CCUS in Alberta -
A proud hlstory and bright

\futu re

e B . .

e l X
'\ i W

Fany | 4
oy

<&

InnoTéch Alberta

: AgSubsul:hary.ofoIberta lpnovates

A Jl

NoVémber 6, 2025

oy

L im

Ql

?l.ﬁ?l

Boas

f?"’

J
o

==

"l

‘l

RS

. A~ \

ll] w-!;

LIRS |




OVERVIEW

* CCUS

in Alberta

e Advancements in CCUS in Alberta

° InnoTech Alberta

e Car

e Car

@' InnoTech
ALBERTA

oon Capture, Utilization and Decarbonization

oon Storage



e

7
él
»
T
- V’:—v'; -~
-\ -
AT A RS




CARBON CAPTURE, UTILIZATION, AND STORAGE

Carbon Carbon Carbon

Capture Utilization Storage

Separation of CO, from gas streams CO, captured is used to create CO, captured is compressed and
at facilities, such as fossil fuel products (e.g., curing cement and transported to be permanently
power plants, ethanol plants, low-carbon synthetic fuels). stored in geological formations
fertilizer plants, refineries, cement, underground (e.g., saline aquifers,
and steel plants, or directly from oil reservoirs).

the atmosphere.
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INDUSTRY GHG EMISSIONS IN ALBERTA

Source: Environment and Climate Change Canada -National Inventory Report

* 1In 2020, total industrial GHG emissions were
256 megatonnes of carbon dioxide equivalent

(MT CO.e).

e Alberta’s emissions per capita are the second
highest in Canada at 58 tonnes CO,e—three
times the national average of 17 tonnes per

capita.

e Largest emitting sectorsin Alberta are oil and
gas production, electricity generation and
transportation.
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GHG Emissions (Mt CO, eq)
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Waste 1.78%

Light Manufacturing,
Construction and Forest
Resources, 1.19 /o

Agriculture, 7.48% //\

Buildings, 7.66%

/ Qil Sands (Mining, In Situ,
Upgrading), 32.86%

Heavy Industry, 6.83% ———_

Transport, 9.06%

Electricity, 7.28%

Oil and Gas Transmission ————/

and Refining, 3.87% Natural Gas Production and

Processing, 15.31%
Conventional Oil Production, 6.48%

Breakdown of Alberta’s 2023 emissions by sector.



MITIGATING CLIMATE CHANGE

o

INTERGOVERNMENTAL PANEL ON

Infernational climate chanee Government

Energy Agency
International Energy Agency Intergg\l/iir;r;egazlnzinel o GoA Climate Change Strategy

IEA's 1.5°C scenario model shows ~45% of Concluded that without CCUS, costs of climate Estimates that by 2050 the rate of CO,
total global emission reductions between change mitigation could increase by 138%, and sequestration will have to be 139 megatonnes
2015 and 2050 are from industrial sector use further, realizing a 1.5°C scenario may not even of CO, per year to meet 2050 targets.
of CCUS in applications that cannot be be possible without CCUS technologies.

replaced by renewable or other non-emitting
energy technologies.

CCUS contributes to one-fifth of the emissions reductions

- needed across the industry sector.
InnoTech
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CCUS IMPORTANCE IN ALBERTA

’_ﬂ Economic Growth Pathways to Decarbonization

Contributes to clean and inclusive economic growth. Enables other pathways essential to decarbonization
(e.g., electrification, hydrogen).

@ International Market == ldeal Geology for Storage

Expands international market and trade Alberta Sedimentary Basins provide many suitable
opportunities. sites for CO, sequestration in several types of
geological formations.

m co,, : : : .

g{% Hard-to-Abate Sectors amn Negative Emissions Technologies
Addresses emissions from hard-to-abate but crucial Delivers carbon dioxide removal via CCUS negative
sectors of Alberta’s economy. emissions technologies.
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CARBON CAPTURE,
UTILIZATION, AND
STORAGE (CCUS)

H TECHNOLOGY INNOVATION TO ACCELERATE

BROAD DEPLOYMENT IN ALBERTA

APRIL 2022

John Zhou, David Van Den Assem, Rick Chalaturnyk, Grace Meikle, Murray Gray,
Sanah Dar, Brian Wagg, Bonnie Drozdowski, and Heather Campbell

With contributions from Dave Butler, Don Lawton, Mehr Nikoo, Mark Summers,
Vicki Lightbown, Chris Owttrim, John Van Ham, Lee Kruszewski, Bruce Duong,

Aref Najafi, and Justin Wheler

A\ ALBERTA INNOVATES

"Governments and corporations
around the world have been
making pledges to reduce
greenhouse gas (GHG)
emissions to net zero. One of
the most important pathways to
achieve net zero emissions
(NZE) is carbon capture,
utilization and storage (CCUS)
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CCUS ADVANCEMENTS IN ALBERTA

* Government of Alberta committed $1.24 Billion through 2025 to two commercial-scale CCUS

projects in oil sands and fertilizer sectors.

