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Abstract  
Enhanced Oil Recovery (EOR) operations in complex 
reservoirs frequently contend with persistent crude oil-water 
emulsions, necessitating the use of chemical breakers to 
separate phases and improve hydrocarbon recovery. 
Traditional emulsion breaker technologies often suffer from 
limited efficacy under reservoir-specific conditions such as 
high salinity, extreme temperatures, and heterogeneous fluid 
compositions. This paper presents a comprehensive technical 
review of next-generation microemulsion breaker 
technologies, emphasizing their chemical architectures, 
performance mechanisms, and field-reported capabilities. 
Building upon the theoretical principles of microemulsion 
systems—comprising surfactants, co-surfactants, oil, and 
water phases—the study explores classification schemes 

(Winsor types), interfacial phenomena, and thermodynamic 
stability factors that influence efficacy in EOR applications. 
The review further evaluates emerging trends in high-
performance surfactants, nano-enhanced systems, and 
stimuli-responsive formulations that exhibit superior 
emulsion breaking efficiency and environmental 
compatibility. By analyzing laboratory-to-field transition 
metrics and published field performance indicators, the study 
identifies critical enablers and deployment barriers. Finally, 
it outlines future research pathways, including AI-guided 
formulation development and multifunctional chemical 
design, that hold promise for scalable, efficient, and 
sustainable EOR implementations.
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1. Introduction 
1.1 Background and Motivation 
Enhanced oil recovery has emerged as an indispensable strategy to extend the productive life of conventional oil fields and to 
improve recovery factors in challenging formations [1, 2]. Within the EOR workflow, the persistent challenge of emulsion 
formation—caused by the interaction between injection fluids and reservoir hydrocarbons—directly impacts processing 
efficiency, equipment longevity, and produced fluid treatment [3, 4]. Traditional chemical breakers have shown diminishing 
returns in EOR scenarios where reservoir chemistry is highly dynamic, and emulsions become more thermodynamically stable 
[5, 6]. This has prompted a transition toward more advanced chemical systems capable of withstanding broader salinity and 
temperature ranges, while ensuring efficient phase separation [7, 8]. 
Microemulsions, characterized by their thermodynamically stable and transparent nature, offer distinct advantages over 
traditional macroemulsion breakers. Unlike conventional systems, microemulsions can penetrate complex interfaces more 
effectively due to their nanometric droplet sizes, reducing interfacial tension and promoting rapid coalescence of water and oil 
phases. Over the past decade, research into microemulsion technologies has accelerated, with emphasis on tailor-made surfactant 
structures, co-solvents, and additives that enable their application across diverse EOR conditions. These innovations reflect both 
academic progress and a commercial drive toward more effective and environmentally responsible formulations [9, 10]. 
The industry's growing demand for high-efficiency, low-dosage, and environmentally benign emulsion breakers has catalyzed 
innovation in this domain. Operators require chemical systems that can adapt to the evolving demands of unconventional and 
offshore production, where emulsion severity and fluid composition vary significantly [11, 12].  
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In response, developers are designing microemulsion 

breakers with enhanced dispersibility, minimal toxicity, and 

sustained performance under harsh temperature and salinity 

regimes. The convergence of these technical requirements 

has reinforced the importance of conducting a comprehensive 

review of emerging microemulsion systems to evaluate their 

performance and practical integration within EOR programs 
[13, 14]. 

 

1.2 Problem Statement 

Despite the promising theoretical advantages of 

microemulsion breakers, conventional emulsion-breaking 

systems continue to dominate the field due to their lower cost, 

broader familiarity, and simplified logistics. However, these 

conventional systems often struggle in the chemically 

complex environments characteristic of modern EOR 

operations [15]. Their limited effectiveness in breaking water-

in-oil emulsions stabilized by high-molecular-weight 

polymers or surfactants often leads to prolonged separation 

times, increased chemical dosages, and operational 

inefficiencies. This issue is particularly pronounced in fields 

undergoing surfactant-polymer flooding or in offshore assets 

where space and chemical handling are constrained [16, 17]. 

Technological barriers further hinder the full-scale 

deployment of next-generation microemulsion breakers. 

Many advanced formulations require precise tailoring to the 

unique conditions of individual reservoirs, including 

variations in pH, salinity, temperature, and crude oil 

composition. This level of customization, while scientifically 

sound, introduces logistical and economic challenges [18, 19]. 

