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Enhanced Oil Recovery
Enhanced oil recovery (EOR) uses CO2 to recover the oil left behind after oil 
has been pumped out of a reservoir. Oil does not always move easily through 
sandstone reservoirs, and much oil is left behind after an oil field produces under 
typical methods. At a certain point it is no longer cost-effective to continue 
pumping oil from the ground in some fields unless recovery can be enhanced. 
CO2 is already being used as a secondary recovery agent in oil fields in other 
basins. Using CO2 for EOR becomes a more economical alternative when oil 
prices rise. A central well is used to inject CO2, and surrounding wells are used 
to recover the oil. Liquid-like CO2 under pressure is injected into a central well 
and moves the oil toward the outer wells, which are used to pump the oil out. 
Using this method for storing CO2 is simply the next step in the process. The CO2
would be held in small pore spaces present in rocks. These pore spaces have held 
saline waters, oil, and natural gas for millions of years.

Carbon Sequestration
in the Illinois Coal Basin

Coal Bed Methane
Coal beds hold methane that can be recovered during sequestration. Natural 
gas accounts for about 24% of our national energy consumption and is used 
for a variety of residential and commercial energy needs, such as cooking and 
heating. Using coal beds as storage for CO2 provides another source of natural 
gas, an increasingly important fuel source. Methane is adsorbed onto the internal 
surface of the coal bed, but it is easily replaced by CO2. Coal beds can adsorb 
approximately twice the amount of CO2 compared with natural gas. Even if we 
burned all the natural gas harvested from the coal beds, the net effect would still 
be the removal of CO2.

Storing CO2 in coals deeper than 1,000 ft and thicker than 3.5 ft does not make 
the coal unmineable; it simply means that any CO2 stored in the coal would be 
released upon mining. If coal becomes very valuable or very scarce or both in the 
future, then it might become economical to mine these coals.

The energy in our coal is really 300-million-
year-old sunlight!
Burning coal combines carbon atoms in the coal with oxygen in the atmosphere 
and creates the gas carbon dioxide (CO2). This is a natural, reoccurring process, 
but too much of a good thing can be harmful. Ancient carbon is being put 
back into the atmosphere at much greater rates than those during the millions 
of years it took for the plants to grow, die, get buried, and turn into coal. 
Returning ancient carbon, as CO2, to the atmosphere at our present rate may be 
contributing to global warming.

Greenhouse Gases, Carbon Dioxide, Global 
Warming, and the Illinois Basin
Carbon dioxide, methane (natural gas), and water vapor are greenhouse gases 
that trap heat from the sun’s rays in the Earth’s atmosphere. The sun’s rays enter 
the atmosphere, hit the earth, where some of the energy is absorbed and some is 
reflected back into space. The more greenhouse gases present in the atmosphere, 
the more interference these reradiating rays encounter, and they get trapped, 
which heats the atmosphere and contributes to an overall warming of the planet.

Saline Reservoirs
Saline reservoirs are bodies of rock with pore spaces containing water with high 
amounts of total dissolved solids (TDS), especially salts. The concentration of 
TDS in deep saline reservoirs makes the water too salty for human consumption 
or for many agricultural and industrial uses. Saline reservoirs occur deep 
underground in rock formations that are expected to retain large quantities of the 
CO2 for long periods of time. The CO2 would be held in small pore spaces present 
in rocks. The ideal saline reservoir for carbon sequestration shares characteristics 
with the best oil-producing rocks. It should be sedimentary rock with high 
porosity (percentage of open pore spaces) and permeability (connectivity of 
open pore space) that has a geologic structure, such as an anticline or a fault, 
that traps oil and natural gas. Directly above it should be a caprock unit of very 
low porosity and permeability, such as shale. The caprock layer acts as a lid or 
a cover for the saline reservoir. The depth of the reservoir is also important. 
A saline reservoir should be well below drinking water geologic units, not too 
deep, and economically viable to drill into. Also, the volume of the potential 
storage space must be great enough to justify the expense of drilling a well and 
recovering oil and natural gas or storing CO2.

