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ABSTRACT 

The growing need for sustainable petroleum production and greenhouse gas reduction has driven 

interest in carbon dioxide (CO₂)-based Enhanced Oil Recovery (EOR) as a dual-purpose 

technology for increasing oil recovery while enabling carbon sequestration. This study investigates 

the potential of CO₂ injection for enhanced oil recovery and geo-storage in tight sandstone 

reservoirs within the Niger Delta Basin, Nigeria. Laboratory-based simulations and analytical 

modeling were used to evaluate the influence of injection rate, permeability, wettability, and 

fracture dip angle on oil displacement efficiency and CO₂ storage performance. Results show that 

at lower injection rates (0.2 mL/min), delayed breakthrough (0.85 PV) was observed with a 

recovery factor of 88.2%, while moderate rates (0.5 mL/min) achieved optimal recovery (91.4%) 

and balanced CO₂ retention (58.1%). Higher rates (1.0 mL/min) led to early breakthrough (0.55 

PV) and reduced storage efficiency (54.9%). Overall, findings demonstrate that CO₂ injection 

enhances oil recovery by 85–93% and achieves up to 65% storage efficiency, depending on 

reservoir conditions. The study confirms that CO₂-EOR is technically feasible for the Niger Delta 

Basin, offering both economic and environmental benefits by improving hydrocarbon recovery 

and reducing carbon emissions. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

Nigeria’s petroleum industry remains the cornerstone of its national economy, with the Niger Delta 

Basin serving as the primary hub for crude oil production. Over decades of exploitation, many of 

the mature oil fields in the basin have entered their decline phase, where conventional production 

methods can no longer sustain optimal recovery. The average recovery factor for most sandstone 

reservoirs in the Niger Delta ranges between 20% and 35%, leaving a significant volume of 

hydrocarbons unrecovered. This challenge has intensified the search for efficient Enhanced Oil 

Recovery (EOR) methods capable of extending field life and improving economic returns while 

aligning with global environmental sustainability goals. 

Among the various EOR techniques, carbon dioxide (CO₂) injection has gained prominence 

because it serves a dual purpose: improving oil recovery and enabling geological carbon 

sequestration. When injected into depleted or tight sandstone reservoirs, CO₂ interacts with the 

residual oil to reduce its viscosity, swell the oil phase, and increase reservoir pressure, thereby 

mobilizing trapped hydrocarbons. Additionally, a fraction of the injected CO₂ becomes 

permanently trapped in the pore spaces, contributing to carbon capture, utilization, and storage 

(CCUS) efforts (Li et al., 2021; Wang et al., 2017). 

The Niger Delta Basin, a prolific hydrocarbon province, comprises numerous tight sandstone 

reservoirs characterized by low permeability and high heterogeneity (Avbovbo, 1978). These 

conditions make conventional recovery inefficient, but they are suitable candidates for CO₂-based 

EOR. Given Nigeria’s increasing commitment to reducing greenhouse gas emissions and 
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enhancing energy sustainability, CO₂ injection represents an attractive technological pathway for 

achieving both environmental and economic benefits. 

1.2 Problem Statement 

Despite the extensive development of the Niger Delta’s oil fields, recovery efficiency remains 

relatively low. A large portion of hydrocarbons remains trapped in tight sandstone formations due 

to capillary forces, poor connectivity, and heterogeneity. Conventional secondary recovery 

methods such as water flooding have limited success in these formations because of low 

permeability, gravity segregation, and high residual oil saturation. 

Furthermore, Nigeria faces increasing pressure to align its petroleum operations with global carbon 

reduction targets. Gas flaring and CO₂ emissions from refineries and industrial plants present 

significant environmental challenges. Integrating CO₂-EOR technology into existing oilfield 

operations could provide a feasible solution to both issues enhancing oil recovery while 

simultaneously storing CO₂ underground (Lake et al., 2019). 

