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I N F O A B S T R A C T

Enhanced Oil and Gas Recovery (EOR/EGR) techniques are instrumental 
in unlocking previously untapped hydrocarbon reserves, crucial in 
meeting global energy demands. At the heart of these advancements 
lies chemical thermodynamics, a discipline that provides profound 
insights into fluid behaviour within reservoirs. This review explores the 
multifaceted role of chemical thermodynamics in reshaping EOR/EGR 
strategies, focusing on phase behaviour studies, interfacial phenomena, 
molecular-level insights, environmental considerations, and future 
trajectories.

Chemical thermodynamics offers a comprehensive understanding of 
phase equilibria, guiding the design of recovery strategies to optimize 
hydrocarbon extraction. It elucidates interfacial phenomena, aiding 
in wettability alterations crucial for enhancing fluid mobility within 
reservoirs. Furthermore, molecular simulations and computational tools 
driven by thermodynamic principles offer granular insights, enabling 
tailored chemical formulations and predictive modeling for efficient 
recovery techniques.

Environmental consciousness, an integral part of chemical 
thermodynamics in EOR/EGR, fosters the development of eco-friendly 
formulations. Innovations rooted in this discipline aim to minimize 
the ecological impact while maximizing recovery rates, aligning with 
sustainability goals.

Looking to the future, chemical thermodynamics heralds a promising 
era of nanotechnology integration, advanced computational tools, 
sustainable formulations, and synergy with emerging technologies. 
These advancements are set to reshape EOR/EGR methodologies, 
promoting efficiency, sustainability, and environmental stewardship 
in hydrocarbon extraction.

In conclusion, the integration of chemical thermodynamics in EOR/
EGR represents not just a scientific discipline but a transformative 
force. Its continual evolution is pivotal in shaping a responsible and 
efficient energy paradigm, meeting global energy needs while preserving 
environmental integrity.
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Introduction
The global demand for hydrocarbons continues to surge, 
necessitating innovative approaches to maximize recovery 
from oil and gas reservoirs. Enhanced Oil and Gas Recovery 
(EOR/EGR) techniques have emerged as indispensable 
strategies, aiming to extract the untapped reserves left 
behind by primary and secondary recovery methods. At 
the heart of this evolution lies the profound impact of 
chemical thermodynamics-a discipline that elucidates 
the behaviour of substances and their interactions within 
complex reservoir environments.

Chemical thermodynamics serves as the bedrock upon 
which the efficacy and efficiency of EOR/EGR techniques 
stand. It offers a comprehensive understanding of 
phase behaviour, interfacial phenomena, and molecular 
interactions governing fluid flow within reservoirs. By 
leveraging this knowledge, engineers and researchers 
are continually pushing the boundaries of hydrocarbon 
recovery, striving for optimal yields while mitigating 
environmental impacts.

This review endeavours to navigate through the 
current trends and potential trajectories of chemical 
thermodynamics in the realm of enhanced hydrocarbon 
recovery. By examining recent advancements and future 
prospects, it seeks to illuminate the pivotal role played 
by this discipline in reshaping the landscape of EOR/EGR 
strategies.1

The journey begins by dissecting the pivotal role of chemical 
thermodynamics in understanding phase behaviour and its 
implications for designing efficient recovery strategies. It 
then delves into the realm of interfacial phenomena and 
wettability alterations, showcasing how thermodynamic 
insights drive innovations in surfactants, polymers, and 
nanoparticles to enhance fluid mobility within reservoirs.

Moreover, the article explores the burgeoning field 
of molecular-level insights, where computational 
thermodynamics and simulations unravel the intricacies 
of fluid-solid interactions. This section underscores the 
potential for tailored chemical formulations that optimize 
recovery rates based on specific reservoir conditions.

In the pursuit of maximizing hydrocarbon recovery from 
oil and gas reservoirs, the field of Enhanced Oil and 
Gas Recovery (EOR/EGR) has emerged as an arena of 
relentless innovation and scientific exploration. At the core 
of this evolution lies the profound influence of chemical 
thermodynamics-a discipline that deciphers the intricate 
behaviours of substances and their interactions within 
complex reservoir environments.

The escalating global demand for energy has accentuated 
the need for sophisticated techniques capable of extracting 
the residual reserves left untouched by conventional 

recovery methods. Chemical thermodynamics serves as 
the linchpin in this quest, offering crucial insights into 
phase behaviour, interfacial phenomena, and molecular 
interactions governing fluid flow within reservoirs.

