NaNo@EOR

Carbon-Neutral Oil Production

Novel Nanofluid Injection in Heavy Oil Formations

To determine whether NaNoEOR novel nanofluid that creates an in situ chemical reaction is better
than steam injection for heavy oil recovery, we need to compare the two methods based on their
effectiveness, efficiency, environmental impact, and practicality. Both techniques aim to enhance
heavy oil recovery by reducing its viscosity and improving its flow, but they operate in fundamentally
different ways.

Effectiveness in Enhancing Heavy Oil Recovery

Steam Injection: This is a widely used thermal recovery method where steam is generated
externally in a surface steam generator and injected into the heavy oil reservoir. The heat
from the steam reduces the viscosity of heavy oil, making it easier to extract. However,
steam injection suffers from heat loss during transport to the injection well, and the most
heat loss is in the wellbore, especially in deeper reservoirs below 2,500 ft, which reduces
its effectiveness. The steam’s ability to increase reservoir pressure is limited and tends to
dissipate quickly.

Nanofluid Injection: The nanofluid, once injected, triggers a chemical reaction within the
reservoir, generating high-temperature heat to reduce viscosity. This in situ heat
generation minimizes losses compared to steam injection. The chemical reaction creates
new reservoir pressure and emulsifies the oil, further reducing viscosity and improving oil
displacement. The combined effect of high-temperature heat and pressure enhances
sweep efficiency and heavy oil recovery, potentially outperforming steam injection.

Conclusion: The nanofluid method appears more effective due to in situ high-temperature heat
generation reducing viscosity, and the added benefit of new pressure, leading to higher heavy oll
recovery rates.

Energy Efficiency

Steam Injection: Producing steam requires substantial energy, which is at least 50% of
the operating cost, typically from burning fossil fuels, and the energy is lost as heat
dissipates during transport and injection in the well. This makes steam injection energy-
intensive and less efficient, particularly in deeper or more complex reservoirs.

Nanofluid Injection: The chemical reaction generates high-temperature heat directly in
the reservoir, eliminating the need for external steam generation and reducing energy
losses. Once initiated, the chemical reaction can be self-sustaining with no external energy
input, which makes the nanofluid method significantly more energy-efficient.

Conclusion: Nanofluid injection is more energy-efficient due to its in situ high-temperature heat
generation and reliance on external energy sources.
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Environmental Impact

e Steam Injection: The process often involves burning fossil fuels to produce steam,
resulting in high CO, and NOx emissions. It also requires large amounts of treated fresh
water, which can strain local resources and contribute to environmental concerns.

e Nanofluid Injection: By generating high-temperature heat within the reservoir, this
method eliminates the need for external steam production and eliminates CO, and NOx
emissions. It requires zero water, making it a more environmentally friendly option.

Conclusion: The nanofluid method has a lower environmental impact, offering a more sustainable
alternative to steam injection.

Pressure Generation and Reservoir Dynamics

e Steam Injection: The injection of steam increases reservoir pressure temporarily, aiding
oil displacement. However, this pressure can dissipate quickly, especially in
heterogeneous formations, limiting its long-term effectiveness.

e Nanofluid Injection: The chemical reaction creates significant and sustained new
reservoir pressure. This pressure not only helps mobilize the heavy oil but also improves
flow by creating new pathways in the reservoir to enhance recovery.

Conclusion: Nanofluid injection provides superior pressure generation, giving it an edge over steam
injection in maintaining reservoir drive.

Cost and Practicality

e Steam Injection: This method requires significant investment in steam generation facilities
and injection infrastructure, driving up operational costs. It is also less practical for deeper
reservoirs (typically beyond 2,000 feet) due to steam quality degradation.

e Nanofluid Injection: While the cost of nanoparticles and the injection process must be
considered, the method may reduce overall expenses by eliminating the need for steam
generation infrastructure. It is also more adaptable to deeper or heterogeneous reservoirs,
increasing its practical applicability.

Conclusion: Nanofluid injection is more cost-effective and practical than steam injection.

Conclusion

NaNoEOR nanofluid creates an in situ chemical reaction that appears to be better than steam
injection for heavy oil recovery in several key areas. It offers:

e Higher effectiveness through in situ high-temperature heat and pressure, leading to
greater heavy oil recovery.

e Better energy efficiency by eliminating external energy needs and heat losses.

e Lower environmental impact with zero CO, and NOx emissions and water usage.

e Enhanced practicality for deeper or complex reservoirs below 2,500 ft.

The novel nanofluid method holds significant promise as a superior alternative to steam injection.
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