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Abstract: This study examines the implementation and impact of Geographic Information
Systems (GIS) in the oil and gas industry, focusing on the Smart Oil Data (SOD) project at
Sonatrach, Algeria's national Qil and Gas company. As the energy sector undergoes rapid
digital transformation, GIS has emerged as a tool for optimizing operations, enhancing
decision-making, and addressing environmental concerns. The research employs a case study
approach to analyze Sonatrach's experience with SOD, an integrated GIS solution built on
ESRI's platform. The study investigates how GIS technologies are applied across the
upstream, midstream, and downstream segments, and in Health, Safety, and Environment
management. It also explores the challenges of implementing such a system, including data
standardization, organizational change management, and integrating innovation and
renewable energy initiatives. Findings show that the SOD project significantly improved
Sonatrach's operational efficiency, data management, and strategic planning. However, the
implementation underscored the need for robust change management strategies and
continuous innovation.
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1. INTRODUCTION
In an era characterized by rapid technological advancement and increasing

environmental concerns, the oil and gas industry faces critical challenges across its complex
value chain. This chain encompasses upstream (exploration and extraction), midstream
(transportation), and downstream (refining, processing, and distribution) operations (Gtilen,
2016). The industry confronts multiple challenges, including declining accessible reserves
(Ighosewe, 2021), volatile market conditions (Mensi et al., 2021), stricter environmental
regulations, and climate change mitigation efforts (Vormedal, 2021). Additionally, the need
for digital transformation aligned with Industry 4.0 principles necessitates a fundamental
overhaul of operations (Wanasinghe et al., 2019; Maroufkhani et al., 2022; Haouel &
Nemeslaki, 2024).
Geographic Information Systems (GIS) have emerged as a crucial component of digital
transformation across various sectors, including agriculture (Kotsur et al., 2019), water
management (Bindler et al., 2022), and energy (Avtar et al., 2019; Shorabeh et al., 2022).
The oil and gas industry, standing at the threshold of a new energy era, is poised to leverage
GIS technology to address its challenges and opportunities. Sonatrach's Smart Oil Data (SOD)
project exemplifies this trend, offering insights into the transformative potential of GIS in the
oil and gas sector.
This study examines the implementation of the SOD project at Sonatrach, Algeria's national
oil company. Built on ESRI's GIS platform, SOD represents an innovative approach to
harnessing spatial intelligence across the oil and gas value chain. By analyzing Sonatrach's
experience, this research aims to contribute to the growing body of knowledge on digital
transformation in the energy industry, with a particular focus on the challenges and
opportunities faced by national oil companies in North Africa.
The objectives of this study are:
1. To analyze the development and implementation of the SOD system across
Sonatrach's operations.
2. To evaluate the impact of this integrated GIS solution on operational efficiency,
decision-making processes, and overall organizational performance.
3. To identify key lessons and best practices that can inform similar initiatives in other
national oil companies, particularly in the North African region.
This research addresses several key questions:
1. How does an integrated GIS solution impact operations across the upstream,
midstream, and downstream segments of the oil and gas industry?
2. What are the main challenges in implementing a comprehensive GIS system within a
national oil company?
3. What recommendations can be drawn from Sonatrach's experience to inform similar
initiatives in other national oil companies?
Through a detailed analysis of the SOD project, this paper offers insights into the practical
applications of GIS in the oil and gas sector. It examines the project's role within Sonatrach's
integrated value chain and its position in the company's broader 2030 transformation strategy.
The study explores the project's implementation steps, challenges faced, organizational
changes required for successful implementation, and the potential for such systems in the
industry.
By addressing these objectives and questions, this study contributes to the growing body of
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knowledge on digital transformation in the oil and gas sector, with a specific focus on the role
of integrated GIS solutions in driving operational excellence and strategic decision-making in
national oil companies.
2. Literature review

Geographic Information Systems (GIS) have revolutionized the way spatial data is
analyzed and visualized across various industries. Kumar et al. (2023) define GIS as a
software system that uses digital maps and information to analyze and visualize real-world
features. The evolution of GIS, as described by McHaffie et al. (2023), has progressed from
manual map-making to complex digital systems utilizing satellite data. This development has
significantly enhanced our understanding of spatial relationships between people,
environments, economies, and cultures.
At its core, GIS operates on two fundamental data types: spatial data, which defines where
things are (such as addresses), and attribute data, which provides details about them (like
building type or population) (Kumar et al., 2023 pp 63-75). This dual nature of GIS data
enables a wide range of applications across multiple sectors, including healthcare (Akindote
et al., 2023), disaster management (Cao et al., 2023), planning and managing natural
resources (Deane, 1994; Kumar et al., 2015; Kong et al., 2023), and energy (Rekik & El
Alimi, 2023; Zinovieva et al., 2023).
In the oil and gas industry, GIS has emerged as a critical tool for decision-making and
operational efficiency. Abdalla (2024, pp 3-12) highlights its role in enabling effective and
collaborative data sharing for emergency preparedness, risk mitigation, and resource
allocation optimization. Escobar et al. (2022) note its capability for remote identification and
response to incidents. Wade & Artz (2023) identify three primary advantages of GIS
implementation in this industry: Operational efficiency through process optimization and cost
reduction; Improved decision-making by leveraging data insights across the value chain; and
Enhanced sustainability by minimizing environmental impact and supporting responsible
practices.