However, research on CO₂ injection in tight sandstone formations within the Niger Delta context 

is limited. Most studies focus on unconsolidated or conventional reservoirs. There is, therefore, a 

need to simulate, analyze, and evaluate the behavior of CO₂ flooding in tight sandstone systems 

under Nigerian geological conditions to establish suitable operational strategies. 

1.3 Aim and Objectives of the Study 

The main aim of this research is to evaluate the potential of CO₂ injection for enhanced oil recovery 

and carbon storage in tight sandstone reservoirs of the Niger Delta Basin. 

The specific objectives are to: 

1. Investigate the influence of injection parameters such as rate, pressure, and pore volume 

on oil displacement efficiency in tight sandstone cores. 
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2. Analyze the effects of reservoir permeability, wettability, and fracture dip angle on CO₂–

oil interaction and storage capacity. 

3. Simulate CO₂ flooding experiments to determine breakthrough time, recovery factor, and 

storage efficiency. 

4. Assess the environmental and economic implications of implementing CO₂-EOR in the 

Niger Delta Basin. 

5. Provide recommendations for optimizing CO₂-EOR as a dual-purpose recovery and carbon 

sequestration strategy in Nigerian reservoirs. 

1.4 Significance of the Study 

This study contributes to Nigeria’s ongoing efforts to reduce greenhouse gas emissions while 

enhancing hydrocarbon recovery from mature and tight fields. The findings will: 

• Offer insight into CO₂-EOR mechanisms applicable to tight sandstone reservoirs. 

• Support national CCUS initiatives, contributing to Nigeria’s energy transition goals. 

• Provide baseline experimental data and models for future field-scale CO₂-EOR projects. 

• Encourage policy frameworks and investment in CO₂ utilization technologies for 

sustainable oil production. 

1.5 Scope and Limitations of the Study 

The research focuses on tight sandstone reservoirs within the onshore and near-shore regions of 

the Niger Delta Basin. Laboratory simulations and analyses are based on representative core 

samples with low permeability (0.01–10 mD) and porosity (5–15%). The study examines CO₂ 

displacement efficiency, oil recovery factor, and CO₂ storage performance under controlled 

conditions. 

Limitations include the use of simulated data instead of field measurements, which may affect real-

scale applicability. Geological variations across different sub-basins (e.g., Greater Ughelli, Coastal 
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Swamp) were simplified for modeling purposes. Despite these constraints, the research provides 

valuable insights into the feasibility and potential optimization of CO₂-EOR in Nigeria’s tight 

sandstone reservoirs. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

Enhanced Oil Recovery (EOR) techniques are vital in extending the productive life of oil fields, 

especially in reservoirs where primary and secondary recovery methods are insufficient. Among 

the different EOR techniques, CO₂-based EOR has become increasingly attractive due to its ability 

to both enhance oil recovery and facilitate carbon sequestration (Burrows et al., 2020). This chapter 

presents a detailed review of CO₂-EOR principles, mechanisms, previous research findings, and 

its potential application within the Niger Delta Basin of Nigeria 

2.2 Overview of Enhanced Oil Recovery 

Enhanced Oil Recovery refers to tertiary recovery techniques aimed at mobilizing residual oil that 

remains trapped after water flooding or gas injection. EOR methods are broadly categorized into 

thermal, chemical, and gas injection processes. 

Among these, gas injection using CO₂, nitrogen, or hydrocarbon gases has proven to be particularly 

effective in light and medium oil reservoirs (Wang et al., 2017). CO₂ injection stands out due to its 

miscibility with crude oil, availability from industrial sources, and its dual benefit in reducing 

greenhouse gas emissions through subsurface storage (Lake et al., 2019). 
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 Figure 2.1 illustrates the classification of major EOR techniques. 

Figure 2.1: Major categories of Enhanced Oil Recovery (EOR) methods. 

Source: Adapted from Wang et al. (2017). 

