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i Setting the Stage:

Economics, Energy Economics

« Economics

— Social Science studying the production,
distribution and consumptions of goods and
services

» Can use $, or other means to track components of the
economy
» Generally Divided into two main fields
a Macroeconomics
- (e.g., interest rates of the Federal Reserve System)
a Microeconomics

- (e.g., market behavior at the user’s level such as
with technology adoption, purchases, etc.)
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i Setting the Stage:

Economics, Energy Economics

 Energy Economics

— Subfield of Economics which focuses on the
energy ties within the economy

» $ / Btu equivalent > Production Cost & Energy footprint

» Microeconomic analytical techniques can help with efficiency
analyses, technology adoption (energy elasticity, income
elasticity, market penetration)

— The International Association for Energy

Economics (IAEE) gives a good overview of the
field ( www.iaee.org)
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' Modeling Technology Learning
and Cost Reductions

* Learning Curves:

— Describe the 00
cost reduction of z | A e pomerai
technology due to g Learning rate = 20.2%
a doubling of capacity | &
(e.g., Harmon, 2000) : B
=
1 T T T T T
0.01 0.1 1 10 100 1000 10000
Cumulative PV Module Shipments (MW)

Source: Adapted from Harmon (2000). Learning Rate (LR),
costs decrease by 20% for every doubling of capacity.
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Energy Policy: The Bottom Line

 “Throughout this decade, oil will remain the single most
important commercial fuel, while such other primary and
secondary energy sources as natural gas, coal, nuclear
power, electricity, and energy from renewable sources
must be relied upon increasingly.”

+ “Reducing demand for energy and securing access to
oil while developing other sources will continue to be
the major energy preoccupation of the United States and
other governments.”

Atlantic Council’s Energy Policy Committee Report, “U.S. Energy
Policy and U.S. Foreign Policy in the 1980s.” Written in 1981.

Sandia
5 National
Laboratories



\

The Role of Oil in Economies

Oil Intensity
(Quads / $ Trillion 2005)
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Efficiency vs. Equity

Efficiency: When the economy’s resources and output are
allocated in such a way that no reallocation can make anyone
better off without making at least one person worse off. This
requires a ‘free market’ competitive market place.

— Said to result in a Pareto Optimum, in which all resources are
allocated efficiently

Equity: Fairness or justice — judgments about the manner in
which output is distributed and/or costs/prices are paid.
Equity should not be confused with equality since one need
not imply the other.

Efficiency does not necessarily lead to equity, and vice versa.

Source: Adapted from Pearce, 1992. Sandia
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The Role of Government

« Can enhance efficiency by, among other things,
— Removing market barriers/impediments
— Internalizing externalities (e.g., pollution)
— Providing public goods (e.g., national security)

« Can enhance equity by, among other things,
— Providing/removing taxes and subsidies
— Altering market resource allocation

« Governments try to balance both, though typically
— Not very well
— May sacrifice efficiency for equity
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— Energy-Economic Modeling:
Science & Technology-based Policy Insight

ystems Englneerlng

))\\ bAr Smences
Energy-Economic Modeling
/ for Policy Insight

Policy Analysis
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athematical 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
10 National
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2 i Topical Approaches to Select
Economic/Energy/Technology Models at Sandia

* High-level Models (2)

— Focus on the Total Fuel Demand and Associated
Economic Issues

 Technology-Cost Options Models (2+)
— Focus on Electricity Generation, Innovative Fuel
Supplies
« Systems Models (2+)

— Focus on Carbon Sequestration Technology,
Scale up Issues, and the Associated
Infrastructure

* Others throughout the Lab
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High-Level Modeling:
Understanding Long Term
Energy & Environmental Options

.'_;'.,. .;I ) Ir-TJ|1 S———
Global Energy
) LI
ik s A W] s e LI, - T
WOLD L DT MARD s lr-ﬁ. MR WL AT UL
P T | ﬂ [ e Treas]
o ' i ’ :: F
| i - i—"'f-"_ = el = |
d ol Pl
. ¥ _._._.r""‘f ==
‘ e
B - ﬁ"tﬂ. E——— —rm
| ] .
ez i
ol R B e ot W
Lo 1w B 50 iy .v:nmn“ i
1l e = .-'h:mn .-1"'
UL f —TTITE—
» Provides a global/regional perspective on trade-offs for economic growth, » Links oil, gas, coal, nuclear, and renewable energy to GDP growth, energy
energy demand and environmental emissions to 2050, including the full intensities, carbon emissions, and twelve other measures of envionmental
nuclear fuel cycle and related materials impact for five regions of the world
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Global Energy Futures Model

