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Abstract: Carbon (IV) oxide (CO2) is mainly used in gas enhanced oil recovery because it is 

relatively cheap with good swelling properties and it is readily available both in natural and 

artificial sources. In this research work, the mechanism and characteristics of CO2 Enhanced 

Oil Recovery Technique (EOR) technique with emphasis on its processes, including its 

advantages and disadvantages, operational and reservoir problems and limitations were 

successfully reviewed.  An analytical approach was used to determine which technique is best 

suitable for a particular reservoir as well as the potential of such process. A SWOT (strength, 

weakness, opportunity and threat) analysis was carried-out on the two most applied EOR 

process (continuous CO2 injection and WAG). The outcome of the research work reveal that 

CO2 EOR technique produces high GOR due to conformity and fractures of high permeability 

layers present in the reservoir, thus leading to higher recovery efficiency. Also, the success of 

CO2 EOR projects is largely dependent on the availability because CO2 flooding processes 

require large volume of CO2 on a continuous basis throughout the field’s life. More so, CO2 

EOR process is dependent on temperature, fluid composition, relative permeability, reservoir 

pressure, reservoir geometry, gravity and oil saturation in the pores of the formation rock. It 

was also observed that continues CO2 injection process accounts for high recovery efficiency 

at the early stage of injection but with lesser recovery period due to poor sweep efficiency, 

while water alternating gas (WAG) process account for increase displacement and sweep 

efficiency. Hence, it is widely employed in most CO2 fields. Also, Continuous CO2 injection 

encourages early production and recovers more oil but is limited to large CO2 and reservoir 

problems however, water alternating gas (WAG) recovers less oil from the reservoir at the 

initial stage of operation but with a much better long term recovery process owing to 

improved sweep and increased displacement efficiency of the process. Besides its 

opportunities, the major operating problems associated with these techniques are CO2 break 

through, gravity segregation, viscosity fingering and corrosion. However, both techniques are 

potentially viable EOR technique for recovering more oil from mature and depleted oil 

reservoirs as they can extend the recovery life of a field for further and future production. 
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INTRODUCTION  

 
The Carbon (IV) oxide (CO2) is one of the most abundant gases present in the atmosphere. It is obtained 
from natural or anthropogenic activities. Its application in mature and depleting oil reservoirs have long 
gained attention since the 1950’s with much field-testing and laboratory research indicating that CO2 is 
capable of recovering much of the oils left behind by conventional recovery mechanisms. Besides, 
Understanding the properties of CO2 gives an idea of how CO2 probably behaves and flows in the 
reservoir at different temperature and pressure conditions. However, it is very importantly to 
understand how CO2 interacts with the reservoir fluid and rock during CO2 flooding process 
(Abdulrazag et al., 2002; UDE, 2005; Abiodun and Shameem, 2009). CO2 gas is one of the major gases 
used in gas EOR recovery. This is because it is relatively cheap with good swelling properties and it is 
readily available both in natural and artificial sources. The goal of CO2 EOR project is to maximise profit 
by minimising the total amount of CO2 injected per barrel of oil recovered. CO2 EOR technique is not a 
recent technology as its practice is well understood within the oil and gas industry especially in the 
United State of America with over 30 years of EOR experience (Aurel, 1992; Carl and Michael, 2004; 
Bank and Koperna, 2007). It involves the injection of carbon (IV) oxide into mature or depleted oil 
reservoirs for more oil recovery. It can be achieved through two processes, miscible or immiscible 
displacement. Miscible displacement process is most efficient and most used enhanced oil recovery 
technique. Experience gained worldwide from CO2 flooding indicates that CO2 EOR technique is 
capable of recovering up to 7% - 15% additional original oil initially in place (Buckley and Liu, 1996; 
Brummeri, 1999; Blaine and Ashok, 2004). Over one hundred and twenty five (125) CO2 EOR projects are 
currently in operation, but less than 10% of them use CO2 captured from anthropogenic sources. Most 
use CO2 from natural sources (David, 2009). 
 
Conventional primary and secondary oil production techniques used for recovery in oil and gas 
reservoirs typically produces only about 15% to 40% of original oil in place (OOIP) leaving about two 
thirds behind. With much of the ‘‘easy to produce’’ oil already recovered worldwide, and the rate of 
depletion of oil fields coupled with the cost of finding and producing new oil fields, the oil and gas 
industry was force to develop and employ different enhanced oil recovery (EOR) methods to recover a 
greater proportion of residual oil from the reservoir. An EOR technique improves the efficiency of oil 
recovery, extends field’s life and increases profitability of the field when compared with conventional 
method of oil production (Fayers, 1981; Grigg and Sigan, 1998; Hao, 2004). Gas, chemical and thermal 
recovery are the three major EOR techniques use employed in oil recovery in the oil and gas industry 
(Grigg and Sigan, 1998). However, much of these EOR projects are onshore based, this is due to the 
technical and economic complexity (e.g. platform spacing, well spacing, logistics, etc.) of offshore EOR 
projects (McGinnis and Shatto, 1993; UDE, 2005). 
 