Table 1. GIS Applications in the Oil & Gas Industry sectors

Area Impact

Upstream - Analyzing vast amounts of data for informed exploration and investment decisions.
- Designing and optimizing well placement and infrastructure.

- Tracking assets and personnel in real-time for safety and compliance.

- Identifying suitable locations for carbon capture projects.

Midstream - Gaining real-time visibility into the entire energy network for efficient operations.
- Improving route planning, inspections, and compliance through location intelligence.
- Optimizing shipping through predictive modeling.

Downstream | - Managing refinery operations, distribution networks, and retail outlets effectively.
- Creating digital twins of assets for better monitoring and maintenance.

- Identifying market opportunities by analyzing energy market data.

- Optimize fuel delivery routes.

Health, - Improving preparedness and response to emergencies through risk identification and
planning.

Safe.ty & - Streamlining data collection and analysis for HSE processes, leading to safer

Environment | operations.

(HSE) - Enhancing situational awareness and communication during emergencies.

- Integrate biodiversity conservation into decision-making for a sustainable future.
- Track and report carbon emissions for sustainability goals

Source: Adapted from Wade & Artz (2023, pp 98-104)

The impact of GIS spans the entire oil and gas value chain, from upstream to downstream
operations, as well as in health, safety, and environmental (HSE) management (See Table 1).
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In the upstream sector, GIS is employed to integrate diverse exploration data based on
geographical location (Xu et al., 2012). It also facilitates the creation of comprehensive
databases containing both static and dynamic information on major oil and gas fields
(Odintsova et al., 2018). Furthermore, GIS is instrumental in data integration, analysis,
modeling, and interpretation for facility planning, reservoir modeling, and carbon
sequestration (Kumar, 2009). Additionally, GIS is used to optimize exploratory drilling site
selection (Turenko et al., 2020) and enhance production processes, operations, and
management within oil and gas companies (Wang, 2022).

In midstream operations, Abudu & Williams (2015) and Gyabeng & Bernard (2020)
illustrate GIS's role in finding optimal routes for oil and gas pipelines and analyzing land use,
water contamination, and finding response to spills. Balogun et al. (2017) focus on its
application in optimizing subsea oil pipeline routes. Eljabri & Gallagher (2012) demonstrate
its use in preventing risks and assessing environmental impacts through oil spill monitoring
and identification. Narimisa & Narimisa (2015) explore how GIS aids in detecting
surrounding vegetation, pollutants released, and potential consequences of technical problems.
Ibanga (2021) discusses its role in understanding oil spill patterns and planning effective
responses to minimize environmental damage and protect communities.

Downstream applications of GIS are equally significant. Igbokwe et al. (2022) show how it's
used to analyze factors for identifying potential areas for refineries and petrochemical plants.
Danesh et al. (2021) focus on its role in assessing toxic and hazardous wastes of industrial
units. Rovira et al. (2021) explore its use in evaluating environmental impact and public
health risks associated with chemical/petrochemical facilities. Yahya & Safian (2022) and
Idhoko et al. (2024) demonstrate its application in analyzing the location and distribution of
existing petrol stations and their proximity to features like roads and health facilities. Meza et
al. (2024) discuss its role in identifying market players, while Inye & Hamilton (2022)
highlight how GIS-enabled competitor intelligence contributes to organizational resilience in
Nigerian oil and gas firms.

Table 2. Esri GIS: Tailored Solutions for Oil & Gas

Upstream Real-time  understanding, Exploration, Land Field Operations,
streamlined operations Management, Production, Imagery and Remote
Operations, Unconventional Sensing
Resources, Carbon Capture
Technologies

Midstream Visualization, = Operational Pipeline, Trucking, Shipping Asset  Tracking and
Awareness, Responsiveness Analysis, Field
Operations, Gas and
Pipeline Data
Management
Downstream Manage refinery Refining and Chemicals, Supply Field Operations, 3D GIS,
operations, improve and Trading, Retail Data Management
distribution networks,
increase returns, grow retail
networks
HSE Predictive Analytics, Smart Health and Safety, Environment Imagery and Remote
Maps and Dashboards and  Biodiversity, Net-Zero Sensing, Real-time
Carbon Emissions, Corporate Visualization and
Social Responsibility (CSR), = Analytics, ArcGIS
Emergency Response Mission

Renewable Researching, developing, Wind, Solar, Hydrogen and Spatial analysis and data
404
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Energy and deploying technologies Geothermal science, ArcGlIS Insights,
for efficient and cleaner ArcGlIS Enterprise
energy

Technology Driving cost efficiencies, Digital transformation location, ArcGIS Enterprise,

and enabling safer operations, Intelligent operations, ArcGIS Velocity and

. . providing new revenue Robotics, Research and ArcGIS Image

innovation . .
opportunities, changing development

business models

Source: Adapted from Esri, (2024)

The comprehensive application of GIS in the oil and gas industry is exemplified by platforms
like Esri's Oil & Gas GIS. This system provides powerful data analysis, visualization, and
integration tools across upstream, midstream, downstream, HSE, renewable energy, and
technology innovation sectors (See Table 2). Recent studies have demonstrated its diverse
applications, including gathering seismic data (Breton et al.,, 2024), managing well
information (Wittenberger, 2021), estimating flaring from oilfields (Zhang et al., 2021),
assessing environmental risks posed by oil pipelines and installations (Galalizadeh et al.,
2020), analyzing pipeline data to avoid geological hazards (Li et al., 2010; Yan et al., 2021),
monitoring methane emissions from industrial facilities (Odunsi, 2024), and evaluating oil
and gas investment opportunities (Abdulhameed et al., 2023).