(SELECT FUEL TO
ALLOW ALTERATIONS)

e L v|& - [Engish United 5t | (&) B[16.. v] ® -
m&
b et | WORLD | USA CHINA FSU | OECD ROW
ELECTRIC FUEL SHARE (%)
WORLD
FUEL SHARES
ELECTRICITY (Fh) usa CHINA FSU OECD ROW
COAL 35.57 39.60 2.04 9.65 15.06
NATURAL GAS 52.91 2.60 64.18 45,05 34.86
FUEL SHARES
T E—— oIL 0.82 4.21 22.76 8.09 25.37
INDUSTRIAL NUCLEAR 4.44 35.35 2.35 11.53 3.78
TRANSPORTATION RENEWABLES 6.26 18.24 8.66 25.68 20.93
OTHER
ELECTRIC RELATIVE SHARE
COAL NG OIL NUCLEAR  RENEWABLES
FUEL SHARE
a |l ol ¢l |l ¢ | =
[~ coAL
[ NG
WORLD =
SUMMARY OIL
[ NUCLEAR
[~ RENEWABLES
START

END
2,050

[ 2020 |

[~ RAMP

0.00
VA D

ONE, RESULTS WILL BE
INCORRECT

13

=]

(=]

v

Sandia
National
Laboratories




LOBAL ENERG

'TURES MODEL
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Global Energy Futures Model
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What if the U.S. increased the
nuclear fuel share to 50% of electricity production?

/.
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.S. Carbon Dioxide Emissions Decrease,

But Small Relative to the World’s Emissions
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High-Level Modeling:

Understanding Long Term
Energy & Environmental Options

U.S. Energy

L5 ENERGY AND
GREENHOUSE GAS
MODEL

AmMRE Py T

Erripy; Informeatssn &
Inlrascructrs Sureny Division

» Focuses on U.S. energy demand by economic and electric power sectors
through 2025 to facilitate energy policy discussions

* g

+ Evaluates energy demand, carbon dioxide emissions, and oil import
requirements, driven by gross domestic product, energy prices, energy
intensities, and population effects

@
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. Energy & Greenhouse Gas Model
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U.S. Energy and Greenhouse Gas Model

. Energy B Greenhouse Gas Model
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. Energy B Greenhouse Gas Model

U.S. Energy and Greenhouse Gas Model
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21

=

Sandia
National
Laboratories



U.S. Energy and Greenhouse Gas Model

.S. Energy B Greenhouse Gas Model DE@‘
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. Energy B Greenhouse Gas Model
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U.S. Energy B Greenhouse Gas Model

Scenario: What if in 2010 all Coal was

eliminated (hypothetical case)

FE S| &~ @14 M pEoRFERENE V& - 16 ¥ D -
Sandia
SUMMARY GDP PRICES ( FUEL SHARES ) ENERGY INTENSITY e e
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ELECTRIC RESULTS: 2001  OFF -& [AEO REFERENCE ~| YEAR[2,010.00 |
ELECTRIC FUEL SHARE (%)
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Scenario: Even if in 2010 all Coal was
eliminated, the U.S. still would not meet Kyoto

Energy B Greenhouse Gas Model
BE&S &+ @ b M[AEOREFERENE  v] & - @16 ¥ T -

=

Sandia -
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nderstanding Technology Cost Options

