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1. Characterize the physical, economic and policy 
requirements for a carbon sequestration project

2. Develop a high-level methodological framework for 
analysis

3. Build an Integrated Assessment model (a dynamic 
simulation computer model in Powersim Studio) to 
help interested parties understand the potential 
screening criteria necessary to develop such a project

4. Apply the model to the Southwestern United States, 
and beyond

The Integrated Assessment Model:
CO2 Capture, Transportation and Storage
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The Integrated Assessment Model:
Attributes and Screening Criteria

• Model characterizes the 
screening criteria:

– Underground geologic storage 
of carbon dioxide (CO2) 

– CO2 Source and Sink Matching

– Costs associated with this 
system

– Expanded to include Regional 
Totals

Region
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Progress of the
Integrated Assessment Modeling Efforts

• Completed:
– Developed a Test Case Model

» ‘systems view’ in the SW Regional Partnership
» A few sources and sinks in New Mexico to set the framework

• Completed:
– Employing the String-of-Pearls Beta 1.0 model algorithms
– Develops a CO2 sequestration network in the full SW Region

» (CO2 sources, pipelines, sinks)

• Where we are:
– Refine Regional Totals (CO2, Cost, CCS potential)
– Include a financial payback model for CCS technology
– Develop a website to access SNL CCS resources
– Investigating a cost optimization module to find the least cost 

solution for a Carbon-constrained future in the SW

Timeline

2004

2005

2006

2007

2008

(Carbon Capture and Sequestration (CCS))
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Schematic of the
Integrated Assessment Model

Source Capture Transportation Storage Metering

Power Plants

Capture Cost 
Modeling

Pipelines

Natural Gas, Oil Formations

Ongoing

Systems Cost =

Capture Cost tCO2 + Pipeline Cost tCO2 + Surface Piping and Well Costs tCO2 + Measurement, Monitoring and Verification tCO2
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Carbon Capture, Transportation,
and Storage Equations

• Carbon Capture
– Based on IECM model results provided by GTI, developed into a regression for coal and gas plants 

captured for the interim, as the working group standardizes the equations and metrics:
– ($/ton CO2 captured):

» Costcoal ($/ton) = 48.9683 + (0.0003 * MW) + (-0.2030 * % capture of CO2)
» Costnatural gas($/ton) =  117.6814 + (0.0409 * MW) + (-0.6665 * % capture of CO2) 

– ($/MWh with CO2 captured):
» Costcoal ($/MWh) = 70.4104 + (-0.0097 * MW ) + (0.4873 * % capture of CO2)
» Costnatural gas ($/MWh) = 87.3710 + (0.0346 * MW) + (0.0346 * % capture of CO2)

• Transportation
– Based on Joan Ogden (2002) (UC Davis) and Bob Williams (2002) (Princeton)

» Cost of the pipeline transmission ($/tCO2)coal, natural gas =
Capital Cost0 * (Quantityn/Quantity0)^-0.53 * (length of pipeline/length of 
pipeline0)^1.24

• Surface Piping and Disposal Wells
– Based on Joan Ogden (2002) (UC Davis) and Bob Williams (2002) (Princeton)

» Cost of surface piping near the disposal wells ($/tCO2) =
0.138 * (Quantity of CO2 -104.17)^0.253

» Cost of disposal wells ($/well)=$1.0 million + ($1.25 million/km) * [depth of well (km)]

• Monitoring, Measurement and Verification
– Range Based on Benson et al. (2004)

» $0.16 to $0.31 per tonne of CO2

Systems Cost =

Capture Cost tCO2 + Pipeline Cost tCO2 + Surface Piping and Well Costs tCO2 + Measurement, Monitoring and Verification tCO2
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Expandability:
The Model Can Accommodate More Data.

SW Data Model SWP Results Model Interface

Other States 
= More Data

Same Model U.S. Results Larger Interface
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Integrated Assessment Website:
Developing another way to collaborate

Illustrative interface only as of March 1, 2007
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The Integrated Assessment Model and
‘The String of Pearls’
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• Paradox Basin, Utah:  
combined EOR and deep saline 
aquifer sequestration pilot test
(Jim Rutledge)

• San Juan Basin, NM:  
combined ECBM and terrestrial 
sequestration pilot test
(Scott Reeves, Joel Brown)

• Permian Basin, TX:  
combined EOR and 
sequestration pilot test at 
SACROC & Claytonville
(Mark Holtz)