These GIS platforms enable real-time monitoring, digital twin creation, and advanced
analytics to optimize decision-making and improve operations. They support traditional oil
and gas operations while also facilitating the transition to cleaner energy sources like wind,
solar, and geothermal. Additionally, they aid in digital transformation efforts, driving cost
efficiencies, enhancing safety, and opening new revenue opportunities (See Table 2).

From exploration and production to distribution, retail, and renewable energy development,
GIS solutions offer location-based intelligence to help Oil and Gas companies navigate
complex challenges, streamline workflows, and drive sustainable growth in a rapidly evolving
energy landscape (Esri, 2024). As the industry continues to evolve, particularly with the
transition towards cleaner energy sources, the role of GIS is likely to expand further,
integrating with emerging technologies to address the complex challenges facing the oil and
gas sector in an increasingly digital and environmentally conscious world.

While extensive research has been conducted on the application of GIS in various aspects of
the oil and gas industry, a significant gap exists in the literature regarding comprehensive GIS
implementation across the entire value chain of national oil companies, particularly in the
context of broader digital transformation efforts. Existing studies primarily focus on GIS
applications in specific operational areas such as exploration, production, or pipeline
management. However, there is a notable lack of research on integrated systems that
encompass multiple facets of operations, from upstream to downstream activities.

The present study aims to address this gap by examining Sonatrach's implementation of the
Smart Oil Data (SOD) system, a comprehensive GIS solution that spans the company's entire
value chain. By focusing on Sonatrach, Algeria's state-owned oil company and a major player
in the global energy market, this research provides valuable insights into the process,
challenges, and impacts of adopting an integrated GIS within a broader digital transformation
strategy framework.
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3. Methodology

A qualitative approach was employed for this case study. Document analysis was
utilized as a primary research method due to its efficiency, cost-effectiveness, and unobtrusive
nature. This method involves a systematic process of examining and interpreting written or
visual documents to extract meaning and knowledge (Bowen, 2009). Additionally, interviews
were conducted to capture individuals' experiences and perspectives through interactive
conversations (Dursun, 2023).
The document analysis included two parts. The first part examined internal documents, such
as the organization of the SOD project and the User Manuals of the GIS System Emergency
Support Subsystem, which comprises 282 pages. The second part reviewed reports and
published documents, including articles from the Sonatrach official website, the Sonatrach
News revue, and annual reports from 2017 to 2022. Furthermore, reports from partners like
Huawei (the cloud computing partner) and KLD (the integrator of SOD) were analyzed.
Semi-structured interviews, incorporating both pre-planned and spontaneous questions
(Dursun, 2023), were conducted between March and June 2024. The duration of these
interviews varied between 10 and 20 minutes. The interviewees included the SOD project
director, the PMO of the SOD project, a project PMO within the Coordination of Digital
Structures overseeing the SOD project, and seven executives who are intended users of the
software across four activities within Sonatrach’s value chain. These activities encompass
upstream (Exploration & Production - E&P), midstream (Pipeline Transportation - TRC), and
downstream (Liquefaction and Separation - LQS and Refining and Petrochemicals - RPC).
The commercialization activity is not yet included in most digital projects.
For data analysis, a qualitative content analysis was employed. This method is suitable for
analyzing diverse data types, such as interviews, observations, and documents. The process
involves deconstructing data into smaller units, identifying patterns (categories and themes),
and interpreting their meanings (Lindgren et al., 2020). Categories describe the surface level
of the data, while themes reveal deeper underlying meanings (Lindgren et al., 2020). The
analysis process alternates between breaking down and recombining data to achieve a
comprehensive understanding of the research topic (Lindgren et al., 2020).

4. Sonatrach, an Oil & Gas in a broad transformation

Sonatrach, Algeria's national Oil & Gas company, specializes in the research,
production, transportation, processing, and marketing of hydrocarbons (Joradp, 1998).
Founded in 1963 initially for transporting and marketing oil and gas, Sonatrach gradually
expanded its operations to encompass the entire value chain (Sonatrach, 2022). The
nationalization of hydrocarbons in 1971 significantly strengthened its position (Sonatrach,
2022). Today, Sonatrach is involved in all aspects of the oil and gas sector, including
partnerships and investments in the energy sector, ensuring a reliable long-term supply of
hydrocarbons for Algeria while exploring ventures in alternative energy sources. The
company oversees 115 subsidiaries and participations, with 42 located abroad (Sonatrach,
2022).
Sonatrach has undergone several restructurings. Now, its core activities encompass the entire
hydrocarbon value chain. According to Sonatrach, (2024), this includes:

o Exploration and Production (E&P): Encompasses prospecting, searching, exploring,
developing, and exploiting oil and gas fields. This activity is conducted independently
and through partnerships, adhering to the legal framework governing hydrocarbon
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activities and other relevant laws.

