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AI and IAGEN Application Use Case 

Environmental Management: Emissions Monitoring and Methane Leak 

Detection with Computer Vision in Vaca Muerta 

I. Introduction. 

Vaca Muerta, located in the province of Neuquén, Argentina, stands as one of the most 

important shale oil and shale gas formations in the world. Its exploitation has significantly 

boosted the Argentine economy, attracting investment and creating jobs. 

These activities often pose crucial environmental challenges, particularly in the 

management and control of methane emissions. This greenhouse gas has a global 

warming potential considerably greater than carbon dioxide (CO2), 25 times greater over 

a 100-year horizon. Therefore, the release of methane into the atmosphere, whether 

through leaks in pipelines, equipment, or wells, is not only an environmental problem but 

also an economic loss for companies and a risk in the face of increasing environmental 

regulations. 

Methane emissions from the oil and gas industry come from a variety of sources, 

including leaks, pneumatic equipment venting, compressor joint venting, tank venting, 

well emptying, oil well flaring, and dehydrator venting. Addressing these emissions is 

crucial to minimizing the environmental impact of Vaca Muerta exploitation and 

contributing to global climate change mitigation efforts. In this regard, the UN Methane 

Alert and Response System (MARS) has proven effective in detecting significant methane 

leaks globally, issuing notifications, and prompting responses from governments and 

companies. 



In addition to the methane challenge, the oil and gas industry faces the need to optimize 

production and reduce costs. In this context, YPF, Argentina's leading energy company, 

has implemented artificial intelligence (AI) to monitor the technical variables of its Vaca 

Muerta wells in real time, seeking to maximize efficiency and productivity . 1 This initiative 

demonstrates the potential of AI to improve profitability and reduce the environmental 

impact of hydrocarbon exploitation. 

II. Environmental Impact of the Exploitation 

These activities have associated environmental challenges: 

● Water Pollution: Hydraulic fracturing (fracking), a technique used for the extraction 

of unconventional hydrocarbons, requires large amounts of water, sand, and 

chemical additives. Fracturing fluids contain water, sand, and a variety of chemical 

additives, such as acids, biocides, surfactants, and gelling agents. These additives 

can contaminate surface and groundwater sources, affecting human health and 

ecosystems. Furthermore, the disposal of fracking runoff, which contains toxic 

substances and may include radioactive elements, represents a significant 

environmental challenge. 

● Air Pollution: Emissions of polluting gases, such as methane, carbon dioxide, and 

nitrogen oxides, contribute to air pollution in the region. Gas flaring and venting are 

common practices in Vaca Muerta, releasing polluting gases into the atmosphere. 

These emissions not only affect local air quality but also contribute to global 

warming. 

● Induced seismicity: The injection of high-pressure fluids during fracking can induce 

seismic activity in the region, generating tremors that affect communities and the 

environment. These earthquakes, although generally low in magnitude, can cause 

damage to infrastructure and generate concern among the population. 

● Health Impact: Air and water pollution, as well as noise and vibrations generated by 

oil drilling activities, can have negative consequences for the health of communities 

near Vaca Muerta. Respiratory problems, skin irritation, and other health issues have 



been reported in people living near the oil drilling areas. 

● Intensive land use: The exploitation of Vaca Muerta requires the occupation of large 

tracts of land for the installation of wells, pipelines, and infrastructure, which can 

affect biodiversity and traditional land use. This impact is particularly significant for 

the Indigenous communities living in the region. 

● Waste generation: Fracking activity generates a large amount of waste, including 

drilling mud, drilling cuttings, and oleophilic mats. Proper management of this waste 

is crucial to prevent soil and water contamination. 

● Frac sand: Thousands of tons of sand, often sourced from distant quarries, are used 

in each fracking well. The extraction and transportation of these sands creates 

additional environmental impacts, and the sand itself may contain silica, posing a 

risk of silicosis to workers. 

● Ecocide: Some critics argue that the Vaca Muerta exploitation, with its multiple 

environmental and social impacts, constitutes a case of "ecocide," that is, the large-

scale destruction of the ecosystem. 

