
Th e availability of fossil 
fuels to provide clean, 

aff ordable energy is essential 
for global prosperity and security. 

However, unless energy systems 
signifi cantly reduce the carbon emissions 

to the atmosphere, increased atmospheric 
concentrations of carbon dioxide due to carbon 

emissions are expected.

To stabilize and ultimately reduce concentrations of carbon 
dioxide (CO2), it will be necessary to capture, separate, and 
store or reuse CO2. Carbon sequestration, along with reduced 
carbon content of fuels and improved efficiency of energy 
production and use, must play a major role if the world is to 
continue using fossil fuels as a key energy source.

What is Carbon Capture and Storage?

Carbon capture and storage (CCS) — also called carbon 
sequestration — is a group of technologies that will help 
prevent the release of CO2 created from burning fossil 
fuels (like coal and natural gas) from being released to the 
atmosphere. These technologies will enable the capture of CO2 
from coal-fueled power plants (like electricity plants). Once 
captured, the CO2 will be transported to a suitable location 
where it will be injected deep within the earth for permanent 
storage, in a process known as geologic sequestration. Storage 
wells and locations will be monitored to ensure the CO2 
remains safely underground.

How do we capture the CO2?

There are three types of CO2 capture: post-combustion, pre-
combustion, and oxy-combustion. 

Post-combustion processes separate CO2 from the exhaust 
gases produced by the combustion of fuel (coal, natural gas, oil, 
or biomass) in air. CO2 is captured using a liquid solvent, such as 
aqueous amine solution. Once absorbed by the liquid solvent, 
the CO2 is then released by heating. This technology is widely 
used to capture CO2 from exhaust gas for use in the food and 
beverage industry. Post-combustion capture has been carried out 
successfully, but so far on a relatively small scale. 

Pre-combustion processes convert fuel into a gaseous mixture of 
hydrogen and CO2. The CO2 is then separated and the hydrogen 
can be burned without producing any CO2 in the exhaust gas. 
Compared with post-combustion processes, the pressure and 
concentration of CO2 in pre-combustion processes is relatively 
high — making CO2 separation easier to achieve and offering 
the potential to apply novel CO2 capture technologies, such 
as membranes. The fuel conversion steps required for pre-
combustion are more complex than the processes involved in 
post-combustion. This makes the technology more difficult to 
apply to existing power plants. Pre-combustion capture is used in 
industrial processes but has not been demonstrated in much larger 
coal gasification concepts.  

Oxyfuel combustion processes use oxygen rather than air for 
combustion of fuel. This produces exhaust gas that is mainly 
water vapor and CO2. The exhaust gas has a relatively high 
CO2 concentration (greater than 80 percent by volume). Oxyfuel 
combustion systems are being developed on a small scale, in 
laboratory or pilot projects. This process can be applied to 
existing power plants.
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1. Conventional coal-fired power plants release CO2 directly into the atmosphere.
 Plants equipped with CCS will capture much of the CO2 instead.

2. Liquid CO2 can be transported
 by pipeline or truck.

3. CO2 can be injected and
 stored deep underground.

Alternative possible
locations for CO2  storage
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What do we do with the captured CO2?

Generally speaking, there are three possibilities: (1) use the 
CO2 as a value-added commodity, (2) store the CO2, such as in 
underground formations, or (3) convert the CO2 to methane, 
biomass, mineral carbonates, or other substances. Some of the 
uses for commodity CO2 result in a portion of the CO2 being 
sequestered, which is an added benefit.  A common example 
of this is enhanced oil recovery. Oil companies currently inject 
over 30 million tons of CO2 per year in depleting oil formations 
to enhance the production of crude oil. A portion of this CO2 
remains underground. A similar CO2 use/storage application is 
the enhancement of methane production from coal seams that 
are too deep to be mined. Concepts for converting CO2 to other 
chemicals, especially fuels, are in the very early stages of research.

Where can the CO2 be stored underground?

Oil fields, gas fields, deep saline formations, and unmineable 
coal seams have been suggested as geological storage sites. 
Here, various physical (e.g., highly impermeable caprock) and 
geochemical trapping mechanisms would prevent the CO2 from 
escaping to the surface.

CO2 is sometimes injected into declining oil fields to increase oil 
recovery (enhanced oil recovery). This option is attractive because 
the storage costs are offset by the sale of additional oil recovered. 

In the future, companies may be able to inject CO2 into coal seams 
and produce natural gas from the seams as an added benefit.

