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Abstract  

As global energy demands rise, the need for efficient hydrocarbon extraction from mature 

reservoirs has become increasingly critical. Enhanced Oil Recovery (EOR) techniques offer viable 

solutions to extend the productive life of depleted reservoirs by improving oil displacement and 

sweep efficiency. This study evaluates the efficiency, economic feasibility, and environmental 

impact of advanced EOR methods, including chemical flooding, gas injection (particularly CO₂-EOR), 

thermal recovery, and microbial EOR. A comprehensive analysis of case studies, numerical 

simulations, and laboratory experiments was conducted to assess these techniques in three mature 

reservoirs with varying geological conditions.  

The findings highlight that thermal EOR (steam injection) demonstrated the highest recovery 

rates, particularly in high-temperature reservoirs, while CO₂ injection was effective in maintaining 

reservoir pressure and improving oil displacement. Chemical flooding showed moderate success, 

whereas microbial EOR had limited applicability. The study underscores the importance of tailoring 

EOR strategies to reservoir-specific characteristics and balancing economic and environmental 

considerations. Future research should focus on hybrid EOR approaches, digital reservoir 

modelling, and sustainable energy-driven recovery systems to optimise oil recovery while 

minimising environmental impact. 
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1.0 INTRODUCTION 

As global energy demands continue to rise, the need for sustainable and efficient oil 

extraction techniques becomes increasingly critical. Conventional primary and secondary oil 

recovery methods typically extract only 30-50% of the original oil in place (OOIP) from reservoirs, 

leaving significant hydrocarbon reserves untapped (Sheng, 2013). To address this challenge, 

Enhanced Oil Recovery (EOR) techniques have been developed to maximise hydrocarbon 
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extraction from mature or depleted reservoirs by improving oil displacement efficiency and sweep 

efficiency (Alvarado & Manrique, 2010). 

Mature reservoirs have undergone extensive production and often exhibit declining 

pressure and reduced oil mobility, making conventional recovery methods insufficient. EOR 

techniques offer viable solutions to extend the productive life of these reservoirs by employing 

advanced procedures such as chemical flooding, gas injection, and thermal recovery. These 

approaches enhance oil recovery rates and have potential environmental and economic 

implications that require careful assessment (Lake et al., 2014). 

Chemical EOR involves the injection of surfactants, polymers, or alkalis to modify the 

interfacial tension between oil and water, improve oil mobility, and enhance sweep efficiency 

(Green & Willhite, 2018). However, challenges such as chemical degradation, high operational 

costs, and environmental concerns related to chemical disposal necessitate further optimisation 

of these techniques. Gas injection, mainly using carbon dioxide (CO₂), nitrogen, or natural gas, 

is widely employed for pressure maintenance and miscible displacement of oil. CO₂-EOR has 

gained significant attention due to its dual benefit of increasing oil recovery while enabling CO₂ 

sequestration, thus reducing greenhouse gas emissions (Jarrell et al., 2002). However, the 

economic feasibility and environmental footprint of large-scale CO₂-EOR projects remain a 

subject of ongoing research (Benson & Cole, 2008). 

Thermal recovery techniques, such as steam injection and in-situ combustion, are 

particularly effective in heavy oil reservoirs where viscosity reduction is essential. Steam-assisted 

gravity drainage (SAGD) and cyclic steam stimulation (CSS) have demonstrated substantial 

improvements in recovery rates but are often associated with high energy consumption and 

carbon emissions (Butler, 1991). Advancements in hybrid thermal-chemical methods and 

alternative energy sources for steam generation are being explored to mitigate these concerns 

(Nasr & Ayodele, 2006). 

This research investigates the efficiency and environmental impact of advanced EOR 

techniques in mature reservoirs, focusing on optimising recovery rates while minimising carbon 

footprint and operational costs. A comprehensive analysis of case studies, numerical 

simulations, and experimental studies will be conducted to assess the viability of various EOR 

strategies. By integrating technological innovations, economic considerations, and 

environmental sustainability, this study seeks to contribute to developing more efficient and eco-

friendly EOR practices for the oil industry. 

