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Note to Reader - Disclaimer Statement

1 This presentation includes data compiled from multiple third-party sources. Sources are indicated
at the bottom of the applicable slide. Although we believe this data to be reliable, we do not
guarantee the accuracy of data from third parties. The data in this presentation may be updated
from time to time following the release of updated data.

1 Readers are cautioned that different methodologies may be used to gather and present certain
data in this presentation. Results may differ depending on the specific sources and
methodologies used.

4 This presentation may contain forecasts or future estimates. Such forecasts and estimates are
based on information available at the time and are not guarantees of future results.

1 The information in this presentation is intended for general informational purposes only. Readers
should not rely on this presentation to make business or investment decisions.
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Summary of Emissions Reduction Technologies

Canada’s emissions reduction progress has been driven by a collaborative and technology-focused innovation ecosystem, and the
implementation of diverse emissions reduction technologies has significantly contributed to the decline in greenhouse gas (GHG)
emissions intensity.

Existing Technologies

4  Home-grown methane reduction technologies have contributed to emissions reduction progress made over the past decade,
including low/no-bleed pneumatic controllers, vapour recovery units, and leak detection and repair.

4 Othertechnologies deployed across both oil sands and conventional production include carbon capture, utilization, and storage
(CCUS), cogeneration of electricity, fuel switching, electrification, and paraffinic froth treatment, among others.

Emerging Technologies

4 Companies, governments, and industry groups are actively working to develop and deploy new technologies which seek to further
reduce emissions.

4 Examples of emerging emissions reduction solutions include Solvent-Assisted Steam-Assisted Gravity Drainage (SA-SAGD), blue
hydrogen, Direct Contact Steam Generation (DCSG), electrification of Floating Production Storage and Offloading (FPSO), Direct Air
Capture (DAC), and Small Modular Reactors (SMR).

C“PP Source: National Inventory Report 1990-2023 (Scope 1)
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Existing Emissions Reduction Technologies

A Canada’s oil and gas industry has advanced the development, testing, and
commercialization of technologies that support emissions reductions, operational
efficiency, and innovation.

A These efforts have catalyzed a thriving emissions management ecosystem in Canada.

* For example, ~170 companies headquartered across the country!’) provide technologies, services, and expertise in
methane detection, measurement, and mitigation.

A A wide range of technologies and process advancements have been deployed with
goals of reducing emissions, enhancing performance, and strengthening long-term
sustainability.

A These advancements can be broadly grouped into three categories:
1. Technologies that directly reduce emissions
2. Tools that improve detection and measurement to inform mitigation

3. Process improvements that enhance efficiency and reduce overall energy use

C‘PP (1) Canadian Methane Job Market Analysis. Methane Emission Leadership Alliance, 2019



Existing Emissions Reduction Technologies

A Technologies that directly reduce emissions:
« Pneumatic controllers - replacement of high-bleed devices with low- or no-bleed alternatives
* Vapour recovery - capturing hydrocarbon vapours for reuse or sale

« Carbon capture, utilization and storage (CCUS) - capturing and storing CO, from production and processing
operations

A Tools that improve detection and measurement to inform mitigation:
* Leak detection and repair (LDAR) - systematic monitoring and timely repair of fugitive emission

» Site-level monitoring - providing large-scale, high-resolution detection to support data-driven mitigation,
examples include satellite and truck-mounted methane sensors

A Process advancements that enhance efficiency and reduce overall energy use:

 Cogeneration of electricity - using process heat to generate power, improving overall energy efficiency
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Existing Emissions Reduction Technologies

A Process advancements that enhance efficiency and reduce overall energy use (continued).

+ Displacing diesel with natural gas or renewable diesel across drilling and well completion operations, natural
gas processing facilities, or other operations.

+ Using low or non-emitting sources of electricity such as hydroelectricity to power facilities, particularly in B.C.,
where hydroelectricity is readily available (where location permits).

* Fleet fuel management and monitoring systems can reduce fuel consumption and emissions for a variety of
fleet vehicles (marine vessels, trucks, helicopters, etc.).

* Fleet hybrid battery power systems can also improve efficiency and reduce emissions

* Waste Heat Recovery Units (WHRU) use a heat exchanger to transfer heat from high-temperature process
outputs to other areas, thereby reducing the need to burn additional fuel for heat or power generation.

CAPP



Reduction Technologies - Low- or No-Bleed Pneumatic

Controllers
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An example pneumatic controller set-up is shown, highlighting the use of gas
to actuate a control valve, and the resulting release of vent gas

Source: US Environmental Protection Agency
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Pneumatic controllers are key automation devices that
regulate valve operations for pressure, flow, temperature, and
liquid level control across oil and gas facilities.

* Some devices (emergency shut down controls, or ESDs) are
critical to maintaining safe and stable operations.

