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At an international climate
summit convened by U.S.
President Joe Biden, Prime
Minister Justin Trudeau said
Canada will reduce emissions by
40 - 45 % below 2005 levels by
2030

Apr 22, 2021
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“This first Emissions
Reduction Plan charts a

credible path to emissions
that are 40 percent lower
than 2005 levels by 2030”

2030 EMISSIONS
REDUCTION PLAN

Canada’s Next Steps for Clean Air
and a Strong Economy

“This is the first Emissions Reduction Plan issued under
the Canadian Net-Zero Emissions Accountability Act.
Progress under the plan will be reviewed in progress
reports produced in 2023, 2025, and 2027.”

1Y Rt SR Canadﬁ

From 2030 EMISSIONS REDUCTION PLAN: CANADA’S NEXT STEPS FOR CLEAN AIR AND A STRONG ECONOMY,
Environment & Climate Change Canada, Ottawa, 2022
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»Canada pledged to be net-zero in carbon dioxide (CO,) emissions
by 2050 in the 2015 Paris Agreement

»Provincial governments regulate CCS within their boundaries

»Only Alberta, B.C. and Saskatchewan meet Federal regulatory
standards in mid-2024 that enable industries in these western
provinces to receive Investment Tax Credits

»No province in eastern Canada meets these standards yet

» So, no company in eastern Canada can receive the 50% Federal
ITCs for capture of its CO, emissions
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Without capturing CO, emissions,
temperatures will climb further, and the
hazards and costs of climate change will be

much worse.

Already home insurance premiums rose 64%
in Ontario and 140% in Alberta between 2011
and 2021 according to www.Rates.ca.



http://www.rates.ca/
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D forest firestorms from British Columbia to Labradot,

D drought on the Prairies,

] infestations by invastve species carrying disease,

D ice loss from the Arctic Ocean,

D hurricanes in the Atlantic Provinces,

D shoreline erosion in PEI and the Arctic with sea-level rise, and

J tornadoes, flooding and heat waves across Canada.
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FLOODS AND WILDFIRES ARE

OUR GREATEST

HAZARDS

Costs of Extreme Weather:
Catastrophic Insurable Losses
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Carbon Capture and (geological)
Storage — or CCS —is a suite of
technologies for removing CO,
from industrial emissions,
transporting them via pipeline to a
storage hub and finally injecting
them into deep rock reservoirs.

This is Shell Canada’s capture
plant at Scotsford, Alberta. The
CO, emissions from adjacent
hydrogen generation are sent to
this plant. Here the CO, is first
captured and then transported 65
km north for geological storage.

Capture plants like this cost ~$1+
Billion per million tonnes CO.,.

Photo courtesy Shell Canada
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Advantage Disadvantage

The transportation volume is large and the
transportation cost is low.

The one-time investment of pipeline facilities
is large.

The requirements for gas source and
destination are high, and they need to be
close to the railway.

Not affected by weather and traffic.

No special railway facilities need to be built. §

Not limited by source and destination. Transportstivn;costs are high.

There is no need to invest in the construction YVuinerable to weather and traffic conditions.

of transportation facilities. Fuel and labor costs are high.

The temperature and pressure control
requirements of the transport equipment are From Lu et al., 2020, J.
high. Cleaner Production.

Good economy. Transportation technology is
mature.

9
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\ 4

Shallow fresh-water aquifers must be
protected from deep CO, storage

Oil and gas reservoirs are also shallow

The impermeable caprock prevents

upward leakage of the buoyant CO, \

CO, infjection and storage will occur
about 1 km deep into a saline aquifer

10
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The hazards of CCS appear manageable if the CSA
standard is followed by the developer

They include:

O Leakage from legacy oil & gas wells if not plugged

O Induced seismicity may be felt (minor earth trembling)
O Leakage through unknown faults in the storage reservoir

These hazards are minimized by competent site characterization

11
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Measurement, Monitoring and Verification = MMV

> Measurement of gases in soil and wells + groundwater and
surface-water quality surrounding a CCS injection site

> This Area of Review may be 10-20 km in radius

> Monitoring begins before any CO, is injected and continues
until after injection ends and the project is closed

> Verification of the data is by independent experts

12
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LOCATION OF PRINCIPAL EMITTERS

IN EASTERN CANADA
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CO, emissions in SW Ontario by industrial sector

Manufacturing _~~
78.3%

Utilities Greenhouse, Nursery and

15.2% Floriculture Production
3.2%

Education and Health Care

/ 1.4%

Mining and Oil and Gas

/ Extraction
Waste Management and

Remediation Services

0.62%
\ Miscellaneous

0.34%

Total 24.8 Mt in 2020
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CO, emissions in SW Ontario by
manufacturing sub-sector