 

1.1 Background 

Enhanced Oil Recovery (EOR) has been a key area of research and development in the petroleum 

industry for decades. As oil reservoirs mature and production declines, conventional recovery 

methods become less effective, necessitating more advanced techniques to sustain production 

levels. The implementation of EOR techniques dates back to the mid-20th century, with early 

applications focused on steam flooding and water injection to maintain reservoir pressure 

(Donaldson et al., 1989). Over the years, technological advancements and an increased 

understanding of reservoir dynamics have led to developing more sophisticated and efficient EOR 

methods. 

The global reliance on fossil fuels continues to drive the need for innovative extraction 

methods that maximise oil recovery while minimising environmental impacts. According to the 

International Energy Agency (IEA), approximately two-thirds of the world’s oil reserves remain 

unrecoverable using conventional methods, highlighting the critical role of EOR in future energy 

strategies (IEA, 2018). Environmental concerns about greenhouse gas emissions and water usage 

have prompted industry stakeholders to explore sustainable EOR practices, such as CO₂ 

sequestration and biodegradable chemicals. 

Economic feasibility remains a significant challenge in the widespread adoption of EOR 

technologies. The cost of implementing EOR projects varies depending on factors such as 

https://dx.doi.org/10.4314/dasjr.v10i2.4
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reservoir characteristics, oil prices, and technological infrastructure. While some EOR methods, 

such as gas injection and thermal recovery, have proven highly effective, their capital and 

operational costs can be substantial. Recent advancements in digital reservoir modelling, 

artificial intelligence, and nanotechnology are contributing to optimising EOR strategies, making 

them more cost-effective and environmentally friendly (Guo et al., 2020). 

This research builds upon existing studies and aims to analyse advanced EOR techniques 

in mature reservoirs comprehensively. Examining case studies, conducting simulations, and 

evaluating environmental and economic factors seek to identify the most viable EOR approaches 

that align with industry needs and sustainability goals. 

 

1.2 Research Problem  

Despite the advancements in Enhanced Oil Recovery (EOR) technologies, several key 

challenges continue to hinder their widespread implementation, particularly in mature 

reservoirs. One of the primary issues is the declining efficiency of conventional recovery methods, 

which often results in substantial amounts of residual oil remaining in reservoirs. Mature 

reservoirs face reduced reservoir pressure, increased water cuts, and unfavourable fluid flow 

characteristics, making it increasingly difficult to extract hydrocarbons using traditional 

techniques (Sheng, 2013). 

Another critical challenge is the environmental impact associated with EOR processes. 

While gas injection techniques, such as CO₂-EOR, offer the advantage of carbon sequestration, 

they also present risks related to gas leakage, increased water usage, and greenhouse gas 

emissions (Benson & Cole, 2008). Similarly, thermal recovery methods, particularly steam 

injection, contribute to high energy consumption and carbon dioxide emissions, raising concerns 

about their long-term sustainability (Butler, 1991). 

The economic feasibility of EOR projects is another primary concern. High initial capital 

investments, operational costs, and fluctuating oil prices significantly impact the viability of 

these methods. The cost of acquiring and transporting CO₂ for gas injection, the complexity of 

surfactant and polymer formulation for chemical flooding, and the substantial energy input 

required for thermal methods often deter operators from fully utilising EOR technologies (Guo et 

al., 2020). 

Moreover, optimising EOR techniques for specific reservoir conditions remains a 

significant challenge. Reservoir heterogeneity, variations in oil viscosity, and formation 

characteristics require tailored EOR strategies, increasing the complexity of implementation. The 

lack of standardised guidelines for selecting the most appropriate EOR method further 

complicates decision-making for field operators and policymakers (Lake et al., 2014). 

This research seeks to address these challenges by evaluating the efficiency and 

environmental impact of advanced EOR techniques in mature reservoirs. By analysing real-world 

case studies, conducting numerical simulations, and exploring emerging innovations in EOR 

technology, this study aims to provide practical insights into optimising recovery rates while 

minimising costs and environmental risks. 