These devices often use fuel gas pressure for actuation, with
a continuous or intermittent methane vent as part of their
operational design.

Technologies to reduce emissions from higher-bleed
pneumatic controllers include:

* Low-bleed: Vents at a significantly lower rate than high-bleed.
* Intermittent-bleed: Vents only when the valve position changes.

« Compressed air systems: Use air instead of natural gas to open
and close valves.

* Electric controllers: Use electricity to open and close valves,
eliminating methane emissions from venting (requires power
access).



Reduction Technologies - Vapour Recovery Technologies
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An example storage tank set-up is shown, highlighting the use a vapour
recovery unit to prevent the release of VOCs to atmosphere

Source: US Environmental Protection Agency
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A Storage tanks at oil and gas sites play a vital role in managing
produced fluids. As pressure and temperature fluctuate,
vapours containing methane and volatile organic compounds
can form within the tanks.

A Venting from tanks can occur as part of normal operations,
either through pressure relief systems designed to maintain
safe operating conditions or by operational design.

A Technologies available to minimize or eliminate the vented
tank emissions include:

* Vapour Recovery Units (VRUs): Capture tank vapours and
compress them for use or sale, preventing methane from
venting to the atmosphere.

*  Vapour Recovery Towers (VRTs): Separate gas from liquids at
low pressure before reaching the storage tank, reducing flash
emissions inside the tank.

* Closed vent systems: Route vapours from tanks to VRUs or flares
through sealed piping, avoiding direct release to air.

« Tank pressure management: Use of proper sizing, maintenance,
and monitoring of tanks to reduce unintentional venting.



Reduction Technologies - Carbon Capture (1/2)
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Accelerated CO.
Emissions Reductions
Source of carbon dioxide (COz) emissions from industrial
or energy plants. With carbon capture and storage (CCS),

large amounts of CO2 will be captured, recycled, and
permanently stored.

Flue gas is captured and CO:z is separated into a liquid, dense or
supercritical phase for transportation and storage.

€Oz is transported by pipeline, truck, rail or ship depending
on the infrastructure available.

The COz is sent deep underground for:

o

. Enhanced Oil Recovery (EOR) when CO:z is injected to
produce oil. The COz is produced at the wellhead with the oil
during production, recaptured and recycled and over time
permanently stored safely in depleted oil and gas formations.

o

. Permanent storage into porous rock formations, typically
at depths exceeding 800M. Sites are carefully selected and
evaluated to ensure the CO: can be injected at the amounts
required, that the formation has the capacity to store the
€02 and that the CO2 will be contained beneath
impermeable caprock.

Measurement, Monitoring and Verification (MMV) activities are
required before drilling a well, during injection and after a project
is complete. MMV ensures the CO: is behaving as expected.
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on an ‘as is’ basis with the permission of the Knowledge Centre.

A Carbon capture, utilization, and storage (CCUS)
refers to technologies that capture carbon
dioxide and utilize it or permanently store it
safely underground.

A CCUS involves three steps:

« Capture: The first step is capturing CO,
from industrial facilities, including oil and
gas producing sites. This involves
separating CO, from other gases produced
during operations.

* Transport: After the CO, is captured, it is
liquefied and transported via pipeline.

+ Utilization and Storage: Carbon can be
permanently stored safely underground or
used for productive purposes like
enhanced oil recovery or other uses.

Source: Alberta Government. Figure source: The International CCS Knowledge Centre. Reproduced and distributed



Reduction Technologies - Carbon Capture (2/2)

4 Canadais already a leading operator of CCUS, with over 55
million tonnes of CO, sequestered since 2000.("

4 CCUS s well positioned to play an increasingly significant role as
deployment continues to expand with several operating projects
in the country:

o Quest CCS successfully captured and stored over 9 million
tonnes of CO, equivalent (CO,e) as of January 2025.

The Alberta Carbon Trunk Line, one of the largest CO,e
@ pipelines in the world, can transport up to 14.6 million tonnes
of CO,e annually and injects underground near Clive, AB.

@ The Boundary Dam has operated for 10 years and has
captured more than 6.5 million tonnes of CO,e as of
November 2024.

Entropy Glacier Phase 1A has operated since July 2022,
sequestering 0.054 million tonnes of CO,e annually.

A Investment tax credits for CCUS and carbon pricing aim to
support further development

Source: Company Reports
C“PP (1) CCS Knowledge Centre as of January 31, 2025



Emission Detection & Measurement - Leak Detection and

Repair

A Methane emissions are generally classified as either vented or
fugitive. Fugitive emissions refer to unintentional releases from

A site inspection using an Optical Gas Imaging (OGl) camera. The cameras
allow operators to visualize and repair methane leaks. o
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Image Source: Alberta Energy Regulator

equipment components such as valves, seals, and connectors.

