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Abstract 
The challenges facing offshore CO2 enhanced oil recovery (EOR) and carbon capture and storage (CCS) projects are presented 
in this paper along with potential solutions based on the oil and gas (O&G) industry’s CO2 EOR and CCS experience and 
technology as applied in a few offshore locations. Prospects for future offshore projects are also discussed based on the O&G 
industry’s experience, technology, and best practices. These achievements are the result of a safe and successful 58-year 
history of well construction and operations in land-based, commercial CO2 EOR projects.  
 
Achieving CCS by injecting CO2 into saline formations or for EOR in mature oil reservoirs is a safe and effective method to 
reduce GHG (greenhouse gas) emissions. The IPCC has defined enhanced oil and gas recovery via CO2 injection as a 
recognized form of CCS. Using existing industry experience and technology developed over the past 58 years, CO2 injection 
into oil reservoirs for EOR has been safely and effectively applied in 18,077 active wells worldwide (17,112 in USA) 
according to the latest EOR survey (O&GJ, 2010). Production from natural gas reservoirs has also benefitted from CO2 
injection in enhanced gas recovery (EGR) applications.  
 
Key results are summarized and major conclusions presented from studies by the American Petroleum Institute; Advanced 
Resources International; European Commission, DG-Joint Research Centre, Institute for Energy; Kinder Morgan; Norwegian 
Petroleum Directorate; Bellona Foundation; Norwegian University of Science and Technology; SINTEF Petroleum Research; 
and others. Conclusions from these studies point to the substantial value of current industry experience as a sound basis for 
offshore CCS applications. 
 
Offshore CCS/EOR may be more viable than onshore options for areas with high population densities, where offshore 
reservoirs are within reasonable distances from land, or where there are existing offshore O&G facilities and wells. The 
technical knowledge base of the petroleum industry can be leveraged for the development of CCS with a strong understanding 
of the pros and cons of offshore projects, operating experience with safe and economic CO2 capture, transportation, injection, 
and understanding of subsurface formations for future CO2 EOR/CCS applications.  
 
Introduction 
 
Oil and Gas Industry Experience 
The first patent for CO2 EOR was granted in 1952 (Whorton). The Texas Railroad Commission (TRRC report) proposed CCS 
rule states that “the first three projects (immiscible) were in Osage County, Oklahoma from 1958 to 1962.” Another early CO2 
EOR project was in Jones County, near Abilene, Texas in the Mead Strawn field in 1964 (Holm). The first large-scale, 
commercial CO2 EOR project (Langston) began operations in 1972 at the SACROC field in West Texas, which continues in 
operation today. Many more CO2 “flood” EOR projects have started since then. By 2010, CO2 EOR projects had reached a 
global total of 127 (112 in USA) with 12 more planned for the USA, as reported in the EOR survey by the Oil and Gas Journal 
(O&GJ, 2010).   Rising oil prices, low cost sources of high purity CO2, and access to miscible fields with large amounts of 
unrecovered oil have supported growth in CO2 based EOR in the U.S., which now accounts for 272 mbd (O&GJ, 2010) or 
over 8% of total Lower 48 crude production of 3.22 mmbd in the 2nd quarter 2010, as reported by the U.S. Energy Information 
Administration. 
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2  OTC 21984 

Since the 1950s, the O&G industry has spent billions of dollars developing CO2 EOR technologies, commercial projects, and 
operations. Most of this activity has been in land-based oil and gas fields due to the close proximity of fields with suitable 
geology to nearby economic sources of CO2, however, some CO2 injection and laboratory testing activities have been 
conducted for offshore oil fields for EOR as sources of CO2 were available.  Land-based CO2 EOR projects have steadily 
increased over the years based on the growing availability of pipeline sourced CO2 and expectations of oil prices sufficient to 
support the high upfront and operating costs of CO2 EOR. Technology developments have resulted in EOR performance 
improvements supporting additional investments in new CO2 EOR projects. This progress to recover greater amounts of oil 
reserves from marginally producing reservoirs often occurred after secondary recovery options failed to increase oil production 
or slow the decline in production. Numerous patents, best practices, equipment, and products have been developed for CO2 
EOR well construction and injection/production operations. Innovative, cost-effective materials, equipment, and methods 
continue to be developed and implemented such as the recent introduction of real-time, smart-well operations at the SACROC 
CO2 EOR project. This knowledge has been documented in hundreds of technical papers and several books including many 
applicable API standards and specifications. Nearly all of this technology can be applied in offshore projects. A recent study 
(API report) on CO2 EOR summarizes much of the technology used today.   
 
