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DISCLAIMER 
 
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 ser-
vice 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 Battelle, 
the members of the MRCSP, the United States Government or any agency thereof. 
 

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. Department of Energy (DOE) Regional Carbon Sequestration Partnership 
Program.  The U.S. DOE through the National Energy Technology Laboratory (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-PS26-05NT42255.  The next largest contributor is the Ohio Coal Develop-
ment Office within The Ohio Air Quality Development Authority under Agreement No. CDO/DE-02-17.  The 
MRCSP also receives support from all of the other members listed below. 
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Cinergy Pacific Northwest National Laboratory
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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 seven states of the Midwest Regional Carbon Sequestration Partnership (MRCSP) represent a prime 
location for the potential large scale commercial adoption of terrestrial and geologic sequestration tech-
nologies.  While the MRCSP’s geologic and terrestrial sequestration options vary in terms of their 
technological maturity, costs, available capacity, and other key factors, these “sequestration natural re-
sources” represent feasible, cost-effective options for bringing about sustained and large-scale emissions 
reductions within these states, and value to their economies, for many decades to come.  This report sum-
marizes the development and application of a methodology to assess the costs at which varying levels of 
emissions reductions can be made within the region, via the variety of abundant CO2 sequestration op-
tions that appear to be available.  The key components of this methodology are discussed, and preliminary 
results for the region are presented, which act to illustrate its value, and what the resulting CO2 sequestra-
tion supply curves reveal about the nature, distribution, and economics of deploying CO2 sequestration 
within this vital region. 
 
Selected highlights from this analysis include: 
 

• Large, stationary point sources of CO2 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 plants account for 84% of the 
annual CO2 emissions from the MRCSP’s large stationary CO2 point sources. 

 
• The MRCSP region is home to as much as 517 billion tonnes of potential storage capacity in geo-

logic formations, and another 144 million tonnes of storage capacity available annually in 
terrestrial carbon sinks. 

 
• Based on the analysis conducted to date, the MRCSP region’s deep saline formations appear to 

have the greatest potential to store large quantities of CO2.  CO2 sequestration in depleted oil and 
gas fields and in deep unmineable coal seams appears to have smaller overall capacity, but has the 
potential to lead to the recovery of additional oil and methane, which could help offset the cost of 
sequestration. 

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

logic storage reservoir within just 100 miles; and many are able to access several storage options 
of various types within a much shorter distance.  

 
• The annual MRCSP sequestration supply curve presented here offers a richly detailed window to 

better understand how sequestration technologies might deploy within the MRCSP region.  The 
MRCSP sequestration supply curve has several distinct segments in which different types of se-
questration technologies are dominant: 

 
- First, according to the analysis presented here, all terrestrial and geologic sequestration options 

within the MRCSP are likely to carry a positive cost.  Therefore, there will need to be provided 
some disincentive on the free venting of CO2 to the atmosphere or some better quantification 
of ancillary benefits of various terrestrial and geologic sequestration measures before these 
practices begin their large-scale deployment within the MRCSP.  While the revenues associ-
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ated with regional enhanced oil recovery and enhanced coal bed methane recovery can help to 
offset the cost of CO2 capture and transport, these enhanced hydrocarbon recovery-related 
revenues do not presently appear significant enough to completely cover the cost of capture, 
compression, transport, injection and long-term monitoring in this region.  

 
- The lower part of the MRCSP sequestration cost curve, from $0 to $25 per tonne of CO2 

stored, is dominated by terrestrial sequestration options and CO2 capture and geologic storage 
options centering on high-purity sources (ethanol, hydrogen, gas processing facilities, etc.) 
storing their CO2 in regional coal seams and oil-bearing deep sedimentary formations. The low 
costs are driven by the low cost of capture from high-purity sources, as well as the offsetting 
revenues that can be had by selling the additional oil and methane produced from EOR and 
ECBM formations, respectively, since more oil and gas can be produced from these formations 
after the introduction of CO2.   

