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Notice 
 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government, nor any agency thereof, nor 
any of their employees, nor Battelle, nor any member of the MRCSP makes any 
warranty, express or implied, or assumes any liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process disclosed, 
or represents that its use would not infringe privately owned rights. Reference herein to 
any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendations, or favoring by Battelle, members of the MRCSP, the United States 
Government or any agency thereof. The views and the opinions of authors expressed 
herein do not necessarily state or reflect those of the members of the MRCSP, the United 
States Government or any agency thereof. 

 
 

 
 
 

Editor’s Note 
 

This stand alone version of the Executive Summary is essentially identical to the front 
matter of the full report.  A few acronyms were spelled out for the reader’s convenience 
and certain sections of the Abstract and Table of Contents were omitted.  If you have 
questions on the material presented here, please refer to the full report or contact the 
MRCSP through this website (www.mrcsp.org). 

 

http://www.mrcsp.org)
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About the MRCSP 
 

The Midwest Regional Carbon Sequestration Partnership (MRCSP) is a public/private 
consortium that is assessing the technical potential, economic viability, and public 
acceptability of carbon sequestration within its Region. The MRCSP region consists of 
seven contiguous states: Indiana, Kentucky, Maryland, Michigan, Ohio, Pennsylvania, 
and West Virginia. A group of leading universities, state geological surveys, non-
governmental organizations and private companies listed below and led by Battelle, 
makes up the MRCSP. It is one of seven such partnerships across the U.S. that make up 
the U.S. DOE Regional Carbon Sequestration Partnership Program. The U.S. DOE 
through NETL contributes the majority of funds for the MRCSP’s research accounting 
for 68.62% of the total funding or $2.41 million for the current phase of work all under 
Agreement No. DE-FC26-03NT41981. The next largest contributor is the Ohio Coal 
Development Office within The Ohio Air Quality Development Authority under 
Agreement No. CDO/DE-02-17. The MRCSP also receives funding from all of the other 
members listed below. 

 

 
 

Industry Partner Research Partner
AES Warrior Run CONSOL Energy
Alliance Resource Partners (Mettiki Coal) Indiana Geological Survey
American Electric Power Kentucky Geological Survey
Arch Coal Keystone Center
Baard Energy Maryland Geological Survey
Babcock and Wilcox Michigan State University
British Petroleum (BP) National Regulatory Research Institute
Center for Energy Ohio Division of Geological Survey

and Economic Development (CEED) Ohio Environmental Council
Cinergy Pacific Northwest National Laboratory
CONSOL Energy Penn State University
Constellation Energy Pennsylvania Geological Survey
DTE Energy Purdue University
First Energy The Ohio State University
Maryland Energy Administration University of Maryland
Monsanto West Virginia Geological Survey
Ohio Coal Development Office West Virginia University

of the Ohio Air Quality Development Authority Western Michigan University
Ohio Corn Growers Association
Ohio Forestry Association
Ohio Soybean Council
Ohio Turfgrass Foundation
Scotts Company
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EXECUTIVE SUMMARY 
 
 
The Midwest Regional Carbon Sequestration Partnership (MRCSP) is a public/private consortium that 
was formed in 2003 to assess the technical potential, economic viability, and public acceptability of 
carbon sequestration within its Region. The MRCSP region consists of seven contiguous states: Indiana, 
Kentucky, Maryland, Michigan, Ohio, Pennsylvania, and West Virginia.  Since its inception, the MRCSP 
has grown to 38 partners representing leading universities, state geological surveys, non-governmental 
organizations, state and federal government agencies and private companies across the Region. The 
MRCSP is the premier resource in the region for identifying the technical, economic, and social 
considerations associated with terrestrial and geologic carbon dioxide (CO2) sequestration and identifying 
viable pathways for its deployment.  The MRCSP is one of seven such partnerships across the U.S. that 
makes up the U.S. DOE Regional Carbon Sequestration Partnership Program.   
 
This report summarizes results of Phase 1 of the MRCSP’s research. While the MRCSP region’s geologic 
and terrestrial sequestration options vary in terms of their technological maturity, costs, available 
capacity, and potential risks, they are all feasible technologies whose cost-effective, large-scale 
deployment can be envisioned across the Region in the coming decades. 
 
 
Immense potential terrestrial and geologic storage potential — Based on the MRCSP’s analysis to 
date, the MRCSP Region’s deep saline formations and the conversion of marginal lands hold the greatest 
potential to store large quantities of CO2. 
 