e Pipeline Transportation (TRC): Responsible for the operation, maintenance, and
development of Algeria's 22,000 km pipeline network, transporting oil and natural gas
from southern production hubs to northern demand centers and processing facilities
for domestic supply and export.

e Liquefaction and Separation (LQS): Focuses on transforming hydrocarbons through
natural gas liquefaction and separating liquefied petroleum gases (LPG) into by-
products such as ethane, propane, butane, and gasoline.

e Refining & Petrochemicals (RPC): Manages refining and petrochemical production
facilities to primarily meet the national market demand for petroleum products.

e Marketing (COM): Supplies the national market with petroleum and gas products
and optimizes the international commercialization and valuation of hydrocarbons.

Additionally, Sonatrach supports its activities through a complex organization with various
directorates handling specific tasks, including Transformation Planning (TRF),
Communication Strategies (CMN), Long-Term Vision Development (SPE), Financial
Management (FIN), Growth Opportunities (BDM), Human Resources (RHU), Procurement
and Logistics (P&L), Resource Management (R&N), Major Project Execution (EPM), Legal
Affairs (JUR), Digitalization Implementation (DSI), Safety and Environmental Well-being
(HSE), and Research and Development (R&D). This comprehensive structure ensures
Sonatrach remains a key player in the global energy sector, maintaining its commitment to
innovation and sustainability (Sonatrach, 2024).

Since 2017, Sonatrach is establishing its 2030 Transformation, also known as SH2030, a
comprehensive strategic plan to propel the Algerian national oil and gas company into the top
5 of its kind globally by 2030 (Sonatrach, 2017). Recognizing the shifting energy landscape
and the challenges posed by depleting reserves, volatile oil prices, rising energy demands,
talent renewal and environmental regulations, Sonatrach has embarked on this transformation
since 2017. The transformation plan encompasses various initiatives across the entire value
chain, from exploration and production to refining, petrochemicals, and marketing
(Sonatrach, 2017).

SH2030 tackles these challenges head-on through a multi-pronged approach. The plan
prioritizes enhanced expertise and performance across all business segments. This
encompasses optimizing operational efficiency and value creation in exploration and
production, refining, petrochemicals, and marketing (Sonatrach, 2017).  Sustainable
development is another cornerstone of the plan. Sonatrach aims to align its activities with
Algeria's economic, social, and environmental goals, fostering a more responsible and
sustainable future. Ultimately, achieving global competitiveness is a key objective
(Sonatrach, 2017). By leveraging its resource base and operational excellence, Sonatrach
aspires to become a top contender in the international energy market (Sonatrach, 2017).
Table 3 Illustrates key initiatives within Sonatrach’s transformation areas.
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Table 3. SH2030 initiatives

Areas Initiatives
- Attracting, developing, and retaining top talents
H - Revamping recruitment, career management, performance evaluation, and
uman competency development processes.
Resources - Launching the "SONATRACH Management Academy" for employee training and
leadership development.
- Setting more ambitious and measurable performance targets across all business
units.
- Establishing a central Engineering & Project Management department to oversee
major projects.
- Optimizing well productivity and implementing advanced technologies (IOR/EOR)
Core to increase production.
Operations - Strengthening refining and petrochemical operations, including potential
acquisitions and partnerships.
- Developing offshore resources in the Mediterranean through international
partnerships.
- Reorienting gas exports to higher-value markets and expand international trading
activities.
Digital - (Will be discussed later).
Procurement - Establishing a central Procurement & Logistics department to develop strategies
and Logistics and reduce costs.
Energy - Initiating a transition towards renewable energy, particularly solar power, in
Transition preparation for the post-oil era.

Source: Adapted from Sonatrach (2017, pp 31-46)

The plan recognizes the importance of fostering a culture conducive to achieving its goals. A
dedicated Transformation Directorate oversees the plan's implementation (Sonatrach, 2017).
This directorate is responsible for monitoring progress, identifying and addressing roadblocks,
collaborating with project leaders, anticipating and mitigating risks, providing regular updates
to leadership, communicating the vision and strategy across the organization, and resolving
critical issues that could impede progress (Sonatrach, 2017).

In conclusion, Sonatrach's 2030 Transformation represents a bold and necessary step for the
Algerian national oil and gas company to remain competitive and sustainable in the evolving
energy landscape. By embracing innovation, operational excellence, and a commitment to
sustainability, Sonatrach is poised to secure its position as a leading global energy player in
the years to come.

S. SOD within the Framework of Sonatrach’s Digital Transformation

Sonatrach's Digital Transformation is a strategic, enterprise-wide initiative to drive
operational excellence and competitive gains by adopting advanced digital technologies
(Huawei, 2019). As part of the company's broader transformation roadmap for 2030
(Sonatrach, 2019), the digital transformation program has two key focus areas:

1. Establishing an ERP (SH One Project): Implementing an Enterprise Resource
Planning system across all production sites to significantly improve management
practices and competitiveness.