The relentless pursuit of meeting the world’s escalating 
energy demands has spurred intensive exploration within 
the domain of Enhanced Oil and Gas Recovery (EOR/EGR). 
This realm, dedicated to extracting previously unrecoverable 
hydrocarbon reserves from subsurface reservoirs, hinges 
on the profound influence of chemical thermodynamics. 
Within this intricate tapestry of energy extraction, chemical 
thermodynamics stands as a guiding light, illuminating the 
pathways to optimize recovery processes and revolutionize 
the traditional paradigms of hydrocarbon extraction.2

The imperative for more efficient recovery methods 
stems from the realization that primary and secondary 
recovery techniques leave a significant portion of oil and 
gas untapped within reservoirs. Chemical thermodynamics 
emerges as a cornerstone discipline, providing a profound 
understanding of the behaviour of substances under varying 
pressures, temperatures, and compositions prevalent 
within these reservoirs.

This review embarks on an expedition through the currents 
of chemical thermodynamics in the context of enhanced 
hydrocarbon recovery. It aims to illuminate the current 
trends while outlining the potential trajectories that this 
discipline might traverse in shaping the landscape of EOR/
EGR strategies.

Beginning with an exploration into the pivotal role of 
chemical thermodynamics in comprehending phase 
behaviour, this review delineates its implications for 
designing and implementing efficient recovery strategies. It 
then navigates through the realms of interfacial phenomena 
and wettability alterations, showcasing how thermodynamic 
insights fuel innovations in surfactants, polymers, and 
nanoparticles to augment fluid mobility within reservoirs.

In parallel, the review addresses the imperative of 
environmental consciousness by highlighting how chemical 
thermodynamics aids in the development of eco-friendly 
formulations, thereby minimizing the ecological footprint 
of recovery processes.3

As the energy landscape evolves, this review navigates 
potential trajectories. It envisions a future where 
nanotechnology integration, advancements in 
computational thermodynamics, sustainable formulations, 
and synergies with emerging technologies converge to 
revolutionize EOR/EGR methodologies.

In essence, this exploration of chemical thermodynamics 
in enhanced oil and gas recovery paints a vivid picture of 
its transformative impact, heralding a future where energy 
extraction meets sustainability goals.
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Chemical Thermodynamics in EOR/EGR:
Certainly! Chemical thermodynamics plays a pivotal role 
in Enhanced Oil and Gas Recovery (EOR/EGR) by providing 
insights into the behaviour of substances within reservoirs. 
Here’s an overview focusing specifically on the significance 
of chemical thermodynamics in EOR/EGR:

Understanding Phase Behaviour: Chemical thermodynamics 
helps comprehend the phase behaviour of fluids (oil, 
water, gas) within reservoirs under varying temperature, 
pressure, and composition conditions. This understanding is 
crucial for predicting how different phases interact and for 
designing recovery strategies that optimize the extraction 
of hydrocarbons.

Interfacial Phenomena and Wettability Alteration: 
Chemical thermodynamics aids in studying interfacial 
phenomena between fluids and reservoir rocks. By altering 
wettability through surfactants, polymers, or nanoparticles 
designed using thermodynamic principles, engineers can 
enhance fluid mobility within the reservoir, improving 
recovery rates.

Molecular-Level Insights: Computational thermodynamics 
provides molecular-level insights into fluid-solid interactions, 
enabling the design of tailored chemical formulations. 
These formulations can be optimized for specific reservoir 
conditions, allowing for more efficient recovery processes.

Environmental Considerations: Chemical thermodynamics 
facilitates the development of environmentally friendly 
formulations for EOR/EGR techniques. By minimizing the 
ecological impact of recovery processes, these formulations 
contribute to sustainable hydrocarbon extraction.

Future Directions: The integration of nanotechnology, 
advancements in computational thermodynamics, and the 
development of sustainable formulations hold promise for 
the future of EOR/EGR. This convergence is expected to 
revolutionize recovery methodologies, making them more 
efficient and environmentally conscious.

In essence, chemical thermodynamics serves as the guiding 
principle that shapes strategies and innovations in EOR/
EGR, ensuring the efficient extraction of hydrocarbons 
while aligning with sustainability goals.4

Interfacial Phenomena and Wettability 
Alteration
Interfacial phenomena and wettability alteration are crucial 
aspects of Enhanced Oil and Gas Recovery (EOR/EGR) that 
leverage chemical thermodynamics. Here’s a deeper dive 
into their significance:

Interfacial Phenomena: Chemical thermodynamics studies 
the interactions between different fluids and the surfaces of 
reservoir rocks. This exploration helps understand how these 

fluids interact at interfaces, affecting their movement and 
distribution within the reservoir. For instance, surfactants 
and polymers are engineered based on these principles to 
modify interfacial tensions, aiding in the displacement of 
trapped hydrocarbons.

Wettability Alteration: The wettability of reservoir rocks—
how fluids adhere or repel the rock surface—affects fluid 
mobility. Chemical thermodynamics guides the development 
of agents like surfactants, polymers, and nanoparticles that 
alter wettability. By modifying these properties, engineers 
can enhance fluid flow through the reservoir, improving 
sweep efficiency and overall recovery rates.