Artificial intelligence can be a relevant input to address these challenges. 

III. Limitations of Traditional Leak Detection Methods 

Traditionally, methane leak detection has relied on manual inspections and fixed sensors. 

However, these methods have limitations that hinder efficient environmental 

management: 

● Low spatial coverage and temporal resolution: Manual inspections, by nature, are ad 

hoc and do not cover the entire facility. Fixed sensors, while offering continuous 

monitoring, have limited range and can be expensive to install. 

● High operating costs: Manual inspections require dedicated personnel and time, 

which comes at a considerable cost. Fixed sensors, while expensive to install, also 

require regular maintenance. 

● Dependence on human monitoring equipment: Both manual inspections and 

interpretation of data from fixed sensors depend on human intervention, which can 

introduce subjectivity and delays in leak detection. 



● Reactive rather than preventive response: Traditional methods often detect leaks 

after they have occurred, limiting the ability to prevent emissions and their 

consequences. 

IV. Generative Artificial Intelligence (IAGEN) and Computer Vision: An Innovative 

Solution 

Given the limitations of traditional methods, Generative Artificial Intelligence (GENA), 

combined with computer vision, is presented as an innovative solution for detecting 

methane leaks in Vaca Muerta. This technology enables automated, real-time, and more 

accurate monitoring, resulting in more efficient and sustainable environmental 

management. GENA has the potential to transform methane leak detection from a 

reactive to a proactive approach, where leaks are identified at an early stage, preventing 

significant emissions and improving environmental performance. 

1. How does IAGEN work in Leak Detection? 

The IAGEN leak detection system is based on advanced analysis of images captured by 

drones equipped with infrared cameras and hyperspectral sensors. IAGEN enhances this 

process in several ways: 

● Emission Pattern Reconstruction and Simulation: Generative models can 

reconstruct and simulate methane emission patterns, even under low concentration 

conditions, allowing for the detection of minute leaks that might be missed by other 

methods. 

● Early Leak Identification: By automated analysis of methane spectral signatures in 

hyperspectral images, IAGEN can identify leaks at an early stage, before they become 

a major problem. 

● Infrastructure failure prediction: Generative models can analyze subtle variations in 

image and sensor data to predict potential failures in infrastructure, such as pipelines 

or equipment, that could result in methane leaks. 

● Leak Reporting Automation: IAGEN enables automated real-time alert generation 



and detailed reporting on detected leaks, facilitating decision-making and rapid 

incident response. 

2. Key Technologies 

IAGEN's implementation of methane leak detection relies on a variety of technologies 

that, when integrated, create a comprehensive and efficient environmental monitoring 

system: 

● Convolutional Neural Networks (CNNs): CNNs are a type of artificial neural network 

that are particularly effective at analyzing images—in this case, hyperspectral images 

that capture detailed information about the chemical composition of the scene. 

● Generative Adversarial Models (GANs): GANs are a type of generative model used 

to refine detections, especially in adverse weather conditions that can affect image 

quality. 

● Internet of Things (IoT) and Distributed Sensors: The use of distributed sensors on 

the premises, connected to a cloud-based data management platform via IoT, 

enables the collection of complementary information for IAGEN analysis. 

● Autonomous Drones: Autonomous drones, equipped with embedded AI, can perform 

scheduled patrols to capture images and data efficiently and safely. 

V. Application of agents powered by IAGEN 

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: GAI-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 AI 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. Workflow Design Proposal for Implementation 

Implementing methane leak detection with IAGEN in Vaca Muerta can follow the 

following workflow: 

1. Data Capture: Drones equipped with infrared cameras and hyperspectral sensors 

patrol critical areas of the facility and record images and data. 

2. Real-time analysis: Images and data captured by drones are sent to a cloud platform 

for analysis. 

3. Generative AI Processing: IAGEN algorithms analyze data for anomalies in spectral 

patterns that indicate the presence of methane leaks. 

4. Alert generation: The system generates real-time alerts on a dashboard and through 

APIs (Application Programming Interfaces) to notify responsible personnel and 

facilitate an immediate response. 