What is Carbon Capture and Storage (CCS)? 
CCS is a process that first separates or captures CO2 from industrial and energy-related sources such as power and chemical 
plants, steel mills, cement kilns, and refineries (Figure 1). The CO2 is transported to a storage location and pumped deep 
underground into storage formation(s) via injection wells where it is permanently isolated from the atmosphere and drinking 
water supplies. It can also be used to help extract hydrocarbons from the storage formations. EOR is one option for secure 
storage which has the added value of extending the producing life of depleted oil and gas fields including those in offshore 
areas such as the Gulf of Mexico and the North Sea.  
 
Figure 1 includes the CCS surface facilities and equipment for the capture and injection parts of the CCS process. In an EOR 
or EGR project, much of the CO2 injected is trapped in the formation and some of the injected CO2 is produced with the 
hydrocarbons and would be separated and recycled back to the injection wells. Without the CCS process, the coal-fired plant 
would emit the scrubbed combustion gases into the atmosphere. The CCS surface facility removes most of the carbon dioxide 
from the combustion gases and releases a flue gas stream composed primarily of nitrogen, oxygen and water vapor. 
 

 
Figure 1 – CCS process combined with three types of enhanced hydrocarbon recovery. 
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Why Does CO2 EOR Produce More Oil? 
The downhole mechanisms listed below and illustrated in Figures 2 and 3 help explain why CO2 improves hydrocarbon 
extraction from oil reservoirs. CO2 EOR performance can vary substantially depending on many parameters including 
reservoir and confining zone characteristics/conditions, injection and production well capabilities/placement/maintenance, CO2 
and other injectant compositions/process/control, injection-rates/pressures/temperatures, hydrocarbon characteristics, reservoir 
monitoring quality/capabilities. For example, the miscibility of CO2 or lack thereof can greatly affect EOR performance. 
However, injection of immiscible CO2 can still improve oil production when the gas assisted gravity displacement (GAGD) 
process (Figure 3) is applied (Rao, 2004). 
 
Injected CO2 under miscible and near-miscible pressure and temperature conditions:  

 Contacts, mixes, and dissolves in oil in the reservoir   
 Thins and expands oil to help displace oil out of reservoirs 
 Pushes oil to producing wells through use of injection flow pressure 

 
Injected CO2 under immiscible pressure and temperature conditions: 

 Floats above the oil due to its lighter density supporting gas assisted gravity displacement (GAGD) of oil out of lower 
depths 

 Helps improve oil production when GAGD is combined with horizontal wells (Figure 3) 
 Pushes oil down to producing depths in the lowers sections of reservoirs using gas injection flow pressure  

 

 
Figure 2 – CO2 EOR process and downhole mechanisms (NETL 2010) 
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4  OTC 21984 

 
 

 
CO2 EOR includes “Huff-N-Puff” projects, which inject CO2 into oil wells that are later put on production after a “soaking” 
period, which allows for the CO2 to mix with and thin/expand the oil. “Flood” projects inject CO2 into wells dedicated for 
injection only and oil production is from wells surrounding the injector wells. “Water Alternating Gas” (WAG) is a commonly 
used flood method that has volumes of water injected between volumes of CO2 to more uniformly displace the oil out of the 
reservoir. The Huff-N-Puff process is often used to test EOR performance before making the large investments required for 
CO2 flood projects. In most cases, this is the most feasible and cost effective way to evaluate offshore oil fields for a proposed 
CO2 flood project. Enhanced Gas Recovery (EGR) projects use CO2 primarily to provide pressure support in natural gas 
reservoirs to prevent subsidence and water intrusion via both displacement and repressurization of the remaining natural gas.  
Another hydrocarbon recovery process called enhanced coal bed methane recovery (ECBMR) uses CO2 injection to extract 
methane from deep coal beds as shown in Figure 1. 