2. Adopting Digital Tools: Through deploying the Huawei Cloud Stack (HCS) - an
enterprise-grade full-stack hybrid cloud solution that integrates existing IT resources,
eliminates silos, enables unified resource management, on-demand provisioning
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across multiple data centers and rapid service rollout.
According to Sonatrach, (2019), other key digital initiatives include:
- CEOIII Solution for operational improvements
- Private Cloud Smart Oil & Gas Solution
- Geographic Information System (GIS)
- Innovation Center for digital innovation
- Facilities Management & Information Systems (FM & IS)
- Innovative big data service platforms for data-value mining and digital oilfield
evolution
By embracing digital technologies, Sonatrach aims to realize transformative benefits such as
integrated business oversight, accelerated decision-making, productivity gains, seamless
communication and collaboration, reduced operational costs, risk mitigation through data
integrity and financial control (Sonatrach, 2022). Ultimately, the digital transformation
positions Sonatrach as a catalytic force in the industry, driving performance excellence, agility,
and sustainable competitive advantage.
Among digital initiatives, the Smart Oil Data (SOD) project is an initiative within Sonatrach's
digital transformation strategy. It aims to establish a next-generation geographic information
system (GIS) encompassing the entire value chain, from upstream exploration and production
to pipeline transportation and downstream activities.
Through Standardizing and unifying spatial data, the primary objectives of the SOD project
are:
- Enhanced risk management, particularly concerning environmental factors.
- Accelerated decision-making processes through improved data accessibility and
analysis.
- Augmented security and safety protocols for Sonatrach's facilities.
Since its inception in 2018, the SOD project has undergone several organizational transitions.
Initially under the Strategy, Planning and Economy Corporate Direction, it was subsequently
transferred to the Central Direction of Digitalization and Information Systems (Appendix 1).
Currently, the project is positioned within the Coordination of Digital Structures, under the
direct management of a CEO advisor.
Table 4. The SOD organization

Role Key Responsibilities

Project Director - Oversees project team and organization - Ensures resources and contract
compliance - Validates deliverables and reports to the CEQ’s advisor - Facilitates
communication and knowledge transfer.

Project Managers - Plan and execute project work - Monitor service providers and approve technical
changes - Ensure deliverables meet specifications - Report regularly to the Project
Director.

Project - Support Project Director with daily tasks and processes - Develop project metrics

Management and consolidate data - Assist in communication planning and administrative support.

Officer

Executive - Assist Project Manager in all aspects - Ensure health and safety in project specs -

Review deliverables and provide support.

Source: Adapted from Appendix 1

The SOD project employs a multi-tiered governance structure, typical of large-scale
initiatives in the Oil & Gas sector. This structure is characterized by clearly defined roles,
established communication channels, and strict adherence to project objectives (Table 4).
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6. Characteristics and Subsystems Developed in SOD

SOD has emerged as a data management system addressing challenges related to aging
infrastructure and the need for informed decision-making in risk mitigation. Initially
considered non-essential due to technical limitations, SOD has demonstrated its importance
by surpassing the functionalities of a conventional GIS, offering a platform for data
integration and collaboration across various business units.
Implemented on Sonatrach's private cloud infrastructure, SOD leverages Esri's ArcGIS
Enterprise, a GIS platform, ensuring scalability and facilitating future expansion. The system
employs a decentralized user management approach, optimizing data access control by
assigning permissions based on user roles. Key users can modify data for in-depth analysis,
while super users manage access and configurations. End users can efficiently retrieve and
visualize data relevant to their tasks.
SOD fosters a cohesive information system by integrating diverse data sources from across
Sonatrach's operations. It connects to ProSource (an SLB software) to access well and seismic
data used by the Exploration and Petroleum Engineering & Development (PED) divisions.
Additionally, it integrates with Landmark (a Halliburton software) for real-time drilling data
uploads. Integration with the Production Division's dashboard is already established, and
future plans include incorporating more data from TRC and Downstream activities.
Key features of the SOD project include:

o GIS Capabilities: SOD supports essential GIS functions like positioning, spatial
querying, feature identification, base map switching, and map and report printing.

o Flexible Data Models: The system features extendable data models designed to
handle domain-specific technical data, ensuring adaptability for future expansions and
compliance with industry standards.

e Microservices Architecture: Utilizing microservices technology, SOD facilitates
efficient implementation of specific functions and workflows, allowing for
streamlined system upgrades and maintenance.

o Data Visualization: SOD offers multiple data views, enhancing users' ability to
analyze and interpret spatial information from various domains.

o Integrated Data Management. The system integrates crucial data, enabling
management to swiftly review operational and production statuses, thus supporting
informed decision-making and efficient daily operations.

e Role-Based Access Control: SOD employs role-based access control to manage user
permissions, ensuring secure authorization, protecting sensitive information, and
maintaining data integrity.

To enhance Sonatrach's Geographic Information System, SOD has engineered a suite of
specialized subsystems to optimize various operational functions within the oil and gas sector.
These subsystems are designed to integrate, providing comprehensive support for
management. The key subsystems are:

1. Centralized GIS: Tailored for senior management, it offers an integrated overview of
operational, and strategic planning data. It aggregates information from various
domain-specific subsystems, facilitating data consolidation. This integration supports
management in both daily operations and strategic decision-making by providing
expeditious access to comprehensive operational status and business overviews.

