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Rapid CCUS and CDR Industry Growth Needed to Achieve U.S.

(2035 2040 | « e

MIDCENTURY

. Decarbonization Goals

Targets ACTIVATION

Injectivity 65 million MT/year 250 million MT/year || 450 million MT/year > 1 billion MT/year
Stoﬁ‘;g‘e";ifﬂial 2,000 million MT 7,500 million MT 13,500 million MT > 30 billion MT
CO2 Transport | Today: 5,300 miles of pipelines 2030: 11,000+ miles of pipelines 2050: 25,000+ miles of pipelines
MOdEIing 3 , 2030 ; 7

NPC: Meeting the Dual Challenge (2019) Modeling from Princeton’s Net-Zero America Study (2020) Modeling from Los Alamos National Laboratory (2023
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Infrastructure Focus

Carbon Transport Program
RD&D: An Iterative Process towards Deployment

Infrastructure g NEWCONCEpy,

Large-scale demonstration projects to develop best practices for
industry and facilitate wide-spread commercialization

Carbon Management Hubs
and Basins

Multimodal/Offshore CCUS
Interest

FIELD
PROJECTS
AND
STUDIES

' ADVANCED
STORAGE

Technical Considerations and
Qualifications Required to
Repurpose O&G Infrastructure

Advanced R&D Focus

Lab-based and pilot scale
testing and demonstration

Material Integrity and
Discovery

Monitoring, verification, and
accounting of CO, across
value chain

Advanced R&D

Harness early-stage transport and storage concepts to technology demonstration
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. Technology R&D for New and Repurposed CO, Pipelines

IMPURITIES A FRACTURE PROPAGATION
* Understand the effect of impurities: H,, H,S, ki i _ o e [L —'.’
H,O, Particulate Matter, N,, NO,, SO, O,. * Develop model correction factors e o

! !

for CO, performance across :”‘QZE?F:‘EE?G\“,' /
various CO, source specifications

. ession
I / wave velocity
/

* Create a testing protocol to complement
ongoing work and coordinate experimental and or v

modeling efforts. H-®) *  Battelle two-curve model T s,
25 -
§

pressure [bar]

e Conduct longer-term testing to evaluate the * Perform large-scale field test to

impact of impurities at pilot scale validate models __ VelosityImie]
0 100 200 300 400

LEAK DETECTION & EMERGENCY RESPONSE PROTOCOLS DISPERSION MODEL

* Generate recommendations for varying — ——
areas of concern and emergency response _o -
in case of a CO, release

* Understand factors contributing to pipeline Bl
leaks to inform materials design standards ' '

* Advance the capabilities of monitoring and

metering technologies * Integrate new data with ongoing modeling == |== =

efforts MR RO

* Develop proactive emergency response
protocols using organizational models

«  PHMSA Dispersion Model development <3l
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[ 5 Million Metric Tons of CO, Carried though Pipeline per Year \

. Alternative Modes of CO, | (39—

N

Transport and Multimodal HUDS Ao e e

1 vehicle icon = 50 shipments

189 Ocean Tankers

* Alternative modes of transportation include rail, trucks, and et Tt
¥ — Uy — Jr S — S U —— S S < — R S N — S S

* Factors include transportation mode, distance, point of originand | ==

destination, and physical state of the CO,, and transported phase e A T P I S .
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data on

ton-miles
[ Shipment Capacity of Transport Types \

offreigh t 1,000,000 —_—_ /‘—/\‘/_’—_—- o P
by mode — By i %‘? | —

500,000

millors of ton-miles

o — —— Ocean Tanker Barge DOT-105J Tank Car Semi Trucks
26,430 Metric Tons capacity 1,500 Metric Tons capacity 7,257 Metric Tons capacity 907 Metric Tons capacity
\ for one Ocean Tanker for one Barge for a 50-car train fora 100-truck convou

0 Visual comparison between freight modes to transport 5 million metric tons of CO2. This annual
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 volume is approximately equal to total CO2 emitted from one 680 MW power-generation station.
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