The Basics of
Carbon

Sequestration

An introduction to the
science, technology, and
potential of carbon capture
and storage




What i1s Carbon Sequestration?

Carbon sequestration is the process of capturing
and storing atmospheric carbon dioxide (CO,) to
mitigate climate change.

-+ CO, is a heat trapping gas produced naturally and by
human activities.

+ Man-made sources of CO, result from burning fossil
fuels and other industrial activities.

- CO, is naturally released biologically via oceans,
decomposition of organic matter and forest fires.
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The Earth contains a finite
amount of carbon, which is
cycled through different
reservoirs, such as the
atmosphere, the ocean, living
organisms, and fossil fuels.
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Types of Carbon Sequestartion

Biologic
Forrest Growth and Management

Improving Cropland Soil Management

Biomass Carbon Removal and
Storage

Not permanent

Geologic
Saline Aquifers

Depleted Oil and Gas Reservoirs
Coal seams

Permanent when done safely

SCS ENGINEERS



Benefits of Carbon Sequestration

Greenhouse Gas Emissions Reduction

Carbon sequestration helps remove and
store carbon dioxide from the
atmosphere, reducing the overall
greenhouse gas emissions that
contribute to climate change.

Climate Change Mitigation

By capturing and storing carbon,
sequestration can help mitigate the
effects of climate change, such as rising
temperatures, sea level rise, and extreme
weather events.

US Based Tax Credits

Tax credits vary between types of carbon
captured and types of sequestration
(permanent or EOR). All have varied
sunset dates in the 2040's.

Enhanced Oil Recovery (EOR)

The process of carbon sequestration can
also be used for enhanced oil recovery,
where the captured CO, is injected into
oil reservoirs to increase oil production,
providing an additional economic
benefit.

Carbon sequestration offers a comprehensive solution to address climate change
by reducing greenhouse gas emissions, mitigating the impacts of climate change,
and providing opportunities for enhanced oil recovery.
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Single point
sources of CO,;
ethanol plants,
manufacturing,
landfills, fertilizer
plants, refineries,
who need to
reduce emissions

Who Is Carbon Sequestration right for

Corporate
Investment

Emissions
Sources

Investors who may
not have emissions
sources, but have
funds to create
commercial storage
hub facilities for
smaller emissions
sources

All facilities with sources of Carbon Dioxide emissions would benefit from

reviewing their emissions goals and determining if a sequestration project would
positively impact their business.
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The History of Carbon Sequestration

1970s

Use of CO, for
enhanced oil recovery
(EOR) marks the
beginning of carbon

2000s

Pilot projects and
demonstration plants
are established to test
and validate carbon
sequestration

2010s

Governments and
industries invest heavily
in the scale-up and
commercialization of
carbon sequestration

sequestration process.

technologies.

Research and
development efforts into
geologic and biologic
carbon sequestration
techniques are initiated.

1990s

technologies.
o (0] o

The first large-scale
carbon capture and
storage (CCS)
project, Sleipner,
begins operation in
the North Sea.

2005

Carbon sequestration
gains momentum as
a critical tool in the
fight against climate
change, with
nuMerous projects
planned and under
development
worldwide.

2020



Sources and Sinks of CO,

Primary Sources

Industrial and energy production facilities, such as
power plants, refineries, and manufacturing
plants, are the primary sources of CO, emissions.

L ocation of Sources

Major sources of CO, emissions are often located
near industrial and urban centers, where energy
demand and manufacturing activities are
concentrated.

Geologic Sinks

Geologic formations, such as depleted oil and
gas reservoirs, deep saline aquifers, and
unmineable coal seams, can be used as geologic
sinks for CO, storage through carbon
sequestration techniques.

Location of Sinks

Suitable geologic formations for CO, storage are
found in various regions, with research having
focused on areas near major emission sources to
mMinimize transportation costs and infrastructure.
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US Source Locations and Type

CO,NCORD

The CO, National
Capture Opportunities
and Readiness Database

Capturable Emissions (MtCO2)
«  0.00 - 0.50
0.50 - 0.85
0.85 - 1.50
1.50 - 3.00

3.00+

Industry Category
Aluminum
Ammonia
Cement
Chemicals
Chemicals @ Mining
Ethanol & Natural Gas Processing
Facilities ® Ol & Gas
Food & Ag Other - Other
Glass Petrochemicals
Hydrogen »  Power Plants - Biomass
Iron & Steel Fower Flants - Coal Fulp & Faper
Lime & Gypsum ¥ Power Plants - Gas Refineries
Manufacturing Powver Plants - Other Solid Waste
Metals - Other Fower Plants - Other Fossil Waste - Landfill =% CARBON
Minerals - Other ' Power Plants - Pet Coke Waste - Other * SGLUT}DNS
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US Sinks