PR

PTERENT ARG GOSN ERACTION

Electrichty Ganaration Cost
Simulation Model

| mah Bt Sl LB, 40800

+ Calculates electricity production costs for a variety of electricity
generation technologies, including: pulverized coal, gas combustion
turbine, gas combined cycle, nuclear, solar (PV and thermal), and wind
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Electricity Generation Cost
Simulation Model (GenSim)

lectricity Generation Cost Simulation Model

FEE& & 14 HoE v|& - [Engsh (nied st v] @16 ¥ 2 -
Sania -
MAIN BUSBAR ( SENSITIVITY ANALYSIS j FINANCIAL ANALYSIS EXTERNALITY ANALYSIS e e
NUCLEAR COAL GAS CC GAS CT SOLAR PV SOLAR THERMAL GEOTHERMAL WIND
COAL RESULTS: DOE  PLATTS CAPACITY FACTOR [ 90.00 % |
- BUSBAR COSTS [ EXTERNALITIES
) s | 526 | | 448 | | 547 | | 820 | 25.97 | 1419 | | 7272 | | 538 |
20
e
£~
_E 15
~
0n
t 10
(/]
- 1
1
TABLE Nuclear Coal GasCC GasCT Solar PV Solar Th Geothermal Wind
CAPITAL FIXED O&M VARIABLE O&M FUEL
($/kW) ($/kW) SIMULATION CONTROL ($/kWhr) ($/MBtu)
ﬁ i G RUN MODEL TO: USER SET {} |- ﬁ
2,000 100 MAX CF x| 0.05 2.0
1,600 80 0.04 1.6
60 Interest Rate 5.00 % 0.03 1.2
1,200 40 Plant Life (years) 20.00 0.02 0.8
H 0,
800 20 Discount Rate 10.00 % 0.01 0.4
400 o Heat Rate (Btu/kWhr) 8,844.00 0.00 0.0
| coAL cAPACITY FACTOR |85.00 %
1,134.00 24.36 0.00 1.29 a
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Electricity Generation Cost
Simulation Model (GenSim)

lectricity Generation Cost Simulation Model Eﬁg‘
FEES &2 a1 HcoE 9] 2. - |[Engish Unied st 9] R[15.. ¥ 2 -

MAIN BUSBAR |  SENSITIVITY ANALYSIS | FINANCIAL ANALYSIS ( EXTERNALITY ANALYSIS j@ Inbomatorian
NUCLEAR COAL EXTERNALITY COST OVERVIEW GAS CC GASCT
EXTERNALITY COST OVERVIEW CAPACITY FACTOR | 90.00 % |

- ) BUSBAR COSTS (cents/kWhr)
H [ 526 | [ eo8 | [ 652 | [ 963 | [ 2597 | [ 1419 | [ 727 | [ 538 | H
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@ o 0.10 2.50 1.05 1.43 0.00 0.00 0.00 0.00
c 8
E .
.
2 a
(=
8 2
i : e — | : : : :
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($/t0|'l) SIMULATION CONTROL 1000/1b
@ i G RUN MODEL TO: USER SET |- @ | G
300 3,000 MAX CF -] 200 2,000
250 2,500
160 1,500
200 2,000 FUEL PRICE ($/MBtu) 120
o il EXTERNALITY FUEL 1,000
100 1,000 B9 500
50 500 Nuclear 0.00 0.43 40
) o Coal 2.83 1.29 () 0
G GasCC 1.55 5.92
GasCT 1.55 5.92
110.00 0.0 0.00 0.0 3
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nderstanding Technology Cost Options
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» Seeks to improve understanding of the economic viability and emission
trade-offs of all stages of polential hydrogen pathways
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€ Hydrogen Futures Simulation Model
FES & a4 mpEE V- @e. v -

ILLUSTRATIVE HYDROGEN PATHWAY

B e

PRODUCTION STORAGE TRANSPORTATION FUELING END USE

!

CARBON SEQUESTRATION

Hydrogen Futures Model (H,Sim)
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[
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OVERVIEW | ~
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lydrogen Futures Simulation Model
EEE & o G HOb W BasECasE ER- T
Sandia -
( PRODUCTION ) CARBON PATHWAY STORAGE AND DELIVERY USE \sboratories

Hydrogen Futures Model (H,Sim)

REFORMATION GASTFICATION ELECTROLYSIS THERMOCHEMICAL VIA CSP THERMOCHEMICAL VIA NUCLEAR NPO

SENSITIVITY ANALYSIS OVERNIGHT CAPITAL COST $/kW-H2
€ H2 PRODUCTION COSTS

| @, | 1212 || oes | | 208 [ | 128 || 1238 | | 160 |

REFORMATION GASIFICATION ELECTROLYSIS TH CHEM CSP TH CHEM NUC NPO

I rFuEL cosT

[] overNIGHT capITAL COST Il oam cost

SENSITIVITY ANALYSIS

To alter production specifications, simply click
on the specitic generating facility's hyperlink
above. All results can be viewed in two different
units: $/kg (default), $/GJ.