Moreover, compatibility issues with existing field 

infrastructure—such as surface treatment systems and 

produced water reinjection facilities—can limit the 

immediate applicability of newer systems. Without robust 

predictive tools or standardized testing protocols, operators 

often revert to legacy breakers, even when newer 

technologies offer superior performance in controlled 

environments [20, 21]. 

A significant gap also exists in the consolidation of field-

evaluated data on emerging microemulsion systems. Most 

performance evaluations remain confined to laboratory-scale 

experiments, limiting the broader understanding of these 

technologies under real reservoir conditions. The absence of 

harmonized performance metrics and field comparability 

across vendors further impedes the establishment of a global 

benchmark [22]. Consequently, decision-makers in both 

technical and procurement roles lack the confidence to shift 

away from established chemical regimes. This underscores 

the pressing need for a systematic review that aggregates, 

evaluates, and contextualizes the performance of next-

generation microemulsion breakers using technical evidence 

available from peer-reviewed and publicly available sources. 

 

1.3 Objectives and Contributions 

This paper aims to present a detailed and technically rigorous 

review of next-generation microemulsion breaker 

technologies as they pertain to enhanced oil recovery 

operations. The central objective is to synthesize recent 

advancements in formulation science, physicochemical 

mechanisms, and material design that underpin these 

advanced systems. Emphasis is placed on chemistries that 

have demonstrated significant improvements in stability, 

interfacial activity, and emulsion-breaking kinetics. By 

organizing the technologies according to their molecular 

design and operational compatibility, the paper provides 

clarity in a domain often clouded by proprietary complexity 

and fragmented research. 

A core contribution of this work lies in mapping the 

mechanisms through which microemulsions interact with 

stabilized emulsions in complex production environments. 

This includes an evaluation of surfactant structures, phase 

behavior, interaction with formation brines, and response to 

reservoir temperature-pressure regimes. The paper further 

explores how these systems influence operational parameters 

such as water cut reduction, oil quality enhancement, and 

downstream processing efficiency. Drawing from recent 

field-deployable data reported in technical literature and 

public evaluations, the review attempts to bridge the gap 

between laboratory performance and practical field 

deployment. 

In synthesizing these insights, the paper also introduces a 

framework for assessing the technological readiness and 

deployment feasibility of microemulsion breakers in active 

oil fields. It discusses the emerging role of environmentally 

friendly components and biodegradable surfactants, 

alongside the growing emphasis on field-customized 

chemical strategies. The work provides industry 

stakeholders—ranging from chemical engineers to 

production managers—with a clear, technically grounded 

reference to guide the adoption of advanced breaker 

technologies. In doing so, it lays the foundation for future 

research and commercialization pathways that support 

sustainable and cost-effective EOR practices. 

 

2. Theoretical and Chemical Foundations 

2.1 Microemulsion Chemistry and Behavior 

Microemulsions are isotropic, thermodynamically stable 

mixtures composed of oil, water, surfactants, and often co-

surfactants. Their stability distinguishes them from 

macroemulsions, which are kinetically but not 

thermodynamically stable. Surfactants reduce the interfacial 

tension between oil and water, while co-surfactants assist in 

fine-tuning the curvature and flexibility of the interfacial film 
[14, 23]. The unique combination of components enables the 

spontaneous formation of microemulsions under appropriate 

conditions, allowing for nanometer-scale droplet dispersion 

and high surface activity. These characteristics are crucial for 

applications in EOR, where interfacial tension must be 

minimized to mobilize trapped hydrocarbons and separate 

emulsified fluids during production [24, 25]. 

Microemulsions are typically classified into four types—

Winsor I through IV—based on their phase behavior and the 

relative distribution of oil, water, and surfactants [26, 27]. 

Winsor I systems consist of an oil-in-water microemulsion in 

equilibrium with excess oil; Winsor II features a water-in-oil 

microemulsion in equilibrium with excess water; Winsor III 

contains a middle-phase microemulsion coexisting with both 

excess oil and water; and Winsor IV is a single-phase system 
[28, 29]. These phase types are mapped through ternary and 

pseudo-ternary phase diagrams that guide formulation 

development. The location and width of the microemulsion 

region within these diagrams are indicative of stability and 

formulation robustness under varying reservoir conditions 
[30]. The ability of microemulsions to drastically reduce 

interfacial tension (often to values below 0.01 mN/m) is a key 

enabler in their emulsion-breaking capability. This behavior 

is largely attributed to the efficient packing of surfactant 

molecules at the oil-water interface and the dynamic 
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rearrangement of interfacial films in response to 

environmental stimuli [31]. Thermodynamic stability also 

ensures long shelf-life and consistent performance without 

requiring energy input for mixing or activation. These 

advantages, when harnessed correctly, provide an effective 

pathway for destabilizing persistent emulsions in EOR 

systems and improving separation processes both downhole 

and at the surface [32]. 