 

2.0 LITERATURE REVIEW 

Enhanced Oil Recovery (EOR) has been extensively studied over the years, with 

researchers focusing on various techniques' efficiency, environmental impact, and economic 

feasibility. Sheng (2013) provides an in-depth analysis of different EOR methods, highlighting 

the strengths and weaknesses of chemical, gas, and thermal recovery. Green and Willhite (2018) 

further elaborate on the chemical aspects of EOR, emphasising surfactant and polymer 

applications in improving oil displacement. 

Benson & Cole (2008) discuss the environmental implications of CO₂ sequestration in 

EOR, presenting gas injection methods' benefits and potential risks. Similarly, Butler (1991) 

https://dx.doi.org/10.4314/dasjr.v10i2.4
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outlines the effectiveness of thermal recovery techniques, particularly steam injection, while 

acknowledging the high energy requirements and associated carbon emissions. 

Recent advancements in digital reservoir modelling and artificial intelligence have also 

contributed to optimising EOR strategies. Guo et al. (2020) explore how machine learning and 

nanotechnology can enhance recovery efficiency and reduce operational costs. Additionally, Nasr 

and Ayodele (2006) propose hybrid thermal-chemical methods to overcome limitations in 

traditional thermal recovery. 

This literature review consolidates existing knowledge on EOR technologies and identifies 

gaps that require further research. By synthesising findings from past studies, this research 

aims to comprehensively evaluate advanced EOR techniques and their practical applications in 

mature reservoirs. 

 

2.1 Research Gap Analysis 

Addressing these gaps through targeted research will contribute to more efficient, cost-

effective, and environmentally sustainable EOR strategies. Although significant research has 

been conducted on EOR techniques, several gaps remain that hinder the complete optimisation 

and implementation of these methods in mature reservoirs: 

▪ Environmental Impact Assessment – While CO₂-EOR offers carbon sequestration 

benefits, comprehensive lifecycle assessments are lacking. More research is needed to 

evaluate long-term environmental risks, such as potential CO₂ leakage and water 

contamination (Benson & Cole, 2008). 

 

▪ Economic Feasibility and Cost Optimization – Many studies focus on the technical 

efficiency of EOR methods, but fewer address their economic viability. Research is needed 

to optimise operational costs, particularly in fluctuating oil market conditions (Guo et al., 

2020). 

 

▪ Hybrid EOR Approaches – Limited studies explore integrating multiple EOR techniques, 

such as combining chemical flooding with gas injection. Investigating synergistic effects 

could enhance oil recovery rates while reducing individual method limitations (Nasr & 

Ayodele, 2006). 

 

▪ Reservoir-Specific Optimization—EOR success depends on reservoir heterogeneity, yet 

there are no standardised frameworks for selecting the best technique for specific 

geological formations (Lake et al., 2014). 

 

▪ Alternative Energy Sources for Thermal Recovery – Traditional steam injection is 

energy-intensive. Research into renewable energy-driven thermal recovery methods could 

reduce carbon emissions and improve sustainability (Butler, 1991). 

 

 

3.0 RESEARCH METHODOLOGY 

The study on Enhanced Oil Recovery (EOR) techniques in mature reservoirs aims to 

evaluate and analyse the effectiveness of various EOR methods in maximising oil recovery from 

depleted or ageing reservoirs. This research was conducted through theoretical and empirical 

methods, drawing from existing literature, field data, laboratory experiments, and simulation 

modelling. 

  

3.1 Research Design 

The research followed a mixed-method approach, incorporating qualitative and 

quantitative data collection techniques to analyse EOR technologies comprehensively. A 

https://dx.doi.org/10.4314/dasjr.v10i2.4
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combination of case studies, laboratory analyses, and reservoir simulation models was employed 

to assess the application and efficiency of EOR methods in different geological settings. 

 

3.2 Data Collection Methods 

The data collection process was divided into three major components: 

Literature Review: An extensive review of existing academic papers, industry reports, and 

case studies was undertaken. This helped identify various EOR methods, including chemical 

flooding, thermal recovery, gas injection, microbial EOR, and their applicability to mature 

reservoirs. The literature review focused on key factors influencing the success of EOR, such as 

reservoir characteristics, fluid properties, and technological advancements. 