Optimizing Fluid Mobility: Understanding interfacial 
phenomena and manipulating wettability based on chemical 
thermodynamic principles enhances the mobility of injected 
fluids. This optimization ensures better contact between 
injected fluids and the trapped hydrocarbons, facilitating 
their displacement and subsequent recovery.

Nanotechnology and Interfacial Modifications: 
Nanoparticles engineered through chemical 
thermodynamics offer a novel approach to altering 
interfacial properties. These nanoparticles can be designed 
to specifically interact with the reservoir rock surface, 
influencing wettability and enhancing recovery efficiency.5

Environmental Considerations: Innovations driven by 
chemical thermodynamics aim to develop environmentally 
friendly agents for interfacial modification and wettability 
alteration. These formulations mitigate environmental 
impacts while improving recovery rates, aligning with 
sustainability goals.

Interfacial phenomena and wettability alteration, guided by 
chemical thermodynamics, play a pivotal role in optimizing 
fluid flow within reservoirs. By manipulating these factors, 
engineers enhance recovery processes, ensuring more 
effective extraction of hydrocarbons while considering 
environmental sustainability.6

Molecular-Level Insights
Molecular simulations and computational thermodynamics 
constitute a cutting-edge approach within Enhanced Oil 
and Gas Recovery (EOR/EGR), providing intricate insights 
into fluid-solid interactions at the molecular level. Here’s 
a detailed exploration:

Molecular-Level Understanding: Through molecular 
simulations, researchers delve into the behaviour of fluids 
at a microscopic level, elucidating their interactions with 
the surfaces of reservoir rocks. This detailed understanding 
helps engineers comprehend how fluids move through 
porous media and how their properties influence transport 
and retention within the reservoir.
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Computational Thermodynamics: Computational tools 
grounded in thermodynamics allow for the precise modeling 
of fluid-solid interactions. These simulations simulate 
various scenarios of fluid behaviour, considering factors 
such as pressure, temperature, fluid composition, and 
surface properties. This enables the prediction of fluid 
behaviour under different reservoir conditions, aiding in 
the design of tailored recovery strategies.

Designing Tailored Chemical Formulations: Molecular 
insights derived from simulations guide the design of 
custom-tailored chemicals and formulations optimized for 
specific reservoir conditions. By understanding molecular 
interactions, engineers can develop surfactants, polymers, 
or nanoparticles tailored to interact favourably with the 
reservoir’s molecular structure, enhancing recovery 
efficiency.

Predictive Modeling: Computational thermodynamics 
facilitates predictive modeling, enabling engineers to 
anticipate changes in fluid behaviour in response to 
alterations in operating conditions or the introduction 
of specific additives. This predictive capability assists in 
decision-making regarding optimal recovery methods and 
reservoir management strategies.

Precision in Recovery Techniques: Leveraging molecular-
level insights, engineers can refine recovery techniques, 
ensuring more precise and targeted approaches. This 
precision facilitates enhanced displacement of hydrocarbons 
from reservoir pores, contributing to increased recovery 
rates and reservoir performance.

Advancements in Green Technologies: Computational 
thermodynamics aids in the development of environmentally 
friendly chemicals and processes. By understanding 
molecular interactions, engineers can design eco-friendly 
formulations that minimize environmental impact without 
compromising recovery efficiency.

The integration of molecular simulations and computational 
thermodynamics into EOR/EGR practices revolutionizes the 
field by providing a deeper understanding of fluid behaviour 
at the molecular scale. These insights pave the way for 
more tailored, efficient, and environmentally conscious 
recovery strategies.7

Environmental Considerations
In the realm of Enhanced Oil and Gas Recovery (EOR/EGR), 
environmental considerations hold significant importance, 
and chemical thermodynamics plays a pivotal role in 
developing eco-friendly practices. Here’s an exploration 
of its impact:

Eco-Friendly Formulations: Chemical thermodynamics 
guides the development of environmentally benign 
chemicals and formulations for EOR/EGR processes. By 
considering the ecological impact of additives used in 

recovery techniques, researchers strive to formulate 
compounds that minimize environmental harm without 
compromising efficiency.

Reducing Ecological Footprint: Innovations driven by 
chemical thermodynamics aim to minimize the ecological 
footprint of recovery processes. This includes the design of 
surfactants, polymers, nanoparticles, and other additives 
with reduced toxicity and environmental persistence, 
ensuring they degrade naturally over time

Green Chemistry Principles: Integration of green chemistry 
principles into formulation design relies on thermodynamic 
insights. This involves using renewable resources, minimizing 
waste, and optimizing energy efficiency throughout the 
entire EOR/EGR process.

