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A
Mathematical Modeling Approaches for

Energy Policy Planning

 Top-down
— Energy sector, economy-wide, Computable General Equilibrium (CGE)
— Useful for simulating taxes and externalities for economic costs
— e.g., Input-Output Analysis, Jorgenson-Wilcoxen Model (CGE)

* Bottom-up
— Simulation / optimization, technology descriptive

— Useful for selecting fuel and technology choices
— e.g., Least-Cost optimization models, MARKAL, MESSAGE, NEMS

* Hybrid / Integrated Assessment Models

— Builds on the strengths of both Top-down and Bottom-up methods

— Economic tools, technology, builds the systems view from several
sets of detailed components

— Useful to develop technology rich analysis modules combined with
economic/policy insight @ Sandia
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ﬁttom-Up Product Adoption Forecasting:

Employing the Bootstrap Method

Estimating Market Saturation of Passenger Vehicle Ownership
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Building a Framework for
ater, Energy and CO, Storage (WECS):
Addressing Uncertainly in the Data

(4) H,0 Treatment & Use (1) CO, Capture

'\“(2) Formation
Assessment
& C02 StOrage




_ Assessing U.S. deep saline formations
Ar}alysis Prloduct

1. NatCarb 2008 geospatial | :
database estimates
(publically available)

2. NatCarb partnerships

(direct communication) _ :
interpretation

of U.S. deep
saline

Other publically 3. Quantify CO, injection | } formation
available data and and water extraction (i.e., resource

SNL studies estimate fluxes)
) -
4. Geologic classification

Expert opinion of polygons to reduce
computational costs
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ological CO, Storage Database is Incomplete:
Makes Source/Sink Matching Difficult

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



}- Mt. Simon Sandstone:

Polygon in Tennessee w/sparse data

—0ne of the 47 polygons lacking desired information in NatCarb:
» Depth, thickness, porosity, permeability, pressure, temperature,

and salinity information
» Any potentially intersecting wells (in the well databases we

evaluated).

56,600 km?
I Sandia
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A
}‘ Uncertainty and the Well Injectivity Index

I  well injectivity index; [=-4
measure of the “ease” AP
of injecting CO, into

the well C >
—_ v
q volumetric flow rate :

. H o[ e
AP the pressure gradient < >
I drkk, H Reservoir Volume
u[ln[ 14 . j + 2Sj Radial flow from the
1.781C r, well
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e
- 'Generating pdfs of Well Injectivity Index

Use geostatistics to generate multiple :> Average key parameters of each
realizations of relevant parameter realization, giving pdfs for the

fields parameters
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| Power plant generated carbon sequestration in saline formations

a dynamic analysis tool

Carbon / N / N
\ /Sequestration / \ / \
Selected Sequestration Formation
Partnership Basin Name Formation Name
 Model Default: SECARB Gulf Coast Eocene Sand
— [sE_TG_TUS =]
(Chgpfs;f\fn‘)’"'th SECARB Tuscaloosa Group Tuscaloosa Group
Locations of Formation & Power Plant Formation Centroid Location
: Latitude Longitude
& Default 31941'3.48" | -89953'54.96"
7 Custom o _ o
\ (changeable) 36 108

Power plant to formation distance

& Default 189 mi
Selected formation centroid location  Customn )
® Power plant location (set on Power Plant Tak) (changeable) 0 mi
fFormation Sl;nrape and CIAreadl Extent Maximum distance power
Approximate formation extent from centroid in 8 directions .
N plant to default formation
\\ @ Default
139 mi 199 mi 87 mi <::| I::>
81 mi Centroid 107 mi l:‘ } |
50 100 150
\@mi 201 mi 143 mi 50 mi
oSt e maree B ek fa B oo M) B3 -
e = (" Custom Formation Footprint Area
ey rSte SATOWISSW B pejomSaCDT ot MG C =
| il A T e e — 14 mi 3mi | 12mi |
: Scoected e X eagumtaios forratics Ao asected sause R0

forion & sagekiceSss Joaitst) wakd ~essas: 1D
Tokw wbe o amStIgeT
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Power plant generated carbon sequestration in saline formations

a dynamic analysis tool
/ Summary

- Extracted ™ 7~ Power ™,

Power /" Carbon "\ e / Water \ / Costs \

Plant \ / Capture \/Sequestration

General Summary
Power Plant Specifications 1,848 MW  PC Subcritical
% CO2 Captured 90 %
LCOE Increase| 51 %
Cost of Avoided CO2 Emissiong $65 per tonne
H20 Demand Increase| 12.5 MGD 58 %
Distance to Sequestration Formation 6 mi
Formation Life For This CO2 Onl 73,000 yr
% H20 Demand Increase Served 60 % R ton Atias o o US & Canada
A RO, Power Cosits Summa 2010 % {Power Costs tab for details or to change values.)
Power Plant Type \ Pulverized coal subcritica =~ Power Plant Location B .. =
) ase Electricity Levelized Cost of Ener LCOE)| 6.7 cents/kWh
Latitude and Longitude] 30° -94° Uy \ 77 L4 - — ay { ) Change to LCOE
Base Electricity Production 11.5 TWhyyr 3 CO2 Capture & Compression Additions to LCOE| 3.2 cents/kwh cents/kWh
Base CO2 Production| 9.9 Mmt/yr o8 = e
Base H20 Withdrawals 21.4 MGD R, CO2 Transport & Sequestration Additions to LCOE| 0 cents/kWh 10
Base H20 Consumption 6 billion gal/yr ’ ; o
H20 Extraction & Treatment Additions to LCOE| 0.1 cents/kwh | [l =o
Carbon Capture (CC) Summary (Carbon Capture tab for details or to change values.) Total New LCOE|10.1 CEﬂtkaWh - 5 5
% Base CO2 Captured 90 % Mmt/yr - Enn‘l‘:::i Ao g
Parasitic Energy Loss| 30 % N 15 " LCOE % Increase Due to CCS 51 %
Make-Up-Power (MUP) CO2 Production 2.8 Mmt/yr i 10 - —
%% MUP CO2 Captured 0% : Cost of Avoided CO2 Emissions to Atmosphere| $64 per tonne Scale | O
MUP and CC H20 Withdrawals 12.5 MGD _Scale | Basecase  withcC
Carbon Sequestration (CS) Summary (Carbon Sequestration tab for details or to change.)
CO2 To Be Sequestere: 8.9 Mmt/yr Target CO2 Sequestration Locatio
Target Sink Centroid Lat-Long 29°59'35" ‘ -93°53'58"
Power Plant to Sink (centroid) Distanc 6 mi