Whlliad €O, Pipeline

%o, — . -
Shell Quest

Integrated CCS project that captures CO,

from an existing oil sands upgrader and
transports it by pipeline for sequestration

(C underground in deep saline formations.
\ o4
InnoTech
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CO, Capture CO, Transportation CO; Utilization

Alberta Carbon Trunk Line

240 km pipeline that transports CO,
from an existing fertilizer plant and an
oil sands refinery to CO,-EOR in central
Alberta.
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CCS FEED STUDY PROJECTS IN ALBERTA

lLAFARGE Oi Capital > STRATﬁCONA

Canadian Natural Power RESOURCES LTD
Lafarge Canada CNRL Capital Power Strathcona Resources
ENTROPY @
(ENmMAX  Mutrien Y
Enmax Energy Agrium Canada (Nutrien) Entropy Heartland Generation

* Medicine Hat
SUNCOR ¢ " G Cry VAULT

ENERGY

KICKSTART

' N CARBON
"' CAPTURE

@' InnoTech
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NRG COSIA CARBON XPRIZE

XPRIZE = .
nrg - | cosia
CARBON cgmnn

AAAAAAAAAAAA

TURNING CO:INTO
EROBUCTO $ 2 o ,V‘ I L L I O N Air Company Carbon Corp. CarbonCure

Prize Purse
I*I Canada

United States
The $20M NRG COSIA Carbon XPRIZE develops

breakthrough technologies to convert CO: emissions into

usable products.

Five NRG COSIA Carbon XPRIZE finalists Garbon Upeycling-NLT

competed at ACCTC from 2019 — 2020 Jof o

CCV InnoTech
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KEY RECOMMENDATIONS FROM CCUS PROJECTS

@

» Leverage Expertise

Leverage Alberta’s experience in commercial-scale CCUS
projects to develop more commercial projects in high CO,
concentration facilities.

B D Studies

Conduct CCUS FEED studies and build commercial-scale
projects at both an oil sands facility and a NGCC power
plant using commercial aqueous amines and improve

learning curve for future projects.

B Storage Hubs

Use analysis tools developed in Alberta to assess potential
storage hubs for CO, and develop a regional large-scale
model to assess potential interactions between hubs.

InnoTech

ALBERTA

» Advance Technologies

Advance the most attractive second generation

technologies to commercial demonstration.

B Carbon Utilization Development

Focus on carbon utilization development on large-scale
CO,-EOR projects, mineralization, and conversion to
materials that can replace or displace high GHG incumbent

materials.

B Cleantech

Identify ways to develop more clean tech talent and
entrepreneurs in the province and help existing clean tech
companies to grow.

13
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DRIVING INNOVATION SINCE 1921

We have a long and proud history transforming the energy, agriculture,
environment, forestry and manufacturing sectors.

ALBERTA § 2016 @h’anTeChALBERTA

Science and Industrial Research 'l 9 8 ‘| RESEARCH ‘ . InnoTech Alberta A SUBSIDIARY OF ALBERTA INNOVATES
' Council of Alberta (SIRCA) GOUNCIL. p
_ - . We have evolved to become a wholly owned
. Recognizing the importance of natural . Alberta Research Council (ARC) . subsidiary of Alberta Innovates. With over 325
resources in Alberta and their potential Evolved into one of Canada's leading scientists, engineers, and professional staff;
commercial and industrial uses, Alberta . innovation organizations focused on technology maore than 100,000 square metres of laboratory
establishes the first provincial research development, converting early stage ideas space; and 600 acres of experimental farm land,
. organization in Canada. . into marketable products and services. . we accelerate technology development.
\.!.J' L 1‘-.,.-" - #
Research Council of Alberta (RCA) Alberta Innovates — Technology Futures (AITF)
Anextraction process patentissued to RCA One of four provincial corporations, AITF focused
¢ chemist Dr. Karl A. Clark was integral in laying : on helping enhance the capacity within Alberta's
. the foundation for investment in oil sands . high-tech companies.
. development 183 &3 Alberta
Al Innovates
._‘ Technology
- ' Futures

€
InnoTech

ALBERTA
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* InnoTech Alberta is a public R&D service provider

* InnoTech Alberta offers technology development services

on a fee-for-service basis focused on

» Technology R&D and commercial deployment
» Technology de-risking, scale-up, and piloting
» Specialized analytical test methods

» Innovation and advanced technologies

The work InnoTech does is
specialized and capital-intensive.
It is customized, project-based
and often unique.