Transportation Equipment
Manufacturing
2.5%

Other
0.8%

Food and Beverage
Manufacturing
3.4%

Non-metallic Mineral
Product Manufacturing
14.6%

Total
Emissions
19.4 MT CO,

Nab

Chemical Manufacturing
20.2%

Primary Metal
Manufacturing
36.9%

Petroleum and Coal
Product Manufacturing
21.6%

Total 19.4 MT in 2020
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To accomplish a 407%
CO, emissons reduction,
we must consider:

1. Technology readiness and
financial incentives for CCS

2. Location of emitters and
storage sites

3. Time required to plan and
construct CCS
i | “ ) xl;l

@ SHELL QUEST CARBON CAPTURE & STORAGE
e
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Schematic of Technology Readiness Levels

Laboratory Pilot Full Scale
[ Il
Basic principle Technology Proof of Component/ System Pilot-scale
observed concept concept system validation system
validation validation
TRL 1 2 3 4 5 6
Research Development . Demonstration

Source: GAO summary of information from Department of Energy, Global CCS Institute, and National Academies of Sciences, Engineering,
and Medicine. | GAD-22-105274
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The path of
carbon dioxide (CO.) o
through the amine-based ™  guzom

capture process g — &
% The flue gas is then

FLUE GAS sent to a large vessel
called an absorber.
To increase the
contact between

Flue gas containing Treated Flue Gas solvent and flue gas
about 3-22% CO: is (primarily contains: the absorber Is filled
Industry or :wmed frovz\ the nitrogen, water with Iayelrls of
r Pla ue gas stack to vapor, trace structured metal
Power Plant the CO: Capture elements with less packing that is
System. than 2% COs) continuous to the

Cement Natural Steel Power sides of the unit
S Coal Diverter Damper The smine (like @ metal sponge).
containing CO: Is
then showered into A chemical solvent
a stripper, which is a (called amine) that
vessel that heats the targets the CO: gas,
solvent to release Is showered into

CO: back Into a gas. the vessel,

As the flue gas rises,
These large volumes of The CO: gas is sent to a compressor the amine reacts
compressed CO: are and dehydration unit where it is with the COs,
transported by pipeline, compressed into a liquid, dense absorbing the gas
truck, or ship to be phase, or supercritical state. into its solvent

before accumulating
in the bottom of the
vessel. At this point
the amine solution
is referred to as
“rich”,

PURE COy
pe;g\::\en:lly “g.’:d or (contains water)
uss enhanced ol

recovery (EOR),

Heat
Exchanger

The amine that is stripped of

CO: (referred to as “lean”
Y 7 J amine) is recycled back into
j j j the absorber to repeat the
process and capture more COs. '
HEAT
(EOR) Externally Sourced INTERNATIONAL
CCS KNOWLEDGE

CENTRE
L AN

AMINE ABSORPTION CARBON CAPTURE: TRL9



AMINE ABSORPTION CARBON CAPTURE at Quest, Alberta

l CO, Capture Capacity: 1 Million Tonnes/yr [MT/yr] since 2016
W IS E r CO, Source: Steam Methane Reformer for H, Manufacturing and Bitumen Upgrading

80% CO, capture efficiency, limited by upgrader

WATERLOO INSTITUTE :
FOR SUSTAINABLE ENERGY CO, transported as dense phase 65 km to wellfield

jure over 1 million
tonnes of CO2 each year.



65 km Pipeline: P =9-10 MPa, Z 245.1 Carbon Steel

operating

w’ - 3 Injectors are 5-7 km apart
W IS E r Sequestration lease: 3670 km?

WATER|L OO INSTITLTE Injectivity: >150 T/hl'

FOIR SHISTAINABILE ERERGY
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Reservoir:

o Basal Cambrian
Sands

o 2206 m bgs

o 0=17%

o 1000 mD
Caprock:

* Lotsberg Salt

Monitoring Wells
in the Cooking
Lake Fm (1360 m)

Quest Geology

Biosphere
Hydrosphere

Groundwater

Shale Seal
Aquitard

Viking Sand.
31.1°Cisotherm

Geosphere

7.38 MPa isobars

Cooking Lake

Prairie Evaporites |
i Bl L —————

1810

Upper Lotsberg Salt

Lower Lotsherg Salt

Upper Cambrian

Quest Storage

Middle Cambrian Shale
Complex

Basal Cambrian Sands

Precambrian




“ AMINE ABSORPTION CARBON CAPTURE at Boundary Dam 3 Unit, Saskatchewan
CO, Capture Capacity in Unit 3: ~ 0.6 Million Tonnes/yr [MT/yr] since 2014

a CO, and SO, Source: Coal-powered electricity generation, amine-absorption units for both CO, and SO,

W IS E 89% CO, capture efficiency, extensive learning-by-doing with numerous operational problems

WATERL @ INIETITELTE CO, transported as dense phase 70 km to wellfield for Enhanced Oil Recovery & 2 km to Aquistore for dedicated C storage
FOIR SHISTAINABILE ERERGY

