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How Agentic Al Is Reshaping

the Oil & Gas Landscape

The oil and gas industry’s journey with artificial intelligence (Al) has been a progressive evolution,

marked by distinct stages that have fundamentally changed the speed at which companies make

decisions. This journey began with foundational Al and has culminated in today's autonomous Al

agents, each phase building on the capabilities of the last.

The Expert Systems Era
(Late 1960s — 1980s)

The first wave of Al adoption in the industry
featured "expert systems," intelligent

programs created in the late 1960s and early
1970s to solve complex problems requiring
human expertise. These systems, like the
"Dipmeter Advisor System" in petroleum
engineering, used mathematics to support
tasks like interpreting borehole data but
struggled with cases outside their predefined
models.

The Integration of Digital Twins
(Mid 2020s)

The next stage involved widespread use of
digital twins (virtual replicas of physical assets,
systems, or facilities). This technology merged
real-time data with physics-based simulations
for improved decision-making. By 2025, >50%
of O&G companies used digital twins for

scenario testing, production forecasting, and
maintenance improvements. Despite
improvements in providing a more accurate
view of operations, the systems still needed
human operators to act on the simulations and
insights.

The Rise of Machine Learning
and Predictive Analytics

(2000s — Early 2020s)

Since the early 2000s, research on Al in oil and
gas has surged with the rise of new algorithms
like artificial neural networks (ANNSs), fuzzy
logic, and support vector machines (SVMs).
Key applications of these technologies
included oilfield production prediction,
reservoir modeling, and seismic data
interpretation, which reduced exploration risks
and improved drilling success rates.

This era also saw the widespread adoption of
predictive maintenance. This approach was

largely reactive, offering static reports that
required manual interpretation, creating a
"human bottleneck."

The Advent of Agentic Al
(2025 - now)

The industry is now undergoing a fundamental
paradigm shift toward agentic Al, which
provides action, closing the gap between
insight and execution. These systems are
autonomous and goal-oriented, designed to
independently perceive their environment,
reason, formulate plans, and execute tasks
without the need for constant human
supervision. Agentic Al systems are a new
"digital workforce” that can handle
overwhelming data volumes, enabling human
experts to focus on strategic initiatives.



https://faculty.ist.psu.edu/vhonavar/Courses/ai100/expsysreview.pdf
https://www.researchgate.net/publication/338625442_Applications_of_Artificial_Intelligence_in_Oil_and_Gas_Development
https://crunch-is.com/blog/predictive-analytics-in-oil-and-gas-industry-concepts-use-cases-ai-case-study/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_blog_predictive_in_o_g
https://www.ey.com/en_us/industries/oil-gas/digital-twins-how-energy-companies-can-drive-value
https://www.ey.com/en_us/industries/oil-gas/digital-twins-how-energy-companies-can-drive-value
https://faculty.ist.psu.edu/vhonavar/Courses/ai100/expsysreview.pdf
https://www.ey.com/en_us/industries/oil-gas/digital-twins-how-energy-companies-can-drive-value
https://www.researchgate.net/publication/338625442_Applications_of_Artificial_Intelligence_in_Oil_and_Gas_Development
https://crunch-is.com/blog/predictive-analytics-in-oil-and-gas-industry-concepts-use-cases-ai-case-study/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_blog_predictive_in_o_g
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4 Essential Types
of Al Agents in Oil & Gas

Prior to the exposition of the primary categories of Al agents in the oil and
gas industry, it is imperative to comprehend their architectural design.

Below we have illustrated and described the generic Al agent architecture.

T c

[
r h Tool
X
- \ . \ Al Agents f o0t
‘ User Agent 3| Planning : \_)

Interface Orchestration .
Reasoning
Action

[ Memory ]

Scheme 1. The Generic Al Agent Architecture

A user initiates a request Individual Al agents are They handle sub-tasks, we
through a User Interface (Ul), equipped with the core mentioned in the first step,
which is then processed by an capabilities of Planning, leveraging large language
orchestration layer that breaks = Reasoning, and Action. models (LLMs) and interacting
down the task into smaller, with various tools and data
more manageable sources, including SQL,
components, a principle known document, and graph

as "divide and conquer." databases.

