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COMPANY BACKGROUND SEREEETE
CARBON SOLUTIONS

Vision: Solutions for a net-zero carbon economy

» CARBON SOLUTIONS works with industry, government, non-profits,
researchers, & other stakeholders to identify & implement real-world
solutions for low-carbon energy challenges.

* HISTORY: Launched 2021 | 30+ employees (15 PhD’s) | 75+
projects.

* FUNDING: 65% Government | 20% NGOs | 15% Industry. _ .
« FOUNDATION: Development of SImCCS. Syt a o

Energy applications

« CO, capture-transport-utilization-storage, hydrogen, direct air
capture, geothermal, wind, energy storage, grid modeling, electric
vehicles, energy equity...

Data analytics

» Optimization, reservoir simulation, ML/AI, LCA, TEA, econometrics,
GlScience...

Assessment



SIMCCSPRO

SImMCCS Software
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SimCCSPRO (system analysis)

« Decision support across the
CCS value chain.

* Leading sub-models for CO,
capture, transport, & storage.

CO,NCORD (capture)

« Dynamic, customizable CO,
capture database.

10,000+ sources.

CoSstMARPPRO (transport)

« Advanced, multiscale, multi-
attribute pipeline routing.

SCO,TPRO (storage)

« World's most advanced &
accurate tool for dynamic CO,
storage & costs.
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Uncertainty
analysis
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SIMCCSPRO

: : . ) Joint 2019 R&D 100 Entry
Disruptive Science
: IMECS ===
. Los Alamos Natiar}al Lgbnratury,
Foundation 0l e o
. : Open-source software for designing CO, capture,
.Award'W|nn|ng CCS science & SOftware transport, and storage infrastruct:]re
SIimCCSPRO
.. . . - Designs complex infrastructure to optimally link C0;
 Decision-support framework for designing CO, sources and storage stes
capture, transportation, & storage (CCS) infrastructure. ol el eal-wortd route for C3: iplin network
« Industry- & research-leading CCS infrastructure tool. Lt
; . . . : Maximizes industry revenues from carbon tax credits and
® DozenS Of SC|ent|f|C papel’S, thousands Of citations. enhanced oil production while reducing carbon footprints
« Two R&D 100 Awards (2019) ! Runs on laptops, the web, and supercomputers
.. . R Enh llaboration through customizati
Decision discovery & support iy
 Integrated capture, transport, & Sstorage economics. e 8
» End-to-end techno-economic assessment (TEA).
« Policy analysis.

System-wide life cycle assessment (LCA).

CARBON SOLUTIONS

- Leveraging decades of carbon research to help :
iIndustry, stake-holders, and the Nation develop SE=———— —— 100
carbon solutions. )

2 NLA?OSNIALIAa?m%§ 3 / yAglgg‘é&g% 3 @j INDIANA-UNIVERSITY
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SIMCCSPRO

CCS Decision Support

Integrated CCS assessment

« Simultaneously understand capture, transport, &
storage of CO.,.

Capture

* CO, emissions, capturable CO,, CO, purity by
multiple streams, economics over space & time.

Transport

* ROUTES: Potential routes considering multi-
dimensional geographies.

* PIPELINES: Capacities, trunklines to aggregate
CO,, economics (capital, fixed & variable O&M).

Storage: a— o e
» STORAGE: Identify ideal sites, dynamic CO, nl EG“‘ | /\ == 2 2
Injection & storage, life-time reservoir costs 5 A~ g g
(injection, storage, & PISC). 5 £
o 350- % §
 UTiLizATION: Qil, shale gas, geothermal, & ) £
materials. . o

B 10 20 30 40 50 60 70 80 90 100 110
€O, management scenario (MtCO,/yr) €O, management scenario (MtCO,/yr)
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SIMCCSPRO

SIMCCS and the CCS value Chain
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SIMCCSPRO

Connecting the CCS Value Chain

CAPTURE TRANSPORT STORAGE
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CO,NCORD

Why? (MOTIVATION)

Description

» SOFTWARE: Most advanced
screening-level CO, capture
database.

Motivation

» Rapidly characterize
individual CO,, sources.

 Directory of CO,
opportunities.

