUSEA (Airborne Ultralight Spectrometer for Environmental Application)
technology, developed by the R&D department in partnership with the CNRS (French

National Center for Scientific Research) and the University of Reims, is a prime
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example of the development of innovative and competitive technologies. This
miniature sensor, mounted on a drone, is capable of detecting and quantifying methane
and carbon dioxide emissions, as well as identifying the sources of these emissions
with high accuracy. This innovative technology has been deployed at the company’s
Upstream oil and gas sites, as well as outside its own assets under cooperation
agreements. In 2022, TotalEnergies conducted its first large-scale campaign to detect
and measure emissions, covering 95% of the facilities it operates in the Upstream
sector.

TotalEnergies conducts annual leak detection and repair campaigns at all
production sites, supplemented by monitoring using AUSEA drones and real-time
continuous detection systems, which the company plans to install by the end of 2025.
As part of this program, approximately 13,000 sensors will be installed at a cost of $50
million, including up to 500 sensors on a single FPSO (floating production, storage,
and offloading unit) to provide full coverage of the facility. This sensor network will
ensure continuous monitoring of emissions and rapid response to any anomalies (fig.2).

Thanks to the implementation of Al-based monitoring systems and other
measures, TotalEnergies has achieved impressive results in reducing methane
emissions [25]:

— 2010-2020: methane emissions reduced by nearly half;

- 2020-2024: emissions decreased from 64 kt CHs to 29 kt CHa,
representing a 55% reduction;

— ahead of schedule: the company is one year ahead of its target to reduce
methane emissions by 50% between 2020 and 2025.

The implementation of AI solutions led to a 12% increase in operational
efficiency through the optimization of production processes and a machine learning-
based predictive maintenance system. Return on average capital employed (ROACE)
reached 14.8% in 2024, exceeding industry averages. Al systems simultaneously

reduced greenhouse gas emissions by 36% and improved operational efficiency.
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Fig. 2. Reducing emissions through digital technologies. Budget allocations

[25]

AUSEA technology represents a significant breakthrough in the field of
automated greenhouse gas emissions monitoring. The results of its practical application
demonstrate the ability to achieve ambitious emission reduction targets while
simultaneously improving operational efficiency. The successful implementation of
the TotalEnergies project sets a precedent for the adoption of similar technologies in
other energy companies and industrial sectors. Further development of Al-based
emissions monitoring systems could be a key factor in achieving global climate goals
and transitioning to a low-carbon economy.

Artificial intelligence is radically transforming traditional approaches to doing
business in the oil and gas sector. Companies are actively rethinking their operational
models, shifting from traditional resource-intensive approaches to digitally driven
strategies based on data analytics and decision-making algorithms.

Companies that integrate Al into their operations early on are building
significant competitive barriers. According to an IBM study, 75% of oil and gas
executives believe that investments in artificial intelligence will provide a measurable
competitive advantage over the next three years [26]. The key advantage lies in the
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speed of decision-making and the flexibility to respond to market changes. In an
industry where prices fluctuate by the minute and geopolitical events instantly impact
markets, this advantage is critical.

Leading companies in the industry have accumulated unique data over decades
of operations - from seismic surveys to telemetry from thousands of wells. This vast
amount of information, processed by Al algorithms, creates a network effect where
each new operation improves the accuracy of forecasts and the effectiveness of
decisions. It is virtually impossible for competitors to quickly replicate such an asset,
making technological leadership a sustainable competitive advantage.

Conclusions. The future of the oil and gas industry is inextricably linked to the
development and implementation of cutting-edge Al technologies for corporate data
management and production safety. Development prospects in this area center on the
creation of comprehensive systems that integrate data management with Al-based
safety technologies.

Modern energy companies are increasingly relying on data-driven approaches in
their business processes, which is radically changing the way corporate data is
managed. At the heart of these changes lies the concept of Data Governance as an end-
to-end business process that ensures transparent, reliable, and effective management of
corporate data by integrating people, processes, and technologies. An effective data
management system must ensure the quality, security, availability, and value of data to
support operational efficiency, regulatory compliance, and strategic management
decision-making. This is particularly critical for oil and gas companies, where even
minor errors in data processing can lead to millions in losses or serious accidents.

The potential of Al solutions for cost optimization and safety improvement
remains enormous. Companies that strike the right balance between technological
capabilities, regulatory requirements, and economic feasibility will be able to gain
significant advantages in the form of reduced operational risks, improved workplace

safety, and optimized business processes.
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For Ukrainian energy companies, adapting such practices is possible through the
phased implementation of Al solutions focused primarily on predictive maintenance,
emissions management, and industrial safety, with strict adherence to national and
European regulatory requirements. Further research should focus on developing
specific roadmaps for digital transformation for Ukrainian oil and gas companies and

building models to assess the economic viability of individual Al projects.
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