This architecture provides the foundation for integrating and specializing agents to address
the unique demands.

The complex challenges of the oil and gas sector have given rise to distinct, yet interconnected,
types of Al agents that address the convergence of financial, operational, and regulatory
pressures.

In the ensuing pages, we will examine 4 examples of Al agents that aim to optimize typical

industry problems.
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€@ The Predictive
Maintenance Agent for

Industrial Processes

applied across upstream,
midstream and downstream

This agent's core function is to enhance asset reliability and operational efficiency through
proactive, data-driven interventions. Unlike traditional predictive models that simply flag
anomalies, the agent can integrate predictions with broader business context.

For example, if a failure is anticipated, the

ERFA =
“ D — @ agent can overlay factors such as current

dﬂ:l@ H production goals, available spare parts, and

M delivery commitments to recommend the best
- 5 course of action.

Upon detecting a potential failure, it can :
autonomously schedule maintenance in the TN vy I N | N 0
ERP system, order necessary parts through the f

supply chain, and alert the nearest technician,

thereby closing the loop between detection and
resolution.
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&~ o . L ed Maintenance Decision
Interface Orchestration
Coordinator
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Orchestrator External Systems

Scheme 2. The Predictive and Optimization Agent Architecture

SEE OUR WORK /]



https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
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a The Compliance and
ESG Agent for the Full

Production Cycle

applied across upstream,
midstream and downstream

With increasing pressure from regulatory bodies and investors, the role of an autonomous
compliance and ESG agent has become essential. This agent continuously monitors environmental
metrics and automates reporting to ensure strict adherence to regulations and corporate
sustainability commitments.

By overlaying loT sensor readings, satellite

imagery, and drone inspections with regulatory
frameworks, the agent can validate site
conditions, detect potential non-compliance,

and streamline reporting.

Reports that once took months for human teams to prepare can be generated daily, ready
for audit submission.

P If emissions exceed a predefined threshold, the

D agent can launch automated mitigation
11 workflows, such as adjusting operations or
— triggering clean-up protocols, logging evidence

e ; S for regulators as it does so.
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Scheme 3. The Compliance and ESG Agent Architecture

SEE OUR WORK /]



https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g

e The Supportive
Exploration Agent for

Upstream Exploration
and Appraisal
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The oil and gas industry is awash with data, but most of it is unstructured, locked in PDFs,

handwritten forms, legacy reports, and field logs. This presents a significant challenge, as critical

operational details and information needed to support key investment decisions are hard to access

and use.

.......................................
--------------

-- ______________
E—— ey
= E P fp== |
== > a=

] p—
I Az== |

- — A== |
A=

______________
.......................................

The Supportive Exploration Agent addresses

this by turning unusable data into actionable

intelligence. Using Optical Character

Recognition (OCR) to digitize scanned pages

and handwritten notes, and Natural Language

Processing (NLP) to interpret content, it can

automatically sort, classify, and extract key

details such as lease expiration dates, royalty

rates, geological findings, and past drilling

challenges.

Beyond extraction, the agent can also connect information across separate documents, revealing

relationships that strengthen investment or drilling cases. By applying industry-specific context

(such as weighing environmental risks against reduced production costs) it delivers richer, more

decision-ready insights in minutes.
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Scheme 4. The Supportive Exploration Agent Architecture
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https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
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6 The Supply Chain and
Logistics Agent for the

Full Operations Cycle

applied across upstream,
midstream and downstream

A LA O iy This agent optimizes and manages end-to-end
i @ supply chain workflows in realtime, helping

o ': companies navigate market volatility and

logistical complexity. By using machine

learning, it can ingest sales history,

macroeconomic indicators, and weather data to

predict grade-level demand with far more
accuracy than traditional methods.

