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VIEW POINT

FROM CHRISTMAS CRISIS T0
AI-POWERED PEACE: THE EVOLUTION
OF REFINERY OPERATIONS

Abstract

It's a chilly December morning and during his last working shift before
holidays, a refinery panel operator receives an alarm notification: “Abnormally
High Reflux Pump Vibration”. In the past, this would have not just ended

his vacation but also halted operations at the refinery. However, today is
different. The “Refinery of the Future” has arrived, leveraging Generative Al to
swiftly diagnose the issue and implement corrective actions seamlessly.

Imagine a critical high-pressure pump experiencing a sudden increase

in vibration and a drop-in flow rate. Generative Al, analyzing real-time

data, immediately identifies a potential bearing failure. It then proactively
recommends actions like adjusting operating parameters (reduce pressure
and flow rates) to minimize bearing stress. Additionally, it predicts the
optimal time for planned maintenance, minimizing disruption and ensuring
safety. This proactive approach enhances the overall operational efficiency of
the plant.

Investing in such innovations is not merely beneficial; it is essential. The
business case is clear: by adopting GenAl-driven solutions, refineries can
reduce downtime, improve safety, and ultimately drive profitability. This
narrative serves as a foundation for a comprehensive point of view that
engages clients in understanding how they can transition from traditional
methods to a future-ready model that meets both regulatory and consumer
expectations while maximizing operational resilience.



Problem Statement: The Perfect Storm in Refinery Operations

Today's refineries operate in a challenging landscape characterized by multiple converging factors such as:

~

Expertise Exodus:

The industry is witnessing a critical loss of experienced personnel. In the UK’s oil and gas
sector, for example, over 35% of employees are aged above 50, while only 12% are under 30,
highlighting an aging workforce and insufficient recruitment of young talent. This trend risks

©

creating a significant knowledge gap as seasoned operators and engineers retire, keeping

decades of institutional memory from being transferred to the next generation.

J

Infrastructure Aging: \

A report by the Economist Intelligence Unit highlights that 87% of executives in the oil and gas,
utilities, and chemical industries report that aging infrastructure has impacted operations, with

>

more than one in ten facing severe operational consequences. Additionally, 17% of companies
plan to allocate over 40% of their operating budgets to infrastructure upgrades in the next five
years, reflecting the urgent need for investment in aging assets. j

~

Data Overwhelm:

Modern refineries generate vast amounts of operational data through advanced control
systems. However, a significant portion remains underutilized, limiting the ability to predict
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failures or optimize processes. Reports from technology providers like Honeywell emphasize the
importance of integrating data analytics tools to transform raw data into actionable insights.
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Cost Pressures: \

Unplanned downtime in refineries is a major financial burden. According to AspenTech,

equipment failures cost oil and gas companies an average of $42 million annually, with worst-
case scenarios reaching $88 million per year. Additionally, 46% of unplanned shutdowns in U.S.
refineries between 2006 and 2017 were due to mechanical breakdowns, as reported by the U.S.
Department of Energy. j
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Safety and Regulatory Demands:

Regulatory oversight have intensified, placing greater emphasis on safety and environmental
compliance. Refineries face increasing scrutiny and stricter regulations, requiring rigorous
adherence to industry standards. Non-compliance can result in substantial penalties and

reputational damage. The ability to maintain a strong safety culture and consistently meet
regulatory requirements is critical for sustainable operations.

J

Real-Time Decision Pressure: \
In the fast-paced environment of refinery operations, timely and accurate decision-making

is paramount. Operational incidents are frequently linked to delayed or incorrect decisions,
highlighting the need for efficient information processing and effective communication. The
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ability to respond quickly and effectively to changing conditions is essential for preventing
incidents and ensuring safe operations. When critical alarms signal potential issues, the
consequences can extend beyond production losses to significant safety hazards. /

The traditional approach, reactive maintenance, siloed expertise, and manual analysis of alarms and trends is increasingly inadequate. When
that high-vibration pump or any other critical alarm sounds on just before the start of vacation, the consequences extend beyond ruined
holidays to potentially millions in lost production and safety risks.
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Proposed Solution: The Al-Augmented Refinery
The solution is not simply adding more technology, but fundamentally transforming how refineries leverage data, expertise, and decision-
making capabilities through Generative Al and supporting technologies:

1. Generative Al as the Cognitive Assistant - At the heart of the solution is a Generative Al platform that:
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Centralizes and
Contextualizes Data
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Integrating DCS,
historian, maintenance
records, engineering
documents, and
operator logs to create

Provides Natural
Language Interaction

|E|
Enabling operators
to ask questions like
“Why is the pump
vibration increasing?”
and receive clear,

Delivers Automated
Root Cause Analysis

£
Identifying underlying
issues faster than
manual methods by
analyzing patterns
across operational