Customer discovery

» Capture technologies.
* Investment banks.

» Technology companies.
+ CO, storage.

» Government/NGOs.

CARBON SOLUTIONS LLC 4/4/2024 | 11

CO,NCORD

The CO, National

Capture Opportunities

and Readiness Database

Capturable Emissions (MtCO2)

0.00 - 0.50
e 0.50-0.85
e 0.85-1.50
® 1.50-3.00
® 3.00+
Industry Category
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©  Chemicals - Other
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©  Facilities
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® Hydrogen
@ Iron & Steel
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CO,NCORD

What? (PRODUCT)

120
Pr 0 d uct B Natural gas processing Ethanol
; - B Hydrogen production B Ammonia/fertilizer

* DATABASE: LOC_atlonS’_ C02 B Petroleum refineries Chemical manufacturing

streams (quantity, purity), 00 Cement/concrete W Electricity (Coal)

fuel S, carbon inten Sity’ [ Flt'c;ricifix-’ (Gas) [ ]Iilt;ctricit}-f (Finm:]a;ss} ;

B Iron/stee B Pulp/paperboard/saw mills

Capture costs. Solid waste B Ag/food manufacturing

e SUPPLY CURVES: |dentify B Metals manufacturing B Oil/gas extraction/distribution

c e 80
economic opportunities.

Deliverables
* Market assessment.
* ldentify investments.
* Hub analysis.

Status

* CURRENT: Consulting version
with data served online.

e FUTURE: Software as a
Service (SaaS).

60 -

CO, Capture Cost ($/tCO,)

20

0

(0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600

Cumulative CO, (MtCO,/yr)
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CosTMAPPRO

Why? (MOTIVATION)

"‘ ~ Description

\‘k g A_ ., * SOFTWARE: Most advanced

| screening-level CO, trans-
portation & routing model (or
any pipelines, transmission
lines).

Motivation

« ldentify corridors that balance
connectivity, cost, environ-
mental impact, community
engagement.

» Customer interaction.
* ldentify multiple routes.

Customer discovery

- Utilities.
Cogt surface « CCS projects.
| Weight | . Oil
e High Il & gas.
w2 * Government/NGOs.
S Low : km " A
I 1,000 1,500 2,000
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CosTMAPPRO

How? (SCIENCE)

Geospatial data fusion

* PEOPLE: Population, demo- e &
graphics, community, environ- J’ . :

OWNERSHIP | LANDUSE [ RIGHT OF WAYS POPULATION |

mental justice, property values.
e LAND: Land cover, land use, * aspect and * rail/river/road * private, BLM, * crop, pasture, * existing * population
fed/state/private, ownership_ slope * widths, # rails, BIA, NPS, FWS, forest, scrub, pipeline ROWs density

and lanes state, etc. . wetland, etc.

* CORRIDORS: Pipelines, roads,
transmission.

e BARRIERS: Roads, rivers, rail.
e« CUSTOM: Any GIS layer.

Workflow

 Nonlinear weight calculations o AN R
for routing & for cost. b e N 4 il o
- Develop interactive weights. S\ ] RIOHUOE MY | CONSTRUCTION |-
3k cost surface e cost surface
» Extract shortest (lowest- ") iy L
ight) path o ; SR L
weight) paths. % "1 il
« Vary weights, uncertainty. o, o
‘ -ta.'. - A Virj
Middleton et al. (2012) Generating candidate networks for optimization: Hoover et al. (2020) CostMAP: an open-source software package for developing
The CO, capture and storage optimization problem, Computers, cost surfaces using a multi-scale search kernel, International Journal of

CARBON SOLUTIONS LLC 4/4/2024 | 15 Environment and Urban Systems. Geographical Information Science.



CosTMAPPRO

What? (PRODUCT)
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CARBON SOLUTIONS LLC

Product
» Optimized pipeline routes.

* Pipeline economics
(construction, operation).

Deliverables

» Low-cost, low-impact pipeline
routes.

* Robustness analysis.

* Multi-resolution analysis: 10—
720 m.