The agent also optimizes logistics by analyzing -

G
[ ]
shipping routes, tracking vessel positions, and lél ,17 —
\ aEsss———
adjusting schedules in realtime. v At e {6:}
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Scheme 5. The Supply Chain and Logistics Agent Architecture
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https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g
https://crunch-is.com/industry/oil-gas-software-development-services/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_industry_page_o_g

Benefits of Agentic Al
in O&G at Operational
and Business Levels

Business Benefits of Agentic Al

~" Cost Efficiency

Agentic Al in energy market
is expected to grow at a
37.49% CAGR through 2030,
reaching USD 3.14B.
Companies adopting agentic
Al early report an average
projected ROI of 171%.
Beyond the multi-million
dollar savings reported by
major players, early adopters
can expect to see 5-15%

cost reductions in their

first quarter alone.

—:@ Agility

This technology delivers
“speed to value” by rapidly
processing and reasoning over
massive amounts of collected
data, far faster than human
teams could. By accelerating
tasks such as seismic data
interpretation from weeks to
hours, the agent equips
decision-makers with timely
insights, enabling faster and
more agile “go/no-go” calls
and field development
planning.

Operational Benefits of Agentic Al

@ Production Flow

One of the most critical
operational benefits is the
reduction of unplanned
downtime and non-
productive time (NPT), which
can cost millions per day. Al
agent can factor in
production goals, track spare
part availability, and
coordinate maintenance
schedules, turning raw
forecasts into actionable,
context-aware decisions that
minimize both risk and cost.

@ Safety

Agentic Al also enhances
safety by using Al-powered
cameras and sensors to detect
potential hazards and monitor
worker activity in real-time.
Autonomous drilling agents
can monitor downhole pressure
and trigger safety valves in
response to early-warning
signs of a kick.

Furthermore, the use of drones and
ground robots for inspection reduces
the need for human exposure to
hazardous environments.

L
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The impact of agentic Al extends far beyond
simple technological upgrades, delivering
tangible, measurable value at both the
operational and business levels.

The most significant advantages are demonstrated below.

@ Sustainability

The ability of Al to hint or
point out ways to reduce
carbon footprint and improve
sustainability is a powerful
signal to investors in an
increasingly ESG-conscious
market. Market capitalization
trends show that companies
that integrate Al to optimize
operations have seen their
stock valuations rise,
outpacing peers without Al.

4 Energy Efficiency

Finally, Al yields significant
environmental gains by
optimizing energy use and
reducing emissions. For
instance, Shell has reportedly
reduced energy consumption
by 10% at certain facilities
from its suite of Al tools.



https://www.mordorintelligence.com/industry-reports/agentic-artificial-intelligence-in-energy-and-utilities-market
https://www.ainvest.com/news/agentic-ai-energy-era-operational-efficiency-investment-potential-2509/
https://www.coherentmarketinsights.com/industry-reports/artificial-intelligence-ai-in-oil-and-gas-market
https://www.coherentmarketinsights.com/industry-reports/artificial-intelligence-ai-in-oil-and-gas-market
https://www.mordorintelligence.com/industry-reports/agentic-artificial-intelligence-in-energy-and-utilities-market
https://www.ainvest.com/news/agentic-ai-energy-era-operational-efficiency-investment-potential-2509/
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Oil & Gas Case Studies

Crunch-IS has worked with oil and gas operators at every stage of the data and Al journey, from
extracting plant data from isolated SCADA systems to building predictive models that detect
equipment failure before it happens.

Stage 1: Building the Data Foundation

Industrial Data Infrastructure for Digital Twin Readiness

Years of SCADA and sensor data, trapped on an isolated plant network with no path to the
cloud. We built a secure AWS pipeline that mapped every tag to a physical asset and provided
the client with a clean, queryable data lake — the foundation for digital twins and predictive
maintenance.

FULL CASE STUDY /]

Predictive Maintenance for Production Pumps Predictive Maintenance on Existing Digital Twins

Rare, high-value pumps were failing with no maintenance history to Digital twins were already running on Azure, but they couldn't

predict from. We built a model on existing loT data and validated predict anything. We added a layer that scores asset health and

its flags against physical teardown before rollout. flags failure risk, traced back to the exact signals driving each score
90% accuracy 65% less downtime 40% lower maintenance costs — validated against the client's own failure history.

