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Industrial Carbon Capture and

Canada’s Energy Transition Trilemma
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Roadmap

Trilemma - say what?
o Objective: Net zero or bust!

Getting to Net Zero
o Impact: How big is Big?
o Sectors
o What will it take?

High-level overview of CCUS
> How dowe capture CO,?

o Caughtit.. Now what?

Opportunities for Canada
o Potential
o Are we doing enough?

This Photo by Unknown Author is licensed under CC BY


http://enallaktikidrasi.com/2014/12/o-skylos-kai-to-atokinito-kynigntas-axristous-stoxous/
https://creativecommons.org/licenses/by/3.0/

Trilemma:
Climate + Economy + social Equity
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Contributions of energy and food to 4% 8% 12% 16%

inflation in selected countries, 2022 Annualised energy inflation

IEA World Energy Outlook 2022




201
37 Gt
emissions

Nearly 50% of electricity
BRUSL® ST ST

. 8% of emissions from cement
production captured and stored

Advanced economies: net zero

emissions in the electricity sector No new ICE car sales »

3 Gt CO, captured

0% of existing buildings retrofitted .
to zero carbon-ready levels
e
56t

L] L]
O b e C tl ; ; e . Electricity accounts for 40%
of industrial energy consumption

Key milestones
Net Zero or bust! on the pathway

to net zero emissions
by 2050

Electricity m Transport % Negative emissions
M Industry Other
M Buildings

No new ICE heavy truck sales »

50% of heating demand | =~ 2045
met by heat pumps

Relentless focus on emissions * ey B0 of ity o enswaties 3570 GW eloctiolyser 2080

A demand-led transition Scaling up
coal production capacity
R |
Qil
400
Gas B
EJ «——— Fossil fuel supply —— ?:E :
300 e
STEPS 2030 NZE 2030 Lithium
: | Electrolysers
Key demand-side measures to drive transition = | Batteries Copper
M Solar and wind = Clean and efficient industry Solar PV
m Behaviour m Efficient buildings and heat pumps 2021 production capacity
Other M Electric vehicles All announced expansion to 2030

IEA World Energy Outlook 2022



How bigis Big? A Lot bigger than today

To achieve Net-Zero by 2050, CCUS:

- MUST sequester 6.2 GT CO,e/year (International Energy Agency™)
o Current installed capacity globally: 11.9 MT CO,e/year (Global CCS Institute™*)

o Need to install on average more than 100 x 2 MT plants per year (every year until 2050) to meet
the Net Zero target

We will need 3,000 to 6,000 large-scale CCUS projects in operation by 2050

In 2022 we had ...

.. 30 large-scale CCUS plants in operation.

* IEA World Energy Outlook 2022 ** GCCSI Global Report 2022




Can’'t getto Net-zerow/o EVERYTHING

Figure 3.1 > Energy-related CO2 emissions by sector and gross and
net emissions in the NZE Scenario, 2010-2050

~ ~ 40
S S
© 1 9 30
8 20
Transport
4 BUildings eseseeecsesesscec R Ngeseeseesessesssnse 10
0 — 0
I R, R 10 - S, Cesressesanessiensssnnsans
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

IEA. CCBY 4.0.

The power sector leads emissions reductions to 2030, but all sectors contribute to the net
zero emissions goal, with residual emissions in 2050 balanced‘ by atmospheric removals

Notes: BECCS = bioenergy equipped with CCUS; DACS = direct air capture and storage. Other includes
agriculture and other energy transformation sectors.

IEA World Energy Outlook 2022




Morethan one
path to NZ

Key indicators for the selected
IPCC scenarios and the IEA NZE
Scenario in 2050

IEA World Energy Outlook 2022

Wind and solar share Bioenergy TES

Energy-related CDR

L P XY PP

W IPCC Scenarios
IEA. CC BY 4.0.
IEA NIE Scenario requires less CCUS and CDR than comparable IPCC scenarios,
and it relies more on energy efficiency, renewables and hydrogen

Notes: TFC = total final consumption; TES = total energy supply; CCUS = carbon capture, storage and
utilisation; CDR = carbon dioxide removal. IPCC Scenarios refers to the 16 vetted C1 IPCC scenarios that
reach net zero energy sector emissions by 2050 (I1ASA, 2022).