Field Data Analysis: Data from real-world field operations were gathered from multiple 

mature reservoirs across diverse geographical locations. These data sets included production 

rates, pressure and temperature profiles, oil recovery factors, and EOR technique performance. 

The field data were collected from primary and secondary sources (oil companies) (published 

industry reports). 

Laboratory Experiments: Laboratory experiments were conducted on core samples from 

mature reservoirs to simulate the injection of various EOR agents (e.g., polymers, surfactants, 

CO2, and steam). The experiments were designed to simulate the reservoir conditions as closely 

as possible, examining the effect of different EOR agents on oil recovery efficiency, reservoir 

permeability, and fluid interaction. This experimental data was critical in determining the 

optimal EOR technique for specific reservoir conditions. 

Simulation Modeling: Advanced reservoir simulation models were developed to predict the 

performance of EOR techniques under varying reservoir conditions. Historical production data 

and results from laboratory experiments were used to calibrate the models. The simulations 

incorporated geological heterogeneity, fluid flow properties, and operational parameters to 

simulate the impact of different EOR methods. A range of simulation scenarios, including CO2 

injection, water flooding, and thermal recovery, was explored to assess the effectiveness of each 

technique under various conditions. 

Data Analysis: Data analysis focused on comparing the efficacy of different EOR 

techniques in enhancing oil recovery from mature reservoirs. The following analytical tools were 

used: 

a. Statistical Analysis: Statistical methods, including regression analysis, were applied to 

evaluate the relationship between various reservoir parameters (e.g., permeability, porosity, 

pressure) and the efficiency of different EOR techniques. The statistical models were used to 

identify key factors that significantly impact oil recovery. 

b. Performance Metrics: Key performance indicators (KPIs) such as incremental oil 

recovery, recovery factor, economic feasibility, and environmental impact were measured and 

compared across different EOR techniques. These metrics clearly understood each method's 

potential to improve recovery from mature reservoirs. 

c. Simulation Results Interpretation: The simulation results were analysed to assess the 

projected oil recovery improvements under different EOR scenarios. Sensitivity analysis was 

performed to identify the most critical variables influencing the success of each EOR technique. 

 

4.0 DATA ANALYSIS 

The data in the filled table provides an in-depth analysis of how different Enhanced Oil Recovery 

(EOR) techniques perform in three mature reservoirs (A, B, and C). Below is a detailed breakdown 

of the analysis. The data table is based on hypothetical field results, laboratory experiments, and 

simulation outcomes. The goal is to assess the most suitable EOR technique for each reservoir 

condition. This table allows for a comprehensive comparison of various EOR techniques in 

different mature reservoirs.  
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Parameter/Attr

ibute 

 

 

 
 

Reservoir 

A 

 

 

 
 

Reservoir 

B 

 

 

 
 

Reservoi

r C 

 

 

EOR 
Techniq

ue 1: 

Chemica

l 

Flooding 

 

EOR 

Techniq
ue 2: 

CO2 

Injectio

n 

EOR 

Techniq

ue 3: 
Therma

l EOR 

(Steam 

Injectio

n) 

EOR 

Techniq

ue 4: 
Microbi

al EOR 

Reservoir 

Depth (m) 

1500 1200 1800 - - - - 

Reservoir 
Temperature 

(°C) 

75 50 85 - - - - 

Reservoir 

Pressure (atm) 

1500 1200 1600 - - - - 

Porosity (%) 25 20 22 - - - - 

Permeability 

(mD) 

150 200 180 - - - - 

Initial Oil 

Saturation (%) 

60 65 58 - - - - 

Original Oil in 

Place (OOIP) 

50 million 

bbl 

40 million 

bbl 

60 

million 
bbl 

- - - - 

Primary 

Recovery 

Factor (%) 

20 22 18 - - - - 

Oil Viscosity 

(cP) 

50 100 75 - - - - 

Injection Fluid 

Type 

Polymer 

Solution 

CO2 Steam - - - - 

Injection Rate 
(bbl/day) 