Status

* CURRENT. Consulting version
with data served online.

e FUTURE: Software as a
Service (SaaS).
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SCO,TPRO

Why? (MOTIVATION)

o Storage and Cost Estimates
Description of Deep Saline Formations in
* SOFTWARE: Most advanced the lllinois Basin

screening-level CO, storage
model & database.

Motivation

« Capture complex CO, storage
with fast-running models.

« Rapidly characterize
individual storage reservoirs.

* Regional/national assessment
of CO, storage potential.

Customer discovery
CCS projects.

CO, facllities.
Investment banks.

Government/NGOs. Storage and Cost Estimates
mm <5.00 $/tCO,

5.01 - 10.00 $/tCO,
mm 10.01 - 25.00 $/tCO,
= > 25.00 $/tCO,

Taller cells indicated higher storage
potential.

0 25 50 100 ' Y
T E— M W@'E

S
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SCO,TPRO
2.50 5.25 100 1.0 HOW? (SCIENCE)

Machine learning/Al

« Use ML/AI to develop reduced-order
models (ROMs) from 10,000s of full-
physics simulations.

Advanced geology

« Develop nation’s leading sequestration
geology inputs.

lte

&l

e

Plume radius (km)
Plume volume {ddm*)
LS

Imjection rate {MLCOy'yr)

njection limited
to 1 MtCO,/yr 325 20

0l W [ 4400 R 1K W WHK] A0} SIH

B . i ety Sequestrathn economics
« Comprehensive sequestration costs,
including injection, monitoring, & post-
injection & site care (PISC).
Software
» Integrate ROMSs, geology, & economics.
« Uncertainty analysis.

i Visibility
« Six SCO,T peer-reviewed publications.

5

st (HHC0,)

Cy

Mumber of we

orage capacity (Mt

16HD 20N NN ICHX) SiHK] 1T KN AN AN SN
Depth (m) ﬂ Depth (m)

Middleton et al. (2020) Identifying geologic characteristics and operational decisions to meet global carbon sequestration goals, Energy & Environmental Science.
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SCO,TPRO
How? (SCIENCE)

Machine learning/Al

« Use ML/AI to develop reduced-order
models (ROMs) from 10,000s of full-
physics simulations.

Advanced geology

« Develop nation’s leading sequestration
geology inputs.

Sequestration economics

« Comprehensive sequestration costs,
including injection, monitoring, & post-
injection & site care (PISC).

Software

» Integrate ROMSs, geology, & economics.
« Uncertainty analysis.

Visibility

CO; cost ($/tCO,)

— i = 4 « Six SCO,T peer-reviewed publications.

12-25
N 25-50

| I > 50

Ogland-Hand et al. (2022) Screening for Geologic Sequestration of CO,: A Comparison Between SCO,T?R° and the FE/NETL CO, Saline
Storage Cost Model, International Journal of Greenhouse Gas Control.

CARBON SOLUTIONS LLC 4/4/2024 | 20



SCO,TPRO

What? (PRODUCT)

Product

 GEODATABASE:
Nationwide CO, storage
opportunities.

» MODEL: Standalone tool
for individual reservoir
analysis.

Deliverables
* Market assessment.
* ldentify investments.
* Hub analysis.

Status

* CURRENT:. Consulting
version with data served
online.

e FUTURE: Software as a
Service (SaaS).

0 250 500 km
L B
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SCO,TPRO

What? (PRODUCT)

Product
» GEODATABASE: ' o TIRREIN i ’

Nationwide CO, storage e
opportunities. ; ey e

* MoDEL: Standalone tool &
for individual reservoir i, i g
analysis. : L T =

Deliverables ' . —

« Market assessment. e w

* Identify investments. w

* Hub analysis. IRl

]
g
R

L2 [

Status (8 g i [, gl
« CURRENT: Consulting S e e,
version with data served S X
online. BERR T N
« FUTURE: Software as a A A L B )
Service (SaaS). ($/C02) |

m.
7
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SIMCCSPRO

GIS Database to Serve SimCCSPRO Data

SimCCSPRO frontend

* Deliver GIS & non-GIS
on a dedicated server.