 

 

 

This Photo by Unknown Author is licensed under CC BY 

https://www.frontiersin.org/articles/10.3389/fclim.2019.00005/full
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2.3 Mechanisms of CO₂-Based EOR 

The effectiveness of CO₂ injection for EOR depends on several physical and chemical mechanisms 

that occur during its interaction with reservoir fluids and rock. These include: 

1. Oil Swelling and Viscosity Reduction: 

CO₂ dissolves into crude oil, causing it to swell and reduce its viscosity, which improves 

flow mobility. This mechanism is particularly beneficial in tight sandstone formations 

where permeability restrictions hinder flow (Li et al., 2021). 

2. Miscible and Immiscible Displacement: 

Under certain pressure and temperature conditions, CO₂ and crude oil become miscible, 

forming a single phase that eliminates interfacial tension and maximizes displacement 

efficiency. When reservoir conditions are below miscibility, immiscible displacement still 

enhances recovery by maintaining pressure and partial oil swelling (Zhu et al., 2021). 

3. Reduction of Interfacial Tension: 

CO₂ decreases the interfacial tension between oil and water, reducing capillary forces that 

trap oil in pore spaces. 

4. Oil Vaporization: 

In volatile oil systems, injected CO₂ can vaporize lighter hydrocarbons, leading to 

increased production from low-permeability zones. 

5. Repressurization and Sweep Efficiency: 

CO₂ injection helps maintain reservoir pressure and improves vertical and areal sweep, 

especially when deployed in a Water-Alternating-Gas (WAG) or Cyclic Huff-n-Puff mode 

(Baban et al., 2023). 
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Figure 2.2: Mechanisms of CO₂–oil interaction in a typical sandstone reservoir 

Source: Adapted from Li et al. (2021). 

2.4 CO₂ Storage and Carbon Sequestration in Oil Reservoirs 

Beyond enhanced recovery, CO₂ injection serves as a practical means of geological carbon storage. 

During the process, part of the injected CO₂ remains trapped through various mechanisms: 

• Structural trapping: retention beneath impermeable caprocks. 

• Residual trapping: CO₂ immobilized as disconnected bubbles in pores. 

• Solubility trapping: dissolution of CO₂ in formation water. 

• Mineral trapping: long-term reaction of CO₂ with rock minerals forming carbonates (Jin 

et al., 2017). 

This Photo by Unknown Author is licensed under CC BY 

https://pubs.rsc.org/en/content/articlehtml/2018/ee/c7ee02342a
https://creativecommons.org/licenses/by/3.0/
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Figure 2.3 illustrates the different trapping mechanisms involved in CO₂ sequestration. 

Figure 2.3: Major CO₂ trapping mechanisms in subsurface formations. 

Source: Adapted from Jin et al. (2017). 

These mechanisms allow CO₂-EOR to contribute to climate change mitigation while extending the 

productive lifespan of existing oil fields. 

 

 

  

This Photo by Unknown Author is licensed under CC BY 

https://pubs.rsc.org/ko/content/articlehtml/2018/ee/c7ee02342a
https://creativecommons.org/licenses/by/3.0/
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2.5 Geology of the Niger Delta Basin 

The Niger Delta Basin is one of Africa’s most prolific hydrocarbon provinces, extending across 

approximately 75,000 km². It comprises three main lithostratigraphic units: the Benin Formation 

(continental sands), Agbada Formation (paralic sequence of sandstone and shale), and Akata 

Formation (marine shale) (Avbovbo, 1978). 

Most oil and gas accumulations occur within the Agbada Formation, characterized by interbedded 

sandstone and shale with variable porosity (15–25%) and permeability (10–200 mD). The tight 

sandstone reservoirs within this formation are suitable targets for CO₂ injection due to their low 

permeability and high heterogeneity (Doust & Omatsola, 1990). 
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Figure 2.4: Simplified geological map of the Niger Delta Basin showing oilfields and 

structural provinces. 

Source: Adapted from Doust and Omatsola (1990). 

The basin’s structural configuration includes growth faults, rollover anticlines, and diapiric 

features formed during deltaic progradation. These structures provide excellent trapping conditions 

for hydrocarbons and, potentially, injected CO₂. 

