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OUTLINE

CCS CURRENT STATE OF AFFAIRS IN NORTH
AMERICA & EUROPE

STEPS IN A CCS PROJECT/PROJECT
DEVELOPMENT

/ Timing Of Data Needs And Degree Of
Detail

INPUTS AT EACH STAGE
/ What Info Is Needed?

SENSITIVITY TO INPUTS

/ What Is The Impact of Realistic
Uncertainty?

/ Getting To Go/No-go




ECONOMIC FACTORS & INGENTIVES

USA

/ 45Q Tax Credit:

» $50/Ton In 2021, $85/Ton In 2022, Based On Project Scale And Storage
Type

» Congress Proposals For Further Increases

CANADA
/ Carbon Tax: W

» $50/TonIn 2022, $170/TonIn 2030 0
/ New Investment Tax Credit (2022)

EUROPE
/ EU ETS: Cap And Trade Market !
» €80/Tonne Average So Far In 2022

EU Carbon Permits (EUR) 84.15
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CCS BY STORAGE TYPE

NORTH AMERICA EUROPE
/ Saline Storage And CO2-EOR: 200k To 20MM / Depleted Oil & Gas Reservoirs
Tons/Year @ Up To $50/Ton

/ Recent Surge In Saline Storage Applications:
$85/Ton
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CCS BY INDUSTRY — EXCLUDING OIL & GAS

NORTH AMERICA EUROPE |
/ Multiple Industries Participating, Progressing / Bomlr\l(ant(l)ylndu_strlall Hubs, Also Cement,
Towards Injection Permit one Yet Uperationa
/ Cement, Biofuels, Power Plants: Onsite
Capture, Onsite Storage
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Share of global CO, emissions, % in 2017

kg of CO, per $

Cement

C02 EMISSIONS SOURCES
/ Kiln Fuel & Calcination Dominate (GCCA)

CEMENT INDUSTRY EMISSIONS ARE SIGNIFICANT
/7% Of Global Emissions (Mckinsey)
/ 0.59 Ton CO2/Ton Cement (IEA)

/>4 Billion Tons Global Cement Production
(USGS)

/ ~2.7Billion Tons CO2 Annually

REDUCTION OPTIONS

/ Minor Impacts:
» Efficiency, Alternative Fuels, Clinker Substitutes

/ Major Impacts:
» Ccs

Other industry e
Mini Cement
i Oil and gas

Chemicals

Chemicals I 0.3

Iron and steel - 1.4
Mining I 0.4
Oil and gas . 0.8

Potential CO, emissions and re:t:il.n':tit:nr'us,2 GtCO; anually

Traditional levers B Innova tion levers

Emissions in 2017

Emissions in 2060,
as-is scenario

Energy efficiency

Alternative fuels

Clinker substitutes

New technologies®

Alternative building materials
and other approaches®

Emissions in 2050,
1.5°C scenario
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C02 CAPTURE FOR A CEMENT PLANT

eeeeee

CEMENT PLANT CCS PROJECTS
/ Combination Direct Air Capture
(DAC) And Flue Gas Separation

/ DAC Add-on 4
» Air Capture
» CO2 Separation Using Amine Solvents, - T
Membranes, Sorbents iy .
/" Flue Gas Separation ek
» Post-combustion Flue Gas Treatment
» Similar Technology Options As DAC Ny
SEPARATED C02 /E =\
/ Compression To Supercritical State i
\\w’/
DOE NETL

/ "Liquid" Above 1500 Psi (1000 Mpa)




WHAT TO DO WITH YOUR GO2 AFTER CAPTURE

SUBSURFACE SEQUESTRATION ON-SITE .cc o
/ Avallablllty, Capacrty, Risks? 41,000 km pipelines

Capital in service: $115B

/ Start permitti Ng process for CO2 CO2 point source type
@ CO2 point sources

SequeStration @ BECCS - power and fuels

® Cementw/ ccs

OFF-SITE SEQUESTRATION OR USE (O cptred (ITPR)
(PIPELINE) o T

/ Costs/risks of pipeline vs onsite ® oo
|nJect|0n Trunk lines {capacity in MMTPA)
» Limited CO2 Pipeline Infrastructure = — o s - | \
i . N, Pipeline Cost Metrics '
» Expensive To Build A \J
» Not Everyone Likes Pipe"nes ‘ ‘ ~ Princeton university NetZero America, 2021
/ Existing EOR pipeline nearby? Fa, Dry $50,000
Mountainous $85,000
UTILIZATION (MINERALIZATION) Marsh Vetand  $100000
/ Carbon-cured Concrete e 00000
High Population $100,000
1bl;'-'[-]'_ff'1§£::|I;IEEp1'|: $700,000




C02 PROJECT PERMIT PROCESS

CANADA
/ No Universal Well-defined Process Yet
/ Provincial Differences, AER Draft Directive 065
/ Generally Consistent With ISO 27914 And EPA UIC Program