 

RESEARCH METHODOLOGY  
 

A. Mechanism of Carbon (IV) Oxide Miscible Displacement 
Two fluids are said to be miscible if they combine in all proportions without any interface forming. CO2 
is readily soluble in oil as shown in Fig. 1 and forms single-phase fluid without any interface as it mixes 
with reservoir oil. Solubility, diffusion and dispersion are the three mass transfer mechanisms through 
which CO2 mixes with the oil. However, of these three, solubility accounts for the greatest part of the 
mixing. Furthermore, CO2 miscibility is controlled by the composition of CO2, composition of the oil, 
pressure and temperature. Carbon (IV) oxide miscibility process involves vaporisation of the lighter oil 
fraction and extraction of the heavier carbon chain (i.e., C5 to C30) range of hydrocarbon from the 
reservoir oil into the injected CO2 phase and also condensing back into the reservoir oil phase.  
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This potentially leads to improved oil recovery through decrease in the oil density and viscosity, 
increase in the oil volume (oil swelling), and lowering of the trapping forces in the reservoir. Dynamic 
remobilisation of the residual oil in the reservoir’s pore space is the primary objective of CO2 miscible 
displacement (Ivan and Rafael, 2007).  
 
 

 
Fig.1 One Dimensional CO2 Flooding Schematics (Jarrel et al., 2002) 

 

B. Multiple Phase Generation during Carbon (IV) Oxide Flooding 
Studies conducted with CO2 in single contact PVT revealed that multiple phases (e.g., vapour, CO2-rich 
liquid, asphaltenes, hydrocarbon-rich liquid) were observed as CO2 mixes with some reservoir oils 
(Jackson, 1985; Holm, 1986). Generally, miscibility between CO2 and reservoir oil develops through mass 
transfer of the components. According to Richard and Robert (Richard and Robert, 1983), the 
displacement of oils by CO2 at the same conditions does not generally result in multiple phases. Thus, 
the temperature and pressure regions at which multiple phases occur for reservoir oil displacements 
needs to be determined. In Shell Oil Co.’s North Cross Devonian continuous CO2 flooding, it was 
observed that reduced injection was partially due to formation of multiple flooding within the transition 
zone, which could have a relative permeability effect on the mobility of the fluids (CO2/oil) transition 
zone, and could increase CO2 sweep efficiency. However, not all reservoir oil displacements create 
multiple phase behaviour with CO2 at similar pressure and temperature conditions (Nute, 1983). 
 

C. Factors that make CO2 an EOR Displacing Agent 
The high solubility of CO2 in oil is one of the major advantages it has over other solvent used for EOR 
processes. Thereby resulting to the following EOR contribution factors, namely; miscibility effects, oil 
swelling and reduced oil density, reduced oil viscosity, acid effect on shaley and carbonate rocks (Nute, 
1983). 
 
i. Miscibility Effects  
Given the right temperature and pressure conditions, CO2 will mix with the reservoir oil and form a 
single homogeneous phase fluid without the existence of an interface. It does this by vaporization of the 
intermediate (C2 to C6) components present in the hydrocarbon thus, allowing the displacement front to 
become miscible at lower temperatures, as well as at high temperatures above the critical (89°F). More 
so, CO2 can achieve miscibility at attainable pressure in a wide range of reservoirs. The miscibility effect 
generated as CO2 mixes with the oil, reduces the residual oil saturation to zero in the swept region due 
to elimination of the interfacial tension (IFT = 0) that exist between the fluids. Hence, an increase in the 
oil volume and a decrease in its viscosity are observed, which subsequently leads to a higher oil 
recovery (McGinnis and Shatto, 1993; Nute, 1983). 
 
ii. Oil Swelling  
CO2 is highly soluble in oil and studies show that it is about 2 to 10 times more soluble in oil than in 
water. The high solubility of CO2 at high pressure enhances the expansion of the volume of oil generated 
as it swells thus making it less viscous. As the oil swells, it forces the trapped oils out of the pores of the 
rock in the reservoir thereby causing then to become more mobile.  
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However, the amount of swelling is dependent on the mole fraction of CO2 in the oil, crude oil 
composition, temperature and pressure.  Hao (1986), investigated the swelling of oil due to CO2 flooding 
in some fields. They stated that at approximately 60 mol.% of most oil fields tested showed great 
amount of swelling that ranges between 1.2 to 1.6, indicating that CO2 considerably swells the oil thus 
contributing to the oil recovery rate (Holm, 1986). 