2000 2500 3000 - - - - 

EOR Recovery 

Factor (%) 

35 40 30 30 45 60 20 

Incremental 

Recovery (%) 

15 18 12 10 23 42 5 

Cost of EOR 

Implementatio

n ($/bbl) 

20 25 18 22 20 30 25 

Cumulative Oil 

Production 
(MMbbl) 

10 8 9 4 8 15 1 

Economic 

Viability (Net 

Present Value) 

Positive Positive Negative Positive Positive Negative Negative 

Environmental 

Impact (CO2 

Emissions) 

Low Medium High Medium High Very 

High 

Low 

Reservoir 
Heterogeneity 

(Low/Medium/

High) 

Medium High Low - - - - 
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Additional 
Observations 

Chemical 

flooding 

worked 
well in this 

moderately 

heterogene

ous 

reservoir. 

CO2 

injection 

significant
ly 

impacted 

a high 

heterogen

eity 

reservoir 
with 

suitable 

pressure. 

Steam 

injection 

had a 
high 

recovery 

but 

required 

considera

ble 
energy 

input due 

to depth 

and oil 

viscosity. 

Microbial 

EOR 

showed 
limited 

success 

in this 

reservoir 

due to 

high 
temperat

ure and 

pressure. 

   

 

4.1 Analysis of Reservoir A 

Reservoir A exhibits moderate depth and temperature with a reasonable oil viscosity. It 

has a medium porosity and permeability, which suggests it is a moderately heterogeneous 

reservoir. The primary recovery factor of 20% indicates that only a fraction of the oil has been 

extracted via conventional methods. 

 

Reservoir Characteristics 

Depth  1500 m 

Temperature 70°C 

Pressure 1500 atm 

Permeability 25% 

Oil Viscosity 50 cP (medium-high viscosity) 

Primary Recovery Factor 20% 

 

4.1.1 EOR Techniques 

Chemical flooding (polymer solution) achieved a recovery factor of 35%, adding an 

incremental recovery of 15%. This method works well in this reservoir's moderately 

heterogeneous conditions. It is economically viable at $20/bbl, making it an attractive option. 

However, due to the chemicals used, its environmental impact is considered medium, which may 

result in moderate environmental concerns. 

CO2 injection significantly improved recovery by 40% and 18% incrementally. The 

technique proved effective in maintaining reservoir pressure and enhancing oil displacement. 

However, it is slightly more expensive than chemical flooding, costing $25/bbl. The 

environmental impact is medium due to the CO2 emissions, but it is still considered a viable 

option in terms of economic return. 

Steam injection (thermal EOR) showed the highest incremental recovery (42%) and a total 

recovery factor of 60%. It was particularly effective at reducing oil viscosity and enhancing flow, 

which is ideal for moderate temperature conditions. However, the cost is relatively high at 

$30/bbl, and the environmental impact is very high, mainly due to the substantial energy 

requirements for heating. Despite this, its strong recovery potential makes it economically viable 

for this reservoir. 

Microbial EOR had a limited effect on oil recovery in Reservoir A, with an incremental 

recovery of only 5%. Despite its low cost ($25/bbl), minimal chemical usage lowers the 

environmental impact. However, the overall performance did not justify its application in this 

reservoir. 
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 Chemical 
Flooding 

CO2 
Injection 

Thermal EOR 
(Steam Injection) 

Microbial 
EOR 

EOR Recovery 

Factor 

35% 40% 60% 20% 

Incremental 

Recovery 

15% 18% 42% 5% 

Cost $20/bbl $25/bbl $30/bbl $25/bbl 

Economic 

Viability:  

Positive Positive  Positive Negative 

Environmental 

Impact 

Medium Medium Very High Low 

 

Thermal EOR (Steam Injection) is the most effective technique for this reservoir, with the 

highest recovery factor of 60% and a significant incremental recovery. Although it has the highest 

cost and environmental impact, its recovery potential justifies its use. CO2 Injection is also a 

viable technique, providing a moderate recovery with relatively lower costs than thermal EOR. 

Microbial EOR due to its limited impact on recovery. 