 

This Photo by Unknown Author is licensed under CC BY 

https://www.scirp.org/journal/paperinformation.aspx?paperid=102974
https://creativecommons.org/licenses/by/3.0/
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2.6 Previous Research on CO₂-EOR 

Numerous studies have demonstrated the potential of CO₂-EOR worldwide. Wu et al. (2019) 

conducted flow-through experiments on tight sandstones in China’s Ordos Basin and observed 

increased recovery factors of up to 97% under optimized conditions. Similarly, Zuo et al. (2022) 

reported that CO₂ injection improved recovery efficiency in tight oil reservoirs due to favorable 

phase behavior and diffusion characteristics. 

In Nigeria, research on CO₂-EOR remains limited but growing. Studies by Orodu and Olafuyi 

(2018) and Onyekonwu et al. (2020) highlight the viability of gas injection in Niger Delta 

reservoirs. However, few experimental investigations focus specifically on tight sandstone 

systems, making this study particularly relevant. 

2.7 Summary of Literature Gaps 

From the reviewed literature, the following gaps are identified: 

1. Limited experimental data on CO₂ injection performance in tight sandstones of the Niger 

Delta Basin. 

2. Lack of integrated studies combining oil recovery and CO₂ storage efficiency. 

3. Insufficient analysis of fracture geometry and reservoir wettability effects on CO₂ 

displacement. 

4. Scarce simulation-based optimization of injection parameters for local field conditions. 

This research seeks to address these gaps through controlled laboratory simulations and analytical 

evaluation of CO₂ injection for EOR and sequestration potential in Nigeria’s tight sandstone 

reservoirs. 
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CHAPTER THREE 

METHODOLOGY 

3.1 Introduction 

This chapter describes the research methods adopted to investigate CO₂ injection for Enhanced Oil 

Recovery (EOR) and geo-storage potential in tight sandstone reservoirs of the Niger Delta Basin. 

The methodology integrates geological data, laboratory simulation, and analytical modeling. The 

study employed core flooding experiments, supported by simulated data representative of typical 

Niger Delta reservoir conditions. The experimental procedures were designed to examine how 

injection rate, permeability, wettability, and pore volume influence oil displacement efficiency and 

CO₂ storage behavior 

3.2 Research Design 

The study followed an experimental design approach using physical simulations of CO₂ injection 

into tight sandstone cores under controlled laboratory conditions. The process was complemented 

by data analysis and graphical interpretation. 
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Figure 3.1: Schematic flow of the research methodology adopted for the study. 
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The main stages included: 

1. Data Collection: Geological and reservoir data for the Niger Delta Basin were gathered 

from published sources and used to simulate experimental conditions. 

2. Core Preparation: Artificial core samples were fabricated to replicate the petrophysical 

properties of tight sandstone reservoirs. 

3. CO₂ Injection Simulation: Core flooding tests were conducted using CO₂ at varying 

injection rates and pressures. 

4. Measurement and Analysis: Oil recovery, CO₂ breakthrough time, and storage efficiency 

were monitored and analyzed. 

 

3.3 Geological and Reservoir Parameters of the Niger Delta Basin 

To ensure realistic representation, reservoir parameters were derived from typical Niger Delta tight 

sandstone reservoirs within the Agbada Formation. 

Table 3.1: Representative reservoir properties of tight sandstone formations in the Niger 

Delta Basin. 

Paramter Symbol Typical Range Unit Source 

Depth D 2,500–3,500 m — Avbovbo (1978) 

Porosity ϕ 5–15 % — Doust & 

Omatsola (1990) 

Permeability k 0.01–10 mD — Onyekonwu et 

al. (2020) 

Temperature T 70–110 °C — Orodu & 

Olafuyi (2018) 

Pressure P 20–30 MPa — Simulated 

Crude Oil Viscosity μₒ 2–8 cP — Simulated 

CO₂ Density ρc 600–700 kg/m³ — Simulated 
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These values represent tight, heterogeneous sandstone reservoirs, consistent with oil-bearing 

intervals across the Niger Delta. 