 
iii. Viscosity Reduction of Crude Oil 
The injection of CO2 into the reservoir significantly reduces the viscosity of the oil as CO2 becomes 
soluble in it. However, its reduction depends on the viscosity of the non-carbonate oil, temperature and 
pressure conditions available in the reservoir. CO2 acts more like a thinning agent. Generally, the higher 
the initial reservoir oil viscosity the more noticeable the reduced viscosity will be. Additionally, its 
reduction is more noticeable with heavier and medium oils.  
 

iv. Acid Effect on Carbonate and Shaley Rocks 
Carbon (IV) oxide forms carbonic acid as it dissolves in water, and subsequently dissolve the 
magnesium and calcium carbonates in the reservoir. This, increases the permeability of the carbonate 
rock, increases fluid flow, and in general improves well injectivity. The action of CO2 to shaley rocks 
prevents it from swelling, reduces the pH and in general prevents the blockage of porous medium 
formation, which subsequently enhances oil mobility in the reservoir (Richard and Robert, 1983). Rogers 
and Briggs stated that particle migration/invasion, precipitation and dissolution might occur during 
CO2 WAG.  
 

D. Carbon (IV) Oxide Injectivity 
Injectivity according to Goodyear (2003), refers to the relationship between flow rate and pressure 
gradient deep inside the formation and in the wellhead region. Injectivity abnormality is a major 
parameter to be considered in the successful implementation of any CO2 injection project. A substantial 
reduction in the injectivity, which could lead to a further reduction in pressure, can potentially lead to 
lower oil recovery efficiency of the entire process. According to Howard and Micheal (2003), some 
project investigated showed some degree of losses in water injectivity after CO2 injection, and about 20% 
loss of water injectivity could occur during WAG process. However, it can be mitigated by increasing 
the injection pressure, decreasing the WAG ratio, and adding more injection wells. The injection of CO2 
in oil reservoirs in the U.S have experience some form of decreasing or increasing injectivity issues 
during CO2 injection or WAG implementation. The fact remains that with the injection of the first slug of 
CO2, some reservoir may loss injectivity, while orders may display an increase in injectivity. 
 

E. Injectivity Reduction 
Injectivity reduction is a serious issue in CO2 flooding projects as it leads to injection pressure loss 
especially in WAG processes. In West Texas, as well as in the Brent formation frequent injectivity 
reduction had occurred after CO2 injection. More so, injectivity loss have been reported in (Wasson, 
Levelland, slaughter field) the San Andres formation (Jackson, 1985). In the Levelland field, a loss of 
about 50% water injection and a 10% CO2 miscible gas was reported as against the pre-water gas 
injection. While at Slaughter field Unit, the reservoir suffered a 40% loss of CO2 injection and a 57% 
water injection loss.  A study conducted by Schneider and Owens (1976)to evaluate the injectivity in oil-
water carbonate reservoirs revealed that the reservoir’s water rates which was average to be about 350 
b/d before the rich-gas water injection had significantly dropped to about 100b/d. After the injection of 
CO2, a lower mobility was observed in the composition observation well, suggesting that the reduced 
injectivity occurred deep in the reservoir rather than a near-wellbore condition. The factors affecting 
injectivity includes: entrapment, relative permeability, wettability, and heterogeneity. 
 
 
 
 

04 



Akene et al. (2020). The Mechanism and Characteristics of Carbon (IV) Oxide Enhanced Oil Recovery Technique: A 
Review and Technical Approach. Nigeria Journal of Engineering Science Research, 3(1), pp.xx-xx     

_____________________________________________________________________________ 

 

 

 

F. Mechanism of Carbon (IV) Oxide EOR Schemes Applied in most Oil Field 
Three main types of CO2 injection process have been field-tested and successfully implemented in 
different oil reservoir to recovery the residual saturation oil left in the pore spaces of the rock formation, 
and these are continuous CO2 injection, cyclic CO2 stimulation or CO2 Huff’ n’ Puff, and water 
alternating Gas (WAG) flooding process.  
 