Geological Sequestration
Reducing the amount of CO2 released into the atmosphere may slow the global 
warming trends that have been observed in the last several years. Geological 
carbon sequestration is one method of isolating CO2 from Earth’s atmosphere. 
Sequestration can play a significant role in preventing continued CO2 buildup in 
the atmosphere.

Geological sequestration of CO2 by injection into the subsurface is a promising 
technology under study around the world. Carbon dioxide is captured from 
the emissions of combustion systems, processed to remove contaminants, 
transported to a storage site, and injected into geological formations for very 
long-term storage. Three types of subsurface formations can be used—all of 
which exist in the Illinois Basin: coal formations so deep as to be uneconomic 
for mining and development, depleted or mature oil and natural gas reservoirs, 
and saline aquifers that contain non-potable water. The industrial processes 
necessary to make geological sequestration possible are known but have not been 
applied to sequestration at the scale needed. Carbon dioxide injection into coal is 
being extensively tested for methane recovery from gassy coal that is otherwise 
uneconomic by replacing the naturally occurring, adsorbed methane with CO2.
Injection of CO2 into oil reservoirs has been practiced as an oil recovery method 
for over 30 years. Saline aquifers have been used for natural gas storage in the 
Illinois Basin for decades.

CO2 Storage in the Illinois Basin

The Illinois Basin, which includes Illinois, western Indiana, and western 
Kentucky, is home to industrial activity that releases more than 255 million 
metric tonnes of CO2 from stationary sources like electric power plants, 
refineries, cement plants, and other industrial facilities. The Basin is unique 
because three potential geological storage opportunities exist in close proximity 
to substantial CO2 sources and, in some cases, may be accessed from one site. 
This geology represents a unique research opportunity to study all three storage 
options economically and may represent one of the best opportunities for initial 
commercialization of geological sequestration in the United States.

Prepared by Sallie Greenberg and ISGS staff for the 
Midwest Geological Sequestration Consortium.

Greenhouse Effect

Solar radiation 
passes through 
the clear
atmosphere.

The Earth absorbs most of 
the radiation, which warms 
the planet’s surface.

Infrared radiation is 
emitted from the 
Earth’s surface.

Some solar radiation is 
reflected by the Earth 
and the atmosphere.

Some solar radiation passes through the 
atmosphere, and some is absorbed and 
re-emitted in all directions by greenhouse 
gas molecules. This process warms the 
Earth’s surface and lower atmosphere.

• In 1827, J. B. J. Fourier discovered the greenhouse effect.

• The atmosphere warms the planet by trapping the Earth’s heat. The 
gases in the atmosphere raise the average temperature
approximately 60°F.
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Figure modified from www.epa.gov
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Global Warming?   Greenhouse Gases?   Carbon Sequestration?
How are Global Warming, Greenhouse Gases and Carbon Sequestration connected?

Global Warming
Global Warming is the average increase in the Earth’s temperature.

• The Earth’s temperature has changed over geologic history.

• Average temperatures have increased 1°F over the past century. 

Leading scientists think humans have contributed to this increase by 

our emission of greenhouse gases.

Carbon Sequestration
Carbon Sequestration is the removal of carbon (as CO2) from 

the atmosphere. Removing CO2, a greenhouse gas, from the 

atmosphere may help slow global warming.

Sequestration options

• Geologic sequestration – store the carbon underground in 

coal, a saline aquifer or an oil reservoir

• Terrestrial sequestration – store the carbon in soils, crops, 

or other plants.