Sink requirements

Porous media at a
depth of over 2800 ft f

.(~850m) j’-

CO, injectivity potential within available
storage window in continental U.S.

y

Saline Reservoirs

Sedimentary basins |

Depleted Oil and Gas '
Reservoirs

Low permeability rocks to
prevent the upward flow of

oy
2S SENANE
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' ~

RTe » s )

-4

Trapping mechanism
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Overlying strata — Cralon
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i i — Estimated Quachila Thrust belt
Ca pl l la ry Tra ppl ng 'f!;'-ra-lr'.- '.u:r-‘JJr. W -fl ,'v'i'l,l‘.hi' ssure thickness
Frecambnan Outcrop
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source: roads2removal.org



Midwest CO, sources
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Reported to EPA in 2022 across 1,508
facilities in Regions 5and 7

source: ghgdata.epa.gov



Midwest Source Locations

EDX Spatial Map Sandbox
A Esri, HERE, Garmin, FAQ, NOAA, USGS, EPA, NPS |
= T

source: ghgdata.epa.gov
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idwestern Sinks
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Ongoing carbon capture and storage

projects across the US and Canada

Storage Projects (Class VI) with submitted EOR projects (Class Il)

applications United States

38
Canada O
' Canada

4

Capture Projects

United States

United States 167
8"/
QCa Nnada

17

Data Source: CCUSMap.com



Project Component Overview

Capture Transport Storage
Compression
Emissions ili
S nroe ey : CO, Injection Well
oA [CO2) —— =
II_IIIII _’ _' A ¥ . Ground

CO,is
captured &
Senttoa
Capture Facility

CO, is compressed
toa
Super Critical Liquid

: Deep Saline Pore Space " |

Basement




Carbon Capture

Compression of CO, Point Source Capture

can reduce volumes Point source carbon capture involves collecting CO,
by 97% emissions directly from large industrial facilities, such“as
refineries, power plants, or cement factories. This
method targets specific emission sources where the
CO, is highly concentrated, making it more efficient to
capture.

Absorption Process

S Fuies R The captured CO, is then transported to an absorption
Ay unit, where it i dissolved into a chemical solvent,

; ' typically an amine-based solution. The CO_-rich solvent
__\ — b Ak is then heated, causing the CO, to be reledsed from the
B T BRI e ‘m_ N solution, leaving behind the original solvent for reuse.

; \ my:g:’r_?:a?ﬂuﬁ
: ‘0.28 .
\ Compression

o - _ - L The CO, released from solution is then compressed into a

1 _ dense, liquid state (super critical fluid) to facilitate
o g transportation and storage. This process is also ver
0 200 400 600 800 1000 energy intensive and would be best co-located wit
Density of CO, (kg/m?) renewable or green energy infrastructure.
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Pipeline Transportation

Dedicated CO,
pipelines transport
super critical CO,
from the sources
(e.g., power plant,
industrial facility) to
the injection well
site. Pipelines offer a
safe and efficient
method for large-
scale, long-distance
CO, transport.

Carbon Transportation

Truck and Rail
Transport

For smaller-scale or
remote projects
transport CO, in
pressurized tanks or
containers via trucks
or railcars to the
injection site. This
method is suitable
for shorter distances
and lower volumes
of CO.,,

For CO, capture
from coastal facilities
or when the
injection site is
located offshore,
ships or tankers can
transport
compressed CO, to
the injection
location.

Combine different
transportation
methods, such as
pipeline, truck, or
ship, to optimize the
logistics and cost-
effectiveness of CO,

transport.
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Feet below surface
0——

1000 = Baseof
~ USDW

5000 | Injection
- Zone -

~ Drinking Il
_Water =

: _. .: /-_Botfbm'ofWell__‘ ===

Carbon Storage

Inject CO, under pressure

Through multiple series of cemented casing
Continuous monitoring during injection

Continuous monitoring for several decades post
closure

Prevent releases

Ultimate Overarching Goal

Protect Underground Sources of
Drinking Water (USDW)
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Subsurface Pre-Permitting Process

Class VI Considerations

Feasibility Study

Assess community support
Cost assessment and Financial Considerations
Analyze the regulatory environment
Review Geology to ensure adequate reservoir
properties

Depth for super critical storage

Sprlngﬁeld ;. Easi St. Louis

V‘ R
L “ IIIIIH
i \|H||||||H .