Saline formations contain highly mineralized brines, and have 
so far been considered of no benefit to humans. Saline aquifers 
have been used for storage of chemical waste in a few cases. The 
main advantage of saline aquifers is their large potential storage 
volume and their common occurrence. This will reduce the 
distances over which CO2 has to be transported.

How is captured CO2 transported to storage sites?

While it is possible to transport liquefied CO2 in trucks or ships, 
it is generally transported as a compressed gas through pipelines.

What happens to the CO2 when it is injected 
underground?

In preparation for transport and injection, the CO2 will be 
pressurized. Under high pressure, CO2 turns to liquid and 
can move through a formation as a fluid. Once injected, the 
liquid CO2 tends to be buoyant and will flow upward until it 
encounters a barrier of non-porous rock, which traps the CO2 
and prevents further upward migration.

There are other mechanisms for CO2 trapping as well.  CO2 
molecules can dissolve in brine, react with minerals to form solid 
carbonates, or adsorb in the pores of the porous rock.

Is it safe to put CO2 underground?

A strong body of research — and years of industry experience 
— indicate that CO2 can indeed be stored safely and securely.  
Geological formations considered for CO2 storage are layers 
of porous rock deep underground that are “capped” by a layer 
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or multiple layers of non-porous rock above them. For carbon 
sequestration, a well is drilled down into the porous rock and 
pressurized CO2 is injected into it. Under high pressure, CO2 
turns to liquid and can move through a formation as a fluid. 
Once injected, the liquid CO2 tends to be buoyant and will 
flow upward until it encounters a barrier of non-porous rock, 
which can trap the CO2 and prevent or control leaks into the 
atmosphere.  

Many geologic formations have naturally stored CO2 and other 
gases and fluids (i.e., petroleum) for millions of years, and 
have the potential to store hundreds of years’ worth of human-
generated CO2 emissions.

Finally, risk assessments will be made prior to making a decision 
to site a project in any location.  This comprehensive risk 
assessment will evaluate the health, safety, and environmental 
risks for the entire sequestration process. 

What happens if there is a leak?

Techniques from the oil and gas industry have been used for over 
50 years and provide a good basis for developing leak detection 
systems for geologic CO2 sequestration sites.  Advances in 
three-dimensional geophysical surveying techniques and 
mathematically based modeling and imaging of underground 
reservoirs are particularly helpful, as are commercial practices 
for CO2 injection to enhance oil recovery and the overall 
experience of the oil and gas industry with hydrocarbon reservoir 
monitoring.  Direct CO2 monitoring experience from relatively 
large CO2 sequestration demonstration projects in Canada and 
Norway also contribute to the knowledge base for CO2 leak 
detection.

The geologic formations chosen for CO2 sequestration will 
normally be more than 2,000 to 2,500 feet underground.  There 
is, of course, the remote possibility of an undetected fault or 
fracture system that could allow CO2 to migrate upward toward 
the surface.  Such CO2 movement is expected to happen slowly 
due to the normally low permeabilities — or porousness — 
across many geologic strata.  In those cases, the migrating CO2 
may not reach the Earth’s surface; instead, it may remain trapped 
or reacted within many places along the upward migration 
pathways.  If slowly seeping CO2 were to reach the surface, it 
would usually be dissipated by the wind, which is what normally 
happens to CO2 vented by nature in volcanically active areas.  
CO2 is not toxic, nor is it flammable or explosive.  But the 
potential for it to collect in unventilated subgrade structures or 
topographic depressions can be a concern.

If a CO2 storage site were leaking in a way that posed an 
unacceptable risk of any type, the project operators would 
apply methods used to manage fluid movements in oil and gas 
reservoirs, or leak mitigation technologies.  These technologies 
have been tested in the oil and gas industry, and researchers are 
currently evaluating their applicability for sequestration and 
making any needed modifications.

Is CO2 dangerous?

CO2 is necessary for life on this planet. It is essential to the 
photosynthesis process that sustains plant and animal life. 
However, it can accumulate in the air and trap heat near the 
Earth’s surface, and could lead to a warming of the Earth’s 
surface and lower atmosphere. And like other heavier-than-air 
gases that can accumulate and displace oxygen in sub-grade or 
enclosed areas, elevated concentrations of CO2  can cause health 
risks. 

When CO2 is pumped underground, it becomes a dense 
supercritical fluid at around 800m below the surface. Its 

volume reduces dramatically as it descends, compared 
with its original volume (in this example, 1000m3 at 

the surface). This is one factor which makes geological 
storage of large quantities of CO2 attractive.

From an article in BP Frontiers magazine in April 2008, and 
based on IPCC Special Report: Carbon Dioxide Capture and 

Storage (2005)
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