16
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CARBON CAPTURE,
UTILIZATION &
DECARBONIZATION
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CUT-NLT CarbonCure

8 Carbon Corp . CERT
(concrete
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CCU & Decarbonization s
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Capture, Utilization and Decarbonization R&D -

* Develop and/or de-risk solutions and technologies to address ‘
client challenges related to CO, capture, CO, conversion/utilization ol B =

capture

and methane decarbonatization O e _ it

Technology Demonstration and Scale Up - caron xoNE ot AT om0 20 B
ACCTC (Alberta Carbon Conversion Technology Center)
* Demonstrate and validate CO, capture, conversion/utilization and

methane decarbonatization technologies in real-life
conditions within a semi-commercial scale environment to

support future commercialization

Private Government
Industry
&
|
Technology
Developers

Synthetic Fuels Carbon Additives Building Chemicals
Materials

Clas



ACCTC Overview

5 outdoor Test Bays with total area of 125,000 ft?

Raw CO, directly from flue gas supplied to each Test
Bay at a flowrate of 1 — 5 tonnes/day
* Flue gas: 4 -6% CO,

* Supply pressure range: 30— 40 kPa,

Concentrated CO, from an amine-based capture unit

available to each Test bay at a flowrate of 6 tonnes/day R

Each Test Bay individually metered for natural gas use o /
: . @ YER!F!ED
electrical service, and water use .

ISO 14034

19 19
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Amine-Based CO, Capture Unit

* The first CO, capture unit verified based on I1SO 14034

* The plant is fabricated from stainless steel to accommodate testing /
various novel solvents . @ ER!'FIED

ISO 14034
* Custom designed unit to absorb CO, at low concentration (4 — 6%)

CO, Lean Gas

A

v

,L Lean Solvent

Absorber X.

\& \G'k CO, Product
—®r> Cooler l Cooler I
Flue Gas > | @

Rich Solvent T Heat Integration Reboiler

Stripping
Column

p— e

\ 4
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Absorption

CO,Lean CO;Rich CO2 Lean CO2 Lean
flue gas flue gas flue gas flue gTas
T CO2 Lean T /—H
| flue gas ( )\ CO2Lean Le— 20%
S 5 4 Methanol NaOH(aq)
NS CO;Lean f CO,Lean \\\ /// \\x,'
amine solvent Y N
/// \\\ ’// \\\ CO RICh /, \\
e «— CO2 Lean CO, Rich Lk \ qu:e gas —=
CO,Rich _ flue gas flue gas '
fl CO,Rich
ue gas l solvent J l
CO,Rich CO,Rich Na2 CO3(aq)
amine Methanol

Separation principle Absorption Absorption Absorption Absorption
Specific energy demand 3 GJACO2 ? 1.4 GJ/tCO2 8.3 GJe/tCO2
Typical temperature 40-60°C GRS =G TG
Typical pressure Ambient ul e 25-70 barg Ll il
o, 0, 0,
Typical CO2 removal 90% Sl (e, i el Sl
0, 0,
Typical CO2 purity > 99% 95% (target) 2 S5 CO2 mineralisation to Na2CO3

Typical plant size (TPY)

Technology maturity level
Classification: Protected A

40,000 — 400,000

Commercial

1,000 - 500,000

Pilot Demo

> 100,000,000

Commercial

1,000 - 75,000

Demonstration

Ref: Sb4H



Adsorption/ Physical Separation

- CO, Lean Regeneration CO, Lean CO, Lean
flue gas T l Gas I flue gas T flue Gas
______ Refrigeration
—
CO, Lean ¢O; Through D_> @ —
Membrane wall
flue gas j
CO, Rich
flue gas
CO, Rich 1 N 1 L
flue gas Hot air Liquid CO,
co, CO, Rich co, T CO, Rich
flue gas desorption flue gas

Separation principle
Specific energy demand

Typical temperature

Typical pressure

Typical CO2 removal

Typical CO2 purity

Typical plant size (TPY)