 
- From $25 to about $32 per tonne of CO2 stored, the curve consists mainly of low-purity 

sources (power, iron and steel foundries, oil refineries, cement plants, etc) storing their CO2 in 
value-added coal formations. While the cost of capture is higher for low-purity sources, the 
offsetting revenues from sale of the produced coalbed methane keep the net per-tonne cost of 
storage on the lower end of the curve. 

 
- From $32 to $46/tCO2, a combination of high-purity sources storing their CO2 in non-value-

added formations (deep saline-filled formations and depleted gas basins, neither of which con-
tain saleable oil or gas) and low-purity sources paired with value-added EOR- and ECBM-
based storage dominate this part of the curve.  

 
- The long plateau in the middle of the curve (between about $46 and $63/tCO2) is made up al-

most entirely of low-purity sources (predominantly coal-fired power plants) storing their CO2 
in deep saline-filled formations and gas basins. The increasing per-tonne cost is the result of 
sources becoming smaller and more distant from their best available sink. 

 
- Finally, in the tail end of the curve (up to $105/tCO2) there is an acceleration of this trend with 

mostly low purity sources of decreasing size and purity (e.g., small gas-fired power plants), 
able to access storage reservoirs at increasingly longer distances. 

 
• The development of more efficient, cost-effective capture technologies could deliver significant cost 

savings for the MRCSP region.  As documented in this report, the cost of CO2 capture is a dominant 
cost for many of the large, stationary point sources within the MRCSP region.  The cost of capture can 
be as much as 60% of the total cost, especially for the large fossil-fired power plants which are the 
largest source of CO2 emissions within this region.  

 
• The analysis presented here suggests that there is a possibility that significant quantities of CO2 from 

large power plants and other large industrial facilities in neighboring states might be imported into the 
MRCSP region to take advantage of the MRCSP’s immense and high quality geologic CO2 storage re-
sources.  The amount of imported CO2 could conceivably be as much as 20% of the total amount of 
CO2 annually sequestered in the MRCSP region.  More complete and integrated analyses are needed 
to further refine this estimate.  
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• As the MRCSP sequestration supply curve’s methodology is further refined and additional data is in-
corporated, the resulting cost curves will provide even more insight into the array of sequestration 
options that are available within this important seven state region. 
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Introduction 
 
The seven states of the Midwest Regional Carbon Sequestration Partnership (MRCSP) account for over 
776 million tonnes of CO2 emissions annually from large, stationary point sources of CO2, with an addi-
tional 370 million tonnes from distributed sources such as transportation and agriculture. These states are 
also home to as much as 517 billion tonnes of CO2 storage capacity in geologic formations, and another 
144 million tonnes of sequestration potential available annually in terrestrial carbon sinks.  Thus, in order 
to address one of the major goals of the MRCSP – helping governmental, industrial and public stake-
holders understand what it would mean to apply sequestration techniques in this region – requires that we 
attempt to better understand how the real world variability in CO2 emissions and geologic and terrestrial 
sequestration reservoirs (as documented in the first phase of the MRCSP’s research) would influence the 
potential large-scale adoption of sequestration-based technologies within this important region.   
 
This report summarizes the methodology and results used to analyze sequestration opportunities and eco-
nomics within the MRCSP region that explicitly accounts for variations among key attributes of the 
sources and sinks found within this region. This methodology has been employed to simulate how a mar-
ket based, competitive economy would seek to exploit the enormous sequestration potential within the 
MRCSP given a heterogeneous set of deployment options.   
 
The MRCSP Region: A Significant Future Market for Sequestration Technologies  
 
Figure 1 is a map depicting the large CO2 point sources within the MRCSP region that could be consid-
ered candidates for adopting carbon dioxide capture and storage (CCS) technologies at some point in the 
future.1  As can be seen, the largest contributors of CO2 emissions from these stationary point sources are 
fossil fuel power plants (predominantly coal-fired plants) that literally power the economy of this highly 
industrialized region. 
 