CCS Facility
R




ISE a‘. AQUISTORE: dedicated CO, storage

from Boundary Dam Unit 3

WATERIL OQ INSTITUTE
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by SaskPower | by Pariners

Enhanced Oil
Recovery Facility
o

Absorber
w Storage
Turbine l
' : "—BM | Acid for Sale
| { (1.5 trucks/day)
!;‘/' |
Steam Condensote
from Return EO l
Turbine /

Spill Containment

Sacline Sandstone 3.4 km

Formation
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The Challenge for CCS in Eastern Canada
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Industrial CO, sources are widely distributed but geological storage sites are limited
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a Natural Resources Canada is considering
WISE ‘. off-shore storage by 2050
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How will we transport it to off-shore depleted oil & gas fields?



o LOCATION OF EMITTERS AND
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“Our biggest challenge is to match
sequestration sites to CO, sources.”
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The geological storage reservoir should be:

1. >800 m deep to allow p_., - 9 MPa

2. sealed by competent caprock with minimal groundwater
inflow from surrounding rock

3. Preferably, near major CO, emitters & pipelines

Preferably, penetrated by few oil and/or gas wells

requiring plugging

5. Preferably, large pore volume available for CO, storage
so limited Ap

6. Preferably, few critically-stressed faults that might slip
with fluid injection - felt earthquakes!

A

CSA Z741 STANDARD



WISE a‘. LOCATION OF GEOLOGICAL

WATERLO® INSTITUTE STORAGE RESERVOIRS
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Saline Cambrian Aquifers
o North Shore of Lake Erie
o Perhaps south shore of St Lawrence, Quebec

Offshore Nova Scotia & Newfoundland
o Pipelines to Montreal and then ship offshore?
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REQUIRE DETAILED SITE CHARACTERIZATION
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»CO, storage hubs must
be PROVEN by drilling
and testing + seismic

»Followed by numerical
simulation of CO,
migration through the
storage reservoir

»Cost per borehole: $5M+

»Each storage-well hub
will require ~ $50-100M
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Storage hubs for dedicated geological storage require:

1. 3-8 years to develop and prove injection sites
~ $30M to prove available PV and CO, injectivity

Large-scale numerical simulation to determine Ap effects -
“the pressure plume” - and CO, migration

Evaluation of reservoir continuity/compartmentalization
Hydraulic interference of neighbouring hubs?

Ap effects on caprock & basement faults?

Sealing of any penetrating legacy wells

W N

~ oo

In SW Ontario we need to prove ~10 MT annual
CO, storage by 2025 to allow planning &
construction to begin storage before 2030



TIME REQUIRED TO PLAN
AND CONSTRUCT CCS

T n7 Geological Sequestration
of Carbon Dioxide:
A Technology Review and

Shell Canada Limited

Application for the Quest Carbon Capture
and Storage Project

Radway Field

Province of Ontario

Started: summer 2023

Design a framework to regulate
commercial-scale geologic carbon
July 10, 2012 storage projects on Crown and
private land.

l Refine and adapt framework
Anticipated start: 2025
285

1996 8 S 2012 2015 2020 2023 2026

SIenpnerIL l ll l l L l L
. t

Shafeen Quest & BD3 startup
report

Site Construction?

Toronto CCS .
characterization?

Workshop

Cost analysis + FID?
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Armughan Al-Haq

Manager

Program Development & Partnerships
Waterloo Institute for Sustainable Energy
519 888 4567 ext. 38759
armughan.al-hag@uwaterloo.ca

www.wise.uwaterloo.ca

32



	WISE_Long-Guide-to-CCS_R0B
	A LONGER GUIDE TO CARBON �CAPTURE AND STORAGE
	Slide 2 
	Emissions Reduction Plan for 2030
	Where we are in mid-2024?
	Why capture CO2 emissions?
	the hazards and costs of a warmer climate 
	Slide 7 
	How does carbon capture work?
	CO2 transportation options
	Slide 10 
	Risks and Potential Hazards
	MMV
	Location of principal emitters �in eastern Canada
	CO2 emissions in SW Ontario by industrial sector
	CO2 emissions in SW Ontario by manufacturing sub-sector
	Slide 16 
	Slide 17 
	Technology readiness and financial incentives for CCS
	Slide 19 
	Slide 20 
	Quest Geology
	Slide 22 
	Slide 23 
	Slide 24 
	Slide 25 
	�“Our biggest challenge is to match sequestration sites to CO2 sources.”���Benson, S.M. and Cole, D.R. 2008, CO2  Sequestration in Deep Sedimentary Formations, Elements 4:325-331. � 
	CSA Guidelines for Geological CO2 Storage Sites
	Slide 28 
	CCS investment decisions of $1B+ require detailed site characterization
	Time required to plan and construct CCS
	Time required to plan and construct CCS
	For More Information, Please Contact