Once on the specitied page, the user can examine
"what if" tvpe questions. For example,
what if electrolysis is produced with off-peak, 1
cent/kWh electricity?
I 0101570 n
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Hydrogen Futures Model (H,Sim)

lydrogen Futures Simulation Model gg‘
EE& & o 6 H[prsE o ¥le-|me. ¥ 2
Sandia 8
PRODUCTION ( CARBON PATHWAY j STORAGE AND DELIVERY | USE Sp—-
REFORMATION GASIFICATION
GASIFICATION OVERNIGHT CAPITAL COST| 670.00 |$/kW-H2
e D CARBON SEQUESTRATION COSTS
. 108.10 L 39.91 Lo
e
# 150
% 100
gl 50—
o_
TABLE REFORMATION GASIFICATION
GASIFICATION CARBON SEQUESTRATION SPECIFICATIONS
CARBON VENTED CARBON SEQUESTERED
(tC/yr) CARBON SEQUESTERED (tC/yr)
113,756.03 s 87% 761,290.33
" USER SET
CARBON TRANSPORTATION & DISPOSAL
CAPITAL COST O&M COST CARBON
Rips Lenath tkm) 100.00 ($/kW-H2) ($/kW-H2) SEQUESTERED Thermal Efficiency 70.30 %
Pipe Flow Rate (tC/hr) 445.90 ||| 8768 || 351 || 87.00% |
Disposal Well Depth (km 2.00 Sequestration Eff Loss 2.60 %
Max Well Dis Rate (tC/d) 681.76 USER SET USER SET USER SET Actual Thermal Efficiency | 67.70 %
Disposal Rate (tC/d) 208573 ||| 8768 || 351 || s700% |
Wells Needed 4.00 Fuel Cost ($/MBtu) 1.17
I o:01/570 n
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Hydrogen Futures Model (H,Sim)

lydrogen Futures Simulation Model ‘:]8‘

FE&S ¢ @ b M e ¥le-|me. ¥2-
PRODUCTION | CARBON PATHWAY | STORAGE AND DELIVERY I I @
VEHICLES... ICE HYBRID EV H2 HYB FCV FCV OB STATIONARY..
VEHICLES...ICE FUEL COSTS OVERNIGHT CAPITAL COST| 670.00 |$/kW-H2 |
&, " o ] TOTAL VEHICLE COSTS VEHICLE CARBON EMISSIONS | SEQUESTRATION OFF ~ |
E‘] 0.55 0.56 0.82 0.56 0.64 0.70 @ 1.04 0.52 0.29 0.65 0.42 0.94
1.0 2.0

9

E 8 ¢ 1.5

~ >

# 0.6 5

5 7 3 1.0

= 0.4+ £

o 1 - R EEETTTTTUUUUU555N USRI R

3| 0.2 2]

0.0- 0.0-
TABLE ICE HYBRID EV H2 HYB FCcv FCV OB ICE HYBRID EV H2 HYB Fcv FCV OB
VEHICLE TECHNOLOGY: 2003 2020
WHOLESALE
ANNUAL VEHICLE GASOLINE EFFICIENCY
MILES DRIVEN __PRICE ($) ($/GAL) IMPROVEMENT
12,000.00 D ﬁ | G ﬁ
40,000 25 4
ANNUAL COSTS 30,000 af : VEHICLE AMORTIZATION
13 2