2050

2040

53% near-zero 96% near-zero
carbon primary steel carbon primary steel
production production

2035 2045

All electric motor
sales are best in class

2030

8% near-zero

carbon primary steel
production

2025

S 10
Q
By Industry °
8
6
4
Iron and steel
2
2020 2025 2030 2035 2040 2045 2050

Notes: VA = value added; TFC = total final consumption. Innovative routes for iron and steel
include hydrogen based and CCUS-based routes.
Milestones in green relate to the whole of the industry sector.

IEA World Energy Outlook 2022



Oil, NG & Coal onthe way to NZE?

Natural gas Coal
SO SOOIt chss SRS

Declines in demand

can be met without 150

approving new long

lead time upstream 100 -

conventional oil and

gas projects, new 50

coal mines or mine
lifetime extensions

... ..

2010 2050 2010 2050 2010 2050
M Asia Pacific = Middle East m North America " Eurasia M Africa m C& S America M Europe

IEA World Energy Outlook 2022




No way to avoid Oil as Feedstock In
Chemicals sector

Iron and steel Cement Chemicals Other industry
.. 80

Electricity makes
inroads in all 60
industry sub-sectors;
in some it is used to 40
produce hydrogen

. 20
onsite. In 2050, the
share of unabated
fOSSiI fuels I'S /ess 2021 2030 2050 2021 2030 2050 2021 2030 2050 2021 2030 2050

Y M Coal: unabated #: Coal: with CCUS Coal: feedstock ® STEPS
than 54’ frOm m Oil: unabated / Oil: with CCUS m Oil: feedstock
aro Und 50% today Natural gas: unabated Natural gas: with CCUS W Natural gas: feedstock
’ M Electricity M Heat M Hydrogen
Modern solid bioenergy Non renewable waste M Other renewables

IEA World Energy Outlook 2022




Investment and Sources

Clean energy investment Sources of finance

Investment
M EMDE Emerging market & developing economies

AE Advanced economies
Sources of finance

Public in EMDE
M Private in EMDE

Public in AE
M Private in AE

2017-21 2025 °%_2030 2017-21 2025 % _2030

IEA World Energy Outlook 2022




Limitations

Where might we hit

limits to achieving
Net Zero?

Cost-effective transitions require well-
functioning markets (see (3), below)

Almost every contributing transition
technology faces supply-chain limits
° Geopolitical supply chain risks and challenges
° Global capacities

Uncertainty is the enemy of agility - political
polarization causes gridlock

A robust path forward requires:
Flexibility
Diversity

Resilience
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- 2 ......... 4
c
Q
= 1 ......... 2
= -
2021 2025 2030 2025 2030 2025 2030
Fossil fuels: m Coal Natural gas m Oil
Clean energy: B Power and fuels Efficiency and end-use

Ratio of clean energy to fossil fuels (right axis)

Steps: Stated Policies Scenario
APS: Announced Pledges Scenario

IEA World Energy Outlook 2022



Energy Ssupply

& Emissions O T, 0

Other
Renewables
. Nuclear
Even in the NZE [0 DT B N B 30 Natural gas
. . m Oil
scenario Oil, Gas & = Coal

CO, emissions
(right axis)

Gt CO,

Coal persistin 2050

How?

9 CCUS 2021 STEPS APS NZE STEPS APS NZE

2030 2050

IEA World Energy Outlook 2022



How do we capture CO,?