 
Economics of CO2 Storage with and without EOR  
Although CO2 injection is a technique commonly used for EOR, large-scale injection for the sole purpose of storing CO2 
underground as a greenhouse gas abatement solution is occurring at only a few locations such as the offshore Sleipner and 
Snøhvit facilities, both owned and operated by Statoil, Norway's state oil company.  
 
Sleipner CCS Project 
Located in the Norwegian sector of the North Sea, the Sleipner West natural gas field is characterized by a high (9%) 
concentration of CO2, which is well above the 2.5 % limit required for European natural gas pipeline specifications. Statoil 
removes the CO2 from the produced natural gas in an absorber on its offshore production platform before exporting the gas to 
the European Union. Since 1996, the captured CO2 has been injected into the Utsira (Figure 4) sandstone formation, a 
confined aquifer 800 meters below the seabed and 2,500 meters above the Sleipner West hydrocarbon reservoir.  Over the last 
14 years, Statoil has injected approximately one million tons of CO2 per year and saved $55 million per year in taxes and CO2 
allowance costs. The injection facility cost $80 million to construct, and operating costs account for less than 1 percent of 
overall production costs. At Sleipner, geologic sequestration has proven to be an environmentally sound and financially 
prudent abatement option for CO2 contained in produced natural gas.  

 

Oil 

CO2 Gas 
 

Water

Figure 3 - Horizontal well at a lower depth provides best oil drainage 
for gravity displacement by immiscible CO2  
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OTC 21984 5 

 
Figure 4 – Sleipner CCS Project 
 
Snøhvit CCS Project 
Injection of CO2 at the Snøhvit offshore facility on the seafloor of the Barents Sea started in April 2008 and, like Sleipner, is 
expected to have good financial results. At full capacity, 700,000 tonnes of CO2 will be stored each year (Kårstad, 2002 and 
Statoil, 2010). The natural gas with 5 to 8% CO2 is produced from the seafloor facility’s subsea wells that tap a hydrocarbon 
reservoir overlying the CO2 injection zone. A pipeline conveys the produced gas from the Snøhvit field to Melkøya outside 
Hammerfest. At the onshore LNG plant in Melkøya (Figure 5), CO2 is separated from the natural gas and piped back to an 
injection well at the edge of the Snøhvit reservoir. There it is pumped into the Tubåsen sandstone formation where it is stored 
2600 meters beneath the seabed. A shale caprock lies above the sandstone and seals the CO2 storage reservoir to ensure the 
CO2 is confined underground without leaking to the surface. 

 

 
Figure 5 – Snøhvit seafloor facility pipelines, subsea wells, and Melkøya LNG plant.  
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6  OTC 21984 

Combined CCS and CO2 EOR Projects 
Projects that combine CCS and CO2 EOR may provide superior financial results compared to the use of either one alone. EGR 
and ECBMR projects may also provide revenue while permanently storing CO2 (Figure 1). The margin on incremental oil 
production from CO2 EOR along with the value of carbon emission reductions may yield revenues that could help expand the 
application of CCS and CO2 EOR into areas where unfavorable economics exist today. This could include many offshore areas 
that have depleted or marginally producing hydrocarbon reservoirs. The basis for this concept is improved now that CCS 
projects may soon be recognized under the Clean Development Mechanism (CDM) based on an agreement reached at the 2010 
UN Climate meeting in Mexico (Cancun, 2010).  
 
The costs for various options in the CCS and CO2 EOR processes are illustrated in Table 1 showing a wide range of costs for 
capture, transport, and storage options vs. potential revenue from EOR or EGR, as sourced from the U.S. DOE, NETL, and 
other government, academic, and various industry reports. Potential margin improvements with the addition of EOR or EGR 
may be large enough to inspire CCS project developers to seek out EOR or EGR for their CCS projects, including some 
offshore-based projects. 
 