» Public “free” data.
» Clients securely access

>

their private data/results. "
d PUSh updated data. { .Iterative.or D;’?éizgse Project Schema
« Archive old data. Y gl
Ce . Run internal tool v Staff
Current capabilities | s concoro) Database
ccess
. Query data. { O
Final Output Data

» Download data.

L GIS lntem:le(r::atput
Future capabilities Baiches (00 cs_cazncore) WebGis
* Recreate data.

N e

« SaaS.

414]2024 | 24
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NATIONAL CASE STUDY

Decarbonization of Fossil Electricity

* Increasing CO, capture (100—
1,1044 MtCO,/yr).

Storage Capacity
(MtCO2)

<250
250 - 500
500 - 1,000
1,000 - 1,500
>1,500

[ &Ry, R .
\>ﬁ Scenario
= * Help guide policymaker
ek o | plans for emissions rules
777777 : RS I e for coal and gas plants.
e TLlllilgl y ; .
v rmdnmnnt gk o S
i | se-e00es e o8 N ° ources:
gy 4 ,:533'30 .. “"‘v # g A “-'-'/;'?: S & 429 plants | 1.044 MtCO./
m,,.\_,,__;‘,:;:g:és.;:;: T O e i ’, “;y:;‘ it e Sl plants | 1, 2/YT-
o | iwgegeses eii. e - ,'::‘,.-g, eisilll S8 0 8 * 137 coal | 603 MtCO,/yr.
i (‘, .'6."-".::,._::::\... \ e oo .“‘..“:. :v::..o
[ e e eee etees: o SN e Yl 1# - om « 293 NGCC | 444 MtCO,/yr.
[ Mgy 8 ek —— ';33'5}:;-':: RELE - Storage:
FAYTRES Ll. e fe ® \ieesedeeadieiifelllfy e o |
4 et i J o o...b, AREETY » Saline-only, Medium-cost
L4 ® oo eoce. ® },“q‘_ 399 e W 4 : ’ PRO
N9 e, iieanee et e 1% . ’..o estimates from SCO,TPRO,
Wi —te e “'" - « Scenario:
% ﬁ:;: tiee “::0 !. ;;::.:;;5—7;;'” o « SIMCCSCAP mode
_ ' .‘,,}' .... /.' :a::..... ‘..‘i e ’.. e ’\\_\.“ ' .
‘ v 3 (3 :::O:::

Analysis

 Distributed storage vs.
major hubs?

Plants
Fuel Type

® Coal
®  Natural gas

Il CARBON SOLUTIONS LLC 4/4/2024 | 26



NATIONAL CASE STUDY

Decarbonization of Fossil Electricity

Scenario

* Help guide policymaker
plans for emissions rules
for coal and gas plants.

Scenario

* Sources:
* 429 plants | 1,044 MtCO,/yr.
» 137 coal | 603 MtCO,/yr.
* 293 NGCC | 444 MtCO,lyr.

« Storage:
» Saline-only, Medium-cost
estimates from SCO,TPRO,
« Scenario:
* SIMCCS®AP mode.

* Increasing CO, capture (100—
1,044 MtCO,/yr).

Legend p, A o ’ ey PP < v
N L N a AL Analysis

Flow (MtCOlyr) ; \ e T
0.230030-2.000000 | % L : E A et o ' ; ;
A .\ 3 Pyt - Distributed storage vs.
major hubs.

s 2,000001 - 4569220 <.
— 4.569221 - 9.488000
@— 9.488001 - 23.909660

@ 23.909661 - 100 4 5 { 5:'
®  Sources L \ : ’ y <5
®  Sinks N 2 V| "




CARBON SOLUTIONS

Supporting the Energy Transition with Novel Science

Disruptive R&D

* Novel energy science for
CCS, energy storage,
hydrogen, geothermal, wind...

Award-winning software

* Energy planning from
individual projects to
nationwide impacts.

Information

» Unique data to support energy
transition decisions.
Services

« Supporting energy projects
with agile science & software.

Greater region

Increasing
concentration of
emissions and
facilities

An Atlas of Carbon and Hydrogen Hubs for united States Decarbonization
https://scripts.betterenergy.org/CarbonCaptureReady/GPI_Carbon_and_Hydrogen_Hubs_Atlas.pdf

CARBON SOLUTIONS LLC
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