4 Leak Detection and Repair (LDAR) programs play a role in
identifying and reducing fugitive emissions and are a standard
practice and regulatory requirement for oil and gas operations across
Canada.

A Technologies used in LDAR programs include:

Optical Gas Imaging (OGI) cameras - widely used handheld or mounted
infrared cameras to visualize methane leaks.

Mobile ground-based sensors - vehicles outfitted with methane
analyzers for efficient site surveys.

Fixed sensors - installed on-site to continuously monitor for real-time
leak alerts and diagnostics.

Aerial surveys - airplanes or helicopters with advanced sensors.

Drones - equipped with OGl or laser methane detection sensors for
rapid inspection of hard-to-reach sites.

Satellites - emerging tools that offer large-scale detection of super-
emitters and regional methane trends.



Emission Detection & Measurement - Truck Sensors

Annual | 2022

A Researchers at the

University of Calgary have
developed a truck-mounted
methane detection system
called POMELO (Portable
Methane Leak Observatory)
that uses sensors to detect
and quantify emissions while
in motion.

This technology provides
enhanced spatial coverage
and quantification capabilities,
allowing operators to
efficiently identify emissions.

By delivering timely, data-
driven insights on methane
levels at and around sites, the
system supports proactive
maintenance and emission
management.


https://www.eralberta.ca/story/tackling-methane-emissions-through-partnerships-strategicinvestment/

Operational Efficiency - Cogeneration of Electricity

4 Cogeneration of electricity uses waste heat to
generate electricity, thereby reducing the need to
burn additional fuel for power generation.

4 Cogeneration is well-suited for oil sands operations,
which generate waste heat via steam generation for
bitumen extraction and processing. Generated
electricity can be used on site, and the excess
electricity can then be sold to the grid.

A  In Alberta, existing cogeneration facilities have a
combined capacity of over 6,000 megawatts and
supply around 40% of the province's electricity.(")

A According to the Government of Alberta,
cogeneration provides baseload power at

Aerial view of Suncor Base Plant’s natural gas-fired cogeneration

units approximately one-third lower GHG intensity than the
most efficient natural gas combined cycle units.(?)

(1) Alberta Electric System Operator (AESO)
C‘PP (2) Government of Alberta submission on draft Clean Electricity Regulations



Alberta Electric Generation by Source
Annual | 2015 to 2025 (Jan. - Apr.)

5.0 A Cogeneration is
) currently the largest
- 4.5 source of electricity
3 S
-3 4.0 generation in Alberta,
5 . the majority of which
e 3.5 comes from the oil
Qo sands.
3 3.0 .
&~ A The availability of stable
© g 25 power from
2> 70 cogeneration has
assisted in the remova
é ted in th I
o 1.5 of coal from the Alberta
Q 1.0 grid (from 4.5 GW in
o ' 2015 to 0 GW in 2025),
2 0.5 while also providing
0.0 ) power at a lower
Coal Cogeneration Natural Gas* Wind & Solar Other emissions mtensfcy than
other gas generation.("
Source: Alb lectric S m Operator, Suncor
C“PP *I(r)wclSzeﬁsirir;aleEcige,ccoyritsinediicalg,)dual f32| and gas-fired-steam (1)  Government of Alberta submission on draft Clean Electricity Regulations



Emerging Emissions
Reductions Technologies

CAPP



Emerging Emissions Reduction Initiatives and Technologies

A Industry continues to evaluate and support the advancement of new technologies,
energy systems, and process innovations aimed at reducing emissions and improving
overall performance.

A The examples below represent a cross-section of emerging solutions—some of which
are already being tested through pilots and early commercial deployments.
* Solvent-Assisted Steam Assisted Gravity Drainage (SA-SAGD)
*  Blue Hydrogen
¢ Direct Contact Steam Generation (DCSGQG)
»  Electrifying brownfield and greenfield Floating Production Storage and Offloading (FPSO)
*  Direct Air Capture (DAC)
*  Small Modular Reactors (SMRs)

C‘PP Source: Canada'’s Oil Sands Innovation Alliance, IEA, Occidental Petroleum Corporation



Spotlight - Solvent-Assisted Steam Assisted Gravity Drainage

Production well

Steam and solvent (diluent) injection well ‘ Solvent-Assisted Steam-Assisted Gravity
sds e Drainage (SA-SAGD) is a bitumen
extraction technology that supplements
steam injection in the traditional SAGD
process with light oil (solvents) such as
butane and propane to reduce steam use.

A The solvents are then recovered and re-
used, reducing steam requirements
compared to traditional SAGD and
allowing for lower steam-to-oil ratios (SOR).
Reduced steam use results in lower

Grand Rapids emissions.