Adequate pore space to store desired
volumes
i Appropriate upper and lower confining
zones to prevent migration
Identify paths for release
« Faults
« Artificial Penetrations

oS i
i Igm il

50 100 km

Source: lllinois State Geological Survey




Subsurface Permitting Consideration




Operational and Post-Closure Considerations

Operational Testing and Monitoring
- Mechanical Integrity Tests Example Potential Project Risk
Fall-Off testing
Vertical seismic profiling
Pressure Front monitoring of CO, plume
Groundwater Monitoring
Microseismicity monitoring

|
i

Site Well

| €02 Injection and Post-Injection Post- Closure
Eval Constr.

Monitoring Site Care

Post-Injection Site Care
Plug back injection wells
Continued site monitoring

RISK —

Testing and Moniforing Activities /

Mechanical Integrity Testing i i
Analysis of Carbon Dioxide Stream = e
Monitor Injection Pressure, Rate and Volume _ T ——
Corrosion Monitoring —
'Monitor Ground Water Quality above Confining Zone | S 555 1 |
Pressure Fall-off Testing _ Fgl '
Plume and Pressure Front Tracking = 1

Modified from: EPA Draft UIC Class VI Guidance



Monitoring and Redundancy

R %) N

Multi-Layer Redundant Continuous Data Groundwater
Monitoring System Safeguards Analysis Monitoring
Comprehensive system Multiple layers of Real-time monitoring Extensive monitoring of

including surface, backup systems and and data analysis to groundwater quality and
atmospheric, and fail-safe mechanisms quickly identify and levels to ensure the
subsurface monitoring to to ensure containment address any irregularities integrity of the storage
detect any potential CO, and prevent or potential issues. site and protect local
leakage. unintended release of water resources.
CO.,,

Through these robust monitoring systems and redundant safeguards, the carbon sequestration

process ensures the long-term containment and safe storage of CO,, minimizing any risks to the
environment and surrounding communities.
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Feasibility
Due Diligence

Possible Test Well

Testing of Model Hypothesis Injection of CO2 Injection of CO2 ended
Refine Plume based on Data Operations, Testing, Ongoing Testing,
Collection Monitoring, and Reporting Monitoring, and Reporting
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Cumulative Permitted Injection Volumes
MMt/yr

US Based Cumulative Permitted Injection Volumes

20
-. Reminder of Recently Permitted
Current 2 69 5 for Construction
16 EmISSIOnS MlIIlon Metric
Tons CO e

12
10

8

] In Operation

, /

0

1/2022 6/2022 1/2023 6/2023 1/2024 6/2024
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Midwest Class VI Project Activity

.

lllinois Indiana Kansas  Michigan Nebraska Ohio

m Under Permit ® Application Submitted m Class VI in Development

29 wells at 13 projects in Region 5
3 wells at 3 projects in Region 7
i
(|

[]
mm I
)

mm

g T

sources epa.gov
ccusmap.com



Midwest Carbon Capture Project Activity

54 Independent Capture
Projects underway in EPA
Regions 5 and 7

» Biorefineries
 Ethanol Plants

* Refineries

« Steel Plants

» Sustainable Air Fuel
* Hydrogen Hub

I I « CCS Hubs
c\q’ o g
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Financial Project Considerations

Cost of Capture!
$20-100/ton of CO,

Compression
Emissions Facility

R -

Source'j— o

CO, is compressed
toa
Super Critical Liquid

captured &
Sentto a
Capture Facility

Cost of Transport?
$5-15/ton of CO,

Cost of Storage
$5-10/ton of CO,

CO, Injection Well

Ground

Basement

" Excluding DAC, Congressional Budget Office, 2023
2 Global CCS Institute, 2022




Community Engagement and Environmental Justice

- Transparent Communication - Benefit Sharing

Maintain open and transparent communication Develop equitable benefit-sharing mechanisms
with local communities to build trust and to ensure communities near carbon
address concerns. sequestration sites also reap the rewards.

Inclusive Decision-Making - Environmental Justice Assessment
Ensure local community members, including Conduct a thorough environmental justice
underrepresented groups, are involved in the assessment to identify and mitigate potential
decision-making process. disproportionate impacts on marginalized

communities. In the US EPA requires the use of
their Environmental Justice Screening and
Mapping Tool.

https://www.epa.gov/ejscreen




Thank you

SCS Team

Carrie Ridley, PG Gary Vancil Jr. Monte Markley, PG

cridley@scsengineers.com gvancil@scsengineers.com mmarkley@scsengineers.com

National Practice Leader

For More Information on SCS Deep
Well Services ' s¢s ENGINEERS




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31