FULL CASE STUDY /] FULL CASE STUDY /]

Stage 3: Applying Prediction to High-Value Decisions

Well Abandonment Risk and Cost Estimation Computer Vision for Maintenance Verification
Thousands of inconsistent well records made plugging and Remote pipeline teams had no reliable way to confirm maintenance
abandonment budgeting a guessing game. We structured the data was actually performed. An edge-deployed computer vision system
and built a model that predicts risk and cost with high confidence. verifies work on-site, even with no connectivity.

84.4% accuracy *0.25 plug error margin 65% fewer unverified reports 40% better scheduling

FULL CASE STUDY /] FULL CASE STUDY /]



https://crunch-is.com/case-study/industrial-data-infrastructure-for-digital-twin-readiness-in-oil-gas/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_digital_twin_readiness_case
https://crunch-is.com/case-study/ai-powered-predictive-maintenance-for-production-pumps/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_predictive_maintenance_production_pumps_case
https://crunch-is.com/case-study/enhancing-existing-digital-twins-with-predictive-maintenance-on-azure/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_digital_twins_predictive_maintenance_case
https://crunch-is.com/case-study/ai-solution-assessment-for-well-abandonment-risks-and-cost-estimation/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_well_abandonment_case
https://crunch-is.com/case-study/ai-powered-computer-vision-system-for-maintenance-verification-in-oil-and-gas-transportation/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_cv_maintenance_verification_case
https://crunch-is.com/case-study/industrial-data-infrastructure-for-digital-twin-readiness-in-oil-gas/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_digital_twin_readiness_case
https://crunch-is.com/case-study/ai-powered-predictive-maintenance-for-production-pumps/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_predictive_maintenance_production_pumps_case
https://crunch-is.com/case-study/enhancing-existing-digital-twins-with-predictive-maintenance-on-azure/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_digital_twins_predictive_maintenance_case
https://crunch-is.com/case-study/ai-solution-assessment-for-well-abandonment-risks-and-cost-estimation/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_well_abandonment_case
https://crunch-is.com/case-study/ai-powered-computer-vision-system-for-maintenance-verification-in-oil-and-gas-transportation/?utm_source=whitepaper&utm_medium=document&utm_campaign=ai_agents_in_oil_and_gas_cv_maintenance_verification_case
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J The next phase of agentic Al in oil and gas will be defined by
What's Next

human-in-the-loop systems that learn and adapt continuously.

for Agentic AI Through reinforcement learning (RL) and reinforcement learning

from feedback (RLHF), agents can refine their reasoning while

in Oil & Gas staying aligned with expert oversight.

Emerging protocols such as MCP, A2A, and APP will accelerate this
shift, allowing specialized agents to coordinate, exchange context,
and optimize decisions across exploration, operations, logistics, and
finance.

Industry data increasingly shows that the highest ROl from Al

doesn’t come from front-office use cases like marketing or sales,
but from back-office automation. In oil and gas, this means
embedding agentic intelligence into asset management, contract
oversight, and supply-chain coordination — areas where speed,
accuracy, and contextual learning translate directly into millions in
savings.

HOW tO Get Al Feasibility Sessions with Al Expert and BA

Started with
Agentic Al

Solution Architecture Pattern and Integration

in O i'. & Gas Deployment Strategy and Testing

Monitoring and Scaling

START YOUR PROJECT

Crunch-IS helps oil&gas, energy and renewable
AbOUt companies to optimize production, maximize resource
efficiency, lower environmental impact, drive operational

C I"U I1C h - I S excellence, and safeguard their workforce.

With solid expertise in oil and gas consulting and
software engineering, we enable industry leaders to
scale innovation with Al agents, Al, ML, and Big Data.

: : crunch-is.com Cf‘UﬂChIS @ @
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