Traditional
Source matters

Cost matters Ve




Wet front-end

|

|
|

: Flue Gas 1

1 To Stack !

! :

! |

! I

! |

! Lean

: {1 Amine

Amingl| |

: FlowH |

! :

! |
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| Absorption :

1 Column |
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! I

I |
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: Flue Gas I

. 12-14 Vol l

I %CO, |

I

. |

! I

| I Amine
|

Rich

Amine
Solvent
Heat
Exchange/
Integration

3

CO; To
Compression

Rich

| Amine

3
Solvent
Regeneration
Column
3

+—— Steam

Lean

Amine

US DoE Carbon Dioxide Capture Handbook - 2015

Conventional
“Wet” Capture

Old-style amine-based chemistry
Next-generation solvents

Many other types of chemistry

o Absorber column transfers CO, from the flue-
gas to some liquid “solvent” (including water)



Source Matters

Cement plant 20%
Coal power 12%
Ind. Boiler (OTSG) 896

Natural Gas power 490
Air 0.041%

1.7
2.5

500

4 drops water

7 drops water
10 drops (0.5ml)
1 ml water

~ V4 cup water




Cost Matters - But it is getting better

3

PORTO TOLLE l JDMRY DAM
F'::-.E-Z':-ZHEE:= S T

e EET':—-‘-'DI.".'T'

COST OF C0s CAPTURE
[USE 2017 PER TOMNBCD:)
‘E‘ =
&

20

Tteel e ) SHAND
IOUNTAMNEER -4 FE RA MOVA PROJECT TUNDRA | SAM JILAN

TRAILELATER

60

20
Fiiin S 20046 2008 2010 2012 2014 200 2018 2020 2022 LR 2026 20ZE FLEE

@ PREVIOUSLY STUDIED FACILITIES  {) CURRENTLY OPERATING {§ RECENTLY PROPOSED AND NEW FACILITIES
----- FIRST GENERATION CAPTURE TECHNOLOGY LEARMING RATE ------ MEXT GENERATION CAPTURE TECHNOLOGY LEARNING RATE

FIGURE 8 LEVELISED COST OF CO: CAPTURE FOR LARGE SCALE POST-COMBUSTION .
FACILITES AT COAL FIRED POWER PLANTS, INCLUDING PREVIOUSLY STUDIED FACILITIES™ Global CCS Institute Global Status of CCS 2019




Gotit..

NOW WHAT DO IDO WITH IT?

This Photo by Unknown Author is licensed under
CCBY-SA-NC



http://www.singingfalls.com/aussies.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

@ MINERALISATION
9 BIOLOGICAL
@ CHEMICAL

@ CONVERSION
o UTILISATION (CCU)

f9) GREENHOUSE

NON-CONVERSION %l FOOD PROCESSING
& PACKAGING

@ CAPTURE

COz STORAGE (CCS
@ - : ) DEDICATED GEOLOGICAL STORAGE

o ENHANCED OIL RECOVERY

=3 ENHANCED GEOTHERMAL

. ) CONCRETE CURING

L 4 BAUXITE TREATMENT

*ﬁ ALGAE CULTIVATION

LIQUID FUELS
POLYMERS

N
oo
[+]) FERTILISER

CARBONATES

(') RENEWABLE METHANOL
1) CO: IN CONVENTIONAL

METHANOL SYNTHESIS
COz METHANATION
ACETIC ACID

'

[

£} CARBON FIBRE
-&

BAKING SODA

[¢)) BIOETHANOL

FIGURE 25 UTILISATION AND STORAGE PATHWAYS

Global CCS Institute Global Status of CCS 2019



Bury it!
(Putitback where it came from)

“Landfill” model

° Pro

o Can scale up fast

o Lots of capacity (if you are geologically lucky)

o Secure, permanent storage
o Con

o Pure co.st - no revenue (except regulatory incentives)
@
We didn’t wait until

recycling was
perfected to start

garbage collection.