Maintenance ($/yr) 696.00 Al 1.0 1 Vehicle Interest Rate 5.00 %

Insurance ($/yr) 972.00 10,000 0.5 0 Payment Period (years) 5.00

License and Reg ($/yr) 384.00 Gu @ Monthly Payment ($) 339.68

18,000.00 0.99 0.00 -
I 0101570 n
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Hydrogen Futures Model (H,Sim)

lydrogen Futures Simulation Model ‘:]8‘
FES ¢ 2@ 4> M e ¥le-|me. ¥2-
() = *“
PRODUCTION | CARBON PATHWAY | STORAGE AND DELIVERY USE | bamtoain
VEHICLES... ICE HYBRID EV H2 HYB FCV FCV OB STATIONARY... PEM
VEHICLES... FCV FUEL COSTS OVERNIGHT CAPITAL COST| 670.00 |$/kW-H2 |
&" e & | TOTAL VEHICLE COSTS VEHICLE CARBON EMISSIONS | SEQUESTRATION OFF - |
E‘] 0.55 0.56 0.82 0.56 0.64 0.70 @ 1.04 0.52 0.29 0.65 0.42 0.94
1.0 2.0
L]
E 8 ¢ 1.5
~ >
# 0.6 5
5 7 3 1.0
= 0.4+ £
o 1 - R EEETTTTTUUUUU555N USRI R
3| 0.2 2]
0.0- 0.0-
TABLE ICE HYBRID EV H2 HYB FCcv FCV OB ICE HYBRID EV H2 HYB Fcv FCV OB
VEHICLE TECHNOLOGY: 2003 2020 HYDROGEN
($/GAL)
SOURCE FCV/ICE
ANNUAL VEHICLE EFFICIENCY
MILES DRIVEN PRICE (%) % REFORMATION RATIO
12,000.00 [ | ﬁ (" GASIFICATION| | ﬁ
40,000 {~ ELECTROLYSIS| 4
" TH CHEM CSP | 3
ANNUAL COSTS 30,000 | VEHICLE AMORTIZATION
" TH CHEM NUC | 2
Maintenance ($/yr) 696.00 20,000 " NPO 1 Vehicle Interest Rate 5.00 %
Insurance ($/yr) 1,104.00 10,000 (" USERSET - [ Payment Period (years) 5.00
License and Reg ($/yr) 480.00 Gu """"""""""""" @ Monthly Payment ($) 417.05
USER SET 1.50
22,100.00 2.44 2.50 -
I 0101570 n
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Systems Models:
Carbon Sequestration Research

Risk Assessment
Modeling

‘String of Pearls’
Systems Modeling

S

Taking the Systems View

Geotechnology
Research

Sandia
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Systems Models :
‘The String of Pearls’ (SOP;
The Carbon Sequestration and Risk (CSR)

Presentation
> b

Southwest Regional Partnership On
Carbon Sequestration Integrated
Assessment Model: The String of Pearls

DAVID J. BORNS

- [English (United... ~| (@) m[15... ¥| © -

PETER H. KOBOS LEONARD A. MALCZYNSKI

Beta Version

Sandia
[t
CARBON SEQUESTRATION AND
e RISK MODEL

Sandiais a multiprogram labcratory operated by Sandia Corporation, a Leckheed hartin Company, for the United
States Department of Energy under Contract DE-AC04-34AL85000

Click Here to Continue -

David 1. Borns*, Peter H. Kobos, Richard Klotz, and Thomas E. Drennen

BETA VERSION 1.0

SEPTEMBER 2006
v N

PRIMARY SOFTWARE DEVELOPMENT: RICHARD KLOTZ
*FOR ADDITIONAL INFORMATION: (505) 844-7333

\-.

01/01/2000

diborns@sandia.qov

[iny

v

01/0111
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. Systems Models’ Structure (2)

-- > ‘String of Pearls’ (SOP)
-- > Carbon Sequestration and Risk (CSR)

/ — -

Source Capture » Transportation —» Storage < Metering

Power Plants
Capture Cost
Modeling
Pipelines

\ S o e /
O ' ¥ U @ Gas, Oil Formations
~
\ /\ ' J

Systems Cost ¥*
Capture Cost,-o, +%|pe ne@o%tl?cgze Blr%ce Piping and Well Costts (o, +$Pasuremeq ﬁonl!( oring apd Verification g,

(Will it work?) (Can we afford it?) | @ o

Laboratories
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The Southwest Regional Partnership
on Carbon Sequestration (SWP)

‘The String of Pearls’
0

* One of seven regional
partnerships throughout
the U.S.