Generates
Prescriptive Actions
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Recommending
specific responses with
predicted outcomes
based on historical
success patterns and
engineering principles

a comprehensive actionable insights parameters
operational view
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2. Supporting Technological Ecosystem - The Gen Al platform is complemented by:

loT Sensor
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Advanced, wireless
vibration, temperature,
and acoustic
sensors providing
early detection of
developing issues
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Digital Twins
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Physics-based
models that simulate
equipment and
process behavior to
predict future states
and test intervention
scenarios
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Knowledge
Repositories

Structured databases
capturing domain
expertise, standard

operating procedures,
and lessons learned

0O
A4

Decision Support
Dashboards

Intuitive visualizations

providing operational

context and decision
recommendations
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3. Implementation Framework - The transition to an Al-augmented refinery should follow a structured approach:

Phase 1: Foundation Building - Laying the Groundwork for Intelligent Operations
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Strategic Asset
Monitoring

Implement targeted
smart sensors on
critical equipment for
real-time insights

Robust Data
Infrastructure

Establish clear, accurate
data pipelines to fuel
effective Al learning
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Early Wins
with Al

Deploy initial, high-
impact Al applications
to demonstrate value
and build momentum
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Empowering the
Workforce

Equip refinery
personnel with
the knowledge to
effectively collaborate
with Al systems
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Holistic Refinery
Intelligence

Expand sensor
networks for
comprehensive
visibility and
continuously enrich
Al models for superior
accuracy

Comprehensive
Digital Twin
Create a dynamic
virtual representation
of the refinery for
advanced analysis and
decision-making

Phase 2: Capability Expansion - Scaling Intelligence Across Operations

Proactive Maintenance

Optimization

Integrate Al insights
with maintenance
workflows for
predictive repairs
and efficient resource
allocation
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Semi-Autonomous
Operations

Enable Al'to manage
routine processes
autonomously,
ensuring consistency
and reliability

Predictive Operational
Excellence

Develop Al capabilities
to anticipate potential
disruptions, minimize
downtime, and
maximize production

Phase 3: Achieving Autonomous and Adaptive Excellence - The Intelligent Refinery

Advanced Process
Optimization
Leverage sophisticated
Al to fine-tune
complex operations,
adapt to dynamic
conditions, and
achieve peak
performance
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Intelligent
Automation

Automate routine tasks
with Al, empowering
experts to focus on
strategic initiatives

Continuous Al-Driven
Improvement

Establish self-learning
systems for ongoing
optimization and
sustained excellence
across the refinery




Value Proposition: Quantifiable Benefits

The Al-augmented process holds the power to revolutionize refineries across multiple dimensions. Imagine a future where financial
performance sees a significant boost, day-to-day operations achieve peak efficiency, and safety protocols, along with regulatory compliance,

are stronger than ever.

1. Financial Impact

[ =\

Reduced Unplanned
Downtime

Implementing Al-powered
predictive maintenance
can significantly decrease
the unplanned downtime.
This leads to substantial
cost savings by preventing
unexpected equipment failures
and production disruptions

2. Operational Excellence
©_®
&

Faster
Decision-Making

Al assistance significantly
reduces response time
to developing issues. Al-
powered systems enable faster
diagnosis and resolution of
complex problems, improving
operational efficiency

3. Safety and Compliance
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Maintenance
Optimization

Intelligence driven condition-
based maintenance optimizes
maintenance schedules and
reduces overall maintenance
costs. By predicting equipment
failures, resources can be
allocated efficiently, minimizing
unnecessary interventions

\,

Knowledge
Retention

Al-enhanced knowledge
management systems
effectively capture and retain
the expertise of retiring
operators. This ensures that
valuable troubleshooting
knowledge remains accessible
to less experienced staff,
mitigating the impact of
workforce turnover

Energy Efficiency

Al-powered process
optimization leads to improved
energy efficiency. By analyzing
operational data, Al can provide

recommendations to reduce
energy consumption and lower
operating costs, while also
decreasing emissions

Alarm
Rationalization

Al-powered alarm
management systems reduce
nuisance alarms, allowing
operators to focus on critical
issues. This improves situational
awareness and reduces the risk
of overlooking important alerts

&

Extended
Equipment Life

Proactive interventions based
on Al-detected early failure

signs extend the operational
life of critical equipment.

This defers significant capital

replacement costs and
maximizes the return on
existing assets

Cy

Process
Optimization

Al-recommended operating
parameter adjustments lead to
improved production yields.
By analyzing process data,
Al can identify opportunities
to optimize operations and
increase efficiency

Incident Reduction

Early detection of developing
equipment issues through Al analysis
results in a significant reduction in
safety incidents related to equipment
failures. This improves workplace
safety and reduces the risk of
accidents
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Regulatory Compliance

Automated documentation and
consistent procedural adherence
supported by Al guidance improve
regulatory compliance. This reduces
the risk of regulatory findings and
penalties

Predictive modeling and preventive
intervention through Al reduce
emissions exceedances. This helps
avoid potential fines and improves
environmental performance,
contributing to positive community
relations



Use Cases

1. Shell has implemented digital twin technology and Al solutions to optimize refinery operations and improve efficiency.