Clearwater

lllustrative schematic of SA-SAGD operation
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Spotlight - Blue Hydrogen

co, A  Hydrogen can be produced from
HYDROGEN
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C“PP Source: Alberta Energy Regulator



Alberta Hy dro?en Production

Annual | 2020 to 2033 (Forecast)
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A Most hydrogen produced
in Alberta is currently
grey, but blue hydrogen
production is growing.

A The figure on the left
shows a forecast based
on Alberta Energy’s
Hydrogen Roadmap.

A Shell's Quest Carbon
Capture and Storage
Project has been
sequestering carbon from

its hydrogen production
since 2015.



Additional Emerging Emissions Reduction Initiatives

4 Direct Contact Steam Generation (DCSG) combusts fuel with oxygen and water at high pressure
to create a concentrated stream of CO, and steam."DCSG can be applied in processes such as
SAGD and bitumen mining with wastewater containing solids and hydrocarbons to generate
steam. This technology minimizes freshwater requirements and produces a pure CO, stream that
can be permanently stored and not released into the atmosphere.

4 Electrifying brownfield and greenfield Floating Production Storage and Offloading (FPSO)
vessels with offshore wind farms is being evaluated.

4 Direct Air Capture (DAC) can capture CO, directly from the air, which can then be permanently
stored in underground geological formations.

A Small Modular Reactors (SMRs) are nuclear reactors that are smaller and have lower costs than
traditional, large reactors. This technology has the potential to be deployed in remote or rural
areas, making it highly suitable for providing heat and power in oil sands operations.

C‘PP (1) Direct Contact Steam Generation (DCSG) technology


https://natural-resources.canada.ca/science-data/science-research/research-centres/direct-contact-steam-generation-dcsg-technology
https://natural-resources.canada.ca/science-data/science-research/research-centres/direct-contact-steam-generation-dcsg-technology

Research, Developm
Future Initiatives
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Research & Development (R&D)

A Canada’s oil and gas industry has supported a multi-pronged, collaborative approach to evaluating opportunities
to help reduce emissions. Some of these collaborative organizations or initiatives include:

* Natural Gas Innovation Fund (NGIF) Emissions Testing Centre (ETC)
* Petroleum Technology Alliance Canada (PTAC)

* Clean Resource Innovation Network (CRIN)

* Energy Research and Innovation Newfoundland and Labrador

e The B.C. Oil and Gas Methane Emissions Research Collaborative (MERC)

4 Inaddition, Canadian organizations like Evok Innovations (an investment fund that backs entrepreneurs with
innovative solutions to reduce emissions) are supporting industrial innovation and decarbonization, investing in
innovative technologies related to carbon capture, electrification, and hydrogen.

A Alberta Innovates and Emissions Reduction Alberta (ERA) are examples of government-based organizations
facilitating investment in emissions reduction technologies. Since inception, ERA has made total investments
worth $943M across 291 projects.’

4 Canadian post-secondary institutions and internal R&D efforts within oil and gas companies are vital to
progressing new technologies.

C“PP (1) Emissions Reduction Alberta Annual Report (2024)



Spotlight - NGIF ETC

A  The ETC supports cleantech innovators by accelerating the commercialization of methane

measurement, monitoring, and mitigation technologies through integrated lab testing, field
validation, and commercialization support.

A By offering access to comprehensive testing environments and market-readiness resources, the
program enables technologies to progress quickly from development to real-world deployment.

A Key pillars of the ETC program include:

« ETClab testing: The University of Calgary enables the testing and de-risking of technologies in a controlled
environment.

« ETC field testing: Tourmaline enables field validation and piloting at facilities across Alberta, including the
original ETC facility (West Wolf Lake Gas Plant).

« Commercialization support: The NGIF Accelerator drives cleantech market adoption, scales capital
acquisition, and expands global market access through a strong innovation support network.

C‘PP Source: Natural Gas Innovation Fund



https://etc.ngif.ca/

Acronyms and Abbreviations

AER - Alberta Energy Regulator SCO - Synthetic Crude Oil

BOE - Barrel of Oil Equivalent SMR - Small Modular Reactors

CCUS - Carbon Capture, Utilization, and Storage SOR - Steam-Oil Ratio

CSS - Cyclic Steam Stimulation VOC - Volatile Organic Compound

CER - Canada Energy Regulator VRT - Vapour Recovery Tower

DAC - Direct Air Capture VRU - Vapour Recovery Unit

DCSG - Direct Contact Steam Generation WCS - Western Canadian Select

LDAR - Leak Detection and Repair WCSB - Western Canadian Sedimentary Basin
OGI - Optical Gas Imaging WHRU - Waste Heat Recovery Units

PFT - Paraffinic Froth Treatment

FPSO - Floating Production Storage and Offloading

SAGD - Steam-Assisted Gravity Drainage

SA-SAGD - Solvent-Assisted Steam-Assisted Gravity Drainage
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