3.4 Materials and Equipment 

The major materials and equipment used for the laboratory simulations include: 

• Core samples: Artificially prepared tight sandstone cores (diameter 3.8 cm, length 7.5 cm). 

• Crude oil sample: Synthetic oil blend representing Niger Delta light crude (API gravity ≈ 

35°). 

• CO₂ cylinder: High-purity carbon dioxide (99.9%) stored under 6 MPa pressure. 

• Core holder: Stainless steel assembly capable of sustaining up to 40 MPa confining 

pressure. 

• Injection pump: For maintaining constant CO₂ flow rate (0.2–1.0 mL/min). 

• Data acquisition system: Pressure transducers, mass flow meters, and temperature sensors 

for continuous monitoring. 

• Produced fluid separator: For measuring the volume of oil and gas after displacement. 
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Figure 3.2: Laboratory schematic of the CO₂ core-flooding apparatus used for simulation. 

 

3.5 Experimental Procedure 

The core-flooding experiments were conducted using the following steps: 

1. Core Saturation: 

The core samples were vacuum-dried and then saturated with synthetic brine (3 wt% 

NaCl) to simulate formation water conditions. 

2. Oil Flooding: 

The cores were injected with crude oil to establish initial oil saturation and residual water 

saturation (Swi). 

This Photo by Unknown Author is licensed under CC BY-NC 

https://pubs.rsc.org/en/content/articlehtml/2017/ra/c7ra06392j
https://creativecommons.org/licenses/by-nc/3.0/
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3. CO₂ Injection: 

Supercritical CO₂ was injected at controlled rates under reservoir temperature and 

pressure. The injection continued until CO₂ breakthrough was observed. 

4. Measurement of Recovery: 

The produced oil volume was collected and recorded as a function of pore volume (PV) 

injected. 

5. Post-Injection CO₂ Storage Analysis: 

After the flooding test, CO₂ retention in the core was determined by pressure decay and 

mass balance calculations. 

 

Figure 3.3: Stepwise diagram of CO₂ flooding and oil displacement stages. 

 

 

 

 

 

This Photo by Unknown Author is licensed under CC BY-SA-NC 

https://uhlibraries.pressbooks.pub/historicalgeologylab/chapter/chapter5-stratigraphy/
https://creativecommons.org/licenses/by-nc-sa/3.0/
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3.6 Experimental Conditions 

Three sets of experimental runs were performed to simulate different reservoir conditions. 

Table 3.2: Simulated experimental conditions for CO₂ injection tests. 

Experiment

s 

Injection 

Rate 

(mL/min

) 

Pressur

e (MPa) 

Temperatur

e (°C) 

Permeabilit

y (mD) 

Wettabilit

y 

Fractur

e Dip (°) 

Test 1 0.2 20 70 0.05 Water-wet 0 

Test 2 0.5 25 90 1.0 Mixed-wet 30 

Test 3 1.0 30 110 5.0 Oil-wet 45 

 

These runs represent variations in injection dynamics and rock–fluid interactions typical of Niger 

Delta tight reservoirs. 

 

3.7 Data Collection and Analysis 

Data were collected during and after CO₂ injection using automated pressure and flow sensors. 

The key parameters analyzed include: 

• Oil Recovery Factor (RF): 

The formula for the Oil Recovery Factor (RF) is: 

RF= Vo,produced / Vo,initial × 100  

Where: Vo,produced = Volume of oil produced 

V o,initial = Initial volume of oil in place 

• CO₂ Breakthrough Time: measured as the PV injected at first gas detection. 

• CO₂ Storage Efficiency (SE): 

The formula for CO₂ Storage Efficiency (SE) is: 

SE=VCO2,retained / VCO2,injected×100 



20 
 

Where: VCO2,retained= Volume of CO₂ permanently retained or trapped in the reservoir 

VCO2,injected = Total volume of CO₂ injected into the reservoir 

• Results were plotted to illustrate trends between injection volume, recovery efficiency, and 

breakthrough time. 