Key benefits highlighted include:

Il. Energy optimization:

l. Predictive maintenance: A \

Digital twins enable Shell to reduce downtime and
extend equipment life through real-time monitoring
and analysis

At facilities like Nyhamna in Norway, digital twins
help optimize energy use and reduce carbon
emissions.

lll. Operational efficiency: @ IV. Safety improvements: ,;
Shell uses digital twins to enhance collaboration Al-powered systems have been deployed to Iam
across its global enterprise, streamline operations, and improve safety measures and reduce risks at various

improve decision-making for its 140,000 users across facilities

70 countries / )

Key Success Factor: Shell has emphasized operator involvement and integration of Al systems into existing workflows to ensure ease of

adoption and maximize benefits from digital transformation initiatives




2. Total Energies has been actively integrating Al into its operations to enhance efficiency and support its transition to sustainable

energy solutions.

Key Al Initiatives

l. Solar Mapper Tool:

Developed in collaboration with Google Cloud, this tool uses machine learning to estimate solar energy
potential for various sites, including service stations. It has significantly accelerated the development
process by leveraging Google Cloud TPUs, reducing test runs from six days to six hours.

Il. Data Mesh Approach:

TotalEnergies is working with Mesh-Al to implement a data mesh strategy, which automates data
management and governance. This approach supports the development of Al-enabled applications to
drive business value and operational efficiencies, particularly in tracking carbon emissions.

11l. Generative Al for Transaction Flows:

losses.

TotalEnergies Trading & Shipping has implemented a generative Al system with AWS to match structured
and unstructured data in transaction flows, improving operational traceability and reducing financial

IV. Microsoft Copilot Deployment:

Enterprise, a secure Al chat solution.

TotalEnergies has deployed Microsoft's Copilot for Microsoft 365 to enhance operational efficiency and
user experience for its employees. This deployment follows the successful introduction of Bing Chat

S\

Key Success Factors

l. Strategic Partnerships: Il. Data-Driven Approach:

The company emphasizes data quality
and accessibility, fostering a culture of
citizen data scientists to maximize Al

TotalEnergies collaborates with leading
tech companies like Google Cloud and
Microsoft to leverage their expertise in
Al and cloud computing

benefits
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lll. Operational Efficiency

Al solutions are designed to enhance
operational robustness, even in remote
environments, ensuring reliable
performance across diverse locations




3. Chevron has been leveraging Al to address workforce challenges and improve operational efficiency. Below are relevant insights:

Key Al Initiatives
l. Institutional Knowledge Capture:

i a) Chevron collaborates with Honeywell to integrate

LJoeso) Al into its operations, focusing on capturing

institutional knowledge and enhancing decision-
making. This includes using Al-assisted alarm
management systems that analyze historical data to
guide operators in responding to alarms effectively,
reducing safety incidents and improving reliability.

b) Al tools also help address workforce shortages by
accelerating the learning curve for new operators

il
NN

and capturing workflows from retiring experts

Key Success Factor

Il. Document Management with Al:

I% a) Chevron uses natural language processing

@_ (NLP) and object character recognition (OCR) to
streamline document management, improving
efficiency in retrieving critical operational data.

lll. Al-Enhanced Safety:

a) Al systems have been deployed to reduce risks
in refining operations by optimizing alarm systems
—— " and providing guided actions for operators during

critical events.

Chevron’s success lies in pairing retiring experts with Al specialists to document decision-making processes, ensuring that institutional

knowledge is preserved and accessible for future operations




Conclusion:
The Imperative for Change

The refinery industry stands at an inflection point.
The convergence of workforce challenges, aging
infrastructure, market pressures, and technological
advancement creates both risk and opportunity.
The evidence clearly demonstrates that refineries
adopting Generative Al and its supporting
technologies are achieving significant competitive
advantages in reliability, profitability, safety, and
sustainability.

The Christmas crisis scenario that opens this
document “a high-vibration pump threatening
holiday plans and operational continuity”, represents
the daily reality for refineries operating without these
advanced capabilities. For those that will embrace the
Al-augmented approach, such events will become
increasingly rare and, when they do occur, will be
handled with minimal disruption.

“The question is no longer whether Generative Al will transform refinery operations, but rather which
organizations will lead this transformation, and which will fall behind. The technology is proven, the business
case is compelling, and the implementation path is clear.”

LY
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