• The MRCSP region’s geology is diverse, encompassing the Northern Appalachian Basin, the 
Atlantic Coastal Plain, the Michigan Basin, and the Arches Province.  The geologic sequestration 
options of the region are many and varied, including numerous deep saline formations (DSF) 
available across much of the region, large active and depleted oil and gas fields in the Michigan 
Basin and the Northern Appalachian Basin, and one of the nation’s largest accumulations of coal 
in the Northern Appalachian Basin. 

 
• This MRCSP region has more than 500 gigatons of potential geologic CO2 storage potential 

(GtCO2).  This is an immense natural resource that could accommodate many hundreds of year’s 
worth of current CO2 emissions from the region’s large point sources such as electric power 
plants, cement plants, and refineries.   

 
• The MRCSP Phase I geologic characterization efforts focused primarily on four reservoir classes: 

deep saline formations, oil and gas fields, unmineable coalbeds, and organic shales.   
o The deep saline formations, especially the Mt. Simon, St. Peter, and Rose Run sandstones, 

are, by far, the region’s largest assets for long-term geologic CO2 sequestration.  The region’s 
deep saline formations could potentially store 450-500 GtCO2. 

o There is at least 2.5 GtCO2 of potential storage capacity in existing and depleted oil and gas 
fields.  Storing CO2 in these formations via enhanced oil recovery methods in current and 
recently abandoned regional oil fields could lead to the production of potentially hundreds of 
millions of barrels of additional oil production.   

o The Northern Appalachian Coal Basin unmineable coalbeds have the potential to store 
approximately 0.25 GtCO2.  Application of enhanced coal bed methane recovery technologies 
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could add significantly to the amount of natural gas produced from the deep unmineable 
portions of this resource while securing millions of tons of CO2 in place.   

o While still in the laboratory research phase if it proves practical to store CO2 in deep organic 
shales, the MRCSP region has one of the richest holdings of these deposits in the world.  The 
theoretical storage potential of these organic shales in the MRCSP region could be potentially 
as large as 45 GtCO2. 

 
• The MRCSP region’s terrestrial sequestration options are also varied as the MRCSP region 

embraces a number of major land resource areas such as the Eastern Corn Belt, the Upper 
Mississippi River Basin, the wetlands of the Chesapeake Bay, and the forests of the Appalachian 
Region.  The MRCSP has focused its terrestrial sequestration research on the following five 
categories as we believe these have the most potential for our region: 

 
1. Non-eroded prime croplands  
2. Eroded prime croplands 
3. Marginal lands such as forest, pasture, and severely-eroded croplands 
4. Minelands 
5. Wetlands 

 
The following is a summary of the conclusions of our terrestrial sequestration research for the region: 
 

• The MRCSP region is home to as much as 144 million tonnes of storage capacity available 
annually (MtCO2/year) in the five land use classes of terrestrial carbon sinks listed above. 

• The conversion of marginal crop lands represents nearly 70% (98.6 MtCO2/year) of the 
region’s total terrestrial sequestration potential.  Regional wetlands offer an additional 14.3 
MtCO2/year of terrestrial sequestration potential.  Non-eroded crop lands (13.6 MtCO2/year), 
eroded crop lands (11.4 MtCO2/year), and the restoration of mine lands (5.5 MtCO2/year) 
offer smaller but still significant terrestrial sequestration potential. 

• The largest concentrations of the MRCSP’s terrestrial sequestration potential can be found in 
Indiana (34 MtCO2/year), Michigan (30 MtCO2/year) and Ohio (27 MtCO2/year). 
Pennsylvania (19 MtCO2/year), Kentucky (19 MtCO2/year), West Virginia (10 MtCO2/year) 
and Maryland (6 MtCO2/year) are also home to significant terrestrial sequestration potential.  

• The ancillary, non-climate benefits associated with the potential large-scale implementation 
of terrestrial carbon sequestration within the MRCSP region would be significant and would 
include improvement in soil quality, reduction in erosion and sedimentation, bio-filtration of 
pollutants, and decreased rates of CO2 emissions.  Adoption of recommended management 
practices may enhance crop yield in some soils by 1 to 2 percent annually, decrease the 
magnitude of soil erosion and non-point source pollution by 70 to 80 percent, and reduce the 
transport of pesticides and heavy metal in runoff and percolation water by 70 to 80 percent. 