Costs in 2009 
 $/T CO2 stored Capture + Compression Transportation Storage Total Cost 

 (revenue) 

Low Cost 
Gas processing 

$10-25 
At site 

$0 
EOR or EGR 

($10 to 60 revenue) 
($50 revenue) to

 $15 cost 

Medium Cost 
Coal power plants 

$60-120 
30-200 miles 

$2 - 10 
Depleted oil/gas field 

$5 - 10 
$70 to $140 

High Cost 
Refining, Air 
$100-1000+ 

>500 miles 
$15 - 25 

Off-shore saline 
$20 - 30 

$140+ 
Likely >$500 

 Table 1 – Wide Ranges of CCS Costs with EOR/EGR Benefits  
 
Offshore CCS and CO2 Enhanced Hydrocarbon Recovery Projects  
Many of the technologies developed during the long history of onshore non-CO2 EOR have been applied offshore like 
methane-based EOR in the Magnus field in the North Sea and nitrogen-based EOR in the Cantarell field in the Gulf of 
Mexico.  Likewise, many of the technologies developed through the last 58 years of land-based CO2 EOR experience have 
been successfully deployed in a small number of offshore applications in saline formations and oil and gas (O&G) reservoirs. 
It is possible that CO2 EOR would be a viable means to increase hydrocarbon output from many depleted O&G reservoirs in 
offshore locations that are no longer or only marginally productive.  Today, most operators are not using this technique on 
their reservoirs because of unfavorable project economics.  However, to the extent that CO2 availability is a constraint, as 
carbon capture becomes increasingly valuable as a greenhouse gas abatement option, abundant low cost supplies of CO2 for 
some of these offshore O&G fields may become available as capture projects are completed at nearby fossil fueled power 
plants and other large, stationary CO2 emission sources. Offshore projects may also become feasible as new CO2 pipeline 
projects are constructed such as the one planned by Denbury between Mississippi and Texas to supply CO2 for EOR from both 
anthropogenic and natural sources.  
 
As discussed earlier, two successful offshore CO2 injection projects where permanent storage of CO2 is the only objective are 
the Sleipner and Snøhvit CCS projects offshore Norway. However, our literature search for offshore CO2 enhanced oil and gas 
recovery projects discovered nine CO2 EOR projects and one CO2 EGR project where CO2 injection has actually occurred. 
Some of the other CCS and EOR/EGR projects found in our survey are not listed below because they are in the early 
development “study” phase. Some of the larger offshore projects in early development are listed below under the 
“Potential……” heading. 

 
Week’s Island CO2 EOR Project  
The Week’s Island oil field is located on the Louisiana coastline in a marsh filled with navigable waterways that are connected 
to the State’s coastal waters. For logistical purposes the wells are essentially offshore as they are installed on small single-well 
platforms located in the numerous canals and bayous. The wells are drilled and serviced by barge-mounted rigs and service 
equipment. CO2 supplies for Shell Oil’s CO2 EOR project were transported to the injection wells inside special refrigerated 
tanks installed on barges pushed by tugboats. CO2 injection started in October 1978. The project was reported (Johnston, 1988) 
as successful after oil production through 1987 reached 261,000 barrels.  
 
Bay St. Elaine EOR Project 
Like Week’s Island, the Bay St. Elaine oil field is located on the Louisiana coastline in a marsh filled with navigable 
waterways and the wells are installed on small platforms located in the numerous canals and bayous. The CO2 was also 
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OTC 21984 7 

transported to the injection wells by tank-on-barge tugboats. Texaco, now Chevron, started CO2 injection in February 1981 and 
ended in November 1981 (Nute, 1983) with successful production results.  
  
Quarantine Bay CO2 EOR Projects 
Gulf Oil, now Chevron, started CO2 injection in Quarantine Bay offshore Louisiana in October 1981 using the water-
alternating-gas (WAG) injection method in one injection well surrounded by five production wells and two monitoring wells. 
The CO2 injection ended in February 1983. The project was reported (Hsie, 1988) as successful with incremental oil 
production of 187,900 barrels, equal to 16.9% OOIP by 31 October 1987.   
 
Timbalier Bay CO2 EOR Project 
In 1984, Chevron initiated a project to evaluate and confirm the economics, recoverable oil reserves, and operational 
challenges and solutions for a potential large-scale, CO2 EOR flood project in the Timbalier Bay field offshore Louisiana. The 
project’s results would help justify major investments to provide a CO2 pipeline to Timbalier and other offshore fields along 
the Louisiana coast in the Gulf of Mexico (Moore, 1986).  The CO2 EOR project included CO2 transport via tanker trucks to 
the pipeline station in Port Fourchon where it was pumped in the pipeline to a compressor and on to the injection well 
surrounded by four production wells. The CO2 injection rates, pressures, and temperatures enabled a gravity stable, miscible 
CO2 displacement in the reservoir. Cased-hole pulsed-neutron logs were used to track the reservoir displacement process. 
Injection operations began in April 1984 and were completed in June 1985 after successfully injecting 100,000 tons of CO2. 
The field’s natural gas was used as a chase gas to push the CO2 through the reservoir. No production data was found in the 
library search and we suspect that the low oil prices at the time may have prevented the investment for the large-scale CO2 
EOR flood project.   
 