2. Exploration & Production (E&P) Subsystem: This subsystem focuses on upstream
activities, including exploration, drilling, and reservoir management. It integrates
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diverse data sets from wells, seismic surveys, and geological formations. A
distinguishing feature is its unique graphical user interface (GUI) that visualizes data
through multiple representations such as hierarchical trees, grids, tables, gauges,
curves, and charts.

3. Pipeline Transportation (TRC) Subsystem: Dedicated to managing the pipeline
networks essential for product flow, this subsystem provides tools for monitoring and
managing pipelines. Features include dynamic segmentation, pipeline profiling, and
statistical analysis. Enhancing operational efficiency, it enables detailed analysis and
visualization of pipeline data, including transportation logistics, leak detection, and
event management, crucial for maintaining pipeline integrity and minimizing
environmental risks.

4. Liquefaction & Separation (LQS) and Refining & Petrochemical (RPC)
Subsystem: Supporting downstream operations, this subsystem covers liquefaction,
refining, petrochemical processes, and associated logistics. It manages data related to
refining and petrochemical facilities, pipelines, storage tanks, and transportation
networks. Offering tabular and GIS displays of industrial zone entities, it visualizes
production data using gauges, line charts, histograms, and grids.

5. Authorization Subsystem: Managing system access control to enhance security and
data integrity, this component employs a role-based access control mechanism. It
ensures that users can only access modules and functions pertinent to their roles,
safeguarding sensitive information and ensuring compliance with access policies.

6. Emergency Subsystem: This subsystem manages emergency resources and incident
responses, providing a comprehensive toolkit for emergency management. It includes
statistical analysis, location display, and diffusion simulation capabilities. And is
Supporting incident response and post-incident analysis.

Additionally, SOD offers a suite of data visualization tools:

o Row View: Presents data in a familiar tabular format for easy sorting and filtering.

o GIS View (Location): Offers a geographical representation of Sonatrach's assets and
activities.

e Form View (Hierarchical Exploration): Enables users to explore data in a
hierarchical manner using a parent-child query structure.

These subsystems collectively provide a framework for managing Sonatrach's operations
through the integration of specialized tools and comprehensive data representations. This
exemplifies how advanced information systems can be leveraged to address the complex
challenges of the oil and gas industry, enabling sustainable and efficient operations
7. System implementation and challenges within SOD
Sonatrach's Smart Oil Data (SOD) project is structured in two distinct phases:
The initial phase, implemented in collaboration with a Chinese integrator (Richfit or KLD, a
subsidiary of CNPC), focused on establishing a robust foundation for improved operational
efficiency and decision-making. This phase prioritized standardized, non-automated data
relevant to core business functions, with over 1,000 users trained on the system. The collected
data has proven valuable for Exploration & Production (E&P) and Refining & Chemicals
(TRC) activities, supporting technical research, pipeline risk assessments (including cutting
and slope analysis), and identification of underperforming production sites.
The first phase implied two fundamental strategies:

o Firstly, it established a coherent foundation through reference frameworks. This
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involved geodetic reference standardization, aligning all spatial data with national
standards set by the National Institute of Cartography and Remote Sensing, ensuring
spatial data consistency across the organization. Additionally, a standardized site
naming policy was implemented to eliminate ambiguity and streamline data
management.

e Secondly, the project focused on unifying information for strategic decision-making.
This involved comprehensive asset coverage, creating a unified information system
encompassing diverse data types including seismic data, collection pipelines,
transportation pipelines, and production facilities. Data integration across divisions,
particularly between TRC pipelines and Production Division activities, was pivotal in
consolidating disparate data sources into a single, cohesive system.

The second phase of the SOD project aims to expand its capabilities through strategic
partnerships. This expansion focuses on two primary objectives: enhanced functionality and
data comprehensiveness. Partnerships with the National Institute of Cartography and Remote
Sensing (INCT), ESRI, and the Algerian Space Agency (ASAL) are expected to leverage their
expertise in areas like environmental monitoring, integrating spatial variables such as
discharges and emissions. Collaboration with ENAGEO, a Sonatrach subsidiary, grants access
to the "Trail" database, ensuring the preservation of transported equipment data. Future
partnerships with public environmental consulting firms are envisioned to integrate data on
groundwater, archaeological sites, reserves, and urbanization surrounding Sonatrach's
installations.

However, the implementation of SOD at Sonatrach encounters various challenges across
technical, organizational, and operational domains. As outlined in the table, these include
database standardization, data granularity issues, and limitations in gas dispersion simulation.
Organizational challenges involve change management and aligning SOD with broader digital
transformation efforts. Operationally, the system faces human resource constraints and
inconsistent data entry from various units. These challenges highlight the complexity of
implementing a comprehensive data management system in a large oil and gas company,
affecting the system's effectiveness and rollout across the organization.

Table 5. The SOD visualization tools

Challenge Description

Database Integrating diverse data sources into a consistent structure; requires systematic
Standardization | approach to design and management.