Technology maturity level
Classification: Protected A

Adsorption Adsorption Membrane Cryogenic

1.5 GJ/tCO2 1.7 GJ/tCO2 1.2 GJ/tCO2 n.a.

40-60°C <40°C 30- 50°C -50°C

Ambient Cycling vacuum and high pressure Moderate pressure 20-50'barg
0, 0, 0, o,

90% (target) S <80% >99% (CO, feed >50%)
() 0,

95% (target) e 2 S5 >99% (CO, feed >50%)

200 - 2,000,000 1,000 - 500,000 1,000 - 1,000,000

>100,000

Pilot Demonstration Demonstration Commercial Commercial

Ref: Sb4H



CO2 Conversion Pathways

For enabling CO, Conversion technologies, R&D

. DME Organic Acids Organic
efforts are focused on: Alcohols « Fuel additive «Surfactants carbamates
_ : *Solvents *LPG substitute *Food industry + Pesticid

1- CO, capture cost reduction  Diofaasaiti o Pharins Industiv ,P:,‘;;erfrecmo,
2- Developing energy-efficient and cost-effective +Isocyanate precursor

. Aldehydes / * Agrochemicals
conversion technology pathways sPolpiars + Cosmatics
3- Direct conversion of flue gas to products s i dolareoien
4- Integrating CO, conversion and hydrogen  -Cosmetics e . Salicylic acid

. * Aspirin
production processes Methanol

*Acetic acid

Cyclic carbonates
—p | *Solvent
*ElectrolytesinLl
batteries
*Intermediate for
polymer synthesis

*Ethylene,

*DME

propylene e
( ‘ ‘ *Fuel
*Polymer
(9] C o) / precursor l
Formic acid Urea
*Preservative Polycarbonate Inorganic Polypropylene *Fertilizer
*Adhesive *Resins

\ L etherols carbonates carbonate
Binding energy = 750kJ/mol «Substrate in *Polyurethane *Mineralfillers || *Packing

Distance = 1.1600A Fusl calls foams *Cement foils/sheets
' +Soil .
stabilization - Commercial

Lab scale

- Demonstration

23 23
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Innovating

Methane Carbon R CO, Capture ==

) Carbon — =
Pyrolysis Scale T e Application
Developme

Process
Intensification

Solid Sorbent
Testing &
Characterization

Dry Methane Carbon

Con.v .e rS|.on Reforming Characterization Contaminant
/ Utilization -



Decarbonizing Transportation

&
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STORAGE

AAAAAAA

~




CO, STORAGE LEARNINGS FROM PREVIOUS STUDIES AND PROJECTS

» World Class Expertise and Experience

Decades of experience in both research and hands on

project experience

» Vast Storage Resources

Estimated to be over 100 billion tonnes in Alberta’s deep

saline aquifers and oil and gas reservoirs

B Storage Hubs

Use analysis tools developed in Alberta to assess potential
storage hubs for CO, and develop a regional large-scale
model to assess potential interactions between hubs.

@' InnoTech

ALBERTA

» Address Gaps

Large scale regional dynamic reservoir pressure model of
proposed HUB interactions to assess long-term effective and

practical capacity predictions

B Leverage Learnings

Utilize learnings from Quest, WASP, Wayburn, EOR, PTRC,
HARP, and more

) Continued Innovation

Explore feasibility of shallow aquifer storage

27



INNOTECH EXPERIENCE

» Ultimate objective of previous studies
were to answer:
 Whatis the storage capacity of the
aquifer?
* How many years of emissions it will be
capable of storing?

 What will be the fate and effects of the

stored CO,?

@' InnoTech

ALBERTA
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Risky Territories in CO, Storage Projects

* Navigating the Reservoir, Well, Caprock, and Integration Challenges

Integration

Injection well

\"4

29 InnoTech
ALBERTA
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De-risking CO, Storage Projects

| Risky Elements ][ De-Risking Tools ][ Analysis ][ De-Risked Project]
* Reservolr
Experimental Data
Tests Analytics
* Well Site Specific
Risk Profile for
- De-Risked Field
° Applicati
Ca prOCk Numerical MMV Plan pplication

Simulation

* Integration o
2 — Y InnoTech

30 ALBERTA
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INNOTECH EXPERIENCE

» Geological Characterization

» Reservoir Engineering Evaluation
» Geochemical Evaluation

» Wellbore Integrity Assessment

» Development of Measuring, Monitoring
and Verification (MMV) strategy

» Assessment of Legal and Regulatory
Framework




Emily Herdman, PhD
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Aref Najafi, PhD, PEng
Manager, Carbon Capture, Utilization
TEL: 403 210 5366
aref.najafi@innotechalberta.ca

©
InnoTechALBERTA
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