i. Continuous Carbon (IV) Oxide Injection Process 
Continuous CO2 injection process is a proven recovery process that can be applied in various oil 
reservoirs to recover substantial amount of oil from the reservoir. It is similar to water flooding in the 
sense that large volume of a particular fluid is injected continuously into the reservoir to mobilise and 
sweep the stranded oils up the well. However, CO2 flooding is distinguished from water flooding 
technique by the miscibility property of CO2 with the reservoir oil. Additionally, it recovers more oil 
beyond the recovery point of water-flooding technique. Continuous CO2 injection process involves the 
continuous injection of large volume of CO2 into the reservoir. The soluble, miscible and extractive 
property of CO2 plays a major role in the recovery efficiency of this process. At lower pressure, CO2 
attains miscibility with the oil, extracts heavier hydrocarbon into the CO2 phase thereby mobilising the 
residual oil due to swelling and reduction in viscosity of the oil, and reduction in IFT that exist between 
the oil and CO2. With the injection of only CO2 into the reservoir, macroscopic bypass of the trapped oil 
can occur due to greater mobility of CO2 as compared to the oil hence, gravity segregation and viscosity 
fingering develops. The physical displacement of the produced oil in the reservoir according to Stern 
(1991) is by extraction mechanism in the CO2 flooding. The advantages of continuous CO2 injection are 
as follow; 

i. High recovery factor in sweep areas 
ii. Attainment of miscibility at relatively low pressures 
iii. Extractive mechanism 

 
The disadvantages of continuous CO2 injection include; 
 

i. Viscous fingering occurrence due to poor mobility ratio 
ii. Large volume of CO2 is required 
iii. Reduction in miscibility due to impure CO2 
iv. Reduction in permeability due to asphaltene deposition 

 

ii. Cyclic CO2 Stimulation (Carbon (IV) Oxide Huff’n’Puff) Process 
Studies reveal that cyclic CO2 stimulation process is economically viable in most reservoirs, and has 
been successfully applied to diverse oil reservoirs to recover more oil since 1984. More so, data from oil 
produced with this process indicates that optimum slug size is dependent on reservoir conditions and 
that oil recovered is proportional to the mass of injected CO2. CO2 Huff’n’Puff method relies more on the 
extractive property of CO2 in the crude oil. Thus, the incremental oil produced during cyclic CO2 
stimulation is due to hydrocarbon vaporisation, interfacial tension reduction, viscosity reduction, oil 
swelling and altered relative permeability of water by a gas. CO2 Huff’n’Puff process involves the 
injection of the required volume of CO2 into the reservoir, shut-in of the well (soak period), and then 
bringing the well back to production. During the injection stage, miscibility is not achieved since the 
CO2 used in the process contains impurities such as nitrogen to delay miscibility. CO2 bypasses the oil 
and remain immiscible as it sinks deep into the reservoir. Mass transfer between CO2 and the oil also 
occurs by the end of the injection stage. After the well is shut-in, CO2 dissolves into the oil and the 
reservoir formation. Increased production is achieved as the oil swells, viscosity and capillary forces are 
reduced. The process is repeated for optimum number of cycle. 
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The advantages of cyclic CO2 stimulation include; 

i. CO2 is highly utilised 
ii. Relatively low investment cost with quick payout 
iii. Operates with both extraction and physical displacement mechanism 
iv. Can operate in areas of communication difficulty between the wellbores 
v. Does not require high purity CO2 

 
The disadvantages of cyclic CO2 stimulation include; 

i. Recovery is low as compared to WAG or continuous injection processes 
ii. Operates in a relatively narrow range to optimise miscibility 

 

iii. Water Alternating Gas (WAG) Flooding Process 
It is a combination of water flooding and gas injection technique. A schematic of WAG process is shown 
in Fig. 2. In this process, slugs of water and gas are injected intermittently into the reservoir. During this 
stage, the mobility ratio of the injected fluid (CO2) relative to the oil, is reduced and controlled due to 
the slug of water injected, thus improving the mobility ratio. If the velocity of the gas and water injected 
are equal in the reservoir, then optimum conditions of oil displacement can be achieved. The gas 
injected improves mobility of the oil as it swells and reduces its viscosity, while the injected water 
stabilises the front, controls displacement mobility and improves sweep efficiency. Additionally, the 
amount of water injected extends the time required for CO2 injection, and at a ratio of 1:1, assuming no 
effect on injectivity the injection time doubles, thus an increase in gas peak production rate and CO2 
breakthrough time may occur. WAG process is a technique that combines an improved microscopic 
displacement and macroscopic sweep efficiency of the oil by significantly increasing the breakthrough 
time, which subsequently leads to an increase in the overall recovery process. Industrial survey 
indicates that WAG process is the most employed CO2 EOR method in oil reservoirs especially in the 
U.S and Canada (UDE, 2005). 
 

