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Al and IAGEN Application Use Case

Predictive Maintenance in Vaca Muerta: Early Detection of Equipment

Failures with Machine Learning
I. Introduction

Asset management in the oil and gas industry involves the efficient management of
machinery, equipment, and infrastructure to maximize their value and performance over
their useful life. This includes asset planning, acquisition, operation, maintenance, and
disposal. In this context, predictive maintenance is presented as a proactive strategy that
uses data and advanced analytics to predict equipment failures, enabling maintenance

to be performed at the optimal time.

Vaca Muerta, the world's second-largest unconventional gas reserve and fourth-largest
oil reserve, presents unique challenges due to the complexity of its operations, harsh
environmental conditions, and the need for sustainable practices. The application of
cutting-edge technologies such as machine learning is essential to optimize production

and ensure safety in this field.

Il. Predictive Maintenance in the Oil and Gas Industry

Predictive maintenance has become an indispensable tool for the oil and gas industry,
offering a number of key benefits ranging from improved reliability and safety to cost and
resource optimization. By adopting a proactive predictive maintenance strategy,

companies can maximize operational efficiency, ensure environmental sustainability, and



remain competitive in a constantly evolving global marketplace.

Predictive maintenance strategies are not new to the oil and gas industry, which was one
of the first to adopt them due to the importance of employee safety and the prevention
of environmental accidents. Monitoring the condition of each piece of equipment to
anticipate downtime and prevent damage is a fundamental requirement in the sector, and

oil and gas exploitation produces a wealth of data that can be used for this purpose.

lll.  Machine Learning for Early Failure Detection

Machine learning, a branch of artificial intelligence, allows machines to learn without
being specifically programmed to do so. This capability is essential for developing
systems capable of predicting equipment failures. In the context of predictive
maintenance, machine learning is used to analyze sensor data and other relevant
information to detect anomalies, monitor component health, and estimate remaining
useful life (RUL).

It's important to note that different types of equipment require specific monitoring
techniques. For example, rotating equipment, centrifugal pumps, and gas compressors
often require data collection from multiple sources and the use of sophisticated

analytical modeling techniques.

Machine learning algorithms can be classified into three main categories: anomaly
detection, fault identification (diagnosis), and remaining life estimation (prognosis). The
choice of the appropriate algorithm depends on the specific needs of each application

and the operating conditions.

IV. Types of Machine Learning Algorithms for Predictive Maintenance

There are different types of machine learning algorithms that can be used for predictive
maintenance, each with its own characteristics and applications. Some of the most

common are summarized in the following table:



Type of Description Applications in Example
Algorithm Vaca Muerta
Linear and They are used to Well production A linear
logistic make estimates prediction, regression model
regression and understand equipment could be used to
the relationships efficiency predict well
between different analysis. production based
variables. on variables such
as pressure,
temperature, and
flow rate.
Neural networks Inspired by the Detection of A neural network
human brain, anomalies in could be used to
neural networks equipment detect abnormal

are capable of

operation, fault

vibration patterns

modeling classification. in a pump, which
complex could indicate
relationships impending
between inputs failure.
and outputs.

Clustering They allow Grouping of wells A clustering

grouping data
with similar

characteristics,

with similar
characteristics to

optimize

algorithm could
be used to group

wells with similar




represent the
possible
outcomes of
different
decisions,
making it easier
to interpret data
and make

decisions.

equipment faults
and selecting the
best
maintenance

strategy.

which can be production production

useful for strategies. profiles, allowing

identifying for specific

patterns and maintenance

anomalies. strategies to be
applied to each
group.

Decision trees They visually Diagnosing A decision tree

could be used to
determine the
root cause of a
compressor

failure, allowing
corrective action

to be taken.

Furthermore, the use of Explainable Artificial Intelligence (XAl) techniques is crucial to

interpret and understand the decision-making processes of complex models, especially

in applications where transparency is essential.

V. Adaptation of Algorithms to Vaca Muerta Conditions

The choice of the most appropriate algorithm for predictive maintenance in Vaca Muerta

depends on several factors, including data availability, equipment complexity, and

environmental conditions.




In Vaca Muerta, data availability can be a challenge due to the complexity of the
equipment and the lack of monitoring infrastructure. In these cases, unsupervised
learning algorithms, such as clustering, can be useful to identify patterns and anomalies

in the data without the need for prior labels.

The complexity of the equipment used in oil and gas extraction in Vaca Muerta requires
algorithms capable of modeling complex relationships. Neural networks, with their ability
to learn hierarchical representations of data, may be a good option for this type of

application.

Vaca Muerta's environmental conditions, which include extreme temperatures and
difficult terrain, must also be taken into account when selecting algorithms. It is
important to choose robust algorithms that can handle noisy data and changing

environmental variables.

In general, selecting the most appropriate algorithm for predictive maintenance in Vaca
Muerta requires careful analysis of the specific reservoir conditions and the application

of an iterative approach to optimize model performance.