 
Figure 1.  Map of large CO2 point sources (each 100+ ktCO2/yr) within the MRCSP region 

                                                 
1 These data on the MRCSP’s large CO2 point sources is taken from a separate report (Characterizing the Economy and 
Greenhouse Gas Intensity of the MRCSP Region: Phase I Task Report) which was also prepared as a part of the MRCSP’s 
Phase 1 research.  That report along with other task reports from Phase 1 of the MRCSP can be found at http://mrcsp.org. 
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Table 1 presents the number of large CO2 point sources by type of facility and also lists the number and 
total annual emissions contribution for a larger set of stationary CO2 point sources that are considered 
within this analysis.  Given the large sequestration capacity resource within the MRCSP (and in particular 
that located within the region’s geologic settings), it is not difficult to imagine that adjacent regions that 
are not endowed with similarly large sequestration sources might want to access the sequestration re-
sources of the MRCSP.  That is, to facilitate the most realistic assessment of a potential CCS market 
across the MRCSP region, this analysis seeks to account for competition for the identified geologic CO2 
storage resource of the MRCSP region by allowing CO2 from outside the region to seek out and compete 
for that storage capacity. Therefore, sources listed in the table below include 176 identified sources in 
neighboring U.S. states that lie within 100 miles of the MRCSP region.2  This increases the total annual 
CO2 modeled within this analysis from 776 MtCO2 within the MRCSP region itself to 1,118 MtCO2 

 

Table 1.  Summary of large CO2 point sources in the MRCSP and in MRCSP+100 miles, by sector. 

Type of Facility 

Large CO2 
Point Sources 

within the 
MRCSP 

Large CO2 
Point Sources 

within the 
MRCSP + 100 

miles 

Total Annual 
Emissions for 
MRCSP + 100 

miles (MtCO2/y) 

Sector Share of 
Total 

Ammonia 0 1            0.6  <0.1% 
Cement 23 32          20.4  1.8% 
Ethanol 2 4            1.0  <0.1% 
Ethylene 3 5            2.4  0.2% 
Gas Processing 21 21          16.6  1.5% 
Hydrogen 1 3            0.4  <0.1% 
Iron & Steel 23 27          71.3  6.4% 
Power  207 351     970.0  86.8% 
Refineries 14 26          35.0 3.1% 
Total 294 470     1,117.7  100.0% 

 

                                                 
2 Our previous work has shown that vast majority (in excess of 85%) of large point sources in the United States can reach at 
least one candidate CO2 storage reservoir within 100 miles of the facility and therefore we will use this search radius in this 
analysis.  Interested readers can consult: R. T. Dahowski and J. J. Dooley, Carbon management strategies for US electricity 
generation capacity: A vintage-based approach, Energy, Volume 29, Issues 9-10, July-August 2004, Pages 1589-1598. 
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Table 2 shows the types of geologic storage formations considered in this analysis, as well as the total es-
timated capacity available within each class of storage reservoir within the MRCSP region.  
 

Table 2. Total estimated geologic storage capacity within MRCSP region, by formation type 
Reservoir Indiana Kentucky Maryland Michigan Ohio Pennsylvania West Virginia MRCSP Total
Coal >500ft -                 21                  -                 -                 37                  81                  112                251               
Devonian Shales -                 1,680             -                 4,180             8,500             12,040           18,910           45,310           
Medina Sandstone -                 89                  3,383             -                 5,579             36,024           25,459           70,534           
Mt Simon Formation 80,612           4,336             -                 112,839          19,390           -                 -                 217,177          
Needmore Shale -                 -                 10                  -                 -                 3                    41                  54                 
Oriskany Sandstone -                 2                    981                -                 729                7,669             10,049           19,429           
Potsdam Sandstone -                 -                 -                 -                 2                    1,704             -                 1,706             
Rome Trough Sandstones -                 1,001             -                 -                 6                    -                 221                1,228             
Rose Run Sandstone -                 5,443             -                 762                8,100             29,748           5,215             49,268           
St Peter Sandstone 103                -                 -                 87,967           64                  -                 -                 88,134           
Sylvania Sandstone -                 -                 -                 15,110           -                 -                 -                 15,110           
Unnamed Conasauga Sandstones -                 2                    -                 164                3,469             459                161                4,255             
Waste Gate Formation -                 -                 4,380             -                 -                 -                 -                 4,380             
Total Capacity (MtCO2) 80,715           12,573           8,753             221,023          45,875           87,728           60,169           516,836           
 