• Oceanic sequestration – store the carbon at the bottom of 

the ocean

The Illinois Basin is a good place for Geologic Sequestration

• Offers long-term storage deep underground

• Side benefits – enhanced energy recovery from oil 

reservoirs and coal seams

Common Greenhouse Gases
Carbon dioxide (CO2)

• Emissions come from burning fossil fuels (oil, natural gas 

& coal)

Methane (CH4)

• Emissions come from landfills, rice paddies, livestock, 

organic waste such as sewage & coal seams

Nitrous oxide (N2O)

• Emissions come from fertilized crop lands & burning 

fossil fuels

Prepared by Sallie Greenberg and ISGS staff for 
the Midwest Geological Sequestration Consortium.
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Abstract
The Midwest Geological Sequestration Consortium (MGSC) has developed an 

educational curriculum and a physical model to demonstrate geologic sequestration 

concepts.  The model is a Lucite box filled with sediment that is used for illustrating 

enhanced oil recovery (EOR) and saline reservoir characteristics.  Based on an 

educational groundwater model design, the sequestration model uses carbon dioxide, 

water, and oil to illustrate difficult to understand processes involved in carbon 

sequestration.  The model is useful as a starting point for educational and public 

outreach discussions.

The educational curriculum and model will be piloted in a series of professional 

teacher development workshops focusing on climate change and geologic sequestration 

beginning in July 2006.   Included in the curriculum are six newly created activities 

focusing on petroleum uses, climate change, geologic structure, EOR, coal bed methane, 

and geologic sequestration.  In addition, preexisting materials from additional sources, 

such as the Keystone Center Global Climate Change curriculum, are incorporated into 

the workshop format.  The goal is to provide a well-rounded two-day informational 

workshop for teachers focused on global warming, climate change, the greenhouse effect, 

carbon sequestration, and related topics.

• Disseminate Information.
• Constructively Engage General Public.
• �Build Public Understanding of Geologic Carbon 

Sequestration.
• �Actively Work with General Public to Understand 

Concerns.

Phase I—Outreach and Educational Initiatives

General Public
• Web site.
• Develop informational resources.
• Design and develop format for public outreach sessions.

Professionals and Partnerships
• Web site.
• Presentations at professional societies.
• PAG.
• Consortium meetings.
• Presentations to business groups.

Media Exposure
• Local newspapers.
• Corporation newsletters.

Educational Initiatives
• Development of curriculum based on project research results.
• Development of informational resources.
• Design of Phase II educational workshops.

Phase II—Outreach and Educational Initiative

Outreach for the general public and the educational community have different, yet related needs, impacts, and 
audiences.

General Public Outreach	 Educational Community
Localized—site specific	 Regional—tri-state opportunity

Go out to communities	 Bring teachers in for 
impacted, and incorporate	 workshops, return to
feedback and respond	 community with
	 information

Reaching Out to the General Public

• �Conduct public forums informing about carbon sequestration 
throughout MGSC.

• �Develop flexible series of talks.

• Site specific public outreach.

• �Use feedback to continually develop, incorporate, and adapt 
information delivery.

• �Collaborate with public to further the success of carbon 
sequestration.

Educational Community:
Building Bridges—A Unique Opportunity

• �Conduct teacher workshops, bringing 
together teachers from entire MGSC.

• �Distribute existing educational 
materials from partners.

• �Refine and test workshop activities for 
GeoActivities Notebook.

• �Continue developing new activities 
in collaboration with teachers and 
scientists.

The Midwest Geological Sequestration Consortium is funded 
by the U.S. Department of Energy through the National Energy 
Technology Laboratory (NETL) via the Regional Carbon 
Sequestration Partnership Program (contract number DE-FC26-
05NT42588) and by a cost share agreement with the Illinois 
Department of Commerce and Economic Opportunity, Office of 
Coal Development (contract number ICCI0303 DEV03 2RF).

Sequestration Model

• �Demonstrate enhanced oil recovery and saline reservoir 
sequestration.

• Based on educational groundwater model.

• Uses carbon dioxide, water, and mineral oil to illustrate concepts.

• Conversation starter for public outreach and educational initiatives.

Teacher Workshops

• Two-day workshops on University of Illinois campus.

• �Focus on regional geologic sequestration in environmental context.

• �Provide teachers with content, hands-on activities, and demonstrations.

• �Receive tub of materials and publications for classroom use.

• �Content and curriculum tied to national learning standards.

Geologic Sequestration: An Opportunity for Educational Outreach
Sallie E. Greenberg

Illinois State Geological Survey
Midwest Geological Sequestration Consortium