Target Sink Partnership | SECARB
Target Sink Basin Name | Gulf Coast
Target Sink Formation Name| Eocene Sand
Sink Life for this CO2 onl 73,000 yr

Extracted Water Summary (Extracted Water tab for details

Rate of Water Extraction| 10.1 MGD Formation yfll data water ﬂ

Treated Water Stream 7.6 MGD o Quality in fitraction depth range
% CCS Related Water Demand Served 60 %
Extracted Water Target Qualityy 10 ppt to 30 ppt
Number of Extraction Wells 21

Extraction Well Depth Range| 2500 to 5000’
Brine Disposal Method| Reinjection

-
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Power Costs Summary ( 2010 $) (Power Costs tab fo étails or to change values.)

Base Electricity Levelized Cost of Energy (LCOE) 6.7 cents/kWh Change to LCOE
CO2 Capture & Compression Additions to LCOF 3.2 cents/kWh cents/kwh
CO2 Transport & Sequestration Additions to LCOE 0 cents/kWh 10

H20 Extraction & Treatment Additions to LCOF 0.2 cents/kWh H20
ces
Total New LCOE| 10.1 cents/kWh Base 2

LCOE % Increase Due to CCS| 51 %
Laboratories

Cost of Avoided CO2 Emissions to Atmospherd $65 per tonne Sca 0




Power plant generated carbon sequestration in saline formations

a dynamic analysis tool

/ N Pamt O\ N ) N N\

Power Plant Specs

i Power Flant Typ= Power Plani : Location COO“ng Te[‘hnology / Base Water USE Rates
it 1 Withdrawal Consumption
'  Once through

Cooling tower(s .
S) 7 Use custom
{click # to change)

# Use default 670 gal/Mwh 520 gal/Mwh

670 gal/Mwh 520 gal/MwWh

Pt
= / ) Base Levelized Cost of Electricity (LCOE)
E- /‘ Total Il Fuel Costs Cooling All Other $ Year:
# Default: | 6.7 cents/kWh = 2.1 cents/kWh + 0.2 cents/kwh 4+ 4.4 cents/kWh| 2010
" Custom:

{changeabls)

6.4 cents/kWh = 2 cents/kWh + 0.2 cents/kWh + 4.2 cents/kWh| 2007

Baz= Watler Us= Rates

=

Annual electricity generation: 11.5 TWh/yr

Annual CO2 generation: 9.9 Mmt/yr

Annual H20 withdrawals: 21.4 MGD

Annual H20 consumption: 6 billion gal/yr

Output

This plant would generate more electricity th: 97 % afoal  fired plants in the U.5. in 20085,

This plant would generate more CO2 th: 96 % afmal fired plants in the U.5. in 2005,
Anmuasl slectndly  genemslion: 11 5 TWh/'vr

a3t 02 penierabion: 508 Mot This plant has a capacity greater the 26 % afoal  fired plants in the U.5. in 2005.

Anrmsal H20 withfawals: 214 MED

This plant has a capacity factor greater the 75 % abal  fired plants in the U.S. in 2005.
&nnisal H2D consumplion: £ Bfic

This plant has a COZ emission rate greater the 26 % afoal  fired plants in the W.S. in 2005.
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/ Summary

Power plant generated carbon sequestration in saline formations

a dynamic analysis tool
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Output

Ca rbon Carbon .
/ Capture \ /Sequestratlon / Water \ / Costs \
for CCC: 30 % of base net power
= 3.4 TWh/yr
Mass CO2 genegfated by original plant: 9.9 Mmt/yr

Mass CO2denerated at make-up plant: 2.8 Mmt/yr

Total CO2 generated: 12.7 Mmt/yr

Mass CO2 captured at original plant: 8.2 Mmt/yr
Mass CO2 captured at make-up plant: O Mmt/yr

Total CO2 captured: 8.9 Mmt/yr

Water withdrawal at original plant for ccc: 2.7 billion gal/yr

Water withdrawal at make-up plant: 1.8 billion gal/yr

Total new water withdrawals for CCC: 12.5 MGD

=58 % increase

Total produced CO2 mass
(includes make-up power plant)

Mmtiyr

Rescale [T
Axes

- Captured
0 Emitted to Atmosphere

Total mass of CO2

Bas= Cas= Wiith CC

i Cmrarinm =

Mass CO2 per net electric generation

at original plant (derated by CCC ratrofit)

CO2 prod. rate at original plant
{not including make-up power)

Tbes W
I captured

Sn I Emitted to Atmasphere

Eaz= Caze With CC
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A 4
ﬁng Confidence in the Integrated Assessment

Model by Addressing Uncertainty

v Power Plant System

o \\\ Integrated Assessment Model & Economics

\

Geologlcal System CO2 System
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Economics, Modeling and CO, Management:
Developing Policy Insight with Data Uncertainty

Thank you.
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