 
 
Large potential market for geologic sequestration technologies -- The MRCSP region is home to 
many large anthropogenic CO2 point sources that are in close proximity to the region’s geologic CO2 
storage formations thus making them potential candidates for employing carbon dioxide capture and 
storage (CCS) technologies in the future. 
 
• Large, stationary point sources of CO2 (i.e., more than 100kt CO2/year) within the MRCSP region 

annually emit 776 million tonnes of CO2, with an additional 370 million tonnes from distributed 
sources such as transportation and agriculture.   Large fossil-fired (predominantly coal-fired) power 
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plants account for 84% of the annual CO2 emissions from the MRCSP’s large stationary CO2 point 
sources. 

 
• Of the 294 large CO2 point source locations within the region, 80 percent of the CO2 emissions come 

from only 31 percent (or 85) of the facilities.  Of these 85 sources, all but 7 are in close proximity to 
at least one candidate CO2 storage reservoir, and all but one are within 50 miles of one or more 
potential storage options.   

 
• The vast majority (94%) of the region’s large CO2 point sources have at least one candidate geologic 

storage reservoir within just 100 miles; and many of these core regional industrial and power 
generating assets are able to access several potential deep geologic CO2 storage options of various 
types within a much shorter distance.  

 
 
Carbon dioxide capture technologies already exist which can be deployed across the MRCSP but 
continued advancement in CO2 capture technologies would result in significant cost savings -- 
According to the MRCSP’s analysis of commercially available and prospective CO2 capture systems, 
amine scrubbing processes are technically capable of capturing CO2 from key MRCSP large CO2 point 
sources such as power plant flue gas, blast furnace off-gas, and cement kiln flue gas.  Physical absorption-
based CO2 capture processes would likely be applicable to capturing CO2 from high-pressure shifted 
syngas from future coal-fired IGCC power plants, natural gas steam reforming or partial oxidation plants, 
as well as from blast furnace off-gas in integrated steel mills, provided that it is first pressurized and 
shifted. Both of these processes are commercially available and have been used for CO2 capture.   
 
• Because fossil-fired power plants account for 84% of the MRCSP’s total CO2 emissions from large 

point sources, if there were a need for deep and sustained CO2 emission reductions, the application of 
CCS systems to power plants would likely represent a key CO2 emissions reduction strategy.  

 
• CO2 capture opportunities in the iron and steel industry should also receive attention as this industry 

accounts for 9% of the MRCSP’s total CO2 emissions from large point sources and our research 
suggests that capturing CO2 from some iron and steel facilities may be less expensive than capturing 
it from power plants.  

 
• The MRCSP’s analysis also shows that there are a number of emerging technologies that show 

promise for improving the economics of CO2 capture. The development of more efficient, cost-
effective capture technologies is critical, especially considering that CO2 capture and compression are 
estimated to account for as much as 60% of the total costs associated with CO2 capture, transport and 
geologic for many of the large CO2 point sources within the MRCSP. 

 
 
CO2 transport via pipelines is an established technology with an established regulatory framework -
- Within the MRCSP Region, dedicated CO2 pipelines will be the primary means of transporting CO2 
from the point at which is captured to a suitable, long-term geologic storage site. 
 
• The technology to move CO2 by pipeline has already been developed and there are currently almost 

3000 miles of CO2 pipeline in the United States.  The overwhelming majority of this pipeline exists in 
the Southwestern U.S. where CO2 is used to increase oil production from fields in the Permian Basin 
and other oil-rich areas. A few tens of miles of dedicated CO2 pipelines can be found in the MRCSP 
Region in Northern Michigan where they are used to move CO2 to depleted oil fields undergoing 
CO2-driven enhanced oil recovery. 
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• Acquiring rights of way for CO2 pipelines do not add much to the overall cost of a large CO2 capture 

and storage project but acquiring these rights can take many years of negotiations with landowners, 
performing environmental impact studies, obtaining permits from various regulatory agencies and 
public service commissions.  Within the MRCSP region, a promising approach to minimizing the cost 
and accelerating the acquisition of needed CO2 pipeline rights of way could well center on making 
“shared use” of existing right of way corridors. 