USA
/ States Without Primacy:

» EPA UIC Class VI Well-defined Set Of Rules
» 2 Permits, 14 Pending In The Queue

/ States With Primacy: ND (2018), WY (2020), Several In Process:
» Work With State Regulator, Multiple Applications In Process

EUROPE .~ ¥
/ National Differences, Adhere To 1ISO 27914 1M metric tons of CO2 per year




PROJECT PROCESS WYOMING DEQ EXAMPLE

/

/

/

/

/

PRE-SCREENING

Available Data, Simple
Modeling

Go/No-go Risks And Site
Selection

FEASIBILITY

Detailed Modeling, Data
Gaps, Acquisition Plan

Containment Risk

Assessment, Area-of-Review

(AOR), Measurement

Monitoring and Verification

(MMV) Plan
Regulatory Application

FEED

Injection & Monitor Wells,
Data Collection

CONSTRUCTION, OPERATION,
VOLUME VERIFICATION FOR TAX

CREDITS, LONG TERM MONITORING

Informational Meeting
(DEQ)

v

Screening

* Review of
legacy data

Stratigraphic Well
Permit (issued by
0GCC)

v

Feasibility

» Acquire site-
specific data

(if

applicable)

Carbon Sequestration Storage Sequence

Submit Class VI Permit Issued in the
Application (DEQ)
Submit Unitization
Application (0GCC)
Submit Depth Waiver
Report (if applicable)
(DEQE/EPA)

Submit Areal Aquifer

1. Unitization
Order Issued

(0GeC)

Pre-application
Meeting, 45 days
prior to submittal
(DEQ)

L4

Project Design &
Permit Application

* Acquire pore
space

* Negotiate
access
agreements

» Develop
permit
application

[y

= Compliance with IRS 45Q Tax Credit

Program: US EPA Approved GHGR Subpart

RR MRV Plan (EPA)

*  Projects that Qualify for CARB LDFS Markets:

CARB LCF5 Permanence Protocol

following order:

2. Class VIl Permit
Issued (DEQ)
3. Certificate of

Exemption Expansion (if Eroject Issued
applicable) (DEQ/EPA) (DEQ)
EPA Approval of
Depth Waiver or
Areal Expansion (if
applicable)
¥
v
Regulatory
Review of Permit Constuiction

» Motification of
application
submitted

» Class VI permit
- Completeness
Review and
Response to
Comments - 60
to 180 days and
60 day public
notice

= Unitization
Order - 35-60
days for
hearing

» Acquire Title
for CO2

* WOQR Chapter
24

» Financial
Assurance &
Public Liability
Insurance req.

Timeframe determined by the owner/operator

*Drill and construct
injection and
monitoring wells,
install infrastructure.
«Permit modification
may be required
sCompleteness
Review and
Response to
Comments - 60 - 180
days
»60 day public notice
*Only those portions
needing
modification are
subject to PN
*Financial Assurance
& Public Liability
Insurance reg.

Authorization to
inject issued
(DEQ)

1. Cease

2. Plug&
Abandon
Injection
Well

Operations

*Reporting,
monitoring and
reassessment of
plans and cost
estimates for
financial assurance
*Pay annual fee based
on injection volume
to Special Revenue
Account
*Permit modification
may be required
s*Completeness
Review and
Response to
Comments - 60 - 180
days
*60-day public
notice.
*Only those portions
needing
modification are
subject to PN
sFinancial Assurance
& Public Liability
Insurance req.

Injections

Post-
Injection
Site Care &
Closure

sheet post-injection
and site care &
closure requirements
of WQR Chapter 24
s*Demonstrate plume
stabilization

#Certify plume
stabilization without
the use of control
equipment based on a
minimum of three
consecutive years of
manitoring data
*Public Notice of
application for site
closure

*Record notation on
deed to the facility
property

*Financial Assurance &
Public Liability
Insurance req.
»Additional SRA funds
assessed, if req.

oy

* The
Department
uses Special
Revenue
Account to
measure,
maonitor and
verify the site

* W.5. § 35-11-
320

L imsie ]

Construction & permit

modification, Est. 180-360 days

Timeframe determined on storage
capacity, est. 12-25 years

Note: Other items are required for permit and site closure per Wyo. 5tat. § 35-11-313 and Water Quality Rules Chapter 24.

Timeframe determined on model
and demonstration of plume
stabilization, Est. 20-100+ years

Wyoming DEQ

0




1. PRE-SCREENING: QUESTIONS TO ANSWER

SUITABLE INJECTION ZONE?

/ Rock Formation That Is: Vieor _area * thickness * porosity * SCO,
» Deep Enough, Porous Enough, Thick Enough, Saline @ ® ©
SUITABLE SEAL? |

/ Seal Must Be:

» Impermeable, Laterally Extensive, Mechanically Competent
» Primary And Secondary Seals Are Optimal

PORE SPAGE AVAILABLE?
/ Can Subsurface Rights Be Obtained?
/ Is Surface Access Reasonable?