 
Fig.2 WAG flooding process (UDE, 2005) 

 
The advantages of WAG process include; 

i. Less CO2 is required compared to continuous injection process 
ii. Reduces gravity segregation and viscous fingering as it alleviates mobility problems 

associated with continuous CO2 injection 
 

The disadvantages of WAG process include; 
i. Oil recoveries are lower when compared to continuous injection process but higher than 

cyclic CO2 stimulation 
ii. Not viable where there poor water injectivity 
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iii. Water separation and water lifting issues 
iv. Asphaltene deposition 

 

G. Operational and Reservoir Problems of Carbon (IV) Oxide Injection Processes 
Carbon (IV) oxide injection processes from field experience pose some operational problems. Among 
which are scale deposition, corrosion, and precipitation of heavy ends from the hydrocarbon. Scale 
deposition can be reduce by the use of scale inhibitor both on surface facilities and down hole, while the 
corrosion problem can be minimize and controlled by proper drying of CO2. More so, before injection, 
appropriate alloy steel, and separate injection lines introduced for the water and CO2 flow. During and 
after the injection process of continuous CO2 injection or WAG processes, reservoir problems such as 
CO2 early breakthrough, injectivity reduction, unstable front, scale formation, corrosion, asphaltene and 
hydrate formation can be expected. The ability to manage the various problems that may arise 
throughout the production life of the field will ultimately result in a more economical and efficient 
recovery process. 
 

H. Limitations of Carbon (IV) Oxide Injection Process 
The implementation of CO2 EOR processes in oil reservoir for incremental oil recovery is limited by the 
following factors; 
• CO2 source of supply is considered a major limitation to this process, as without it availability and 
accessibility the process cannot be feasible. 
• It requires a large processing facility to handle its application. More so, additional facilities are needed 
to separate CO2 from the produced hydrocarbon, and this can have significant impact on the economic 
viability of the process. 
• Gravity segregation and viscosity fingering due to difference in density between CO2 and the oil can 
result in poor vertical sweep efficiency. 
• Cost of CO2, cost of processing and transportation it, is another limiting factor to the development of 
CO2 EOR process especially in a case where the field is located far away from the CO2 source. 
• Tax or CO2 credits can also prevent operators from producing some fields. 
• Pressure drop in the reservoir during and after the CO2 injection process, which can cause reduction in 
mobility, can limit this technique. 
• Scale and hydrate formation at low pressures can cause problems to the recovery efficiency of the 
process. 
 

RESULTS AND DISCUSSION 
 

The mechanism and characteristics of CO2 EOR technique with emphasis on its processes (continuous 
CO2, cyclic stimulation or CO2 huff ’n’ puff, and WAG), including their advantages and disadvantages, 
operational and reservoir problems, and limitations have been reviewed and discussed in this research 
work. However, a more analytical approach is been done to determine which technique bests suit an 
EOR reservoir and the potential of such process as well. A SWOT (strength, weakness, opportunity and 
threat) analysis was carried-out on the two most applied EOR process (continuous CO2injection and 
WAG) as shown in Table 1 and Table 2 to determine the most suitable method.  
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Table 1. SWOT analysis of continuous Carbon (IV) Oxideinjection process 

Strength 

 It is a well-understood and established 
technique for recovering more oil from the 
reservoir. 

 It can be applied to a variety of reservoir, which 
includes sandstone, dolomite, carbonate, etc. 

 CO2 is readily available in natural and 
anthropogenic sources. 

 Use in depleted and mature onshore fields of 
light to medium crude oil ( 25° to 48° API 
gravity), and in reservoir depths greater than 
2300ft. 

 Availability of screening criteria from other 
successfully applied fields makes the 
evaluation in other candidate fields much easier 
to predict. 

 An increase of between 5% to 15% OOIP is 
recoverable with this process. 

Weakness 

 Very large volume of CO2 is required for its effective 
implementation. 

 A minimum miscibility pressure must be attained 
between CO2 and the reservoir oil for the recovery to 
be efficient. 

 It is recovery efficiency is very poor with heavy crude 
oil. 

 Requires additional facilities at the surface for 
extraction of CO2 from the crude oil produced, thus 
reducing its economic viability. 

 Viscosity fingering and gravity segregation due to 
high mobility of CO2 can lead to poor recovery 
efficiency. 

 Asphaltene, scale and hydrate formation can 
effectively reduce its recovery efficiency.   

Opportunity 

 Substantial recovery of residual oil left in the 
reservoir after conventional recovery 
techniques have been exhausted. 

 Industrial capturing of CO2 can favour CO2 
EOR future sustainability. 

 Reduction of gas flaring and greenhouse gases 
(GHG) from the atmosphere. 

 Job creation. 

Threat 

 Mobility ratio of gas to oil in the reservoir due to 
density differences, hence gravity segregation occurs. 

 The use of an alternative form such as WAG 
technique for better sweep efficiency. 