Table 3 summarizes terrestrial sequestration potential by land type for the MRCSP.  Note that, unlike the 
capacities presented for geologic storage formations in Table 2, which are lifetime storage capacities, the 
terrestrial capacities in Table 3 represent total estimated CO2 terrestrial sequestration potential on an an-
nual basis, over the near to mid term.  
 

Table 3. Terrestrial sequestration sink types, and annual CO2 storage capacities for each type within the MRCSP region. 

Terrestrial Sink Type Annual CO2 Storage Ca-
pacity (MtCO2) 

Non-eroded Cropland 14
Eroded Cropland 11
Marginal Land 99
Degraded Mineland 6
Wetland / Peat 14
TOTAL POTENTIAL 
TERRESTRIAL STORAGE 144

 
 
Methodology 
 
While the MRCSP’s geologic and terrestrial sequestration options are immense in terms of capacity these 
resources also vary in ways that are both subtle and significant.  Since the marketplace will be principally 
interested in the cost effectiveness of various means of reducing emissions, the MRCSP needed to create 
an engineering and economic model that would allow for an examination of these emissions mitigation 
options on a common cost-per-tonne basis. Given that terrestrial and geologic sequestration technologies 
are so fundamentally different, we needed to create two essentially different cost methodologies. A level-
ized cost was determined for each possible sequestration option, whether it be a source-reservoir pair 
identified for potential geologic sequestration or a particular terrestrial opportunity.  These levelized costs 
were estimated based on each of the processes involved in each type of project, and are expressed on a 
dollar per tonne of CO2 sequestered basis. 
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Terrestrial Sequestration Methodology  
Distributed emissions – such as those resulting from the transportation sector, agriculture, and waste dis-
posal – account for approximately one-third of the CO2 emissions in the MRCSP region.  Emissions from 
these kinds of distributed sources, as well as the emissions from the large stationary sources that are not 
captured from flue gases or process streams, can be offset via the application of terrestrial sequestration 
options. Because terrestrial sequestration of carbon dioxide makes use of natural processes to pull carbon 
out of the atmosphere (e.g., via photosynthesis), there are no direct “capture” or “transport” costs.  There 
are however costs associated with implementing various land-use management practices to enhance natu-
ral terrestrial carbon sequestration. Such land-use management practices, as studied during Phase I of the 
MRCSP research program vary depending on the target land type and location, as do the resulting seques-
tration potentials.  Costs of terrestrial sequestration methods were estimated based on the experience and 
research of the MRCSP terrestrial team, resulting in costs ranging from $4/tonne for non-eroded cropland 
to $27/tonne for wetland and peat land restoration with the other options falling in between and marginal 
land carbon enhancement being split into three separate cost sub-categories representing different classes 
of marginal lands as found within the MRCSP region.3 
 
Geologic Sequestration Methodology 
By employing the source-reservoir pairing method presented in IEA GHG 2005, a series of pairwise cost 
calculations were used to determine the per-tonne cost of carbon dioxide capture, transport and storage 
into geologic storage formations for large, stationary point sources of CO2.4  The crucial component of 
this analysis involves calculating pairwise solutions matching each source with its lowest cost, globally 
optimized storage option (i.e., finding the best option taking the entire system into account). Cost curves 
were computed, using the method presented in IEA GHG 2005, by solving for the best option for each 
stationary source subject to a set of constraints that are discussed below.5 First, due to the close proximity 
of candidate storage reservoirs to the CO2 sources of the region, a maximum 100-mile search radius was 
imposed, such that each source was able to consider selecting any potential storage reservoirs within a 
distance of 100 miles. This resulted in a set of CO2 storage options for each source (with the number vary-
ing depending on the number of options available to each source within the specified search radius), for 
which the costs of capture, transport, and storage were calculated.   
 