Sustainable Recovery Techniques: Chemical thermodynam-
ics guides the exploration of recovery techniques that have 
lower environmental impact. Methods designed with these 
principles in mind aim to achieve efficient hydrocarbon 
extraction while preserving the integrity of the reservoir 
and surrounding ecosystems.8

Regulatory Compliance: Understanding the environmental 
implications of additives used in EOR/EGR is crucial for 
regulatory compliance. Chemical thermodynamics helps 
assess the potential risks and impacts of these additives, 
aiding in compliance with environmental regulations.

Balancing Efficiency and Sustainability: Chemical 
thermodynamics plays a critical role in striking a balance 
between efficiency and sustainability in recovery processes. 
It guides the development of methodologies that optimize 
recovery rates while minimizing adverse environmental 
effects.

In essence, the integration of chemical thermodynamics 
in EOR/EGR aligns with global sustainability objectives by 
fostering the development of recovery techniques and 
formulations that are environmentally responsible. The 
focus on eco-friendly practices driven by thermodynamic 
principles ensures that hydrocarbon extraction is conducted 
in a manner that is both efficient and environmentally 
sustainable.

Future Directions
The future of Enhanced Oil and Gas Recovery (EOR/EGR) 
shaped by chemical thermodynamics holds promising 
avenues for innovation and evolution. Here’s an overview 
of potential future directions:

Nanotechnology Integration: The integration of 
nanotechnology into EOR/EGR, guided by chemical 
thermodynamics, holds immense potential. Tailored 
nanoparticles engineered based on molecular insights 
could revolutionize interfacial modification and wettability 
alterations, enhancing recovery efficiency.
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Advanced Computational Tools: Continual advancements 
in computational thermodynamics are expected. More 
sophisticated models and simulation techniques will provide 
enhanced predictive capabilities, allowing engineers to 
simulate complex reservoir behaviours accurately.

Sustainable Formulations: Further research into sustainable 
and environmentally friendly formulations for EOR/EGR 
processes is likely to expand. Chemical thermodynamics 
will drive the development of compounds that minimize 
environmental impact while maintaining high efficiency.

Synergy with Emerging Technologies: Synergies between 
chemical thermodynamics and emerging technologies like 
machine learning and artificial intelligence hold promise. 
Integration of these technologies could lead to predictive 
models that optimize recovery strategies in real-time based 
on evolving reservoir conditions.

Efficiency Enhancement: The focus will be on enhancing the 
efficiency of recovery techniques. This includes optimizing 
injection strategies, improving sweep efficiency, and fine-
tuning chemical formulations, all guided by insights derived 
from chemical thermodynamics.

Sustainability-driven Innovations: Future innovations will 
prioritize sustainability without compromising recovery 
rates. This involves exploring methods that reduce water 
consumption, minimize greenhouse gas emissions, 
and promote ecosystem preservation during recovery 
operations.

Holistic Reservoir Management: Chemical thermodynamics 
will continue to play a crucial role in holistic reservoir 
management. It will aid in optimizing the recovery of 
remaining reserves while ensuring reservoir sustainability 
and integrity.

As technology advances and environmental concerns 
persist, the future of EOR/EGR guided by chemical 
thermodynamics will focus on sustainable, efficient, and 
environmentally conscious strategies. The integration of 
cutting-edge technologies and the continued refinement 
of methodologies will pave the way for a more responsible 
and effective approach to hydrocarbon recovery.9-10

Conclusion
In conclusion, chemical thermodynamics stands as the 
cornerstone of innovation within Enhanced Oil and Gas 
Recovery, offering profound insights into the behaviour 
of substances within reservoirs. Through the lens of phase 
behaviour studies, interfacial phenomena, molecular-
level insights, and environmental considerations, 
chemical thermodynamics has reshaped the landscape 
of hydrocarbon recovery

By unravelling phase equilibria, facilitating wettability 
alterations, and providing molecular-level insights, chemical 

thermodynamics has revolutionized recovery techniques. 
It has enabled engineers to design precise strategies that 
optimize fluid flow, enhance recovery rates, and extend 
the lifespan of reservoirs.

Moreover, environmental consciousness, driven by 
chemical thermodynamics, has spurred the development 
of eco-friendly formulations and sustainable practices. 
This commitment to minimizing the ecological footprint 
ensures that hydrocarbon extraction aligns with global 
sustainability goals.

Looking ahead, the future of EOR/EGR guided by chemical 
thermodynamics holds promise. Nanotechnology 
integration, advanced computational tools, sustainable 
formulations, and synergies with emerging technologies 
are set to usher in an era of more efficient, sustainable, 
and environmentally conscious recovery methodologies.

In essence, chemical thermodynamics is not merely a 
scientific discipline within EOR/EGR; it is the catalyst for 
innovation, efficiency, and sustainability. Its continued 
integration and evolution will be pivotal in shaping a 
responsible and efficient energy paradigm, meeting global 
energy needs while preserving our planet’s ecosystems.
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