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Smart and Spatial Solutions
Challenge

* The evolving energy transport landscape
requires a dynamic response

* Many complex and interconnected factors
can greatly affect the success of developing
new transport and impact project costs

* Need for evaluating existing transport

corridors for reuse )‘p
Solution Yy 4 N

* Interactive smart, geospatial tool and
database to assist route planning

American
Petroleum
Institute

* Accelerate carbon management
development through a multivariate, Al-
informed algorithm
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' Global Oil & Gas ':')t::‘ge

1.Build-off existing resources to
provide a national
comprehensive spatial
database

’ Infrastructure Database
Database

© localhost3000
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Hﬂ ‘EﬁE'ﬁE'Y ea,en  Smart CO2 Transport-Routing Tool -

2.Integrate data and critical
qualitative governance to
advance transport planning Builtto inform

reliable
domestic carbon
management
planning and
development

+
B

3.Enable stakeholders to
identify potential routes &
evaluate existing rights-of-
way

IDENTIFY ROUTE Eva

detic System WGS 1984(WGS 84)
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Technical Workflow
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Built to Inform CTS Planning & Development

/ Geospatial Database \

Proess ata

| 2 Create
%] Metadata
Review
Resources
pply Preliminary
Weights
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Smart CO2 Transport-Route Planning Tool

Identify Route

4

Select Start &

I High Cost
Low Cost
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Build Multivariate,
Weighted Grid

£

Model-based Reinforcement
Learning using Monte Carlo
Tree Search (MCTS)

J

Outputs

Identified D Evaluation
Route Layer Report

or

l . End Location Line of Interest

User Inputs

Evaluate Route

|

Upload Area or

Spatially Assess

Intersects to Database by
10km area & Census Tract
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Geospatial database
* Version1, 2023
* Version 2, 2024

60+ weighted layers

Currently in
Review —should be
availablesoon!

* Original sources T

* Weight definitions

Publication available Categories Layer Examples

___ CCS by State Restrictions & regulations
- Boundaries Protected areas, urban areas, bui
Pipeiine Route Praneir] T LD . :
it L= B Infrastructure Pipelines, wells, roz

. Ry o iovce tansort sl Natural Hazards Floodplains, earthquake, wil

therine Schooley** 8, &, L

SLARLIRR

discover:

Data Infrastructure to Accelerate CCS ——— | -
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Hydrology Lakes, rivers, aquifers, g




Report of Spatial Insights from Database N=|NaTionAL
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Natural

Hazards
Railroad Length

Boundaries  CCS by State Hydrology Infrastructure

FEMA NRI Earthquake
Risk Score

FEMA NRI Expected

High Consequence Area
Count

Area Coverage by Land Type CO2 Emission in Million
(e.g., wetland, pasture, water) Metric Tons by State

Count of CO2 Emission Groundwater Monitoring  Hydrocarbon Pipeline

Area Coverage by Aquifer

Historic Sites Count and List Refinery Count

Sources by State Count Length Annual Loss Score
National Monument Area Regulations Category by National Hydrology Area  Manufacturing Facility Secondary Road Length FEMA NRI Landslide Risk
Coverage State Coverage Count Score
National Park Area Sum of Median Storage National Hydrology Natural Gas Pipeline Storage Count FEMA NRI Riverine Flood
Coverage and List Estimates by State Waterbody Coverage Length g Risk Score
Protected A C State CO2 G Nati | Hydrol Well FEMA NRI Social
rotecte rea. ovetrage ate roup ational mydarofogy e Oil Gas Well Count Station Count . octe
and Local Designations Involvement Count Vulnerability Score
Counties Nationrfil Hydrology Port Count Landslide Susceptibil?ty FEMA NRI Wildfire Risk
Flowline Length Area Coverage (Very High) Score
FEMA NRI Earth k
States Active Sink Count Power Plant Count FEMA NRI Risk Score . artnquake
E t Risk Score
asy = A C Soil Frost
Tribally-Controlled Land . _ _ FEMA NRI Coastal Flood rea. Overage Soll Fros
Area Coverage and List adJUSt Active Source Count Primary Road Length Risk Score
variables! .
Urban Area Coverage and o . FEMA NRI Resilience
Building Count Processing Plant Count

List Score

Coverage of Areas >30%

Wilderness Area Coverage Grade Slope
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Smart CO, Transport-Route Planning Tool

o AIpha version (Leveckis et al. 2024) EDX connects to GitHub —

International Pipeline
= Conference & Expo

2024

[§2] coz2 Pipeline Routing Tool - [u] X

* Open-source & stand-alone We welcome feedback!

e Utilizes Monte Carlo Tree Search

File Edit View Window Help

. ) , ,
Model-based Reinforcement Learning @U&iigiay .2 Smart CO2 Transport-Routing Tool