 
• For each state within the MRCSP region, the state public utility commission or public service 

commission has jurisdiction over gas pipelines and therefore would presumably have a central role to 
play in granting permits for CO2 pipelines including safety related requirements.  A number of federal 
agencies might also play roles in setting the regulatory environment for CO2 pipelines that might 
operate within the MRCSP or could even play a role in specific decisions about proposed MRCSP 
CO2 pipelines.  

 
 
Regulatory frameworks exist to guide prospective terrestrial and geologic sequestration projects 
within the MRCSP but these frameworks are likely not optimal given that potential for large-scale 
deployment of geologic and terrestrial sequestration technologies within the MRCSP was not 
envisioned when these rules and regulations were created -- No permits for geologic carbon 
sequestration injection wells have been formally sought and therefore no permits have been granted yet in 
the MRCSP region, although there have been several inquires to the appropriate state regulatory bodies in 
Ohio and West Virginia. 
 
• Currently, there are few laws or regulations that are directly relevant to CO2 storage in deep geologic 

formations. Until more tailored laws and regulations are enacted, geologic sequestration projects will 
most likely be governed by regulations built upon the Underground Injection Control (UIC) program 
established by the federal Safe Drinking Water Act (SDWA). At the present, it is unclear how CO2 
injection will be dealt with under the UIC program. The most often discussed options are 
classification of CO2 injection wells as either Class 1 or Class 5 wells or perhaps the creation of a new 
class to better address the specific needs and circumstances of CO2 injection wells.   Despite the 
comprehensive regulatory scheme developed for the UIC program, a possible gap exists in regard to 
geologic CO2 sequestration. Specifically, there is no federal requirement for monitoring the actual 
movement of fluids or gas within the injection zone, nor are there requirements for monitoring in 
overlying layers to detect leakage.  Given the long time frame for geologic sequestration, monitoring 
for migration will likely be required.  

 
• As with oil and natural gas production, surface and subsurface property rights will affect the 

regulation of geologic sequestration, the cost of transportation and storage of CO2, and will be central 
in determining liability. Because property rights are governed by state law and often develop through 
state court precedent, it is currently difficult to predict precisely how property issues will affect 
geologic carbon sequestration.  

 
• To date, terrestrial sequestration has been carried out under private contracts. There is no direct 

regulation of such private contracts. Due to the public interest of the subject matter, however, there is 
indirect regulation of private contracts. Although terrestrial sequestration remains largely private, 
there is still a public interest in encouraging sequestration and monitoring sequestration projects. Thus 
there will be a role for regulation. Some regulatory issues will involve how to encourage land and 
forest use that sequesters carbon and discourage practices that release carbon. Regulations could 
restrict land use practices and require replanting of harvested forests (e.g., via conservation 
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easements), provide for subsidies and taxes, and/or stipulate how property rights in sequestered 
carbon are obtained and transferred. In the MRCSP Region, all seven states have conservation 
easement programs that could be expanded to include carbon sequestration or could be used as a 
model for new programs. 

 
 
Key stakeholders have limited awareness of carbon sequestration and the potential role it might 
play within the MRCSP Region. This finding from the MRCSP’s Stakeholder Outreach and Education 
program holds true across all of the MRCSP states.  
 
• Public officials acknowledged that carbon sequestration was a relatively new and unknown issue both 

for them and the general public.   
 
• Leaders of environmental groups in the seven states typically appeared more knowledgeable about the 

topic and expressed interest in MRCSP activities. However, most acknowledged that their resources 
were limited, that they had more urgent environmental priorities to address, and that carbon 
sequestration was currently not high on the public’s radar screen—although they noted that this could 
change as the field demonstrations made the issues more immediate and site-specific.  Some 
emphasized that it was important for the MRCSP to demonstrate openness in its activities and in its 
provision of information.  

 
• In general, the topic of terrestrial sequestration appeared to be viewed favorably as a “green” 

approach.  Where issues were raised about geologic CO2 storage, they were typically concerned with 
the containment of injected carbon dioxide in geologic sequestration.  

 
 
Phase II of the MRCSP will transform the theoretical potential identified in Phase I into high-value 
added assets for the Region --The upcoming MRCSP Phase II (2005-2009) research program will center 
on taking the large, theoretical sequestration potential identified in the Phase I research program (2003-
2005) and through a series of state-of-the-art field validation tests show how the region’s large, well 
distributed and competitively priced sequestration potential can be utilized to simultaneously advance 
economic growth and environmental protection.  The planned set of activities in the MRCSP Phase II 
plan include:  
 

• The MRCSP will conduct two or more small scale CO2 injection field tests in the region’s deep 
geologic reservoirs to demonstrate the safety and effectiveness of geologic storage systems.  