 Bypass of residual oil in pore spaces due to inefficient 
sweep. 

 Technological advancement 

 
 

Table 2. SWOT analysis of WAG process 

Strength 

 Optimises CO2 utilisation and recovery 
efficiency, since the water injected 
extends the time at which CO2 is injected, 
thereby increasing CO2 breakthrough 
time. 

 Applied in a wide range of reservoirs 
(sandstone, carbonate, dolomite, etc) and 
crude oil ( 16° to 48°API gravity oil). 

 Cheap and readily available fluids (CO2 
and Water). 

 Better mobility control due to injected 
water 

 Applied in mature and depleted oil 
reservoirs of light, medium and heavy 
crude oil. 

 The technique is well understood and 
established in the oil industry for 
enhanced oil recovery process. 

 Increased displacement efficiency of oil 
and improved sweep efficiency to the 

Weakness 

 Lower recovery efficiency of 5% to 12% of OOIP 

 Corrosion due to formation of carbonic acid by CO2 
in water can affect processing facilities thus, 
influencing the economic viability of the project. 

 Scale and hydrate formation both downhole and 
surface facilities. 

 Higher operating cost due to additional facilities 
for separation and reinjection CO2 and water from 
produced crude. 

 More demanding and challenging process due to 
the involvement of two different fluids 
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producing well. 

Opportunity 

 Reduces greenhouse gases effect from 
the atmosphere 

 Well accepted and ever growing 
technology for incremental oil recovery 
in the oil and gas industry. 

 Sustainable technology due to 
availability of CO2 from anthropogenic 
sources. 

 

Threat 

 Cost of technology investment due to the injections 
of two different fluids. 

 New technology (gel polymer, surfactant foam, 
etc.)  

 Cost of CO2 and crude oil price 
 

 
Laboratory research and field-testing since 1950 indicates that continuous CO2 injection process is a very 
promising technique. Subsequently, with the first practical application since 1972 till date, the oil 
industry have gained a lot of field experience and technical expertise in this regard thus, making the 
process more successfully and economically applied in oil reservoirs for incremental oil recovery. The 
successful and economic application of this technique in diverse reservoirs (carbonate, sandstone, 
dolomite, etc.) of light to medium crude oil gives it a greater advantage over other processes. It can 
potentially recover stranded oils left in depleting and mature oil reservoirs by conventional recovery 
techniques, thus generating more revenue from the field. However, the following can be deduced from 
the CO2 analysis conducted; 

i. The natural and anthropogenic source of available CO2 for this technique increases the potential 
and economic viability of this technique for future EOR application.   

ii. Continuous CO2 injection process is found to have the highest recovery efficiency of OOIP of 
between 5% to 12% when compared to other technique used for oil recovery. 

iii. The use of very large volume of CO2, and the cost of transporting CO2 to the required field is 
one of its major drawback that can effectively increase the operating cost of the project.  

iv. Viscosity fingering and gravity segregation due to high mobility and density of CO2 compared 
to the oil is a major threat to this process 

v. More so, CO2 requires a certain minimum miscibility pressure for it to attain miscibility with the 
oil in other for the recovery process to be efficient. 

 
Moreover, for the WAG Injection technical analysis, the following can be deduced;  

i. This technique is well understood and practiced in the oil and gas industry that uses two fluids, 
CO2 and water to increase displacement and sweep efficiency of trapped oils in the reservoir.  

ii. Its greatest advantages WAG injection is its ability to reduce viscosity fingering and gravity 
segregation that develops during continuous CO2 injection process thus, improving the 
efficiency of the overall process. 

iii. Optimum utilisation of CO2 slug injected is achieved with this process thus resulting in reduced 
cumulative volume of CO2 for the overall process, thereby, making WAG injection more 
economically feasible. 

iv. Both fluids needed for this process are readily available, thus the future potential for its 
application in mature and depleting reservoirs are high for recovering more oil from the 
reservoir upon exhaustion of conventional techniques. 

v. WAG technique is a more demanding process since it involves the injection of two fluids. The 
fluids are injected one at a time through the same well or through different wells, thus making 
the process more expensive. Additionally, separation facilities need to be in place in other to 
extract the water and CO2 produced along with the crude oil for reinjection purposes, thus 
increasing its capital expenditures. 
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vi. Corrosion, scale and hydrate formation are considered to be some of the major issues with this 

process since water in involve and this can lead to a more expensive management approach and 
technique in reducing their effect thus reducing its economic viability in field implementation.  

