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Carbon Capture and Storage

DOE.)\.ETL Point Sources Pipeline Infrastructure Injection Reservoirs
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Cccs

Spatial
Technological

Scale

PREVIEW

Economic
Incentives Known Unknown Unknown

SimCCS
MODEL

DEPLOYMENT e CCS is an integrated system of costly technologies
coupled together over space.

SUMMARY

THANK YOU

e CCS needs an economic incentive in order to be
deployed.
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e An economic incentive will be necessary for CCS to
DOENETL be deployed.

Cccs

PREVIEW

e Introduce a model that spatially deploys
Economic integrated CCS systems based on CO, price.

Incentives

SimCCS
MODEL

DEPLOYMENT . . . .
e Marginal deployment varies with price level.

SUMMARY

THANK YOU

* Suggest “better” CO, prices.
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PREVIEW
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SUMMARY
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2.

3.

Cap-and-Trade Permit System
e  Set quantity, market determines price.

. Price volatility

Tax on CO, Emissions
e  Set price, market determines quantity.

. Quantity volatility

price “safety valve.

. Limit maximum price to reduce volatility
e  More like a CO, tax in context of climate

change.

Market-Based Mechanisms

Optimal: Hybrid, ca’p-and-trade with

'\
Theoretically
\ equivalent in
a certain
world
/

Economic Optimal if certain about Optimal if certain about
optimality: guantity cost per tonne
Political More risks for More risks for efficiency
economy: distributional effects effects

Probably more politically
tenable

Probably simpler to
implement
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Scalable Infrastructure Model for CCS: SimCCS*
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ENGINEERING

PREVIEW

Number of wells Flow to reservoir

ENGINEERING
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E
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SimCCS MODEL NETWORK MODEL
MODEL MODEL

Approach
Methodology

Example

DEPLOYMENT
SUMMARY

THANK YOU

il CO, FLOWS
DEPLOYMENT 2
Cost to deploy Where to capture CO, amount to be Amount of CO, cost-
CCS infrastructure and/or release CO, captured at each source effectively sequestered
Capture, transport, Location of capture- How much CO, should be Scale of CCS
and storage costs ready CO, sources stored in each reservoir infrastructure
Which reservoirs . - o
Carbon tax ($/tonne) should inject/store CO, CO, pipeline capacities Policy implications

Dedicated CO, CO, allocation between Tradeoff between capture,
pipeline network sources and reservoirs transport, and storage

Spatial Deployment of CCS with CO, Price — Kuby, Bielicki, Middleton



CCS Problem Components

Simultaneously and optimally decide:

DOE-NETL
05)39

. Which CO, sources to use
how much CO, to capture at selected sources
which geological reservoirs to open

CCs

PREVIEW

Economic

. where to construct pipeline network

SimCCS
MODEL

1
2
3
ncentves 4. how much CO, to inject into each reservoir
5
6
7

v 6. what diameter pipeline to build
Methodology . . = .
.. 1. how distribute CO, amongst supplies/demands
DEPLOYMENT
SUMMARY
SPATIAL
Where to capture CO, amount to be
and/or release CO, captured at each source

How much CO, should be
stored in each reservoir

Which reservoirs

should inject/store CO, e

Dedicated CO, CO, allocation between
pipeline network sources and reservoirs
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SimCCS: Engineering Economic Models
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Incentives

SimCCS
MODEL

Approach

\ MODEL MODEL NETWORK MODEL MODEL
MODEL

Methodology

Example

DEPLOYMENT

SUMMARY
mankvou  Integrated coupling of technologies and geologies:
e Estimate costs and capacities individually
e Fixed and variable costs for each component interact
e Potential for returns to scale to reinforce each other

MIMCHINC ncowuirn SUUILED aiiu 1Cocivuli o

Spatial Deployment of CCS with CO, Price — Kuby, Bielicki, Middleton



SimCCS: Engineering Economic Models

(Coaa I . . .
e INnovation in Geospatial
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ﬂ e Construction, .
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Methodology . .
coe o Adjusted from  ®  Min/Max pipeline e Geologic
DEPLOYMENT literature Capacities parameters
review (IPCC, * Incorporates returns and conditions
SUMMARY 2005) to scale with
THANK YOU . INCreasin lameter
) Compression/

pressurization
equipment
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Routing Pipelines

e Shortest path algorithm incorporates social and physical
topography:

