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CO, Storage Systems Modeling (U.S.)

Power Plant Technologies

= Coal and Natural Gas Electricity
= Retrofit CO, Capture Technology
= More efficient future water cooling technologies

CO, Sinks
= U.S. Department of Energy NatCarb Database

= Geologic Storage sites (large focus on geologic saline aquifers)

Geomodeling
= TOUGH?2 integrated within WECSsim
= Probability Distribution Functions

= Pipeline network development

= Cost reductions
= Competition for Sinks
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Power C02 CO2 Extracted Power
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WECSsim Modular Structure e

* Plant type
« CO2 generated

» Carbon capture &
compression costs

+ Parasitic energy

COZ Capture + Water demand
Module CAHgE

* Mass CO2 to be sequestered

Power Plant

Power Costs

Module

*« Base LCOE

= I

* Treated cooling H20
* Energy required for H20
extraction and treatment

Module

sequestration costs

» Carbon transport &

i I . - . .-

« Water

production

transport and
treatment costs

H,O Extraction
Module

» Extracted H2Ocapacity
» Extracted H20 quality
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U.S. CO, Saline Formation Sinks

Legend

A Coal Power Plant
Gas Power Plant

Well

Well selected on depth
and salinity criteria

o e P

325 downselected formations from
original NatCarb Atlas data
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Cost Drivers & Supply Curve: .

Combining TOUGHZ2 Geotechnical Modeling & System Cost Modeling

Developing a National, CO, Storage
PermeabilityT = Well Costs l Supply Curve
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Uncertainty Analysis: Geology, Water & Costs{) i
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CCS with SWETT (closed formations) CCS with injection only (closed formations)

S a I I n e Wate r P10 Boundary Conditions ] Boundary Conditions

. s Geologic Uncertainty e Geologic Uncertainty
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mmmmm CO?2 Transport & Storage f s CO2 Capture & Compression
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Power Plant Cooling Requirements:
SWETT can offset new water demands from CCS

At 1 Gt/yr reduced
emissions, SWETT
offsets 86% of the
1081 MGD new
demand

SWETT offsets all
new water demands
up to 0.5 Gt/yr
reduced emissions

Scenario assumes
NGCC MUP cooled

Summary

WECSsim: a dynamic analysis tool

< Power ™

/ Plant

co,
Capture

CO ~ Extracted ™,
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Owverview
Power Plant
CO2Z Capture
CO2Z Storage
Extracted Water
FPower Costs
Cast Curves

‘ Water Curves

Formation Use

Reference Points:

Water Curve
(fixed axis &
reference runs)

Water Curve Water Water Scatter

{dynamic axis) Histograms Plots

Added water
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Current |Reference
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Power Plant Capture & Formation Storgge:
SWETT Increases Efficiency of Storage Space Use

With CO, injection & SWETT With CO, injection only

Power Plant Locations & CO2 Capture Rates:

Power Plant Locations & CO2 Capture Rates:
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The Top 5 Saline Formations in the
Lower U.S.: storage potential

° TOp 5 formations Rank| Top 5 Formations by # Power Plants Served: |# PPs| % PPs
o 1 MGSC - Illinois Basin - St.Peter 55 288 26 %
may hOId 60 /0 Of 2504 2 MRCSP - Appalachian Basin - Not specified 156 14 %
C02 emissions 3 MRCSP - Fold and Thrust Belt - Not specified 86 | 8%
4 SECARB - S Carolina-Georgia - Triass Tuscaloosa 72 7 %
b Southwest - Kansas Arbuckle Miss - Not spcified 53 5 %
e Qver 25% 2004 Subtotal:| 655 | 60 %
List Top 20

storage in St.

Peter Sandstone
or Mt. Simon
(w/o SWETT)*

« Large(r) and
more favorable
storage
formations may
face competition
for the best

MNumber of power plants served

1 2 3 4 & 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20

SUpply Of Formation Rank
storage space
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The Top 5 Saline Formations in the
Lower U.S.: storage potential

» Top 5 formations
may hold 60% of
CO, emissions

e Over 25%
storage in St.
Peter Sandstone

(988 Mt/yr) or Mt.

Simon (1,202
Mt/yr) w/o
SWETT

CO2 Flux into Formation at Full Fleet CCS

Mmt/Syr

mh
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Rank Name Mmt/yr | % CO2
1 MGSC - Ilinois Basin - St.Peter 55 988 | 43 %

2 SECARB - S Caraolina-Georgia - Triass Tuscaloosa 341 15 %
3 SECARB - Woodbine Paluxy - Woodbine Paluxy 229 10 %
4 MRCSP - Appalachian Basin - Not specified 142 6 %
5 SECARB - Tuscaloosa Group - Tuscaloosa Group 141 6 %

Subtotal:| 1840 | 81 %

List Top 20 |

4 5 6 7 B 9 10 11 12

Formation Rank

1z 14 15 16 17 18

19 20

14




WECSsim Analysis Can also Investigate ...
SpeC|f|c Power Plant to a Specific Sink

Laboratories
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Percent CO, Captured:

i

San Juan Generating Station: 90% (base case), 70%, 50%.
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Expanding Select Results from = e,
Previous Figure Reporting in cents/kWh
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Parasitic Energy for CCS: 30%, 20%, 10% @&,
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Efficiency of the Reverse Osmosis
System Analysis (ROSA): 74, 64, 54%
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Cost and Performance Drivers: T 2

Laboratories

% CO, captured, Parasitic Energy, Water Treatment Efficiency

» Percent Capture 16
& parasitic 14 _
energy greatly T I
affect the LCOE = _ * I |
§ 10
« Water Treatment ‘g .
Efficiency —
changes to 6
LCOE are small A
* Highlights ?
importance to: 0 ‘ ‘ ‘ w
°o o Decide on % Base LCOE at Plant | CCS% parasitic energy ROSA Efficiency )
|
CO, capture Total LCOE with CCS
 » Reduce parasitic —High
energy load & ~ Medium
costs —Low
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Cost and Performance Drivers: T 2

Laboratories

% CO, captured, Parasitic Energy, Water Treatment Efficiency

- Percent Capture | 16
greatly affects =
. o D 14
sink lifetime and | 5 T T -
CO, stored H?_, 12 1
) o I - — D
. Para_smc energy | g ; —TN
requirements GEJ S
affect the T 6 —E
©
amount of CO, o, — Medium
stored ~ Low
N
L = —_
» Supports notion 0 | | . . ‘ [ . ‘
to focus on CCS%  parasitic ~ ROSA CCS%  parasitic ROSA CCS%  parasitic ROSA
avoided CO \ energy Efficiency J\ energy Efficiency " energy Efficiency ’
2 |
rather than Sink Lifetime " C;OZ) Etored| t CO2 Stored
10,000 Y mt/yr) base plan Mmt/
abSOIUte C02 ( eare) (with make(uprgoz\lr for CCS)
stored
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Future Analysis Considerations )

= Expand the framework of WECSsim and other Integrated
Assessment Modeling efforts to new technologies and regions

= Focus on engineered systems’ components that reduce total
costs the most

= Focus on reducing parasitic energy loads

= Continue to utilize WECSsim® for fleet and plant-specific
analysis

= Select model resources and publications available at:
http://carbonmanagement.sandia.gov/ -



http://carbonmanagement.sandia.gov/
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+ Treated cooling H20

« Plant type |
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Power Plant :
{ Module
Questions? i
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= = » transport and '
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* Carbon transport & |
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