 

2.2 Mechanisms of Emulsion Breaking in EOR 

The interaction of microemulsions with stable oil-water 

emulsions in EOR settings involves complex 

physicochemical mechanisms that surpass those of traditional 

breakers. The high surface activity and nano-sized droplets of 

microemulsions allow them to infiltrate the rigid interfacial 

films that typically stabilize emulsions formed during 

surfactant or polymer flooding [33]. Once at the interface, 

surfactant molecules from the microemulsion displace or 

disrupt the emulsifying agents (e.g., asphaltenes, natural 

surfactants), leading to coalescence of the dispersed phase 

and eventual separation. This process is both rapid and 

energetically favorable due to the low interfacial tension 

achieved [34, 35]. 

Environmental parameters such as salinity, pH, and 

temperature significantly influence the performance of 

microemulsion breakers. Elevated salinity can promote the 

transition from Winsor I to Winsor III or II systems, altering 

phase behavior and potentially enhancing performance in 

high-salinity reservoirs. pH affects the ionization state of 

surfactants, thereby modifying interfacial activity and 

solubility [36]. Similarly, temperature changes influence 

surfactant packing and droplet diffusion rates. Surfactant 

architecture—particularly tail length, headgroup type, and 

degree of branching—further modulates adsorption kinetics 

and interfacial film elasticity, which are critical for 

destabilizing emulsions in varied reservoir environments [37, 

38]. 

In addition to interfacial disruption, some microemulsion 

systems alter rock wettability from oil-wet to more water-wet 

conditions. This secondary mechanism facilitates fluid flow 

and further aids in breaking emulsions trapped within pore 

spaces. Adsorption kinetics play a role here, as rapid and 

stable surfactant adsorption onto rock surfaces reduces 

capillary pressure and promotes disjoining of emulsified 

fluids. The dual action of interface destabilization and 

wettability alteration makes microemulsions particularly 

versatile for EOR, offering both downhole and surface-level 

emulsion management in a single chemical system [39, 40]. 

 

2.3 Formulation Science and Material Design 

The design of microemulsion breakers must be tailored to the 

specific geochemical and operational conditions of the target 

reservoir. Key formulation variables include surfactant type 

(anionic, cationic, nonionic, or zwitterionic), co-surfactant 

selection, salinity tolerance, and temperature stability. For 

example, reservoirs with high calcium or magnesium content 

may require scale-inhibiting additives to maintain phase 

stability. Oil-soluble surfactants are often used for water-in-

oil emulsions, while water-soluble variants suit oil-in-water 

emulsions. This customization allows for efficient 

deployment in reservoirs ranging from carbonate formations 

to unconsolidated clastics [41]. 

At the material design level, controlling nanostructure and 

droplet dynamics is crucial for transport through porous 

media. Microemulsion droplets must maintain structural 

integrity while navigating tortuous pore paths and interacting 

with heterogeneous rock surfaces [42]. This has led to 

innovations in self-assembling surfactant systems and 

responsive additives that can adapt their behavior based on 

in-situ conditions. For example, some advanced systems can 

transition between Winsor phases in response to salinity or 

pressure changes, optimizing performance dynamically as 

the breaker travels through the formation [43]. 

A critical and growing trend in formulation science is the 

incorporation of green chemistry principles. The use of 

biodegradable surfactants, solvent-free systems, and reduced 

aquatic toxicity has become a priority, especially in offshore 

or environmentally sensitive areas. Recent advancements 

have demonstrated that bio-based surfactants—derived from 

renewable resources like sugars, fatty acids, and amino 

acids—can match or exceed the performance of synthetic 

analogs while offering improved environmental profiles. As 

regulatory pressures and ESG considerations intensify, these 

green formulations are becoming not just alternatives but 

preferred solutions for modern EOR programs. 