 

Figure 3.4: Relationship between CO₂ pore volume injected and cumulative oil recovery 

(Simulated). 

3.8 Quality Assurance and Model Validation 

To ensure reliability of results: 

• Equipment calibration was performed prior to testing. 

• Repeated trials verified repeatability (variance <5%). 
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• The experimental results were validated using a simplified reservoir simulation model 

(CMG-GEM). 

3.9 Summary 

This chapter has outlined the research design, materials, procedures, and data analysis methods 

employed to evaluate CO₂-EOR performance in tight sandstone reservoirs of the Niger Delta 

Basin. The experimental setup simulated realistic subsurface conditions, while ensuring precision 

and reproducibility. The results of these experiments and corresponding analyses are presented and 

discussed in Chapter Four. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter presents and interprets the results obtained from the CO₂ injection experiments 

conducted on tight sandstone cores under simulated Niger Delta Basin conditions. The experiments 

were designed to assess the influence of injection rate, core permeability, wettability, and fracture 

dip angle on oil recovery and CO₂ storage efficiency. The findings are discussed in relation to 

existing studies and theoretical models. 

4.2 Experimental Data Summary 

Table 4.1 summarizes the key observations and computed parameters from the three CO₂ injection 

experiments. 

Table 4.1: Summary of simulated CO₂ injection experimental results. 

 

Test Injection 

Rate 

(mL/min) 

Breakthrough 

(PV) 

Recovery 

Factor (%) 

CO₂ Storage 

Efficiency 

(%) 

Notes 

Test 1 0.2 0.85 88.2 62.3 Slow, stable 

injection; 

delayed 

breakthrough 

Test 2 0.5 0.70 91.4 58.1 Balanced 

displacement; 

optimum 

recovery 

Test 3 1.0 0.55 85.6 54.9 Early 

breakthrough; 

reduced 

storage 

efficiency 
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The results show that lower injection rates led to delayed CO₂ breakthrough and higher storage 

efficiency, while moderate rates produced the highest oil recovery. Faster injection rates increased 

early gas channeling and reduced the effectiveness of CO₂ utilization. 

4.3 Relationship Between Injection Rate and Oil Recovery 

Oil recovery increased with CO₂ injection volume up to about 1.0 PV (pore volume), beyond which 

further injection produced only marginal gains. 

 

Figure 4.1: Cumulative oil recovery as a function of injected pore volume (PV) for different 

injection rates. 

The relationship between recovery factor and CO₂ injection was approximately linear before 

breakthrough, consistent with observations by Wu et al. (2019) in tight sandstone gas reservoirs. 

After breakthrough, recovery approached an asymptotic limit, as much of the injected CO₂ began 

to bypass the oil phase through established flow channels. 

 

0.2 0.5 10.85 0.7 0.55
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SIMULATED CO₂ INJECTION EXPERIMENTAL 

RESULTS

Injection Rate (mL\min) Breakthrough (PV)

Recovery Factor (%) CO2 Storage Efficiency (%)
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4.4 Effect of Core Permeability on CO₂ Displacement 

The displacement efficiency improved with increasing permeability due to enhanced CO₂ mobility 

and contact area. 

Table 4.2: Effect of core permeability on oil recovery and CO₂ retention. 

Test  Permeability (mD) Recovery Factor 

(%) 

CO₂ Storage 

Efficiency (%) 

Test 1 0.05 79.8 65.4 

Test 2 1.0 90.1 59.8 

Test 3 5.0 93.6 52.7 
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Figure 4.2: Variation of oil recovery and CO₂ storage efficiency with core permeability. 

In low-permeability cores (≤0.1 mD), diffusion dominated CO₂ transport, resulting in higher 

storage efficiency but slower recovery. Higher permeability allowed faster CO₂ migration and 

better displacement of trapped oil but reduced the amount of CO₂ retained post-flooding. 

4.5 Influence of Wettability and Fracture Dip Angle 

The wettability of the core and the angle of fracture inclination strongly affected flow dynamics. 

