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ABSTRACT

Unmanned aerial vehicles are considered a part of emerging technologies designed to facilitate,
improve, and transform the operational efficiency of industries with significant capital and assets, such
as hydrocarbons. Hydrocarbon projects require comprehensive management in the production and
transportation processes, where the application of drones plays a fundamental role by minimizing the
exposure of personnel in high-risk activities, improving the efficiency of operations and the integrity
of assets, and significantly reducing costs and time in the field. This study aims to conduct a
bibliometric analysis and systematic review of the relationship between drones and the hydrocarbon
industry, focusing on production and transportation processes through bibliometric techniques and
evaluation of case studies for the analysis, classification, and description of key issues, methodologies,
and trends worldwide. The research methodology consisted of three phases: (i) conceptualization of
study variables and database combinations; (ii) bibliometric analysis using VOSviewer and bibliometric
software; and (iii) focalization on systematic review using the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) method. Bibliometric analysis collected data from 1985 to
2023, with 143 scientific publications indexed in the Scopus and WoS databases. The results showed a
growing trend in the annual publications of drones and their application in the hydrocarbon industry,
focusing on safety issues, pipeline inspections and storage tanks, and environmental monitoring
generated by methane emissions and oil spills. In the case study analysis, the use of drones with
different sensors was demonstrated, among which, the thermal camera, gas detector, LIDAR, EMAT,
RGB camera, SWIR, RTK, and methane sensors stood out.

Keywords: remote pilot aircraft system, unmanned aerial vehicle, oil industry, Industry 4.0, inspections
and monitoring, pipelines, refinery.

1 INTRODUCTION

The hydrocarbon sector plays a fundamental role in the global economy and modern
societies’ energy demand [1]. In 2021, fossil fuels will constitute approximately 54% of the
global energy supply [2]. In recent decades, competition between global oil and gas
production companies has intensified, generating technological progress in process
optimisation issues for better management in oil fields [3]. The rapid development of the
fourth industrial revolution, or Industry 4.0, aims to transform traditional industries into smart
ones by incorporating innovative technologies. Industry 4.0, applied in the hydrocarbon
industry, is called ‘Oil & Gas 4.0’ (O&G 4.0) implemented to improve field operations [4].

0&G 4.0 is characterized by the implementation of intelligent systems in digitization and
automation processes [5]. This industry implements technology such as Internet of Things
(IoT), artificial intelligence (Al), machine learning [4], digital twin [6] and robotic advances
[7]. According to the systematic review carried out by Aydin and Temizel [8], drones, known
as remote piloted aircraft systems (RPAS) or unmanned aerial vehicles (UAVs), are part of
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the robotic advances adapted to the O&G 4.0 industry. Implementing RPAS technology in
oil fields is beneficial for the automation and modernization of internal production and
distribution processes, increasing productivity and high quality and flexibility [9].

There are academic studies that have conducted systematic reviews in domains related to
emerging technologies, drones, gas, and oil [10], [11]. Shukla and Karki [12] mentioned that
UAVs are used for external automation in pipeline inspection, thereby generating greater
security for sensitive O&G facilities. Bibliometric studies with systematic reviews using
software specialized in statistical analysis will allow the evaluation of the progress of
research on the use of drones in production and transportation processes in the hydrocarbon
industry [13].

Considering the literature review on the advancement of the technological use of drones
in the hydrocarbon industry, the following research questions arise. What are the evolution
and trends in research on the use of drones in the production and transportation processes of
the oil and gas industry? What are the most widely used techniques in the hydrocarbon
industry, and how do they contribute to improving infrastructure monitoring and inspection
processes? This research aims to determine the intellectual structure of scientific publications
in the production and transportation processes of the hydrocarbon industry through the
VOSviewer software application, bibliometrix, and a systematic review for the analysis of its
evolution and trends.

2 MATERIALS AND METHODS
Bibliometrics and systematic reviews provide a comprehensive view of the growth of a
research topic, supported by quantitative analysis [14]. The study methodology was divided
into three phases (Fig. 1): (i) conceptualization of study variables and database combination;
(ii) bibliometric analysis; and (iii) focus on systematic review.
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Figure 1: Methodological scheme of the bibliometric analysis and systematic review.
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2.1 Conceptualization of study variables and database combination

In the conceptualization of the research topic, drones and the oil industry have been
considered as study variables to determine their relationship in depth. With the application
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of Boolean operators, the following search equation was used in Scopus and WoS: ((TITLE-
ABS-KEY (“petroleum industry*””) OR TITLE-ABS-KEY (“hydrocarbon industry*”) OR
TITLE-ABS-KEY (“oil industry*”) OR TITLE-ABS-KEY (“gas industry*”) OR TITLE-
ABS-KEY (“petroleum pipeline industry*”))) AND ((TITLE-ABS-KEY (“remote pilot
aircraft system*”) OR TITLE-ABS-KEY (“RPAs*”) OR TITLE-ABS-KEY (“drone*”) OR
TITLE-ABS-KEY (“UAVs*”) OR TITLE-ABS-KEY (“unmanned aerial vehicle*”))).