 

3. Review of Next-Generation Technologies 

3.1 High-Performance Surfactant Systems 

The emergence of zwitterionic and gemini surfactants 

represents a significant breakthrough in microemulsion 

breaker performance. Zwitterionic surfactants, containing 

both positive and negative charges within the same molecule, 

exhibit excellent interfacial activity combined with low 

toxicity and high salinity tolerance. Gemini surfactants, 

characterized by two hydrophobic tails and two polar head 

groups linked by a spacer, provide enhanced surface activity 

and lower critical micelle concentrations. These properties 

translate into improved emulsion destabilization efficiency 

under harsh reservoir conditions, such as high temperature 

and salinity [43, 44]. 

In parallel, polymer-surfactant hybrid systems have gained 

attention for their ability to modify phase behavior and 

enhance microemulsion stability. By combining the 

viscoelastic properties of polymers with the surface activity 

of surfactants, these hybrids can create robust interfacial 

films capable of selectively breaking emulsions without 

compromising reservoir wettability. Such formulations 

exhibit better shear resistance and adsorption characteristics, 

making them suitable for field conditions where mechanical 

agitation and prolonged residence times occur [45]. 

Moreover, functionalized surfactants—modified with 

chemical groups tailored for specific interactions—offer 

targeted breaking efficiency [46]. For instance, surfactants 

functionalized with metal-chelating groups can mitigate 

scaling and precipitation risks, while others can preferentially 

adsorb at oil-water interfaces to accelerate demulsification. 

These engineered molecules enhance the adaptability of 

microemulsions to reservoir heterogeneity, improving overall 

oil recovery and process economics [47, 48]. 

 

3.2 Nano-Enabled and Smart Formulations 

Nanotechnology integration into microemulsion breakers has 

opened new avenues for controlled release and responsive 

behavior [49, 50]. Microemulsion-nanoparticle hybrids leverage 

the unique surface chemistry of nanoparticles—such as silica, 

titanium dioxide, or iron oxide—to stabilize microemulsions 

and provide gradual, sustained release of active agents. This 

approach improves the persistence of breaker activity in the 
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reservoir, reducing chemical consumption and operational 

costs [51-53]. 

Stimuli-responsive microemulsions further exemplify next-

generation smart formulations. These systems alter their 

phase behavior or surfactant conformation in response to 

environmental triggers such as pH shifts, temperature 

changes, or salinity variations commonly encountered during 

EOR operations [54, 55]. For example, a temperature-

responsive microemulsion may transition from Winsor I to 

Winsor III phase, enhancing penetration and emulsion 

destabilization at specific reservoir zones. This dynamic 

adaptability optimizes chemical performance and minimizes 

the risk of premature degradation or loss [56, 57]. 

Synergistic formulations combining microemulsions with co-

solvents, demulsifiers, or surfactant blends exhibit enhanced 

breaking efficiency and robustness [58, 59]. These multi-

component systems are designed to overcome limitations 

such as high oil viscosity or complex emulsifier chemistry. 

By balancing solubility parameters and interfacial affinities, 

these formulations achieve rapid separation of oil and water 

phases, supporting faster processing and improved 

production rates in challenging reservoir environments [60, 61]. 

 

3.3 Stability, Compatibility, and Environmental Profiles 

Stability of microemulsion breakers under reservoir-

representative conditions is paramount for field deployment. 

Next-generation formulations are rigorously evaluated for 

thermal stability, salinity tolerance, and resistance to shear 

and pressure variations [62, 63]. These factors ensure that the 

microemulsion maintains its phase integrity and emulsion-

breaking efficacy throughout the injection and production 

cycle, even in harsh subsurface environments. Improved 

polymer-surfactant hybrids and nanoparticle-stabilized 

systems have demonstrated extended operational windows 

compared to legacy chemicals [64-66]. 

Compatibility with reservoir fluids and minerals remains a 

critical consideration to prevent scaling, precipitation, or 

formation damage. Modern breakers are engineered to 

minimize adverse interactions with divalent cations, clay 

minerals, and crude oil components, thereby preserving 

formation permeability and well productivity [67, 68]. This 

compatibility extends to their co-injection with other EOR 

chemicals, facilitating integrated treatment schemes without 

compromising the overall chemical balance or performance 
[69, 70]. 