 

4.2 Analysis of Reservoir B 

Reservoir B is relatively shallow, with a low temperature (50°C) and high permeability 

(200 mD). The oil viscosity is high (100 cP), indicating that the oil is more resistant to flow. The 

primary recovery factor of 22% shows that conventional methods have already extracted a 

moderate portion of the oil. 

 

Reservoir Characteristics 

Depth  1200 m 

Temperature 50°C 

Pressure 1200 atm 

Permeability 20% 

Oil Viscosity 100 cP (medium-high viscosity) 

Primary Recovery Factor 22% 

 

4.2.1.EOR Techniques 

Chemical flooding proved moderately effective, with an incremental recovery of 8%. The 

relatively high permeability of the reservoir enabled the chemicals to displace oil to some degree, 

but it was not as effective as other methods. The cost is reasonable, and the environmental 

impact is medium. 

CO2 injection had the highest recovery factor of 45%, with a substantial 23% incremental 

recovery. This technique proved very effective in improving oil recovery by maintaining pressure 

and reducing oil viscosity. The method costs $25/bbl and has a higher environmental impact 

due to the CO2 emissions involved, but the recovery results justify its use. 

Steam injection also showed impressive results, with a recovery factor of 60%. However, 

this method requires considerable energy input due to the relatively low temperature (50°C) and 

the oil’s high viscosity. The high cost of $30/bbl and the significant environmental impact make 

it less economically viable in this reservoir. 

Microbial EOR was the least effective technique in this reservoir. It showed a very low 

recovery factor of 18% and a minimal incremental recovery of just 3%. While its cost is the lowest 

at $20/bbl, the poor recovery efficiency renders it unviable for this reservoir. 
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 Chemical 

Flooding 

CO2 

Injection 

Thermal EOR 

(Steam Injection) 

Microbial 

EOR 

EOR Recovery 

Factor 

30% 45% 60% 11% 

Incremental 
Recovery 

8% 23% 42% 3% 

Cost $22/bbl $25/bbl $30/bbl $20/bbl 

Economic 

Viability:  

Positive Positive  Negative Negative 

Environmental 

Impact 

Medium High  Very High Low 

 

Conclusion for Reservoir B 

CO2 Injection is the most effective method, with the highest recovery factor (45%) and the 

best incremental recovery (23%). Chemical flooding can be considered an alternative method, but 

it is less effective than CO2 injection—microbial EOR due to its limited success in this reservoir. 

 

4.3 Analysis of Reservoir C 

Reservoir C is deep, with a high temperature (85°C) and medium-high viscosity oil. The 

oil's medium-high viscosity makes it more difficult to recover with conventional methods, and 

the primary recovery factor of 18% indicates significant potential for additional recovery using 

EOR methods, as indicated in the table below. 

 

Reservoir Characteristics 

Depth  1800 m 

Temperature 85°C 

Pressure 1600 atm 

Permeability 22% 

Oil Viscosity 75 cP (medium-high viscosity) 

Primary Recovery Factor 18% 

 

4.3.1 EOR Techniques 

Chemical flooding moderately affected Reservoir C, with a recovery factor of 30% and an 

incremental recovery of 12%. Due to the oil's high viscosity, the chemicals struggled to displace 

it effectively, but it still showed some potential. It remains economically viable for $18/bbl. 

CO2 injection had a similar effect to chemical flooding, with a recovery factor of 30% and 

an incremental recovery of 12%. It helped reduce the oil's viscosity, but the reservoir's high 

temperature and depth limited its overall effectiveness. Due to CO2 emissions, the environmental 

impact is high. 

Steam injection was the most successful method for Reservoir C, with a recovery factor 

of 60% and an incremental recovery of 42%. The reservoir's high temperature was ideal for 

reducing the oil's viscosity, making it easier to recover. Despite its high cost and significant 

environmental impact, steam injection was the most effective technique for this reservoir. 

Microbial EOR showed poor results in this deep reservoir, with a minimal recovery factor 

of 20%. The incremental recovery of just 5% indicates that microbial activity did not significantly 

alter the oil's properties. Although its low environmental impact, the technique proved ineffective 

for this reservoir. 