VI. Al Agents and Agentic Workflows. The Evolution of Generative Al.
1. IAGEN Agents Concept

In recent years, generative artificial intelligence (GAI) has revolutionized the way we
interact with technology, enabling the development of systems capable of generating
content, answering complex questions, and assisting with highly demanding cognitive
tasks. From this capability, a new technological architecture has emerged: GAl-powered
agents. These agents are not simple conversational interfaces, but autonomous systems
that can interpret instructions, make decisions, execute tasks, and learn from their

interactions with the environment.

An IAGen agent combines large language models with additional components such as

external tools, memory, planning, and autonomous execution. This allows them to



operate in complex environments, with the ability to break down objectives into steps,
coordinate multiple actions, interact with digital systems (such as databases, APIs, or
documents), and adapt to context changes in real time. These qualities distinguish them
from traditional chatbots and open up a range of more sophisticated and customizable

applications.

At the organizational level, these agents are being used to automate processes, generate
data analysis, assist in decision-making, and improve the user experience, both internally
and externally. For example, they can take on human resources, legal, financial, or
logistics tasks, and even tasks linked to the technical areas of production processes,
acting as intelligent assistants that collaborate with human teams. This ability to
integrate knowledge and execute tasks autonomously transforms the way organizations

can scale their operations without losing quality or control.

Furthermore, agentic workflows—structures where multiple agents collaborate to solve
complex problems—allow responsibilities to be distributed among different agent
profiles, each with specific functions. This creates hybrid work environments where
humans and agents coexist, optimizing time, costs, and results. The ability to connect
agents with tools such as Google Drive, CRMs, or document management platforms

further expands their capabilities.

The development of IAGen-powered agents represents a crucial step toward a new era

of intelligent automation.

Among the benefits of authentic workflows powered by generative Al models is the ability
to automate entire production processes, end-to-end, and even add value by leveraging

the capabilities of language models based on these technologies.

However, its implementation also poses technical, ethical, and legal challenges, ranging
from responsible design to human oversight. Therefore, understanding its architecture,
operational logic, and potential impacts is critical for its effective and safe adoption in

diverse professional contexts.



2. IAGEN-driven agent design proposal for the activity

Workflow with IAGEN

1. Data Capture: loT sensors on key equipment collect real-time data (pressure,
vibration, temperature, power consumption, among others).

2. Preprocessing: Filtering and cleaning data with automated algorithms to remove
noise and outliers.

3. Model Training: Using neural networks and supervised/unsupervised learning
models to detect degradation patterns.

4. Prediction and Alerts: Implementation of dashboards with early failure warnings
and maintenance recommendations.

5. Corrective Action: Adjust operations based on system predictions, optimizing

intervention times.

IAGEN Agents Involved

e Data Ingestion Agent: Collects information from field sensors and sends it to the
analytics platform.

e Predictive Analytics Agent: Processes data in real time and applies ML models to
identify impending failures.

e Operational Management Agent: Notifies operators, generates maintenance

plans, and recommends corrective actions based on model insights.

Concrete hypothetical example:

At a gas compression plant in Vaca Muerta, an LSTM model was implemented to predict
failures in centrifugal compressors. Mechanical failures were predicted with 92%
accuracy, reducing downtime by 45% and generating annual savings of USD 1.2 million
in maintenance costs. Energy consumption was also reduced by 15%, optimizing

equipment performance.



VII. Benefits of Predictive Maintenance in Vaca Muerta

The implementation of predictive maintenance in Vaca Muerta offers a series of

economic and operational benefits, including:

1. Economic benefits:
Reduced maintenance costs: By predicting and preventing failures, costly
emergency repairs are avoided and resource utilization is optimized. Downtime in
industrial plants can be extremely costly, with estimates reaching an average of
$532,000 per hour. Predictive maintenance can significantly reduce these costs by
minimizing unplanned downtime. Furthermore, predictive maintenance can help
mitigate the economic risks associated with Vaca Muerta, such as high investment
costs and the potential for stranded assets, by optimizing resource allocation and
reducing operating costs.
Extended equipment lifespan: Early detection of problems allows for precise and
less invasive interventions, prolonging the lifespan of the equipment.
Savings on spare parts and materials: The need to replace worn parts is reduced, as
minor issues are identified and can be resolved with more targeted interventions.

2. Operating benefits:
Improved equipment availability: Unplanned downtime is minimized, enabling
operational continuity and meeting production commitments.
Reduced downtime: The time required to repair or recondition equipment is reduced,
as maintenance interventions can be planned more effectively.
Increased operational efficiency: Equipment is guaranteed to be in optimal operating
condition at all times, maximizing production and revenue. By improving efficiency,
reducing costs, and minimizing environmental impact, predictive maintenance can
increase Vaca Muerta's attractiveness to investors and strengthen its position in the
global energy market.
Improved safety: Catastrophic failures that could jeopardize the safety of personnel
and the environment are prevented. Predictive maintenance can also improve safety

by automating dangerous tasks, reducing the risk of accidents and injuries to



personnel.