Environmental sustainability has become a decisive factor in 

next-generation microemulsion design. Biodegradability and 

aquatic toxicity are rigorously assessed, with green chemistry 

principles guiding the replacement of conventional synthetic 

surfactants with bio-based and less hazardous alternatives [71, 

72]. This shift aligns with increasing regulatory pressure and 

industry commitments to reduce environmental footprints. 

Consequently, newer formulations achieve a balance of high 

technical performance with improved ecological profiles, 

supporting both operational goals and corporate social 

responsibility in EOR projects [73, 74]. 

 

4. Field-Based Evaluation and Technical Performance 

4.1 Laboratory-to-Field Transition Parameters 

Laboratory evaluations of microemulsion breakers provide 

fundamental insights into physicochemical behaviors, but 

scaling these results to the reservoir level involves complex 

considerations [75, 76]. Key properties such as interfacial 

tension reduction, phase behavior, and emulsion separation 

times must be interpreted in the context of reservoir 

heterogeneity, temperature gradients, and fluid flow 

dynamics. The challenge lies in accurately modeling how 

these lab-scale interactions manifest under actual downhole 

conditions, where pressure, shear forces, and reservoir rock 

interactions significantly influence performance [77-79]. 

Performance metrics critical to field evaluation typically 

include the time required for oil-water separation, reductions 

in water cut during production, and improvements in oil 

quality through effective demulsification. These metrics 

serve as quantitative indicators of breaker efficiency and help 

operators optimize dosage and injection strategies [80, 81]. 

Moreover, field pilot tests are essential for validating these 

laboratory metrics, providing real-time data on chemical 

behavior, breakthrough curves, and operational constraints. 

Well-designed monitoring programs, incorporating fluid 

sampling and downhole sensors, enhance understanding of 

breaker dynamics and support iterative optimization [82-84]. 

Ultimately, the successful laboratory-to-field transition 

depends on comprehensive pilot design and robust 

monitoring frameworks [85, 86]. These frameworks ensure that 

the microemulsion breaker’s efficacy is not only predicted 

theoretically but also demonstrated practically under 

reservoir-specific conditions. Such rigorous evaluation is 

necessary to build confidence among operators and 

stakeholders before widespread field adoption [47, 87-89]. 

 

4.2 Comparative Field-Based Evaluations 

Field literature reveals increasing documentation of next-

generation microemulsion breakers’ performance compared 

to conventional formulations, although detailed case study 

data is often proprietary [90, 91]. Aggregate performance data 

extracted from technical reports and academic reviews 

highlight consistent improvements in separation efficiency, 

operational stability, and chemical consumption reductions. 

These findings demonstrate that advanced surfactants, 

nanoparticle hybrids, and smart formulations outperform 

legacy breakers across a variety of reservoir conditions, 

especially in high-salinity and high-temperature 

environments [92-94]. 

Comparative analyses emphasize that newer technologies 

provide faster water cut reduction and enhanced oil recovery 

factors due to improved emulsion destabilization kinetics and 

extended operational windows [95, 96]. Additionally, their 

compatibility with complex reservoir fluids and co-injected 

chemicals reduces downtime and operational risks. However, 

performance variability remains dependent on the precise 

formulation and reservoir-specific factors, underscoring the 

importance of customization and local validation [97, 98]. 

Trends in commercial adoption reflect growing interest and 

incremental uptake of these advanced breakers. 

Manufacturers have increasingly introduced formulations 

with tailored functionalities and certification for 

environmental compliance. These developments are 

facilitating wider acceptance within the EOR community, 

supported by positive feedback from field pilots and 

laboratory partnerships, signaling a gradual shift towards 

next-generation microemulsion technologies [99-101]. 

 

4.3 Challenges in Deployment and Adoption 

Despite technical advances, several challenges hinder the 

full-scale deployment and operational integration of next-

generation microemulsion breakers. Supply chain 

complexities, including the sourcing of specialty surfactants 
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and nanoparticles, affect formulation reproducibility and cost 

stability. Variations in raw material quality and batch-to-

batch consistency can lead to performance discrepancies, 

requiring stringent quality control measures and vendor 

collaboration [102, 103]. 

Sensitivity to reservoir heterogeneity presents another 

significant challenge. Differences in formation mineralogy, 

salinity gradients, and temperature profiles can influence 

breaker stability and degradation rates [104]. Chemical 

degradation, especially under prolonged exposure to harsh 

reservoir conditions, may reduce effectiveness over time, 

necessitating adaptive injection schedules and chemical 

refresh strategies. Understanding these sensitivities is crucial 

for reliable application and operational planning [105, 106]. 