Storage Capacity

Canada Emissions:
o 760 MT CO,e/year (2017)

Geological storage capacity™*:
> 200,000t0 430,000 MT CO,e (VERY

m HIGHLY SUITABLE = SUITABLE m POSSIBLE ® UNLIKELY Conservative) Or
Global CCS Institute Global Status of CCS 2022 .
Original Source: / o 2560 to 500 years’ worth of total national
Results from Assessment 3 of the CO, Storage Resource Catalog: OGCI et al (2022) emissions (Global CCS Institute)

o May be many times that based on unexplored
capacity and new storage methods

**Global CCS Institute Global Status of CCS 2019



Why CCUS as a path for Canada®

Transferrable capacity from O&G: Chemicals production

Engineering - large projects Policy & regulatory for CO, storage

Geosciences

Pipelines Huge geological storage capacity

Drilling, injection In the future, chemical production facilities will be located
- Closeto feedstocks; AND

Seismic, monitoring - Closetogeological storage capacity

Environmental If the policy & economics are right, there is no better place
in the world.




Everyone wants to win the energy
‘ransition

CCUS Blue Hydrogen

X < H2 ITC: $0.02
i CCUS ITC: $88 TIER credit: $158 $248 & TIER credit: $0.96 $1.05
o (uncertain) o (uncertain)
< EIl CCUSITC: $0.07
w
% 45Q CCS: $124 ‘3 sovh .
o = ydrogen: $1.00
[
0 100 200 300
$0.00 $0.25 $0.50 $0.75 $1.00 $1.25
$/tCO2

$/kgH2

The bankable gap for proponents of equivalent 1 MtCO2 CCS projects attached
to cement plants in Alberta and Texas is $36/tCO2 on average over a 10-year
period. That's 29% less in Alberta.

Creating a Canadian Advantage - Policies to help Canada compete for low-carbon investment - (working paper) Clean Prosperity - spring 2023



Investment Tax Credits
(Budget 2023)

(=)
M
S
: Other CCUS Projects
~
o Transport, Storage, and Use 37.5%
~
o
b § 3()¢
N -
L Other CCUS Projects
§ 1 WY N Transport, Storage, and Use

CCUS Investment Tax Credit PRIMER (Spring 2023) - International CCS Knowledge Centre



Carbon Contracts for Differences
(Budget 2023)

Federal government developing

g $105/t paid to CCUS proponent | CFD model to complement CFDs
- S A through Canada Growth Fund
O ‘E ' ! (managed by Public Service
L0 @ Pension Investments)
— &
(C —
O QO
> = $65/t | .
g - $30/t paid to government
T 1
O E I \
" /////
5 7
O A

$200/t

CCUS Investment Tax Credit PRIMER (Spring 2023) - International CCS Knowledge Centre



What are the main barriers®?

Uneven political support

» [f a significant party sees an advantage to threatening to undo incentives or
regulations, then the uncertainty will.:
» Paralyze accessto capital

» Encourage industry and investors to “wait and see”

Uncertain incentives are not bankable - investors are not gamblers

» Risk translates to cost. Higher uncertainty demands higher returns.

Need stringent regulations that tighten under a known formula over time
= Does not work if the next government might undo them




Contactinformation

Richard Adamson,

RAdamson@AdamsonStrAdvisory.com

+1 403 988 5333




MORE STUFF




LLOW emission

STEPS APS

Mt hydrogen equivalent (energy basis) 2030 2050 2030 2050 2030 2050

= Fuels

Total low-emissions hydrogen production 6 24 30
Water electrolysis 4 17 21 167 58 329
Fossil fuels with CCUS 2 8 9 57 31 122
Bioenergy [9] 0 0 1 0 2
Transformation 3 10 14 95 50 186 . .
o power generation . s 1wl » e Hydrogen from fossil fuels, even with CCUS,
To hydrogen-based fuels o 3 6 & 18 18 requires stringent controls on upstream
To oil refining 2 5 3 6 2 4
To biofuels 1 1 1 1 3 3 ]'ea]'iage
Demand by end-use sector 3 15 16 131 40 266
Total final consumption 1 10 12 80 31 174
Onsite production 2 4 4 51 9 92
Low-emissions hydrogen-based fuels 0 3 3 55 15 96
Total final consumption 0 1 3 39 7 68
Power generation 0 2 0 16 8 28
Trade 1 5 4 44 18 73
IEA. CCBY 4.0.