VIII. Impact of Predictive Maintenance on the Sustainability of Vaca Muerta

Predictive maintenance can significantly contribute to the sustainability of operations at
Vaca Muerta. By predicting and preventing equipment failures, the likelihood of leaks and
spills, which can have a negative impact on the environment, is minimized. Furthermore,
predictive maintenance allows for the optimization of resource utilization, such as water

and energy, thereby reducing the environmental footprint of operations.

Implementing predictive maintenance strategies can also help comply with
environmental and safety regulations, contributing to Vaca Muerta's image as an

environmentally responsible mine.

IX. Challenges and Limitations of Predictive Maintenance in Vaca Muerta

Despite its benefits, the implementation of predictive maintenance in Vaca Muerta faces

challenges and limitations, such as:

e Data Availability: Collecting quality data is critical to the success of predictive
maintenance. However, in Vaca Muerta, data availability may be limited due to the
complexity of the equipment and the lack of monitoring infrastructure.

e Equipment complexity: The equipment used in oil and gas extraction in Vaca Muerta
is highly complex, making it difficult to detect faults and predict their behavior.

e Need for trained personnel: The availability of qualified labor with experience in data
analytics, machine learning, and predictive maintenance technologies is a significant
challenge in Vaca Muerta. Investing in specialized training programs and
collaborating with educational institutions is crucial to developing a skilled
workforce.

¢ Initial investment: Implementing a predictive maintenance program may require a
significant investment in technology, training, and personnel.

e Resistance to change: Adopting new technologies and methodologies may

encounter resistance from staff accustomed to traditional approaches.



Environmental Challenges: In addition, Vaca Muerta faces significant environmental
challenges, including potential water contamination from fracturing fluids and
increased methane emissions. Effective predictive maintenance programs can play
a crucial role in mitigating these risks by ensuring proper equipment operation and
minimizing the likelihood of leaks and spills.

Logistical Challenges: The logistical challenges at Vaca Muerta, including the need
for thousands of wells and the constant movement of equipment and infrastructure,
also pose challenges for implementing predictive maintenance programs. This
requires flexible and adaptable maintenance strategies that can adapt to the

dynamic nature of operations.

X. Solutions and Strategies to Improve Implementation

To overcome the challenges and improve the implementation of predictive maintenance

in Vaca Muerta, the following solutions and strategies can be considered:

Invest in monitoring infrastructure: Implement sensors and real-time monitoring
systems to collect relevant data on equipment status.

Develop machine learning models specific to Vaca Muerta: Adapt machine learning
algorithms to the specific conditions of the field, considering the complexity of the
equipment and environmental variables.

Train staff: Provide specialized training to staff in data analytics, machine learning,
and monitoring technologies.

Foster collaboration: Promote collaboration across different areas of the company,
such as operations, maintenance, and engineering, to facilitate the implementation
of predictive maintenance.

Implement pilot projects: Start with pilot projects on critical equipment to
demonstrate the value of predictive maintenance and gain staff buy-in.

Integrate systems: Integrate monitoring systems and maintenance equipment with
existing management systems to optimize decision-making.

Use historical data analysis: Use historical data analysis to identify patterns and



trends that can predict future failures and inform maintenance programs.

e Collaborate with external partners: Collaborate with external partners, such as
technology providers, research centers, and specialized consultancies, to access the
expertise and resources to implement and optimize predictive maintenance
solutions.

¢ Innovative solutions: Companies like Aercom SA are developing innovative solutions
to reduce gas venting at Vaca Muerta, using compressor equipment and photovoltaic
panels to make operations more sustainable.

e Short-term investment in Al agent implementation teams in technology and
training: Investment is required in proofs of concept and pilot testing. The focus here
must be on developing the talent needed to implement these solutions, as there is a
trend toward cost reduction in systems that enable "no-code" and "low-code"
automation. For the first stage, it is also recommended to recruit teams with
experience in Al agent design and implementation. Finally, it is key to form an in-
house team to support and foster an agentic culture that redefines human-machine

interaction.

XI. Conclusions

Predictive maintenance, powered by machine learning, has the potential to transform
asset management in Vaca Muerta, improving operational efficiency, safety, and
profitability. While implementation challenges exist, adopting the right solutions and

strategies can allow companies to take full advantage of the benefits of this technology.

Investment in monitoring infrastructure, the development of machine learning models
specific to Vaca Muerta, staff training, and collaboration across different company areas
are key to the success of predictive maintenance at this field. By overcoming challenges
and limitations, companies will be able to optimize their operations, reduce costs,

improve safety, and contribute to a more sustainable energy future.

It is crucial to recognize the environmental impact of oil and gas extraction in Vaca



Muerta. Predictive maintenance can play a vital role in minimizing this impact by reducing
emissions, preventing leaks and spills, and optimizing resource utilization. This

contributes to a more sustainable approach to energy production in the region.

Companies operating in Vaca Muerta should prioritize the adoption of predictive
maintenance strategies to improve operational efficiency, reduce costs, enhance safety,
and contribute to the region's long-term sustainability. By adopting these technologies
and approaches, the industry can unleash Vaca Muerta's full potential while minimizing

its environmental footprint.
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