Offshore Louisiana Huff-N-Puff CO2 EOR Projects 
In 1984 and 1985, Texaco, now Chevron, performed Huff-N-Puff CO2 EOR projects in water-based wells along the Louisiana 
coast in four oilfields named West Cote Blanche Bay, Bayou Sale, Lake Barry, and Lafitte (Palmer, 1986).  The CO2 was 
supplied to the wells by tanker barges pushed by tugboats. All four projects were proven successful in recovering incremental 
oil. 
 
Dulang CO2 EOR Project 
The Dulang CO2 EOR project is located 130 km offshore Malaysia’s east coast in the South China Sea. PETRONAS initiated 
CO2 (~50%) injection in a water-alternating-gas project (WAG) in November 2002 (Nadeson, 2004). The pilot CO2 EOR 
project was reported successful (Darman, 2006) and the future plan is for full-field implementation of CO2 EOR flooding via 
the WAG method. 
 
K12-B CO2 EGR Project 
The K12-B CO2 EGR project, owned by Gaz de France Production Nederland B.V. (GPN), is located on the K12-B platform 
about 100 km offshore the coast of The Netherlands. The K12-B natural gas (NG) reservoir at 3800 m under the seafloor has 
about 13% CO2 in the NG production (van der Meer, 2005). The platform’s equipment reduces the CO2 in the NG to 2%, 
which allows transport by pipeline and sales to clients. Instead of venting the extracted CO2 to the atmosphere, GPN plans to 
re-inject the CO2 for storage and EGR. Since May 2004 the extracted CO2 gas has been compressed and re-injected into a non-
producing section of the K12-B reservoir. In March 2005, GPN started re-injecting the CO2 into a producing section of the 
reservoir to test EGR and other effects. The pilot test started with a 20,000 ton CO2/year limit and later may scale up to 
480,000 tons CO2/year.  
 
Potential Offshore CCS and CO2 EOR Projects  
The following companies are considering CO2 injection in offshore oil fields. These proposed projects would obtain CO2 from 
power generating and chemical plants and, possibly, nearby offshore oil and gas field production with high CO2 content: 
 

1. Japan Vietnam Petroleum Company, a subsidiary of Nippon Oil Exploration Limited, and partners ConocoPhillips 
and PetroVietnam Exploration and Production of Vietnam own the Rang Dong oil field offshore southern Vietnam 
that according to laboratory (Kawahara, 2009) and computer modeling (Matsumoto, 2009) studies has a good 
potential application for CO2 EOR, as reported by the PetroVietnam Journal (PetroVietnam 1-2). 

 
2. SCS Energy has proposed a CCS project called PurGen One for a coal gasification plant project in Linden, New 

Jersey. The plant’s CO2 would be transported via pipeline to an injection well site 70 miles offshore New Jersey for 
permanent storage.  

 
3. Shell UK and partner CO2DeepStore, a subsidiary of Petrofac, will work on a potential re-development of the 

Goldeneye gas field complex in the North Sea as a CO2 storage facility for the Scottish Power CCS project. Shell will 
operate the storage venture, while CO2DeepStore will provide offshore engineering, modification, and operations 
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8  OTC 21984 

services via Petrofac’s Offshore Engineering & Operations business. The plan is to connect Scottish Power’s 2.4GW 
Longannet power plant to a pipeline that could be used to flow CO2 from Longannet to St Fergus where the pipeline 
could be connected to the Shell Goldeneye offshore pipeline for transporting the CO2 to the offshore platform for 
injection into strata that once held gas condensate (Cornwall, 2009). 

 
 

4. Statoil and Royal Dutch Shell have proposed to obtain CO2 from power and methanol plants in Norway and inject it 
offshore in the Draugen and Heidrun oil fields shown in Figure 6 for a combined EOR and CO2 storage project 
(O&GJ, 2006)  

 

 
Figure 6 - Draugen and Heidrun oil fields and pipelines for the combined CCS and CO2 EOR project.  