For candidate geologic sequestration opportunities, net costs were determined by summing individual 
capital and operating costs for capture, compression, dehydration, pipeline transport, and storage includ-
ing injection infrastructure and measurement, monitoring, and verification, less any revenue that might be 
generated by recovery of incremental oil or coalbed methane as a result of CO2 injection.  Costs for cap-
ture, compression and dehydration were estimated based on findings from the MRCSP report on capture 

                                                 
3 As discussed in the Future Enhancements section of this report, we understand that a key improvement to this methodology is 
to craft a mechanism that will allow for the various terrestrial sequestration options available within the MRCSP to be better 
treated as the graded resources that they are.  It is clear that the cost of implementing any of these terrestrial sequestration op-
tions would likely vary from place to place across the MRCSP region;  hopefully, the terrestrial sequestration field projects 
planned for Phase 2 will help to better define the variability in terrestrial sequestration costs likely to be encountered in the real 
world. 
4 Note that these large stationary CO2 point sources account for roughly 2/3 of all greenhouse gas emissions within the MRCSP 
region.  Also, the focus for the analysis is on sources that emit at least 100 ktCO2/yr, which represents a minimum size thresh-
old below which it is unlikely that the significant capital investments needed to employ CO2 capture technologies would prove 
to be economic.   
5 Dahowski, RT, Dooley, JJ, Davidson, CL, Bachu, S and Gupta, N.  2005.  Building the Cost Curves for CO2 Storage: North 
America.  Technical Report 2005/3. IEA Greenhouse Gas R&D Programme. 
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technologies, in conjunction with key parameters such as type of plant, CO2 emissions rate, and purity of 
the produced CO2.  Transport costs are based on the distance between each source and candidate storage 
reservoir and adjustments for differences in terrain and routing requirements, and costs per mile are ap-
plied based on recent 10 years of data for costs of onshore natural gas pipeline construction within the 
U.S.6   
 
Storage costs vary for each individual reservoir and are based on a number of different parameters includ-
ing type of reservoir, depth, and injectivity.  Finally, for depleted oil fields that appear favorable for 
enhanced oil recovery, or coal seams expected to release methane as a result of CO2 injection, the revenue 
associated with the hydrocarbon recovery is estimated based on individual recovery rates for each forma-
tion (in barrels of oil or cubic feet of methane recovered per tonne of injected CO2), along with the value 
of the recovered oil or gas.7  Summing each of these resulting cost components, and subtracting the value 
of any recovered oil or gas, arrives at a total net CCS cost, which is then levelized by applying an appro-
priate fixed charge rate for the project.  
 
Because each storage formation contains a finite amount of potential lifetime storage capacity, issues of 
reservoir filling and competition for low-cost storage must also be addressed. Within this methodology, 
the source with the lowest net cost of capture, transport, and storage for a given formation is given first 
access to that formation’s capacity. The source with the next-lowest storage cost is given access next, con-
tinuing in this manner until all sources seeking to store their CO2 in the formation have been satisfied, or 
until the formation is full, whichever comes first.  In the event that all of a formation’s storage capacity 
has already been spoken for, the source’s next-best option is pursued. In order to account for the fact that 
a source will seek to minimize capital costs by selecting a storage formation of sufficient available capac-
ity to accept a reasonable volume of the source’s CO2, this analysis assumes a 20-year minimum capacity 
requirement. That is, in order for a formation to be considered a valid option for a source, it must have 
enough uncommitted capacity remaining to accept and store 20 years’ worth of emissions from a source 
in order to grant it access.  
 