2.2 Bibliometric analysis

From the unification and cleaning of the database, a detailed analysis of scientific production
was carried out using bibliometrix software. This R programming software presents
statistical analysis tools in its biblioshiny interface, which has allowed the generation of
graphs based on its scientific production since its first publication. Using the keyword data,
a trend map was created, considering a frequency of at least five times in the analysed articles.
In addition, a graph was constructed to identify the predominant motor themes and niches
during the analysis. Through the application of the VOSviewer software (version 1.6.17), the
map of the clusters within the research topic was generated; considering the occurrence of
keywords at least twice, this program represented a tool for constructing and visualising maps
linking author keywords and identifying their relationships [15].

2.3 Focus on systematic review

In the systematic review, the PRISMA method was used to focus the search on databases.
PRISMA considers four stages of research for the synthesis of scientific publications. The
first stage, called ‘identification’, consisted of discriminating the publications that did not
present DOI within their registry to access the articles and obtain 111 available documents.
For the second stage, ‘screening’, the publications of the last six years (2017-2023) were
considered, resulting in 97 documents. Regarding the third stage, eligibility’, the criteria of
the ‘drone’, and ‘oil and gas’ keywords in the abstract were considered, yielding 46 articles.
In the last phase of PRISMA ‘Inclusion’, the case study criteria were used to identify the
application of different methodologies and results in oil-producing countries, resulting in 15
documents.

3 RESULTS
3.1 Analysis of scientific production

A statistical analysis was carried out on the 143 documents generated by the unification of
the databases, identifying 493 authors and 402 keywords. In stage A (1985-2018), the first
publication on the application of drones in the oil industry was recorded in 1985, evidencing
the use of submersible robots [16], and drones for inspections of transmission pipeline
groundwater [17] and topographic surveys. Subsequently, no articles related to the subject
were registered for 7 years, and from 2005 to 2018, there were 33 publications related to the
use of UAVs for data acquisition at sea, at low altitudes, and in remote locations [18], UAVs
with sensors for external automated inspection of pipelines and UAVs equipped with a
methane detector for detection and monitoring in large and remote areas. In Period B, most
documents published in 2019 and 2020 (Fig. 2) correspond to conference papers. In the last
five years, studies have focused on the use of drones to improve the quality of digital outcrop
models (DOMs) in the oil industry [19], offshore oil spills and leaks, pipeline monitoring and
the application of UAVs with laser detectors to monitor and quantify methane emissions.
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Figure 2:  Scientific production from 1985 to 2023, with the number of citations and type
of documents.

3.2 Scientific contribution by country

In the analysis of the countries with the highest production and citations (Fig. 3(a)), the
United States was first reported with 37 publications and 380 citations, with topics related to
the use of UAVs with an airborne sensor node in the oil fields of North Dakota for air quality
monitoring and CHs4 detection [20]. In addition, aircraft are used to quantify methane in oil
and gas tanks in West Texas [21] and to strengthen maritime and port security for acts of
terrorism [22]. China ranks second with nine publications and 27 citations, highlighting its
research carried out in the Sichuan Basin, where robots and UAVs are integrated to establish
an intelligent management model for the development of gas fields, ensuring their long-term
production. The UK ranks third, with 86 publications on UAVs for external inspection of
visible pipeline sections [23] and real-time monitoring of conditions on offshore structures
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Figure 3:  (a) Top ten number of documents (black) and citations (red) by country; and
(b) Countries with less than three documents registered.
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by installing a multi-sensing platform [24]. In Canada, the application is based on the
detection and repair of methane leaks [25], inventory of equipment in oil fields, rescue
missions and disaster management. Brazil uses short-range photogrammetry for the visual
inspection of risers [26]; in France and Mexico, it is used mainly for environmental inspection
and monitoring [27], and Malaysia, Saudi Arabia, and Spain for pipe inspection owing to its
low cost [28]. There are countries with fewer than three registered articles (Fig. 3(b)) that
have issues related to the monitoring and control of disasters and pollutants.