Phase II Demonstration Options:
Geological Sequestration

McPherson, 2005
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• Carbon Model Issues
– Findings:  majority of the total cost (~90%) is with capturing the CO2
– Ongoing:  development for time scale, projections, costs, 

granularity issues

• Regional Allocation
– Lessons:  Source sink combinations coordinated across states and

basins
– Barriers:  Economic and Regulatory issues by political boundary,

Sources and Sinks traverse political boundaries

• Sources of Carbon
– Currently:  The model includes power plants
– Ongoing:  Utility vs. Non-Utility, Potentially Locate New Plants

Concluding Remarks and
Issues to Address in the Assessment
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How the SW Partnership can
Collaborate with the Other Partnerships

• Demonstrate the String-of-Pearls model
– for collaborative modeling assessment

• Include cost metrics
– developed by the CCS Working Group

• Looking to collaborate via a website
– established for the SW Partnership members, and 

others, to assess the model
• Analyze Performance and Economic Risk

– Sandia Labs is also part of the risk assessment team in 
the SW Partnership
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New Model Developments

• Regional Totals:
– Phase I and Part of II were tasked for single source 

to sink, now assessing the totals
• Including Time:

– Financial assumptions, dynamic sink lifetime
• Flexible Model, can incorporate the Working 

Group’s standardized economics CCS: 
– e.g., a general plant type’s engineering, economic 

and lifetime metrics, => $/kWh with and without CO2
capture
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Future Modeling Efforts

• Focus on demonstration test cases
• Add additional plant characteristics
• Coordinating with other Regional Partnerships to 

tell a more ‘seamless story’ with respect to the 
analytical efforts (e.g., costs)

• Investigating the develop of a linear programming 
capability within the model (e.g., least cost solution) 

• Ongoing iterative Partnership feedback
» Workshops, One-on-one, Web-based sessions, 

teleconferences (CCS, MMV)
» Management Feedback, resource allocation (time, $)
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Thank You

The String-of-Pearls
An Overview of the Integrated Assessment Model
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Appendix:  The String of Pearls
Model’s Working Interface

Illustrative model results as of February 2007
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Appendix:  The String of Pearls
Model’s Working Interface
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Appendix:  The String of Pearls
Model’s Working Interface

Illustrative model results as of February 2007
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Appendix:  The String of Pearls
Model’s Working Interface

Stacked 
systems 

costs

Years
of Useful 
Sink Fill 

Time

Select the 
Specific 
Power 

Plant in 
the

SW U.S.

Users can 
Adjust the:
• % of CO2

captured
• costs to 
capture CO2

• pipeline cost
• Well costs
• Baseline 

MMV cost.

Illustrative model results as of February 2007



03-07-2007, SWP
20

Appendix:  The String of Pearls
Model’s Working Interface
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Appendix:  The String of Pearls
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Appendix:  The String of Pearls
Model’s Working Interface
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Appendix:  The String of Pearls
Model’s Working Interface

Illustrative model results as of February 2007



03-07-2007, SWP
26

Appendix:  A Model Scenario,
Selecting only Oil and Gas formations

& those ≥ 500 million metric tonnes
Results 
for the 

San Juan 
Power 
Plant
(1779 
MW)

Only 6 sinks 
are ≥ 500 

mmt in the 
SW 

Partnership’s 
Oil & Gas
database

Select 
only Oil & 

Gas 
Sinks 
≥ 500 
mmt

500 mmt =
~ 60 years of 
fill capacity 
per sink for 

the San Juan 
Plant

Illustrative model results as of February 2007
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Appendix:  The Model’s Specific
Sinks Selection Page for the Southwest U.S.

Formations 
with a check 
mark next to 

them are 
included in 
the ‘String 
of Pearls’
algorithm

Can 
Select 

Specific 
Sinks by 

State

Illustrative model results as of February 2007
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Working Totals
for the Model

(most of the SW States
as of January 2007,

ongoing data collection)

Appendix:  Transportation & Storage,
Infrastructure in the Southwestern US

Enhanced Oil 
Recovery (e.g., 

West Texas)

CO2 pipelines 
from CO to TX

Potential 
Sequestration 

Opportunities in 
Oil Fields, 

Natural Gas 
Fields, and 

possibly Saline 
Formations

(Biediger, 2006)

Oil & Gas
≅ 17,000 mmt CO2

Saline Formations
≅ 2,000,000 mmt CO2

Illustrative model results as of February 2007
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Appendix:  Other Sandia Simulation Models,
Assessing Costs and Energy Options
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