Results 
 
Figure 2 shows the resulting annual CO2 sequestration capacity supply curve for the MRCSP region. This 
represents the relationship between the amount of CO2 that can be sequestered at a given cost per tonne, 
each year over the course of this first 20-year period.  Because terrestrial sequestration does not require 
the high costs of engineered capture and storage, it dominates much of the low end of the curve, account-
ing for 90% of the storage capacity available below $28 per tonne of CO2. The geologic storage option 
pairings in this area of the curve are nearly all high-purity sources (exhibiting low capture cost) storing 
their CO2 into value-added (i.e., EOR and ECBM) formations. Only a few million tonnes of sequestration 
available just below $28/tCO2 consist of high-purity natural gas processing facilities storing their CO2 in 
shallower, capacious deep saline formations.  
                                                 
6 The methodology for calculating the cost of CO2 transport is discussed more fully in IEA GHG 2005. 
7 Those formations that bear hydrocarbons as a byproduct of CO2 injection, namely those formations undergoing enhanced oil 
recovery (EOR) and enhanced coalbed methane recovery (ECBM), provide short-term opportunities to offset the cost of CO2 
storage via the sale of coproduced oil and gas, respectively, and for this reason, storage costs in these formations are sensitive 
to the market price of oil and gas. Per the Reference Case employed in IEA GHG 2005, this analysis employs assumed energy 
prices of $23/bbl for oil, and $3.14/mcf for gas. No adjustments have been made to capital costs to account for existing infra-
structure in mature EOR and ECBM fields, nor for extra cost requirements to locate and ensure the integrity of all wells within 
a mature and abandoned oil or gas field. 
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The right two-thirds of the curve comprises sources such as power plants, iron and steel foundries, and oil 
refineries, which produce low-purity CO2 streams, and therefore have higher capture costs than the high-
purity natural gas processing, hydrogen, and ammonia facilities seen in the lower end of the curve. The 
steep upturn at the top end of the curve is the result of small, low-purity sources (almost exclusively 
power plants) that are far from their selected storage formation, relative to the other sources represented in 
the curve.  
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Figure 2. Sequestration cost curve for the MRCSP region (numbers refer to description of select points, below) 

 
For this analysis, a system boundary was set to include those sources that lie outside but within 100 miles 
of the seven-state MRCSP region.  This set of sources was selected to consider not only the future utiliza-
tion of the region’s geologic CO2 storage capacity by its own industry, but to also consider and model the 
possibility and cost associated with allowing CO2 from neighboring states to compete to access the abun-
dant storage capacity within the MRCSP region.  From the supply curve results, we find that of the 176 
total outside sources, 137 of them are able to access storage capacity within the region.  This results in an 
importation of some 187 MtCO2/yr of CO2 into the MRCSP region’s geologic storage capacity, or 22% of 
the total supplied annual geologic storage capacity by the region during this initial time period.  While 
this may be somewhat exaggerated as the analysis did not consider potential CO2 storage options within 
the neighboring states where these sources are located, the size and diversity of the CO2 storage resource 
within the MRCSP region may well attract suitors from outside of the region that are not able to access 
sufficient storage capacity elsewhere. 
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It is also important to note that the terminal x-value at the right side of the curve (970 MtCO2/y) is not 
equal to the cumulative annual emissions from sources in the region. This is due to a couple of factors.  
First, a conservative capture efficiency of 85% was applied to each source, and second, even with the vast 
storage capacity in geologic formations that has been identified within the region, there are a few isolated 
sources that are not able to access any available storage capacity within the specified search radius, and 
are therefore left “stranded” and unable to utilize geologic sequestration.  130 MtCO2 are left stranded in 
this analysis, although for the most part, this represents sources on the very fringes of the analysis area – 
and mostly sources outside of the MRCSP states that have limited access to geologic storage capacity.  
However, this is not to suggest that these stranded facilities would have no options for CO2 storage be-
yond the 100-mile search radius examined here, but in these limited cases, the operators of plants with 
such “stranded” CO2 might find it more economical to purchase potential emissions credits, or invest in 
terrestrial sequestration projects within the region. 
 
The numbered boxes on Figure 2 highlight some of the individual points on this sequestration supply 
curve.  A short description of each point or region is provided on Table 4, which includes the type of 
source, selected sink, and a rough indication of the distance between them that each point represents.  The 
points are representative of their respective segment of the curve, and are therefore by themselves not par-
ticularly special or unique.  The purpose of calling out such sample points is to help illustrate the nature 
and development of the curve and the characteristics of the individual sources and sinks that contribute to 
the final placement and abatement cost for each point.   
 