3.3 Study clusters

For the analysis of the clusters in VOSviewer software version 1.6.17, two occurrences were
considered, identifying 32 keywords and seven clusters (Fig. 4). The first cluster in red, called
‘digital technologies’, involves the transformation of the oil and gas industry through the
implementation of technologies such as IoT, robotics, Al, machine learning, and digital
twins, improving monitoring, inspection, and security systems for the prevention of disasters
or oil spills [29]. The green cluster called ‘digital transformation’ covers research on digital
modernisation in the oil and gas industry through the use of UAVs [30], as non-destructive
testing (NDT) technology in pipeline inspection, route planning [5], and methane and leak
monitoring in subsea pipelines [8]. The blue cluster, called ‘oil and gas industry’, covers
topics related to thickness measurement and hydrocarbon leak detection through optical gas
imaging (OGI), 3D mapping of structures through laser imaging detection and ranging
(LiDAR ), photogrammetry, and long-range operations [31]. The fourth cluster in yellow,
called ‘Unmanned Aerial System’ considers studies using spectral data from unmanned aerial
systems (UAS) to detect hydrocarbon emulsions in almost real-time [32]. The applicability
of EO/IR optical and infrared sensors implemented in UAVs for the detection,
characterisation, and mapping of hydrocarbons has also been highlighted, such as the case
study of Nunavut in Canada [33] and a multi-rotor vertical takeoff and landing drone [34].
The fifth cluster, called ‘environmental monitoring’, uses UAVs to detect and quantify
methane leaks, as in case studies in the US and Canada [35]. The light blue cluster named
‘UAV’ reflects its combined use with motion photogrammetry to create a DOM in the
Apsheron—Azerbaijan Peninsula [36] and the application of RPAS in the visual inspection of
pipelines. The orange cluster called ‘drone’ includes studies of a hybrid system of
monitoring, detection and cleaning of spills, detecting the level of contamination in maritime
regions [37].
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Figure 4: Map of keyword clusters considering one occurrence of two in VOSviewer.
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3.4 Thematic evolution

Fig. 5 analyses the thematic evolution of the author keywords used in research published
from 1985 to 2023 with two occurrences. In Fig. 5(a), the first period from 1985 to 2018 was
considered based on scientific production (Fig. 2), identifying the gas industry and the
application of UAVs as motor themes with high centrality and density in themes mainly
related to the monitoring of transmission lines, preventive maintenance, and oil and gas leaks
through fast full-spectrum cameras [38]. With high density and low centrality, issues related
to the use of remotely operated vehicles to perform high-quality inspections of subsea assets,
equipped with a state-of-the-art vision camera to navigate autonomously through a pre-
programmed inspection viewer [39]. The themes of low density and centrality that indicate
low development of the theme are related to the profitability of the application of UAV in
different areas, such as the prevention of pollution that affects the environment. Fig. 5(b)
highlights the application of UAVs in the monitoring and management of the oil industry due
to marine pollution generated by hydrocarbon spills and the inspection of pipelines as niche
issues within the analysis between 2019 and 2023. Emerging issues highlight the use of deep
learning as an intelligent tool for monitoring oil infrastructures, and as motor issues in studies
on pollution and environmental monitoring generated by methane emissions.

@ : C]

remotly pertes vonicis
e,

Development degr
(Density)

fisk assessment

Relevance degres
(Contraity)

Figure 5:  (a) Thematic evolution between 1985 and 2018; and (b) Thematic evolution
between 2019 and 2023.