PROS AND CONS OF EACH OPTION
/ Simple Models To Simulate CO2 Injection
/ Often Several Options, Rank Options For Site Selection

US DOE NETL




WILLISTON BASIN PRE-SCREENING EXAMPLE
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2. FEASIBILITY LEVEL STEPS TO FOLLOW

SITE CHARACTERIZATION OF SUBSURFAGE

/ Detailed Model Of Subsurface e

» Rocks And Their Properties 50

» Use Existing Data? Acquire New Data? o0
SIMULATE INJECTION
/ Injection Pressure, Plume Size & Trapping =
Mechanisms -
/ Sensitivity Analysis For Uncertainties e

/ Containment Risk Assessment, AOR, MMV Plan =

/ Technically & Economically Feasible? o o wow e o

Cross Sectional View of CO2 Plume Distribution and Movement
DISCUSSION WITH REGULATOR
/ Qutline Plans, Clarify Their Concerns
/ ldentify Data Gaps, Timing Of Data Acquisition



FEASIBILITY EXAMPLE & SENSITIVITY

DEEP SALINE STORAGE

/ Example Williston Basin Type Project, WeII
Characterized

/ Onsite CO2 Capture, Onsite Storage

SENSITIVITY

/ Injectivity, Maximum Wellhead Injection
Pressure (MWHIP), CO2 Plume Size

/ Guidance For Key Data Gaps
/ Is The Project Technically Possible?
/- Plume Migration with Dip

UBJEBTIVE: =0 En;":;”);mj 82000 19000 En;r:ém;“q 52000 50 = .'uoo.;m]
/ File CO2 Injection Permit Application > 5°°Ye;'/|8_ o t1|°°_vearst _ 30 years
. me viigration FOSt Injection
/ Or, Move On To Another Option . 9 J




EXAMPLE RATE SENSITIVITY: 1 YEAR OPERATIONS

290K, 500K, 1000K TONS/YR

Middle Sand

SALT SCALE DIFFERENCES 30000 o Loore ol e t

/ More Scale Early With Higher Rates o Pressure (500 kt/yr) >

. - - - Pressure (1000 kt/yr) . A :

/ More Total Scale With Lower Rates S A ey A e .

27000 . Esomjy; AT S~ 0.7

alt t/yr 7 -—.

PRESSURE DIFFERENCES § 26000 | osgit(io00 ki) 06 ¢
/ Higher Pressure With Higher Rate 0s £
/ Controlled By Transmissivity ot

/ Fluid Mobility Also Plays A Role -

21000 0.1

20000 0.0

0.0001 0.001 0.01 0.1 1 10 100 1000

Injection Time (days)



RISK FACTORS

TECHNICAL/OPERATIONAL 100 : .
/ Do We Know What We Don't Know? St

» Models Adequately Constrained el
» Knowledge Of Legacy Wells
» Decreasing Injectivity, Workovers

/ Multiple Seals, Pressure Relief Zones, Faults

Residual CO,
trapping

Trapping contribution %

/ Corrosion
/ Inherent Security Of Trapping Mechanism
REGULATORY
/ Early Discussions Avoid Surprises 0
1 10 100 1,000 10,000
SUG'ETAL Time since injection stops (years)
/ Wells Are Very Low Visibility, Pipelines Are Not ICCP Report 2005



CONTAINMENT MONITORING

PROJECT-SPECIFIC REQUIREMENTS

/ Scheduled Measurements &
Reporting

Permanent Instrumentation
Installs
» Fiber

Temperature/Acoustic On
Casing

ATMOSPHERIC

Pressure Gauges At
Wellhead/Downhole

o~

At heri
Surface Flux mospheric

Detection

»  MS Monitoring : { : " Monitoring
- Isotopic and i L3
. Chemical Tracers J5 A Surface

Collection Of Samples
» Downhole Fluid, Injectate
Testing

»  Wireline Logging,
Corrosion Monitoring

~ Deformation -

-~

NEAR-SURFACE

Mechanical Integrity Test
(MIT)

» Injection Falloff Test

Early Detection Of Problems,
Allows For Model Calibration

SUBSURFACE

NREL, 2020




SUMMARY

FEASIBILITY

/ Not A Lengthy Process To Reach Go/No-go: Several Months To A
Year

/ |ldentify Injection Zones, Realistic Injection Rates And Pressures
/ Decision To Move Forward Or Not

MOVING TO PERMIT APPLICATION
/ Degree Of Iteration Is Site-specific
/ Geomechanics, More Detailed Modeling May Be Required
/ Get In The Regulator Queue With A Well Laid-out Plan
/ Refine From There

C02 TAX GREDITS HAVE CREATED A SIGNIFICANT ECONOMIC OPPORTUNITY FOR
THE GEMENT INDUSTRY AND OTHER CO2 POINT SOURCE INDUSTRIES



QUESTIONS?