* Heuristic algorithm -

¥

Seattle
“~  Smart CO2 Transport-Route Planning Tool (alpha) ¥ Washington
y: . ) . @kngray iz i sk - Québec
near optimal’ solutions oo
~ 4
| Boto Ottawa e
Portland samtpaul | PovioN @ Montréal £
| Wisconsin Michigat \
. Boise Lake Michigon \ Ton?ntg
Milwaukee o
Hamilton
Detroit 8
o rct o 70 e 74 ol Bt o darects sputil Chicago. [ 1 Boston
# CO2Pipeline Salt Lake oska
# / Usage / Operation City Lincoln i
- Ohio New York
= ENERGY . Renver . il Philadelphia
Operation B Kansas City o
Sacramento. Nt Ve: inig, @
z Nevado P Washington |
The Cf { Virginia /
mode San jose Virginia Beach
shapefile of the ‘
Fresno Tulsa
upload a shapefile of
Las Vegas. T Raleigh
. . Albuquerque o Okiahoma Memphis Charlottes  North Carolina
Identification Mode Arkansas
To start evaluation mode, click on the radio button below the map. This enables all iLoocngeles! Atlorts South Carolina,
\dentification Mode buttons and fields that are otherwise greyed-out. 5 Tiuana . esical Ph”::mn Dallas 2
Start and End Points Ciudad Judrez o
n 3 Austin {
There are two ways to enter the start and end points of the desired pipeline route. Houston Baton Rouge. J Jacksonville 300 km
Yok n Sl ) 200 mi
Clicking On The Map Ao San Antonio L2 y v i
- ) O\ { | = Leaflet | © OpenStreetMap contributors
t or tre radio button, and then click on the map to place a marker representing the 2 S I H
SR i i ® Identify Route O Evaluate Corridor
e
| O Start @ End
Selecting start and clicking on the map will create a black marker to represent the point.
. . . L]
: Add Start Location in World Geodetic System WGS 1984(WGS 84)
Selecting and clicking on the map will create a red marker to represent the end of the pipeline
) ISCOVE!
Outouts spatial R E— T R -
p p Data Infrastructure to Accelerate CCS
:oucdo(n;‘w( r;ucd to click the art button, as those are only for entering points manually Select known CCS projec! as start location -l
- data and report : ;
Entering Coordinates
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* Table of contents

Provides insights by spatial intersections

« Line length or polygon area evaluated against geodatabase layers joined to

(A) 10km multivariate grid or
(B) Census Tracts (where applicable)

e States and Counties crossed

* For each of the 60+ spatial layers:

* Number, percent, and area of cells
and Census Tractsintersected

 Statistics for scored values (e.g.,
National Risk Index maximum, mean,
minimum)

* Lists of historicalsites, protected
areas, and urban areas that also
intersect cells
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Beta Version Release Anticipated Spring 2025

Updated user interface & database Implemented capabilities

* View key layersin map * Intermodal functionality

* Revised database ) .
e Multiprocessingsupport

v W Rescagp

¥ @ENERGY ..2.. SmartCO2 Transport-Routing Tool

e Customize agent behavior
(distance vs cost)

Exponential Exponential
Linear Degree 2 Degree 3

Intermodal facilities

Puiblic: infrastruciursHCAs
Matural gas pipelines
Hydrocarbon pipelines

[ Ny

Enter tile layer URL: J | Save to Variable | Clear Variable and Hide Tile Layer

Show/Hide Tile Layer

IDENTIFY ROUTE EVALUATE CORRIDOR

FIFELINE MODE | RAILWSY MODE
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Increasing Useability & Usefulness
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Interactive, stand-alone, geospatial tool designed to accelerate

Version 2 (Anticipated Spring 2025)

* +rail mode
* +updated geospatial database
* +view datain Ul

* +enhanced smart logic

* Enabledynamic weighting
* Add more mapped variables
* Expandintermodalfunctionality
e Support dynamic weighting

* Decrease run times

U.S. DEPARTMENT OF

CO, transport route planning that accounts for legislation, best
practices, and is complementary to related capabilities.
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Tool is... Analytics apply... Variables include...
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co, Pipeline diameter,
Estimating the cost
Transport g number of pumps,
of new CO, X X X X|- X - - -]- X X X - cash flows, NPV,
Cost pipelines break-even CO,
Model price
SimCCS Industry, ) '
Piveline | regulators, Transport network Optt'mfa' “et"zorkr
P researchers modeling and cost X - X X|- X X X X|X X X X X - costs Tor cap;re’
Network . transport, an
(government, | analysis storage
Model academic,
Smart €O, non-profi) f | i Optimal network
Transport- Idne\(/JerIr(;] pmaennrll nagril q as spatial layer;
Route repurp?)sing"risk X X X -]/X X X - -|X X X X X X report of route
Planning assessments' eva_luatlon against
Tool variables
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NETL
RESOURCES

VISIT US AT:

@NETL_DOE
@NETL_DOE

@NationalEnergyTechnologylLaboratory

CONTACT:
Jennifer Bauver Lucy Romeo
Jennifer.Bauer@netl.doe.gov Lucy.Romeo@netl.doe.gov
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