 Evaluating available
technologies to capture
and to reduce CO,
emissions

CO, pipelines in NM,
TX, CO, WY, UT » Source to Sink
matching (Power plants to

Geological Formations)

Potential « String of Pearls Model
Sequestration: ‘Tells the Story’ for the
. Oil Fields SW Partnership
N T - Technology
* Natural Gas Fields Selne Aquers - Economics
. Saline Formations |1 & = > Scale of the Issues
e % AN —

Sandia
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' Parasitic Energy Losses:

Power with current CO, capture Technology

Electricity Cost 291 %1 37 %T 61%T 30%®

600 M% 15%F 6% 7%
500

400
300
200
100

O Reference plant size

[l Net Plant size with capture

Megawatts

National

Sources: IPCC, 2005 (Rao and Rubin, 2002; Rubin et al., 2005) Sandia
39
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The String of Pearls
Model’s Working Interface

% SWP on Carbon Sequestration Integrated Assessment Model: The String of Pearls
& & = @ Wb M Base Case vl - [English (United.. ¥ [€1] 5&[15.., ¥] 2 -
Select the S 3
SpeCifiC String of Pearls Systems Results Maps m Hmml
Power D |NM-SAN JUAN, COAL: 1779 MW (Defa ~| [Regression ~| Capture | Pipeline [ wels il MMV [ Years
Plant 11] The String of Pearls: Power Plants in the Southwestern United States  (MNote: # are years <1, or toe big to display below) Of Useful
th 100 Tears] 1 [ 84 [S06] 13 (477 [ 54 F#EE# 5 [ 41 ] | . .
e T3 36 36 37 36 36 36 37 37 36 100 — — — —1 Sink Fill
90+ - .
SW U.S. s 80—+ _U =l /'/ Tlme
Q 60—+ g 70 ‘
o £ | 604 =
£ 2 | 504
£ 49 E 404
= [ 30_
? 20+ d =1
Stacked N Potential CO,
systems [14 39 [ 40 |24 [41 | 42 [ 43 | 54 [ 51 | 53 | 14|39 |40 | 24 |41 |42 [43 [ 54 |51 |53 Source-to-
Sink .
costs — — Sink
% Capture Custom % Capture Cost Sliders Pipeline Wells Cost MMV Cost .
& Costs ($/tonne) Q0% 80% | 70% | 60% | S50% Cost Multiplier ﬁ' MatChlng
Multiplier UsD/tonne .
: o o) oo 0 Al Capacity of
e o0 100 b e 5 100s of years
. o .
e 25 34 50% % | % | % | % | o =0 0.20 (or more), but
 60% 0 0 0 0.16 kt
T 50% S| & &) &3 Ik more work to
be done

13,061,176 US ton/yr 34 36 38 40 42 $0.61 per tonne | | $0.95 per tonne $0.24 per tonne

01/01/2050 o Sandia
National
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A Model Scenario,
Selecting only Oil and Gas formations
& those 2 500 million metric tonnes

@ SWP on Carbon Sequestration Integrated Assessment Model: The String of Pearls

& & = @ Wb M Bage Case v 2 - [English (United... ~| (€] @15, ¥] 2 -
Bandia *
ReSUIts Home String of Pearls Systems Results Maps m National
San Juan @ Region CO2 Totals  Plant Assumptions Other Only 6 sinks
Powel’ The String of Pearls: Choose a CO2 source (Coal, Gas, Custom), and watch or select the String of Pearls sinks. are Z 500 mmt
Source: Select a Source H
Plant in the SW
o | x Partnership’s
(1 779 MW) f # Use selected Source (e.g., San Juan) Electricity 9,70 cents per kWh | Maote: illustrative electricity cost only ‘ p
HHJ-LL ~ H
==l (U t S .g., Lat., L . R o
= R Sl Sanre e on:) Power | Plant | Sink | Distance (km) | Cost ($/tonne) OII & Gas
Plant [ selected| 53 812 39 = database
|NM-SAN JUAN, COAL: 1779 MW (Default) - | — — _ _——
from Slnly to Sink Distance (km) /tonne)
Sinks 53 =52 30. 37
Select [y Sinks: Select from the database of Sinks 52 37 2 57
. 37 12 747.2 80
only Oil & : ™ oal Bed Methang 126 | 146 102.9 39 500 mmt =
Gas Sinks |\| Afl} 7 coees ¥ oijGas S w— = ~ 60 years of
[+ New Mex : - . .
Z 500 mmt v rewiedee [~ Saline aqguifer 0 0 0.0 ? fl" CapaCIty
[ Oklahoma — 0 0 0.0 ? .
Ipelines
fv Utah Note: The "0" for a Sink indicates the end of the string of pearls. per SInk for
Maximum Distance from Source (km) the San Juan
Click here to Select Specific Sinks
o0 [ ¢ 0 | S Plant
inimum Capacity of Sink (mmtonnes) [Click here to Show Regional P@'
| <3 N >
< >