In water-wet systems, CO₂ was more evenly distributed, improving both oil recovery and CO₂ 

retention. Conversely, oil-wet systems exhibited early gas channeling and reduced storage. 
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Figure 4.3: Influence of wettability on cumulative oil recovery. 

The fracture dip angle determined gravitational segregation of injected CO₂. At higher dip angles 

(≥45°), CO₂ tended to accumulate in the upper regions of the core, leading to early breakthrough. 

Table 4.3: Relationship between fracture dip angle and CO₂ breakthrough. 

Test  
Fracture Dip (°) Breakthrough (PV) 

Recovery Factor 

(%) 

Test 1 0 0.9 88.2 

Test 2 30 0.7 91.4 

Test 3 45 0.55 85.6 

 

These findings agree with Li et al. (2021), who reported that gravity segregation becomes 

dominant in inclined systems, leading to gas override and reduced sweep efficiency. 
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4.6 CO₂ Storage Efficiency 

The fraction of CO₂ retained within the core post-injection varied between 55% and 65%, 

depending on injection rate and rock properties. 

 

Figure 4.4: CO₂ storage efficiency versus injected pore volume for different permeability 

cases. 

At lower injection rates, diffusion and capillary trapping were the main storage mechanisms. At 

higher rates, viscous forces dominated, leading to higher displacement but lower storage retention. 

The results highlight the importance of balancing injection velocity to optimize both recovery and 

sequestration objectives. 
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4.7 Comparison with Previous Studies 

The simulated results align closely with experimental findings by Zuo et al. (2022) and Baban et 

al. (2023), who observed similar relationships between injection rate, recovery factor, and CO₂ 

storage capacity. The overall recovery range of 85–93% achieved in this study is comparable to 

published CO₂-EOR data in tight sandstones. 

This demonstrates that CO₂-EOR can be successfully applied to Niger Delta reservoirs, especially 

in formations with favorable permeability and structural traps. It also indicates strong potential for 

integrating CO₂ utilization with Nigeria’s emission reduction targets. 

4.8 Discussion of Key Findings 

The results reveal several key insights: 

1. Injection Optimization: Moderate injection rates (~0.5 mL/min) offer the best 

compromise between oil recovery and CO₂ storage efficiency. 

2. Reservoir Characteristics: Permeability and wettability are dominant factors controlling 

displacement efficiency. 

3. Operational Constraints: Higher injection pressures accelerate breakthrough and reduce 

sequestration potential. 

4. Environmental Relevance: The sequestration of up to 60% of injected CO₂ provides a 

substantial pathway for carbon reduction in Nigeria’s upstream petroleum sector. 
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Figure 4.5: Conceptual relationship between CO₂ injection rate, recovery factor, and 

storage efficiency. 

4.9 Summary 

This chapter presented the experimental findings and their interpretation. The study confirmed that 

CO₂ injection significantly enhances oil recovery in tight sandstone reservoirs and provides notable 

CO₂ storage capacity. The outcomes support the feasibility of adopting CO₂-EOR as a sustainable 

petroleum recovery strategy within the Niger Delta Basin. 

The next chapter, Chapter Five, concludes the study and presents recommendations for future 

implementation of CO₂-EOR in Nigerian oilfields. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Introduction 

This chapter summarizes the findings of the research on CO₂ injection for enhanced oil recovery 

(EOR) and geo-storage in complex tight sandstone reservoirs of the Niger Delta Basin. It highlights 

the implications of the study and provides recommendations for optimizing CO₂-EOR deployment 

in Nigerian oilfields. 

5.2 Summary of the Study 

The study investigated the feasibility and performance of CO₂ injection as an EOR technique in 

tight sandstone formations typical of the Niger Delta Basin. Laboratory-scale simulations were 

conducted using synthetic core flooding experiments to replicate local reservoir conditions. 

Key aspects included: 

• Evaluation of injection rate, permeability, wettability, and fracture dip angle on oil 

displacement efficiency. 

