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Overview

® Module to calculate pipeline diameter (D)

® Module to identify the least-cost path connecting a
CO, source to a given sink (L)

® Economic module to calculate the total and
annualized CO, pipeline transportation cost
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AP/AL:  Pressure drop per length unit
/. Fanning friction factor
m . CO, mass flow rate
P CO, density
D: Pipeline diameter
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Pipeline Diameter Calculation—Methodology

® Doubling the CO, mass flow rate will increase the pipeline diameter by

o®

Pipeline Diameter Calculation
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Pipeline Diameter Calculation—
Implementation

" Given a CO, flow rate from the user and assuming a
pressure drop of 49 Pa/m, we generated a look-up
table for pipeline diameter.

CO2 Flow Rate (Mt/yr)
Pipeline Diameter (inch) lower bound upper bound
4 0.19
6 0.19 0.54
8 0.54 113
12 1.13 3.25
16 3.25 6.86
20 6.86 12.26
24 12.26 19.69
30 19.69 35.16
36 35.16 56.46
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Least-cost Pipeline Path Selection and
Length Calculation—Methodology

® Pipeline construction costs vary considerably according
to local terrains, crossings (waterways, railways, and
highways), protected areas, and populated places.
Obstacle grid layers (spatial unit: 1x1 kilometer) are
used to determine the least-cost pipeline route.

® Current version will identify the least-cost path and
calculate its length for matching one source to one sink.
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Obstacle Conditions and Their Relative
Cost Factors

Base Case
Slope ESRI Digital Elevation M odel
10-20%
20-30%
>30%
Protected Area
Populated Place ESRI Data & Maps
Wetland USGS LULC Data
National Park ESRI Data & Maps
State Park ESRI Data & Maps

Wateway Crossing ESRI Data & Maps
Railroad Crossing ESRI Data & Maps
Highway Crossing ESRI Data & Maps

* Values and/or methodology may be updated after reviewing with industry;

* Values are based on 8-inch diameter pipelines
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Aggregate Crossing
Cost Factor Map
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Pipeline Total Cost

= General Equation

— Annualized Cost = Land Construction Cost
* Capital Charge Factor + O&M Cost

= Capital Charge Factor
— Use 0.15 by default

" O&M Cost

per year, independent of pipeline diameter
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— The O&M cost is estimated to be $5,000*Length (in mile)

o

Pipeline Land Construction Cost

® | and Construction Cost

- Materlal Average Land Construction Costs of Natural Gas Pipelines
— Labor 1,000,000 .
- ROW s
= 750,000 s =
— Misc. s =
B w2 OLabar
u O&M COSt s S0 s O Material
£ QROW
o
< 250,000 i
fulbh
01 A
o : o] |
8 16 24 30
Pipe diameter {in)
EsT Coast Recronar CarsoN SEQuESTRATION PARTNERSHIP 12 i

Herzog p.6

Phoenix, AZ
November 8, 2006



West Coast Regional Carbon Sequestration Partnership

Annual Business Meeting

Average cost ($/mi)
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Pipeline Land Construction Cost Model

Land Construction Cost Data for Natural Gas Pipelines
1989-1998

y = 33853x
R’=0.9363

Error bars represent one
standard deviation of cost
data aver a panod of 10
yaars for a given
diameter.
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= MIT Correlation
—LCC=a*D*L
* a= $33,853;

* D: pipeline diameter in inches (function of CO, flow
rate);

* L: least-cost pipeline path length in miles;

» Users are allowed to replace the default a value in
the MIT correlation.
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Land Construction Cost (LCC) Calculation
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(cont’d)

® CMU Correlation
— LCC=a*Dx*Ly*z
* Z: region weights;

Land Construction Cost (LCC) Calculation

* a=9%$42,404;
* x=1.035,y =0.853;
¢ z values
Region C SwW w MW SE NE
z value 1.000 1.248 1.341 1.516 1.687 1.783
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Region Map

Pipeline Model Ragions
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MIT-CMU LCC Comparison

= MIT Correlation: $33,853/in/mile
= CMU Correlation: ($/in/mile)
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MIT CO, Transportation Cost Calculation Tool
Structure
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Tool Interface
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z nsportation Package @
Define Data
Sl m OR Select by Mouse:
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Choose Methods
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Future Work

" Implement many-source-to-many-sink matching
(system optimization)

® Update the obstacle layers and the associated
relative weights

by changing the pressure drop default
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= Allow users revise the pipeline diameter calculation
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Contact Information

Howard Herzog

MIT Laboratory for Energy and the Environment (LFEE)
Room E40-447

Phone: 617-253-0688

E-mail: hjherzog@mit.edu

Web Site: sequestration.mit.edu
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