Table 4. Description of select points on the resulting MRCSP region’s sequestration cost curve. 

Curve 
Point Description 

1 Large, high purity natural gas processing facility coupled with CO2 storage in a nearby (<10 miles) 
ECBM opportunity 

2 Non-eroded cropland terrestrial sequestration opportunities 

3 Mid-size high purity natural gas processing facility coupled with CO2 storage in a nearby (<10 miles) 
EOR opportunity 

4 Eroded cropland terrestrial sequestration opportunities 
5 Marginal lands terrestrial sequestration opportunities 
6 High purity ethanol plant coupled with a distant (>50 miles) EOR opportunity 

7 Small, high purity ethanol plant coupled with a nearby (<10 miles) depleted gas field CO2 storage oppor-
tunity 

8 Wetland / peatland terrestrial sequestration opportunities 
9 Large, coal-fired power plant coupled with CO2 storage in a nearby (<10 miles) coal seam 

10 Small, high purity hydrogen production facility with a moderately distant (<50 miles) storage opportunity 
in a depleted gas field 

11 Large, coal-fired power plant coupled with CO2 storage in a nearby (<25 miles) deep saline formation 
12 Iron & steel plant coupled with a nearby (<10 miles) deep saline formation 
13 Smaller coal-fired power plant coupled with CO2 storage in a nearby (<25 miles) deep saline formation 
14 Cement plant coupled with a distant (>50 miles) deep saline formation 
15 Gas-fired power plant coupled with a distant (>50 miles) deep saline formation 
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Further detail on the selected geologic sequestration points are presented in Figure 3.  Here, the individual 
capture, compression, transport and net injection cost components are shown, which combine to result in 
the final estimated abatement cost for each geologic source-sink pair.  This more clearly illustrates the 
impact of individual source and reservoir characteristics have in defining the total cost per tonne of each 
point.  For instance, note that the capture cost component for these 11 sources ranges from $0/tCO2 for the 
very high purity CO2 sources up to $57/tCO2 for the small and very low purity source (NGCC power 
plant).  Compression cost estimates vary also, depending again on the size of the CO2 stream and other 
characteristics, roughly between $6 and $12/tCO2.  Likewise, transport costs are driven by the mass flow 
rate of CO2 to be transported, but also the distance between source and its selected reservoir.   Here, they 
range from about $0.20/tCO2 for the very large coal-fired power plant requiring minimal pipeline length, 
to nearly $15/tCO2 for the very small gas-fired power plant that is closer to 100 miles from its target sink.  
The injection costs shown here represent the cost of injecting the CO2 into the selected reservoir (includ-
ing all necessary capital and operating costs for wells and distribution pipeline, as well as monitoring 
equipment and procedures).  Additionally, for value-added CO2 injection for EOR or ECBM, the value of 
the anticipated incremental recovered oil or gas is then subtracted, thereby allowing for this net injection 
cost to be negative (i.e., an added value) in some situations.  For these 11 sample points, the net injection 
costs vary from about $-7 to $12/tCO2, based largely on the type and characteristics of the selected reser-
voir (e.g., depth, injectivity, oil/gas recovery potential). 
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Figure 3. Component costs for the noted points on the curve representing geologic sequestration options8 

                                                 
8 The negative injection costs for Curve Points 1, 3, 6 and 9 represent the net cost of injection taking into account revenues as-
sociated with the CO2 being used for enhanced hydrocarbon recovery. 
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For all but the very high purity sources, it is important to note that the largest cost is related to separation 
of CO2 from the flue or process stream.  In fact, for the example curve points shown here, the cost of cap-
ture represents roughly 60% of the total estimated net sequestration cost, for each point including a low 
purity source.  This is significant, as lowering the cost of CO2 capture from these low purity sources (and 
from power plants in particular) would provide a major boost to the economic viability of geologic se-
questration within the MRCSP region, as well as elsewhere.  For the MRCSP region alone, which relies 
heavily on coal-fired power production to drive its strong economy, advancing the separation of CO2 from 
the flue gas streams of existing and future coal-fired power plants would have a significant and sustained 
impact on the region’s ability to reduce CO2 emissions. 
 