 
• The MRCSP will also conduct small scale field validation tests of terrestrial sequestration across 

the region to show how the stored carbon can be measured and monitored and how carbon credits 
could be traded in voluntary greenhouse gas markets.   

 
• Another key component of Phase II will be an innovative “piggyback drilling” program pioneered 

by Battelle which will allow the MRCSP to leverage the ongoing and extensive investments made 
by the local oil and gas drilling companies to gather “real world” sequestration-related data such 
as core samples from deep geologic formations.  

 
• Phase II will continue the crucial work initiated in Phase I to map and define the sequestration 

potential of the region, seek to understand key regulatory issues and undertake a first-ever 
systematic approach to en the region, seek to engage and inform stakeholders across the entire 
region about this important class of technologies. 
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Key terrestrial and geologic sequestration activities are already happening within the MRCSP — 
Not only is there tremendous potential for carbon sequestration technologies to deploy in the future within 
the MRCSP, but at a very real level, one can say this is already happening and that the MRCSP region 
represents one of the leading locales worldwide for the early implementation of these critical carbon 
management technologies. The MRCSP Region is home to: 

• The world’s first geologic storage experiment located at an operational power plant (the 
Mountaineer coal-fired power plant),  

 
• One commercial power plant that is already capturing CO2 with an amine scrubber (the AES 

Warrior Run coal-fired power plant) and at least, three commercial IGCC units in advanced 
stages of planning are likely to be built in the region.   

 
• More than 10 miles of dedicated CO2 pipelines serving commercial CO2-driven enhanced oil 

recovery in Michigan, 
 
• The region has an extensive history of restoring mine lands and already has commercial 

experience with implementing no-till agricultural methods and other promising terrestrial 
sequestration options.   

 
Clearly, terrestrial and geologic sequestration technologies offer the prospect of providing tremendous 
leverage for the region’s economy if deep reductions in greenhouse gases are needed. The remainder of 
this report focuses more specifically on the potential for terrestrial and geologic sequestration 
technologies to deploy within the MRCSP region. 
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 Nomenclature 
 
 

C  Carbon as elemental carbon as opposed to as CO2. 
CEC Carbon Exchange Capacity 
CH4  Methane 
CO2   Carbon dioxide 
CRP  Conservation Reserve Program 
CT  Conventional Till 
DPM  Decomposable plant material 
ESRI  Environmental Systems Research Institute 
FIPS  Federal Information Processing Standards 
GIS  Geographic Information System 
GtCO2 Gigatonne of CO2= 1 billion tonnes 
Ha  Hectare 
IPCC  Intergovernmental panel on Climate Change 
Mg  Megagrams, 1 Mg =106 grams or 1000 metric tonnes 
Mha  One million hectares 
MRCSP  Midwest Regional Carbon Sequestration Partnership 
MT  Mulch Till 
MtCO2 Million tonnes of CO2 
N2O  Nitrogen oxide 
NLCD  National Land Cover Dataset 
NPP  Net Primary Production, Net Primary Productivity 
NRCS  Natural Resources Conservation Service 
NT  No Till 
Pg  Petagram, one petagram  = 1015 grams or one gigatonne 
RPM  Resistant Plant Material 
RT  Reduced Till 
SMCRA  Surface Mining Control and Reclamation Act of 1977 
SOC  Soil Organic Carbon, defined as the total organic carbon of a soil exclusive of carbon from 

undecayed plants and animal residues (http 
=//www.fao.org/gtos/tems/variable_show.jsp?VARIABLE_ID =34 ) 

SOCRATES Soil Organic Carbon Reserves And Transformations in EcoSystems 
SOM   Soil Organic Matter, broadly defined as all living organisms (microorganisms, earthworms, 

etc), fresh residues (old plant roots, crop residues, recently added manures), and well-
decomposed residues (humus). (http =//www.akron.ars.usda.gov/fs_soil.html ) 

STATSGO  State Soil Geographic Data Base 
Tg  Teragrams, 1 Tg  =1012 grams or 1 million metric tonnes 
WRP  Wetlands Reserve Program 

http://www.fao.org/gtos/tems/variable_show.jsp?VARIABLE_ID
http://www.akron.ars.usda.gov/fs_soil.html