3.5 Systematic review using PRISMA

In the context of this systematic review, 15 case studies were examined to analyses the
predominant applications and sensors used by drones in the oil and gas industry. In Fig. 6,
the UAV tools applied in the production and transportation processes in the O&G industry
are classified, reflecting their applications in inspection, monitoring, exploration, and
security. The analysis of UAV applications showed that in Middle Eastern countries, such as
Bahrain, the Tawtweer Petroleum company uses Al-based drones equipped with thermal
camera sensors and gas detectors for equipment monitoring, pipeline inspections, security,
and mapping [40]. In Saudi Arabia, studies on the implementation of drones in the O&G
industry focus on security and defence issues, being equipped with weapons [41]. In the
United Arab Emirates, gas leaks in oil fields are the main problem in the industry, therefore,
Short-wave infrared (SWIR) sensors were implemented in the monitoring and inspections of
oil assets [42]. On the European continent, Stupnikov et al. [43] mentioned that Russia
developed an automatic landing system in 2017, where the use of drones with gas detectors
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was implemented to monitor leaks in gas pipelines. On the other hand, Vytovtov et al. [44]
implemented a mathematical model in drones with RGB sensors, to identify accidents
associated with the combustion of hydrocarbons. In 2022, gas detector sensors were
implemented in multirotor drones in Norway to monitor the in-situ burning of hydrocarbons
in response to oil spills [45]. In Denmark, Benzon et al. [46] developed digital twin models
using LiDAR and real-time kinematic (RTK) sensors in multirotor drones to implement them
in the detection, simulation, security, and inspection of oilfields. Dujoncqouy et al. [47] in
Spain used fixed-wing and multirotor drones equipped with LiDAR sensors to improve the
understanding of underground deposits qualitatively and quantitatively. Regarding the
African continent, in Nigeria Alum and Eze [48] used acoustic electromagnetic ultrasonic
test sensors (EMAT) for corrosion detection, monitoring, and control of assets in O&G
facilities. In Oceania, in Papua New Guinea, the use of seismic sensors in multirotor drones
has been reported for the acquisition of geophysical data during exploration stages [49]. On
the American continent, case studies focused on the United States, where in 2020, gas
detector sensors and thermal cameras were implemented in drones to develop a
comprehensive self-piloted drone system [50]. In 2022, methane sensors were used to detect
the emission rates at oil and gas production sites [21]. In 2021, Canada’s methane sensors
allowed the monitoring and inspection of gas leaks [51]. In addition, researchers from Brazil,
Norway and Portugal collaborated in the development of a machine learning model, based
on convolutional neural networks (CNN) and equipped with an RGB camera, installed on
multirotor drones, for the inspection of unburied pipelines [52].
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Figure 6: Systematic review scheme of the UAV application in the O&G industry.
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4 DISCUSSION
Research and application of drones in the O&G industry began 38 years ago (1985),
experiencing a significant increase in scientific production since 2018. Since 2019, 79% of
research related to this topic has been published, with 61.7% representing conference papers.
Several studies have focused on reviewing the applications of drones in the oil industry,
however, the bibliometric analysis combined with systematic reviews focused on case
studies, which focused on the research topics, determined the gaps, and centralised the trends
within the field of study. Fig. 4 shows the relationship between the application of various
digital technologies (red cluster) with drones (orange cluster) and the purple environmental
monitoring cluster, highlighting its use in the O&G industry. Sheveleva and Avdeeva [53]
mention that digital technologies (mainly digital twin, IA, IoT and drones) have been actively
used in the oil and gas industry in recent years as non-intrusive techniques in contaminant
detection [54], being resilient with the environment, reducing production costs, increasing
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productivity and energy efficiency. The use of UAVs (light blue cluster) with the
implementation of sensors, LiDAR and photogrammetry has allowed autonomous
inspections of pipelines (yellow cluster) found in extreme environments and conditions,
recognition and data collection, and improvement in the integrity of the oil assets [55]. The
systematic review using the PRISMA method allowed us to focus on 15 scientific
publications that reflect case studies in different countries (Fig. 6), where inspections and
monitoring of infrastructures and safety in oil fields predominated. In addition, other
applications arise, such as exploration in oil fields and corrosion detection in pipes. The
implementation of UAV technology during hydrocarbon production and transportation
processes allows for improving maintenance and predicting damage and defects in
infrastructures in the O&G industry using Al, machine learning, digital twin, convolutional
neural networks and sensors such as thermal cameras, gas detector, LIDAR, EMAT, RGB
camera.

5 CONCLUSIONS

For the general approach to the relationship between UAV applications in the O&G industry,
two databases with the largest number of registered scientific publications, such as WoS and
Scopus, have been combined. In the unification, 143 documents were determined to
significantly grow their scientific production in the last five years due to technological tools
such as IA, IoT, digital twin and sensors used in the hydrocarbon industry, improving their
pipeline inspection and monitoring processes contaminants. In the analysis of the scientific
production by countries, the United States, China and the United Kingdom have been
identified mainly on monitoring and preventing oil spills, methane emissions and pipeline
inspections, using UAVs as a technology of Non-Destructive Testing in remote
environments. In the systematic review using the PRISMA method, 15 case studies were
evaluated, highlighting the applications of sensors (thermal camera, gas detector, LiDAR,
EMAT, RGB camera, SWIR, RTK and methane sensors) used by drones in oil fields. The
main applications of UAVs are reflected in issues of exploration, inspection, monitoring and
security in infrastructures such as pipelines, oil pipelines, gas pipelines, storage tanks and
separation tanks. These applications directly influence the production and transportation
processes of hydrocarbons.
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