Integration with existing EOR processes and water treatment 

systems also demands careful consideration. Compatibility 

with polymer flooding, surfactant-polymer EOR, and 

produced water reinjection schemes must be ensured to avoid 

adverse interactions or secondary emulsions [107]. Moreover, 

environmental regulations increasingly require that these 

chemicals meet biodegradability and toxicity standards 

without compromising performance. Balancing these factors 

involves multidisciplinary collaboration and iterative 

formulation refinement to optimize both technical and 

regulatory outcomes [108, 109]. 

 

5. Conclusion 

The review highlights the critical importance of integrating 

advanced formulation science with a deep understanding of 

reservoir chemistry to optimize microemulsion breaker 

performance. Tailored surfactant blends, nanostructured 

hybrids, and stimuli-responsive systems demonstrate 

superior interfacial tension reduction, stability, and emulsion 

disruption capabilities compared to traditional formulations. 

This integration enhances the ability to address complex 

reservoir conditions, including high salinity, temperature 

variations, and diverse crude oil compositions. 

Performance metrics such as separation time, water cut 

reduction, and oil quality improvements consistently validate 

the technological advancements achieved by next-generation 

breakers. Their engineered molecular architectures enable 

more effective interaction with crude oil emulsions and 

reservoir fluids, leading to more efficient phase separation 

and improved operational efficiency. Furthermore, the 

deployment of these breakers has shown promising results in 

reducing chemical consumption and minimizing formation 

damage risks. 

Field evaluations and pilot studies provide critical technical 

validation, translating laboratory success into practical 

utility. These studies emphasize the necessity of reservoir-

specific customization and highlight the importance of 

scalable chemical behavior understanding. Collectively, 

these technical insights reinforce the potential of next-

generation microemulsion breakers to enhance the 

effectiveness and sustainability of EOR processes. 

Next-generation microemulsion breakers hold significant 

promise for increasing oil recovery rates and reducing 

operational costs across diverse reservoir settings. Their 

enhanced efficiency in emulsion destabilization can lead to 

reduced downtime, lower chemical usage, and optimized 

injection schedules, which directly contribute to more cost-

effective production. This operational efficiency translates 

into improved project economics and can extend the 

productive life of mature reservoirs. 

These innovations also align closely with evolving 

environmental regulations and broader ESG (Environmental, 

Social, and Governance) frameworks. The development of 

biodegradable, low-toxicity surfactants and green 

formulation methodologies supports industry efforts to 

reduce environmental footprints and ensure regulatory 

compliance. Such alignment not only mitigates operational 

risks related to environmental impact but also enhances 

corporate social responsibility profiles, fostering stakeholder 

confidence. 

Moreover, the advancements influence chemical selection 

strategies and procurement policies within EOR projects. The 

availability of high-performance, adaptable breakers 

encourages operators to adopt more nuanced chemical 

management approaches that consider reservoir-specific 

conditions and long-term sustainability. This paradigm shift 

promotes greater cross-disciplinary collaboration between 

geoscientists, chemists, and engineers to tailor solutions, 

optimizing both technical outcomes and supply chain 

efficiencies. 

Emerging research opportunities focus on leveraging 

artificial intelligence and machine learning to accelerate the 

design and optimization of microemulsion breaker 

formulations. AI-guided approaches can analyze vast 

datasets on chemical properties, reservoir characteristics, and 

field performance to identify optimal surfactant blends and 

predict breaker behavior under diverse conditions. Such 

capabilities can dramatically reduce development timelines 

and enhance formulation precision. 

The development of multi-functional microemulsion 

breakers presents another promising frontier. These systems 

could simultaneously address EOR and ancillary challenges 

such as scale inhibition, corrosion prevention, or microbial 

control. Integrating multiple functionalities within a single 

formulation would improve operational efficiency, reduce 

chemical inventories, and simplify logistics, providing 

holistic reservoir management solutions. 

Finally, advancing data-driven frameworks for predictive 

deployment strategies is essential. By combining real-time 

monitoring data, reservoir models, and historical 

performance records, operators can dynamically adjust 

breaker injection parameters and anticipate operational 

challenges before they arise. This proactive approach will 

increase the resilience and adaptability of EOR programs, 

driving continuous improvement and maximizing recovery 

while minimizing environmental and economic risks. 
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