Future Enhancements 
 
While the cost curve methodology described here provides a robust means of estimating the levelized 
costs to realize various levels of CO2 sequestration potential, there are still a number of desired improve-
ments that have been identified.   These are improvements that would tailor the methodology to better 
reflect specific conditions and costs of various sequestration options within the region, as well as provid-
ing the model with the very latest understanding and data on both geologic and terrestrial sequestration 
options.  For example, a more detailed characterization of the candidate geologic CO2 storage resource is 
being developed by the MRCSP.  Additionally, the partnership has been working on examining likely 
ECBM costs that are more specific to the coal seams encountered within the MRCSP region, which would 
provide further refinement to better customize the methodology and resulting cost curves to the region.   
 
As noted earlier, a key improvement that needs to be made in this methodology is to develop a better way 
to understand how costs vary among and across various terrestrial sequestration options.  Figure 4 below 
shows the aerial extent and geographic distribution of the terrestrial sequestration options studied in Phase 
I of the MRCSP’s work.  As can be seen from this figure, there are clearly areas where there is a higher 
density of locations that are amenable to individual land-use management options.  If nothing else, this 
might be an indication of lower costs through scales of economy in these regions when compared to re-
gions that have a lower density of this type of sequestration option.  But beyond factors such as this, it is 
clear that not all of these parcels of land are equivalent across a wide spectrum of influential variables 
from land cover to soil quality to slope and so on.  To be able  to account for factors such as these would 
undoubtedly reveal a more detailed picture of how the cost of terrestrial sequestration options vary within 
the MRCSP region.  In particular, assuming a static, fixed cost – as was done here – likely underestimates 
the cost of deploying each of these terrestrial sequestration options across an area as large as the seven 
MRCSP states.  
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Figure 4. Distribution of terrestrial sequestration potential across the  MRCSP region 

 
We intend to update our cost curve for the MRCSP throughout Phase II and we believe that the planned 
field work that will be conducted during Phase II will be key to helping improve our representation of the 
cost of employing geologic and terrestrial sequestration options across the MRCSP region.  
 
Conclusions 
 
The seven states of the Midwest Regional Carbon Sequestration Partnership are well-positioned to take 
advantage of a variety of CO2 sequestration opportunities. The region has abundant geologic and terres-
trial storage resources that are accessible to a vast majority of the region’s CO2 sources, and that could 
well sustain the region’s CO2 mitigation needs through the end of this century and into the next. The 517 
billion tonnes of geologic storage capacity alone satisfy the potential demand for over one hundred years.  
Initial cost curves resulting from this analysis indicate that abundant CO2 sequestration capacity is avail-
able to the region at less than $50/tCO2, and that a smaller though still substantial opportunity exists at 
less than $28/tCO2.  Such results again confirm the value that CO2 sequestration offers to the MRCSP re-
gion in reducing its emissions and sustaining its economic vitality in a possible carbon constrained world.  
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Appendix: Selected Detailed MRCSP Sequestration Supply Cost Curves 
 
The following sequestration supply curves for the MRCSP region provide additional views of the same 
curve that was presented in the body of the report.  They again represent the annual sequestration capacity 
on supply within the region at costs that vary from $0 to $105/tCO2 over the first time period that has 
been modeled.  Figure A.1 displays the points on the curve by type of CO2 source (distributed, low purity 
stationary, and high purity stationary), and Figure A.2 highlights the type of sequestration opportunity se-
lected by each source (as either terrestrial or specific class of geologic reservoir).   
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Figure A1. Sequestration cost curve for the MRCSP region by source type 
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Figure A2. Sequestration cost curve for the MRCSP region by sink type 

 