5. Corrective action: Maintenance teams, armed with accurate information on the 

location and extent of the leak, quickly intervene to resolve the problem. 

Concrete Hypothetical Example 

To illustrate how the system works, consider the following scenario: 

● A faulty valve on a pipeline is leaking methane. 

● During their patrol, the drones detected the leak, and IAGEN confirmed the 

anomalous emission by analyzing the hyperspectral images. 

● The system issues an alert with the exact coordinates of the leak on the dashboard 

and via the API. 

● The maintenance team, armed with accurate information, heads to the site and 

repairs the valve before a significant methane emission occurs. 

VI. Concrete Benefits of Leak Detection with IAGEN 



The implementation of IAGEN in methane leak detection in Vaca Muerta offers a number 

of concrete benefits beyond cost savings in leak detection. Increased efficiency, reduced 

downtime, and improved regulatory compliance can contribute to greater profitability and 

competitiveness for companies: 

Benefit Description 

Efficiency 60% reduction in leak detection time, 

enabling faster response and emissions 

minimization. 

Costs 30% savings in monitoring operating 

costs, thanks to process automation 

and reduced need for manual 

inspections. 

Security The use of drones for data capture 

reduces staff exposure to risk areas by 

70%, improving workplace safety. 

Sustainability Early and accurate leak detection 

contributes to effective compliance 

with environmental regulations and 

reduces the risk of penalties. 

Furthermore, minimizing methane 

emissions has a positive impact on the 

fight against climate change. 

Comparison with Traditional Methods 



 

 

Method Coverage Precision Cost Response 

Time 

Manual 

Inspection 

Low Average High Slow 

Fixed 

Sensors 

Average High Half Half 

Drones with 

IAGEN 

High Very High Low Fast 

 

 

VII. Challenges and Strategies for Implementation 

Despite the benefits, the implementation of IAGEN in Vaca Muerta faces some 

challenges: 

● High initial cost: Investing in advanced technology, such as drones, sensors, and 

IAGEN software, can be significant, especially for smaller businesses. 

● Resistance to change: A lack of industry experience with AI tools can lead to 

resistance to adopting new technologies. 

● Regulatory Requirements: Compliance with constantly evolving environmental 

regulations can be complex and require adaptations in the implementation of IAGEN. 

To overcome these challenges, the following strategies are recommended: 

● SaaS (Software as a Service) Model: Offering leak detection as a service, rather than 



requiring the purchase of the technology, can reduce upfront costs and facilitate 

adoption. 

● Specialized training: It is essential to implement training and development programs 

for staff in emerging technologies, such as AIGEN and computer vision. 

● Collaboration with regulators: Working together with regulators is crucial to 

developing common standards for the application of these technologies and 

ensuring regulatory compliance. 

VIII. Conclusion 

Automated methane leak detection using IAGEN and computer vision is presented as a 

key tool for optimizing environmental monitoring in Vaca Muerta. This technology 

enables early and accurate leak detection, resulting in reduced emissions, cost savings, 

improved safety, and greater compliance with environmental regulations. IAGEN can 

significantly contribute to Argentina meeting its commitments under the Paris Agreement 

to reduce greenhouse gas emissions and achieve a sustainable energy transition. 

However, it is essential that the adoption of the IAGEN be accompanied by a 

comprehensive approach that considers the overall environmental impact of Vaca 

Muerta's development and promotes sustainable practices at all stages of the activity. 

The development of Vaca Muerta poses a dilemma between economic development and 

environmental protection. A balance must be found that allows for the economic benefits 

of oil and gas development to be reaped while minimizing environmental impacts and 

protecting community rights. 

Collaboration between businesses, government, and communities is essential to ensure 

responsible environmental management and sustainable energy development in the 

region. All stakeholders are urged to work together to implement IAGEN and other 

sustainable practices, promoting transparency in access to environmental information, 

such as that offered by the IMEO Eye on Methane platform, and ensuring that Vaca 

Muerta is exploited responsibly and for the benefit of present and future generations. 
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