 
 
In deciding the viability of CO2 EOR technique in depleting oil field operations, the technical and 
economical assessment of the entire project operation needs to be critically evaluated and ascertained. 
Continuous CO2 injection encourages early production and recovers more oil but is limited to large CO2 
and reservoir problems however, WAG recovers less oil from the reservoir at the initial stage of 
operation but with a much better long term recovery process owing to improved sweep and increased 
displacement efficiency of the process. Both techniques are potentially viable EOR technique for 
recovering more oil from mature and depleted oil reservoirs as they can extend the recovery life of a 
field for further and future production. 
 
 

Table 3. Primary Recovery Data 
 

 
 
An economic evaluation of a field was done using primary and tertiary data obtained from it to 
ascertain the viability and potential of CO2 EOR technique implementation in depleting oil reservoirs. 
The data obtained from both recovery processes (primary and CO2 EOR) as shown in Table 3-Table 5 
and Fig 3 – Fig. 6, were used to generate the Net Present Value (NPV) during the primary recovery life 
of the field and as at the time of CO2 EOR implementation. With primary means of recovery, oil 
production from the 13th to 15th year has dropped so low such that the cost of operating the field almost 
equals the revenue generated. However, with the implementation of CO2 EOR technique, the daily 
production rate increased and higher revenue was generated. 
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Table 4. CO2 EOR Data 

 

 
 
 
The implementation of CO2 EOR technique to the oil field have increased the production life of the field 
by another 15 years thus, indicating that CO2 EOR process extends the abandonment period of the field 
thereby allowing more oil to be recovered. Although CO2 EOR does not yield profit as high as primary 
mechanism, it is evident from the field that a total of US$14 million was further realised by its 
implementation, which would not have been if it had been decommissioned 15 years ago. More so, the 
cost of decommissioning the field is over U.S$5.2 million, and this would have been done during the 
period when production have stopped thereby, reducing the cumulative net value of the field at the 
primary recovery stage. However, with the implementation of CO2 EOR technique, a cumulative net 
present value of U.S$14 million was further realised from the field. This goes to show that the process is 
equally profitable, and the cost of decommissioning of the oil field can be financially handled. 
 

 
Fig.3 CO2 Cumulative Net Cash Flow 
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It is evident also from Fig.3 that the oil production rates with CO2 EOR techniques are not as high as 
primary means but the payback period of the process is close to the 5th year thus, indicating a relatively 
short payback time, allowing investors better rate of returns. Overall, it is evident from the economic 
evaluation conducted that CO2 EOR technique has a relatively short payback period, generate more 
revenue from oil that would have been left on ground by primary mechanism and has good future 
potential as it extends the fields life for future development. 
 

 
Fig. 4    CO2 Oil production curve 

 

 
 

Fig. 5 Primary recovery Cumulative Net Cash Flow 

 
 

 
Fig. 6 Primary recovery Oil production curve 

 
 
 
 

12 



Akene et al. (2020). The Mechanism and Characteristics of Carbon (IV) Oxide Enhanced Oil Recovery Technique: A 
Review and Technical Approach. Nigeria Journal of Engineering Science Research, 3(1), pp.xx-xx     

_____________________________________________________________________________ 

 

 

 
Table 5a. CO2   Net Present Value (NPV) 

 

CO2 EOR  

CAPEX Value (U.S$) 
Recycling and vapour compressors 1,773,000 
Plant 113,600 
Distribution line 87,000 
Header 67,000 
Production equipment 555,000 
Upgrade of production facility 190,500 
Workover of existing well 605,000 
Total 3,389,100 
OPEX  
Surface maintenance (repair/services)  95,100 
Subsurface maintenance and normal daily 
expenses 

213,300 

CO2 injection and recycling cost 318,000 
Production well services 158,364 
Total 784,764 

 

Table 5b. CO2   Net Present Value (NPV) 

Primary recovery  

CAPEX Value (U.S$) 
Drilling and completion 3,500,000 
Production facilities 4,000,000 
Total 7,500,000 
OPEX  
Surface maintenance (repair/services)  65,100 
Subsurface maintenance and normal daily 
expenses 

113,300 

Production facilities services 158,364 
Operating cost  3.5/bbl 
Total 562,380 

 
Furthermore, a number of CO2 operational problem have been identified from information gathered 
from some CO2 EOR operation companies. These include 
 

i. Early CO2 Breakthrough 
Early CO2 breakthrough is seen as a major problem in many CO2 flooding fields. It occurs mainly in 
high-stratified reservoirs with high permeability channels thus, leading to low recovery efficiency of the 
flooding process. It is can be mitigated by injection of water after CO2 injection to provide a better front 
to increase, moving to a different pattern or by continuous recycling of the injected CO2. Additionally, it 
is better corrected by sealing off with surfactant or polymer gel. 
 