DOE-NETL
05/9° e Relative cost of routing through cell (1km x 1km)
CCs "
PREVIEW . _—.-‘;r A R T {
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: A0 ) o 1 FINAL WEIGHT 7
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L.
Approach
Example Waterways | 10
Highway | 3
DEPLOYMENT Railroad | 3
SUMMARY State Parks | 15
National Parks | 30
THANICYOU Wetlands | 15
Urban | 15
Slope | 0.1-0.8
Base* | 1

*Natural gas pipelines as analog (MIT 2006)
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SimCCS: Cap and Trade
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ccs deD
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Approach
Methodology r .
Exampl bJ_QJrJSO VJER
ple
DEPLOYMENT Z ai > T
ieS
SUMMARY _ _
Zyijdgl Viel,jeN,
THANK YOU =
Yiid €{01} viel,jeN,,deD XijZO Vi, jeN,
s, {0} vies a>0 Vjes
r,e{0} vijeR bjzo VjeR

Middleton and Bielicki (2009) A scalable infrastructure for carbon capture and
storage: , Energy Policy, (39), 1052-1060
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SimCCS: Cap and Trade
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Approach
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THANK YOU deD
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Middleton and Bielicki (2009) A scalable infrastructure for carbon capture and
storage: simCCS, Energy Policy, (39), 1052-1060
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(1)
(2)
(3)
(4)
(5)
(6)
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SimCCS: Cap and Trade

capture CO2 pipeline, and tr
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deD

D %= D Xi—a+h =0

jeNi jENi

a,—Q’s, <0

b, WQ}rj <0

dazx=T

ieS
Z Yig <1
deD
Vi« €{0.} Viel,jeN,,deD
s, {0} vies
r,e{0} VvjeR

d, construct

Viel,jeN,

Viel,jeN,
Viel
VieS

VjeR

Viel,jeN,

;20 VijeN,
a>0 VjesS
b,>0 VieR

Middleton and Bielicki (2009) A scalable infrastructure for carbon capture and
storage: simCCS, Energy Policy, (39), 1052-1060
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: Cap and Trade

Cost to open --Se-ure Cost to purchase land, construct Cost to open
capture CO, pipeline, and tran reservoir, in
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dases o
4) a _Qissi <0 YieS
Approach
D 5) b -Q'r, <0 vieR
Example
DEPLOYMENT
6 2 azxT
SUMMARY 'S
<1 Viel,jeN,
THANK YOU (7) c%; Vi
Vi« €{0.} Viel,jeN,,deD X; 20 Vi jeN,
s, {0} vies a>0 Vjes

Middleton and Bielicki (2009) A scalable infrastructure for carbon capture and
storage: simCCS, Energy Policy, (39), 1052-1060
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: Cap and Trade

Cost to open Cost to purchase land, construct Cost to open
capture CO, pipeline, and trans reservoir, inj
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Non-negativity
constraints

Middleton and Bielicki (2009) A scalable infrastructure for carbon capture and
storage: simCCS, Energy Policy, (39), 1052-1060
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SimCCS: CO, Tax
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Price of CCS Deployment: S12R5
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CO2 Stored (MtCO2/Yr)
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Marginal Costs of CCS Deployment: S12R5

e Marginal costs should be equivalent between
cap-and-trade analysis and CO, tax analysis.
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Marginal Gains of CCS Deployment: S12R5

e 542/t to $48/t: large gain in abatement for $6/t increase.
e 548/t to $60/t: no gain in abatement for $12/t increase.
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SUMMARY

07 ¢a8/t: 21 Mt,,,

CO2 Tax (S/t)

45 H

THANK YOU

CO2 Stored (MtCO2/Yr)

—— SimCCSTax ¢ SIimCCSTax MC »  SimCCS Cap-and-Trade MC

Spatial Deployment of CCS with CO, Price — Kuby, Bielicki, Middleton



-- CCS is a spatial coupling of sources and reservoirs.

e CCS needs an economic incentive to be deployed.
N

Cccs

e Infrastructure deployment is not always sensitive
to CO, price.

PREVIEW

Economic
Incentives

SimCCS
MODEL

e Some CO, prices are “better” than others.

SUMMARY

THANK YOU

e Some increments in CO, prices yield much more
abatement than other increments.
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