 
Challenges and Solutions for Offshore CCS and CO2 EOR Projects  
The challenges that currently exist for offshore- versus land-based CO2 injection projects include economics to justify the 
investment’s higher development costs, existing offshore surface facility limitations (weight, space, power, etc.), the lack of 
sufficient and economical CO2 supplies, lack of regulatory guidance, high oil recovery rates from secondary recovery 
techniques (compared to onshore fields), and well locations not optimized for CO2 EOR (leading to poor CO2 sweep efficiency 
and low oil recovery efficiency). All these factors may contribute to uncertain EOR performance and longer time periods for 
uniform CO2 placement to displace oil and gas and achieve adequate sweep efficiency. 
 
Currently, the application of EOR is being considered for a number of offshore developments. The prognosis is better when 
successful secondary recovery methods have been employed offshore through water and natural gas injection which make 
CCS and CO2 EOR methods much more feasible and less costly to apply. Table 2 lists some of the key challenges and 
solutions for offshore CO2 EOR and CCS projects that have worked in some projects. 

 
Challenges Solutions 

Limited CO2 supply Use CO2 tanker ships & barges to get supplies from distant sources 
Non-optimized well locations Drill new optimized wells; Design horizontal wells (e.g. SAGD)  

No CO2 pipelines Use tanker barges & ships until new or retrofitted pipeline is justified 
Facility & wells not corrosion resistant Use corrosion resistant materials to replace ones exposed to wet CO2  

Limited weight and space for facility retrofits Use barge & ship mounted equipment until facility expansion justified 
Higher CAPEX & OPEX than onshore Negotiate lower costs, depreciation/tax incentives for EOR, credits/other 

incentives for CCS 
Table 2– Key offshore challenges and solutions. 
  
Advantages to Offshore CO2 EOR 
While applying CO2 EOR to an offshore environment presents some challenges, there are also certain advantages to an 
offshore environment.  These include the fact that there are fewer pore space owners to negotiate with, fewer conflicting uses 
of the pore space, less potential public opposition, and potentially simpler permitting. Additionally, the geology of candidate 
offshore regions is generally well understood and there is extensive infrastructure in place.  The opportunity to extend the life 
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OTC 21984 9 

of platforms and pipelines that would otherwise have to be decommissioned should not be overlooked.  Depending on the 
circumstances, pipelines that had been transferring production to shore could have their flow reversed, be re-lined, and deliver 
CO2 to the EOR field. 
 
CO2 Supply and Transportation   
The 8,100 dots on the map in Figure 7 are large capacity sources of CO2 such as power and chemical plants that have been 
identified for CCS (Battelle, 2006). It is interesting to note the high density of emissions sources near the coasts, which could 
facilitate offshore storage and use for EOR. Transporting this CO2 to offshore EOR/CCS projects could be accomplished via 
pipelines and/or vessels.  As mentioned earlier, the delivery of CO2 from land-based sources to offshore oil and gas fields has 
been successfully accomplished at several CO2 EOR projects by both modes.  
 
The U.S. has over 3,500 miles of high-pressure CO2 pipelines with an outstanding safety record. Looking forward, the 
Interstate Natural Gas Association of America (INGAA, 2009) has projected the pipeline network in Figure 8 that could 
deliver CO2 to coastal areas of the USA such as those that have many oil and gas fields in waters of the Gulf of Mexico 
offshore the Texas and Louisiana coasts. Figure 9 shows the CO2 pipeline network envisioned in Durham University’s 
combined CCS and CO2 EOR process plan (Durham, 2010) for the United Kingdom. These pipeline networks could be 
developed over the next few decades as CCS is implemented to reduce greenhouse gas emissions and to meet demands for 
increased oil supplies via CO2 EOR.  
 

 
Figure 7 – Map of large capacity sources of CO2 for EOR (Battelle, 2006). 
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10  OTC 21984 

 
Figure 8 – Pipeline network proposed for CCS that can deliver CO2 to coastal areas of USA. 
 