 

 

 Chemical 

Flooding 

CO2 

Injection 

Thermal EOR 

(Steam Injection) 

Microbial 

EOR 
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EOR Recovery 

Factor 

30% 30% 60% 20% 

Incremental 

Recovery 

12% 12% 42% 5% 

Cost $18/bbl $25/bbl $30/bbl $25/bbl 

Economic 
Viability:  

Positive Positive  Positive Negative 

Environmental 

Impact 

Medium High  Very High Low 

 

The analysis concludes that Thermal EOR (Steam Injection) is the most effective method 

for Reservoir C, with a significant recovery factor of 60% and the highest incremental recovery of 

42%. Chemical Flooding and CO2 Injection show similar results but are less effective than 

thermal methods for this reservoir—microbial EOR due to its poor performance and limited 

recovery potential. 

 

4.4 Overall Conclusion 

Each reservoir requires a tailored approach based on its specific characteristics. For 

Reservoir A, Thermal EOR (steam injection) is the most effective method, but CO2 injection also 

shows promise. CO2 injection stands out for Reservoir B, while Thermal EOR is less viable. In 

Reservoir C, Thermal EOR is the best option, yielding the highest recovery despite its 

environmental and economic challenges. Microbial EOR proved largely ineffective across all 

reservoirs and is not recommended for any of them. 

 

5.0 CONCLUSIONS 

The research on Enhanced Oil Recovery (EOR) techniques in mature reservoirs has provided 

valuable insights into the effectiveness, economic viability, and environmental impact of various 

EOR methods. The study focused on three distinct mature reservoirs (A, B, and C) and evaluated 

the performance of four EOR techniques: Chemical Flooding, CO₂ Injection, Thermal EOR (Steam 

Injection), and Microbial EOR. The findings highlight the importance of tailoring EOR strategies 

to the specific characteristics of each reservoir to maximise oil recovery while minimising costs 

and environmental risks. 

 

5.1 Key Findings 

▪ Reservoir A 

o Thermal EOR (Steam Injection) emerged as the most effective technique, 

achieving a recovery factor of 60% and an incremental recovery of 42%. Despite 

its high cost ($30/bbl) and significant environmental impact due to energy 

consumption, the substantial recovery potential justifies its use. 

 

o CO₂ Injection also proved viable, with a recovery factor of 40% and an 

incremental recovery of 18%. It is more environmentally friendly than thermal 

methods, though it is slightly more expensive than chemical flooding. 

 

o Chemical Flooding showed moderate success, with a recovery factor of 35% and 

an incremental recovery of 15%. It is economically viable but has a medium 

environmental impact due to chemical usage. 

 

o Microbial EOR was largely ineffective in this reservoir, with minimal incremental 

recovery (5%) and limited overall impact. 
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▪ Reservoir B: 

o CO₂ Injection was the most effective method, achieving a recovery factor of 45% 

and an incremental recovery of 23%. Despite its higher cost ($25/bbl) and 

medium environmental impact, it is well-suited for reservoirs with high 

permeability and moderate viscosity. 

 

o Thermal EOR (Steam Injection) also showed high recovery potential (60%), but 

its high cost ($30/bbl) and significant environmental impact make it less 

economically viable in this reservoir. 

 

o Chemical Flooding provided moderate recovery (30%) but was less effective than 

CO₂ injection. 

 

o Microbial EOR was ineffective, with minimal recovery (18%) and low incremental 

recovery (3%). 

▪ Reservoir C 

o Thermal EOR (Steam Injection) was the most successful method, achieving a 

recovery factor of 60% and an incremental recovery of 42%. Despite the high cost 

and environmental impact, the reservoir's high temperature made it ideal for 

reducing oil viscosity. 

 

o Chemical Flooding and CO₂ Injection showed similar results, with recovery 

factors of 30% and incremental recoveries of 12%. Both methods are viable but 

less effective than thermal EOR in this reservoir. 

 

o Microbial EOR was ineffective, with minimal recovery (20%) and low incremental 

recovery (5%). 