Data Incorporating detailed data from the entire value chain to enhance functionality
Granularity and enable advanced analysis.

Organizational Implementing updates within Sonatrach's structure; addressing resistance and

Change . .

Management ensuring stakeholder buy-in.

Technological Aligning SOD with Sonatrach's broader digital transformation strategy;
Alignment requires inter-departmental collaboration.

Gas Dispersion | Generic diffusion model lacks accuracy for specific gas leak scenarios;

Simulation development paused due to limitations.
Limited project team size (< 10 people) causing bottlenecks, especially in user
Human onboarding and categorization.
Resource
Constraints The project lacks a dedicated change management team, risking unforeseen

challenges in stakeholder communication, resistance management, and overall
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project adoption.

Inconsistent data input from operational units is hindering system effectiveness
in certain areas. Drilling and production details, along with subsurface models,
transported oil and gas, and real-time liquefied and refined oil and gas data
remain inadequately integrated within local systems and are not being shared
among workers.

Source: Adapted from interviews (Appendix 2)

These challenges underscore the complexity of implementing a comprehensive data
management system in a large oil and gas company like Sonatrach. As the project progresses,
addressing these issues will be crucial for maximizing the system's effectiveness and ensuring
its successful rollout across the organization. The strategic partnerships formed in the second
phase are expected to play a key role in overcoming these challenges and further enhancing
SOD's capabilities.
8. Discussion

The SOD project at Sonatrach represents a significant digital transformation initiative
in the oil and gas sector. This case study, employing a qualitative approach through document
analysis and semi-structured interviews, offers valuable insights into the implementation and
impact of a comprehensive geographic information system within a large national oil
company.
The project's organizational structure aligns well with Mintzberg's organizational
configuration theory, incorporating elements of strategic apex, middle management,
technostructure, and operating core (Mintzberg, 1980). The matrix overlay facilitates
interaction between project-specific roles and Sonatrach's functional departments, consistent
with Galbraith's concept of lateral coordination mechanisms (Galbraith, 2014). This structure
appears designed to address the project's complexity while maintaining adaptability, reflecting
principles of contingency theory. Moreover, the emphasis on knowledge transfer, training
programs, and continuous communication suggests an alignment with Senge's concept of a
learning organization (Senge, 1996), contributing to long-term organizational capacity
building.
A primary objective of the SOD project is data standardization, crucial for ensuring
consistency, accuracy, and reliability across the organization. The implementation of a unified
information system encompassing diverse data types from various divisions represents a
significant step towards integrated business oversight and improved decision-making
capabilities. The project's focus on standardizing geodetic references and implementing a
uniform site naming policy addresses critical issues in data management and inter-
organizational collaboration, likely yielding benefits in terms of error reduction, efficient data
retrieval, and improved cross-functional communication.
Technologically, the SOD project incorporates advanced features such as microservices
architecture, flexible data models, and role-based access control. The suite of specialized
subsystems (Centralized GIS, E&P, TRC, LQS & RPC, Authorization, and Emergency)
demonstrates a comprehensive approach to addressing various operational needs. Multiple
data visualization tools (Row View, GIS View, Form View) cater to diverse user preferences
and analytical requirements, enhancing the system's usability and effectiveness.
The analysis shows several potential impacts of the SOD project, including enhanced inter-
organizational collaboration, improved data integrity, better regulatory compliance, and more
efficient asset lifecycle management. The integration of geospatial information with enterprise

Incomplete
Data Entry
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data is expected to transform Sonatrach's operational capabilities, potentially leading to more
informed decision-making, improved risk management, and increased operational efficiency.
However, the study also highlights an absence of mentioning renewable energy and
technology innovation sectors, as outlined in the literature review. Additionally, the
implementation of the SOD project encountered several challenges, including database
standardization, data granularity, organizational change management, and human resource
constraints. These obstacles underscore the complexities inherent in large-scale digital
transformations within the oil and gas industry.
While the findings provide valuable insights, it's important to note their limitations. The
relatively short duration of interviews and potential reliance on internal documents may limit
the depth and breadth of perspectives captured. The study also focuses primarily on
qualitative aspects, with less emphasis on quantitative measures of the project's impact.
Additionally, the absence of perspectives from the commercialization activity or renewables
(not currently part of the SOD Project) represents a gap in understanding SOD's impact across
Sonatrach's entire value chain.
To address these limitations, future research could benefit from a longitudinal approach,
tracking the long-term impacts of the SOD project on Sonatrach's performance. Incorporation
of quantitative metrics on system performance, user adoption rates, and operational
improvements would provide a more comprehensive evaluation of the project's success.
Comparative studies with similar projects in other oil and gas companies could offer valuable
context and identify best practices in the industry.
In conclusion, despite its limitations, this case study offers a detailed examination of a
significant digital transformation initiative in the oil and gas sector. The SOD project
demonstrates how the integration of geospatial information systems with enterprise data can
transform organizational capabilities, potentially enhancing decision-making, operational
efficiency, and risk management. As such, it provides valuable insights for both practitioners
and researchers in the fields of information systems and energy management, while also
highlighting areas for further investigation to fully understand the impact and effectiveness of
such large-scale digital transformation projects in the complex and dynamic environment of
the oil and gas industry.
9. Conclusion