ii. Gravity Segregation and Viscosity Fingering 
These are due to high mobility ratio of CO2 to oil. The use of WAG flooding process has been employed 
in many fields to reduce this problem. However, it can be controlled better by the addition of surfactant 
to water and addition of an aqueous CO2 foaming agent or surfactant to increase the viscosity of CO2, 
thereby stabilizing the displacement process for better mobility and improved sweep efficiency. 
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iii. Injectivity Losses 
Injectivity losses as high as 50% have been recorded in some fields, especially in the water phase. This 
may be due to high injection pressures, resulting in fractures, and dissolution of CO2 in water, oil and 
rocks. Injection losses are better mitigated by running injection profiles, injection tracer logs and tracer 
materials (radioactive materials) to determine the flow pattern of the injectant. 
 

iv. Corrosion 
Corrosion is one of the major problems observed in CO2 EOR flooding field especially in WAG process. 
An acidic solution is formed when CO2 dissolves in water. This create major problems both down hole 
and subsurface facilities. This can be reduced by injection of dry CO2 into oil reservoirs in case of 
continuous CO2 injection and provision of separate injection lines for CO2 and water in WAG process. 
More so, the use of corrosion inhibitors, better stainless steel material, coating, plastic coated tubing, and 
better corrosion management practice. 
 

v. High Injection Pressure 
High injection pressure of CO2 that exceeds the fracturing pressure of the reservoir can cause facture the 
formation. This can lead to great reduction of the injectant (CO2 or/and water), reduction in injection 
pressure, plugging issues, and reduced permeability. However, this can be mitigated by better 
understanding of the reservoir characteristics, water log and recovery history.  
 

vi. Biofouling 
Biofouling alters the geochemistry of the system and occurs due to the injection or reinjection of impure 
CO2 or water into the reservoir. It causes reduction injectivity and reservoir pressure drop. It can be 
controlled by use of water and CO2 that are free of impurities, and installation of better CO2 and water 
treatment facilities. 

 

CONCLUSION  
 

It can be deduced from the research work that; 
i. CO2 EOR technique can be applied to both mature and depleting reservoirs of diverse 

reservoir, and can recovery between 5% to 15% of OOIP. CO2 EOR process is dependent 
on temperature, fluid composition, relative permeability, reservoir pressure, reservoir 
geometry, gravity and oil saturation in the pores of the formation rock. 

ii. Continues CO2 and WAG processes are the main scheme employed in CO2 EOR 
processes. Continues CO2 injection process accounts for high recovery efficiency at the 
early stage of injection but with lesser recovery period due to poor sweep efficiency. 
While WAG process account for increase displacement and sweep efficiency. Hence, it 
is widely employed in most CO2 fields. 

iii. CO2 EOR technique produces high GOR due to conformity and fractures of high 
permeability layers present in the reservoir, thus leading to poor recovery efficiency. 

iv. The major operating problems associated with this technique are CO2 break through, 
gravity segregation, viscosity fingering and corrosion. 

v. CO2 implementation can potently prolong the production life of field as evident in the 
economic analysis carried-out using both conventional and tertiary recovery 
mechanism, thus recovering more oil from the field and increasing the profitability of 
the field. 

vi. CO2 screening criteria availability provides guideline for CO2 field application. 
However, there are no one know technique that can satisfactory be used for oil recovery 
in different reservoirs. 
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vii. A good understanding of the reservoir characteristics and geology, as well as the water 
log and recovery history of the candidate field is a key parameter for successful 
implementation and recovery efficiency of the flooding process. 

viii. The high soluble nature of CO2 in oil gives it a greater advantage as against order gases 
or fluid used in the oil industry for oil recovery. Thus, reducing the viscosity and IFT of 
the oil, as it swells and extract the heavier hydrocarbon from the crude. 

ix. Based on the numerous advantages of CO2 flooding process, the rate of depleting 
reservoirs, availability of CO2 both in natural and anthropometric sources, coupled 
with the amount of hydrocarbon left in the reservoir by conventional techniques, CO2 
flooding process is seen as a sustainable and economical technique for recovering more 
oil from the reservoir for today and future needs. 

 

RECOMMENDATION 
 

Having successfully carried out the research work, the following recommendations were made; 
i. Further study needs to be done on reducing the volume of CO2 utilised per barrel of 

oil produced. 
ii. Further Laboratory research and field-testing needs to be done one ways of 

increasing the density and viscosity of CO2 for better sweep efficiency especially in 
CO2 continuous injection scheme. 

iii. More economical technique of capturing and injection of CO2fro anthropogenic 
sources needs to be developed for provisions in wells with further proximity to 
naturally sourced CO2. 
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