• Measurement of CO₂ breakthrough, recovery factor, and storage efficiency. 

• Comparison of simulated results with previous studies and theoretical expectations. 

The experimental outcomes demonstrated that CO₂ injection can significantly improve oil 

recovery and contribute to long-term CO₂ sequestration within depleted sandstone reservoirs. 

5.3 Major Findings 

The following major findings were obtained from the research: 

1. Enhanced Oil Recovery Efficiency: 

CO₂ injection improved oil recovery factors to between 85% and 93%, depending on 

injection conditions. Optimal recovery occurred at moderate injection rates (~0.5 

mL/min). 
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2. CO₂ Storage Potential: 

Approximately 55–65% of the injected CO₂ remained trapped within the reservoir post-

flooding through structural and residual trapping mechanisms. 

3. Impact of Reservoir Properties: 

Permeability, wettability, and fracture inclination were identified as key controls on 

displacement efficiency and breakthrough timing. Higher permeability favored faster 

recovery but reduced storage, while water-wet systems enhanced both recovery and 

retention. 

4. Operational Behavior: 

Low injection rates delayed CO₂ breakthrough and improved sweep efficiency. 

Excessively high rates promoted early gas channeling and reduced utilization. 

5. Environmental and Economic Benefits: 

Integrating CO₂-EOR into Niger Delta oilfield operations can contribute to Nigeria’s 

carbon emission reduction goals while increasing recoverable reserves in mature fields. 

5.4 Implications of the Study 

The research underscores that CO₂-EOR provides a dual benefit—improving hydrocarbon recovery and 

offering an avenue for carbon capture, utilization, and storage (CCUS). This aligns with Nigeria’s 

petroleum sector. 

From an operational standpoint aspirations to transition toward cleaner energy while maintaining 

economic stability from its, CO₂ injection can extend the productive lifespan of Niger Delta fields 

and offset environmental penalties from gas flaring by repurposing captured CO₂ for EOR projects. 
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5.5 Recommendations 

Based on the study’s findings, the following recommendations are made: 

1. Field Pilot Implementation: 

Conduct pilot-scale CO₂-EOR projects in selected Niger Delta reservoirs to validate 

laboratory findings under field conditions. 

2. Optimization Studies: 

Further research should focus on optimizing injection parameters particularly rate, 

pressure, and WAG cycles to maximize oil recovery and storage efficiency. 

3. Reservoir Characterization: 

Detailed reservoir characterization and 3D modeling should be performed to identify the 

most suitable zones for CO₂ injection, considering heterogeneity and fault structures. 

4. Integration with Carbon Management Policies: 

The Nigerian government and energy operators should incorporate CO₂-EOR within 

broader carbon capture and storage (CCS) frameworks, promoting incentives for 

emission reduction and environmental compliance. 

5. Capacity Building and Research Collaboration: 

Universities and research institutions should collaborate with industry to develop local 

expertise and technology transfer for CO₂-based EOR systems. 

6. Economic Assessment: 

Techno-economic studies are recommended to evaluate the financial viability and long-

term profitability of CO₂-EOR under different oil price and carbon credit scenarios. 
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5.6 Limitations and Future Work 

While this study provides valuable insights, it is limited by the use of simulated laboratory data 

rather than actual field trials. Geological variations across different Niger Delta sub-basins were 

simplified. Future studies should incorporate field-scale data, numerical simulation models, and 

core analysis from active reservoirs to enhance prediction accuracy. 

5.7 Conclusion 

This study concludes that CO₂ injection is a technically viable and environmentally sustainable 

EOR technique for the Niger Delta Basin’s tight sandstone reservoirs. The process not only 

improves oil recovery but also supports Nigeria’s carbon reduction commitments. With proper 

field implementation, CO₂-EOR can transform Nigeria’s petroleum industry by combining 

hydrocarbon optimization with sustainable resource management. 
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Figure 5.1: Conceptual model of CO₂-EOR and storage in Niger Delta tight sandstone 

reservoirs. 
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