Geographic Information Systems (GIS) have emerged as a critical tool for digital
transformation in the oil and gas industry, spanning the entire value chain from upstream to
downstream operations, including Health, Safety, and Environment (HSE) management.
Modern GIS platforms, such as ESRI's solution for the oil and gas sector, offer comprehensive
data analysis, visualization, and integration tools that extend beyond traditional operations to
include renewable energy and technological innovation.
The SOD project at Sonatrach, built on ESRI's GIS platform, aligns with these industry trends,
demonstrating the potential of integrated GIS solutions to improve operations, enhance
decision-making, and support sustainable practices. By leveraging spatial intelligence across
its operations, SOD enables Sonatrach to address complex challenges in the evolving energy
landscape.
However, the implementation of such a comprehensive system presents significant challenges,
particularly in data standardization, organizational change management, and human resource
allocation, as well as integrating features related to renewables and innovation. This study
contributes to the literature on digital transformation in the oil and gas sector by providing
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insights into the adoption of an integrated GIS within a national oil company. The findings
from Sonatrach's experience with SOD offer valuable lessons for similar initiatives in other
national oil companies, especially in the North African region.
Future research directions should include longitudinal studies to assess the long-term impacts
of integrated GIS solutions on organizational performance and decision-making processes.
Comparative studies across different national oil companies could also yield insights into best
practices for implementing comprehensive GIS solutions in diverse organizational contexts.
Suggestions:
To ensure success, the implementation should incorporate:
o Prioritizing user adoption and change management through effective communication,
tailored training, and continuous feedback mechanisms.
o Focusing on robust data management and integration, emphasizing data quality,
standardization, and seamless integration with existing enterprise systems.
o Fostering collaboration and knowledge sharing through partnerships with industry
peers, academic institutions, and technology providers to drive continuous innovation.
These strategies can help organizations navigate the complexities of digital transformation
and maximize the benefits of integrated GIS solutions in the oil and gas industry.
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Interview Guide for Smart Oil Data (SOD) at Sonatrach
This guide is designed to facilitate semi-structured interviews with various profiles within Sonatrach regarding the Smart Oil Data (SOD)
system. The interviews aim to gather insights into the use, benefits, impacts, and challenges of SOD from different perspectives within the
organization.
The guide is structured to cover key areas: a presentation of the participant's structure, the benefits of SOD, its impacts, and the challenges
faced in its implementation and use. The questions are tailored for different roles, ensuring that the information gathered is comprehensive
and relevant.
General Structure of the Interview
Introduction
e  Starting by welcoming and thanking the participant for their time.
o Briefly explain the purpose of the interview, emphasizing the focus on understanding their experiences and insights regarding
SOD.
e  Assuring the participant of the confidentiality of their responses and explain how the data will be used.
e Obtaining consent to record the interview to ensure accuracy in capturing their responses.
Presentation of the Participant's Structure
e Asking the participant to describe their role and responsibilities within Sonatrach. This helps contextualize their perspective.
e Requesting an overview of their department or division, including its main functions and how it interacts with other parts of the
organization.

Benefits of SOD
e Exploring how SOD is integrated into their daily operations. This includes asking about specific tasks or processes where SOD is
used.

e  Discussing the main benefits they perceive from using SOD, such as improvements in efficiency, accuracy, or decision-making.

e Inquiring about the specific tools and features of SOD they find most useful and why.
Impacts of SOD

e Investigating the tangible impacts of SOD on their activities. This can include operational improvements, cost savings, or

enhanced data management.

Challenges with SOD

e |dentifying any challenges they have encountered in implementing or using SOD. This can cover technical issues, data integration

problems, or user adoption barriers.

e  Discuss any difficulties related to inter-departmental collaboration or data consistency.

e  Exploring their suggestions for overcoming these challenges and improving the system.
Closing:

e  Offering the interviewee an opportunity to add any additional thoughts or insights

e Thank them for their participation and valuable input.
Profiles of interviewees
The interviews conducted cover a diverse range of executives and specialists from various activities and divisions within Sonatrach. The
interviewees include IT executives from the Pipeline Transportation Activity (TRC) and Refining and Petrochemical Activity (RPC), each
with extensive experience in their respective fields. A geophysicist with 30 years of experience from the Exploration Division of the
Exploration & Production (E&P) Activity provides insights from the upstream sector.
The Smart Qil Data (SOD) project is represented by both a Project PMO and the Project Director, offering comprehensive perspectives on
the implementation and management of this strategic initiative. The Coordination of Digitalization Structures is represented by a PMO with
22 years of experience, providing a broader view of Sonatrach's digital transformation efforts. The Petroleum Engineering and Development
(PED) Division's perspective is provided by an IT development executive with 25 years of experience. The Liquefaction and Separation
(LQS) Activity is represented by an executive with 10 years of experience, while the Production Division of the E&P Activity is represented
by an IT executive with 10 years of experience.

These profiles collectively represent a cross-section of Sonatrach's operations, from upstream exploration and production to downstream
activities like refining and liquefaction. Their roles span technical, operational, and strategic aspects of the company, providing a
comprehensive view of SOD's implementation and impact across Sonatrach's value chain.