 

Tailored EOR Strategies: The study underscores the importance of selecting EOR techniques 

based on the specific characteristics of each reservoir, such as depth, temperature, pressure, 

permeability, and oil viscosity. A one-size-fits-all approach is unsuitable for mature reservoirs, 

as each requires a customised EOR strategy to maximise recovery. 

 

Economic and Environmental Trade-offs: While some EOR methods, such as thermal recovery, 

offer high recovery rates, they often come with significant economic and environmental costs. 

CO₂ injection, on the other hand, provides a balance between recovery efficiency and 

environmental impact, especially in reservoirs where it can effectively reduce oil viscosity and 

maintain pressure. 

 

Limited Effectiveness of Microbial EOR: Microbial EOR proved the least effective technique across 

all three reservoirs, with minimal incremental recovery and limited overall impact. This suggests 

that microbial methods may not be suitable for mature reservoirs with high temperatures or 

complex geological conditions. 

 

Future Research Directions: The study highlights the need for further research into hybrid EOR 

approaches, alternative energy sources for thermal recovery, and more comprehensive 

environmental impact assessments. Additionally, digital reservoir modelling and artificial 

intelligence advancements could help optimise EOR strategies, making them more cost-effective 

and environmentally sustainable. 

 

5.2 Recommendations 
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▪ Reservoir A: Thermal EOR (Steam Injection) is the most effective method, but CO₂ 

injection is a viable alternative with lower environmental impact. 

 

▪ Reservoir B: CO₂ injection is preferred due to its high recovery efficiency and moderate 

environmental impact. Chemical flooding can be considered a secondary option. 

 

▪ Reservoir C: Thermal EOR (Steam Injection) is the best option, despite its high cost and 

environmental impact, due to its significant recovery potential. Chemical flooding and 

CO₂ injection are less effective but still viable alternatives. 

 

5.3 Final Conclusion 

This study has provided an in-depth analysis of Enhanced Oil Recovery (EOR) techniques 

in mature reservoirs, assessing their efficiency, economic feasibility, and environmental impact. 

The findings highlight that selecting an optimal EOR method depends significantly on reservoir 

characteristics, including depth, temperature, pressure, permeability, and oil viscosity. Thermal 

EOR (Steam Injection) demonstrated the highest recovery rates among the techniques evaluated, 

particularly in reservoirs with high temperatures and heavy oil viscosity.  

However, it is also the most energy-intensive method, leading to significant environmental 

concerns and operational costs. CO₂ Injection proved to be an effective method for maintaining 

reservoir pressure and enhancing oil displacement, particularly in reservoirs with high 

permeability and heterogeneity. While CO₂-EOR offers the added advantage of carbon 

sequestration, its implementation costs and potential environmental risks must be carefully 

managed. Chemical Flooding showed moderate recovery potential, being a cost-effective 

alternative in certain reservoir conditions, though challenges related to chemical degradation 

and environmental impact persist. On the other hand, Microbial EOR exhibited limited success 

across the studied reservoirs, indicating that further research is needed to optimise its 

application. 

Economic viability remains a critical factor influencing the adoption of EOR technologies. 

The high capital and operational costs associated with thermal and gas injection methods pose 

challenges, particularly in fluctuating oil markets. Optimising EOR strategies through digital 

reservoir modelling, hybrid EOR approaches, and alternative energy sources for thermal recovery 

could enhance cost-effectiveness and sustainability. 

In conclusion, while EOR technologies present viable solutions for maximising oil 

recovery in mature reservoirs, their selection must be tailored to reservoir-specific conditions; 

their success depends on carefully considering reservoir-specific conditions, economic feasibility, 

and environmental sustainability. By adopting tailored EOR strategies, the oil industry can 

extend the productive life of mature reservoirs while minimising environmental risks and 

operational costs.  

Future research should focus on developing more energy-efficient and environmentally 

sustainable EOR methods, integrating advanced technologies such as artificial intelligence, 

nanotechnology, and renewable energy-driven recovery systems. Addressing these challenges will 

ensure the continued viability of EOR applications in the petroleum industry while minimising 

environmental impacts. 
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