01/01/2000 S Sandia
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Prototype Total Installed Megawatts
Regional Summary for the SWP
under an Aggressive, Hypothetical Scenario.

€} SWP on Carbon Sequestration Integrated Assessment Model: The String of Pearls

Annual (& e < (@ b M| Base Case Run v|& - [Engish (Unied st | [E] (15, ] ? - Coal and
0 Sandia Natural
3 /0 Home String of Pearls Systems Results Maps m National _
growth Laboratosies Gas
rate in (D Region CO2 Totals Plant Assumptions Replacing Plants Power
ca aCit The String of Pearls: REGIONAL & EXPERIMENTAL INTERFACE AND RESULTS Plants
P y N Desired Megawatts of Capacity I Total Capacity Il Energy Penalty due to CO2 sequestration | New’;;‘f‘"ts = (retired
(green Total Capacity 109,881.92 MW | |Nev Notra Gas | 52 ’
|ine) -E' Desired Capacity 99,992.98 MW Rﬁ'fd : £ replaced,
o Energy Penalty CO2sq  59,511.16 MW > Anizona
..3 Total Plants Cost 455.02 billion USD ¥ Colorado new
e e
% e — £ Coal Nat. Gas [¥ New Mexico energy
Total 3 50,000 e S o O O3 ¥ Oklahoma needs
N
installed = 0 %2 2,000%::' 1,ooo£j [ Utah
(@] L (o] ('a} Q c
8 8 g g 8 t £ 0 0 Retrofit Existing
MW for goweam a5 iy B Plants?
the region 5 " =5 = =18 [1000Mw/plant | 250 Mw/plant |1 =
(blue Iine) Electricity | Capacity | CO2 Seq. Coal MW Natural Coal Gas
Demand Buffer Start Yr. Min. Size Gas MW Plant Plant
(cGrol‘r:qh ’ ﬁ G G Min. Size Life Life MOdel User
oa g % MW .
% B 30 2050 3,000 w o O v O can Adjust
° 150 100
{0 z 20 2,000 1 500 the Plants’
Total o 10 O 80 10 8 2025 g 100 50
g 50 2 40 4 10 1,000 500 50 Parameters
energy > o 0 > 0 0 0 0 2000 0 0 0
needs due O O v U 2 O O 2 v U U

to carbon 100 MUSD/GW| [ 10yr || tmusp/ew | 3yr | | 3% | | 20% |[z015@yr| [300mw | [10omMw | | e0yr || Siyr |
) -

seq. — ——

(red line) | |. K :
< s n @Sandia
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i Select Energy Economics Modeling
Community Members

The U.S. Energy Information Administration (EIA)

— Develop and Use the National Energy Modeling System (NEMS) model, is
the basis for the Annual Energy Outlook (AEO)

Pacific Northwest National Laboratory (PNNL)
— The Joint Global Change Research Institute

Stanford University
— The Energy Modeling Forum (EMF)
» Collection of modelers (U.S. and abroad)

The International Institute for Applied Systems Analysis (IIASA)

— Research institute near Vienna, Austria; develop models for the EU
community and beyond.

The Environmental Protection Agency (EPA)

— Use the MARKAL model to analyze technology options to address air
quality issues

Many others . .. @ Sandia
43 National
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Energy Economics and Modeling

Thank You

Sandia

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin 44 I\Iaﬂonal .
Company, for the United States Department of Energy under Contract DE-AC04-94AL85000 Laboratories
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