 
Figure 9 – CO2 pipeline network proposed for CCS and CO2 EOR in the United Kingdom 
 
 
Another method is by ships with large refrigerated tanks as shown in Figure 10. Tanker ships have successfully and safely 
transported CO2 for over twenty years and are best suited for the small volumes needed for pilot CO2 injection testing to justify 
a pipeline for sustained injection in CO2 floods. However, tanker ships that deliver LNG to ports with ample supplies of CO2 
may transport CO2 on their return voyages to areas that don’t have many sources of CO2. This would help reduce the cost in 
those areas that need economical supplies of CO2 for EOR. 
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Figure 10 – LNG tanker ships for CO2 delivery to offshore CO2 EOR projects 
 
What is the Outlook and Growth Potential for Offshore CCS and/or CO2 EOR? 
As demand for oil continues to climb as the economy grows and existing reserves are depleted, CO2 EOR activity is expected 
to rise. Various entities and investigators have predicted this scenario. For example, Figure 11 shows that EOR may help 
offset the predicted decline in oil production over the next twenty years as reported by Dr. Mehran Sohrabi, Hydrocarbon 
Recovery Mechanisms, Institute of Petroleum Engineering, Heriot-Watt University, Edinburgh, UK. Dr. Sohrabi explained 
that CO2 EOR may account for a substantial portion of the large growth in EOR. However, the actual increase in oil 
production by CO2 EOR depends mainly on a value for greenhouse gas abatement driving CO2 capture to provide sustainable, 
economic supplies of CO2. 
 

 
Figure 11 – World oil demand vs. supply, courtesy of Dr. Mehran Sohrabi, Hydrocarbon Recovery Mechanisms, 
Institute of Petroleum Engineering, Heriot-Watt University, Edinburgh, UK 
  
Another example of the growth potential for CO2 EOR offshore is shown in Table 3 with estimates of the technically 
recoverable oil from offshore Gulf of Mexico (GOM). These estimates are from a study by Advanced Resources International 
(ARI) that was funded and published by the U.S. Department of Energy (DOE, 2010). The report identifies 642 major oil 
reservoirs that would be favorable for CO2-EOR out of a total of 4,493 major GOM oil reservoirs.  The report estimates there 
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are 29.6 billion barrels of Original Oil in Place (OOIP) suitable for CO2-EOR.  Of this, 5.7 billion barrels of oil are technically 
recoverable with the application of CO2 EOR. Further screening results in 0.7 billion barrels of economically recoverable oil 
based on an oil price of $70 per barrel (constant, real) and a CO2 cost of $45 per metric ton, delivered at pressure to the field. If 
oil prices are sustained at $100 per barrel and a CO2 cost of $60 per metric ton, ARI estimates 2.4 billion barrels of oil would 
be economically recoverable.  
 

Major Oil Reservoirs
Reservoirs Suitable 

for CO2‐EOR
OOIP suitable 
for CO2‐EOR

Technically 
Recoverable

Economically Recoverable 
($70/Bbl)

Economically Recoverable 
($100/Bbl)

# # Billion Barrels Billion Barrels Billion Barrels Billion Barrels
Offshore GOM 4,493 642 29.6 5.7 0.7 2.4

Estimates of Offshore Gulf of Mexico (GOM) Suitability for CO2‐EOR

 
Table 3 – ARI study estimates of GOM offshore oil recovery via CO2 EOR (DOE, 2010). 
 
Other studies and investigators are also identifying potentially large amounts of residual and stranded oil that may be produced 
in other areas of the world such as the North Sea and the South China Sea. For example, a recent study (Durham, 2010) by 
Durham University claims that applying CO2 EOR in the United Kingdom’s North Sea oil fields could provide three billion 
barrels of oil production over the next 20 years for an estimated value of £150 billion ($240 billion U.S). As market forces in 
each area of the world make residual and stranded oil resources financially attractive to produce by CO2 EOR, the outlook for 
CCS and sustainable energy supplies from CO2 EHR may improve significantly over the next twenty years.  
 
Conclusions 
CCS and CO2 EOR are viable and safe processes for offshore projects that can: 

 Provide hydrocarbon energy supplies from safe and secure offshore areas 
 Help meet the demand for oil and gas in the future 
 Use existing, field-proven technology for all phases of the projects 
 Contain CO2 in underground formations for permanent storage away from populated areas 
 Help project owners generate and maintain profitable financial results 
 Expand the options for reducing greenhouse gas emissions while continuing to supply affordable and abundant fossil 

fuels to meet future world energy needs.  
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