Notes: Mt = million tonnes. 1 Mt hydrogen = 120 petajoules. Transformation to hydrogen-based fuels
incurs energy losses that are the difference between hydrogen inputs to hydrogen-based fuels and the
demand for these fuels.

IEA World Energy Outlook 2022



Hydrogen
- What’sthat got to do with CCUS?

Hydrogen productlon

2021 . W Fossil fuels without CCUS
Fossil fuels with CCUS
2030 ' . m Offsite electrolysis
Onsite electrolysis

50 75 100
EJ

IEA World Energy Outlook 2022




Others are
catchingup

Canada hasan

opportunity to regain a

leading position.

( : ) INTEGRATED MID- CARBONSAFE NET ZERO
CONTINENT STACKED ILLINOIS MACON TEESSIDE
CARBON STORAGE HUB COUNTY
0.8-6 Mtpa

1.9-19.4 Mtpa 2-15 Mipa

000 C<1 T (L X Yo' ]

- > b=

( : ) WABASH NORTHERN . XINJIANG JUNGGAR

@ AcTL CARBONSAFE LIGHTS BASIN CCS HUB
17-14.6 Mtpa 1.5-18 Mtpa 0.8-5Mipa 0.2-3 Mtpa
deoe woeoe bdeve
- L L

% PORTHOS

NORTH DAKOTA PETROBRAS SANTOS ABU DHAEI
CARBONSAFE BASIN CCS CLUSTER CLUSTER
3-17Mtpa 9 FPSOs - 3 Mtpa z-5Mtpa 27-5Mtpa
Qe 0 Ao Hoo Aoceo
b v e e W5 &
GULF OF MEXICO @
&us HUB ZERO CAREON ATHOS CARBONNET
6.6-35Mipa Upto18.3 Mtpa 1-6 Mipa 2-5Mtpa
deone dooe Meooe
- - -
INDUSTRY SECTOR STORAGE TYPE DELIVERY
@ COAL FIRED POWER @ CHEMICAL & PETROCHEMICAL @) DEEP SALINE FORMATIONS & PIPELINE
@ MNATURAL GAS POWER PRODUCTION & ENHANCED OIL RECOVERY - SHIP
CEMENT PRODUCTION  ROAD

© NATURAL GAS PROCESSING
@ FERTILISER PRODUCTION

@ HYDROGEN PRODUCTION

© IRON AND STEEL PRODUCTION

WASTE INCINERATION
§ ETHANOL PRODUCTION
BIOMASS POWER

0 DEPLETED OIL AND GAS
RESERVOIRS

=2 VARIOUS OPTIONS
CONSIDERED

L DIRECT INJECTION

FIGURE 5 CCUS HUBS AND CLUSTERS GLOBALLY, WITH SIGNIFICANT DEVELOPMENTS IN 2019




Peak fossil fuel?
Maybe, but decline is slow.

Figure 1.9 = Fossil fuel demand in the STEPS, 1990-2050

= 500 - “ cberbneseitie e e s et b oo b ha bR e 808t tayesutssseesuesrtsesiesessanererertoerastaben 100%

400 e TS - 80%
300 60%
200 40%

100 20%

1990 2000 2010 2020 2030 2040 2050
m Oil m Coal Natural gas Share of fossil fuels in TES (right axis)

IEA. CCBY 4.0.

Total fossil fuel use sees a definitive peak for the first time in this year’s STEPS. The share
of fossil fuels in the energy mix falls to around 60% in 2050, a clear break from past tfrends

IEA World Energy Outlook 2022




Everything .

Clectrified! (Almost

2022 2025

Ng-iew unabated Nearly 50% of
coal powenplents™|  electricity from 2030

approved for

low-emissions Ph
ase out
development HIelIEs o
subcritical coal
Hydrogen and

ammonia start
to co-fire with
natural gas
and coal

Over 40% of

1050 GW

electricity from
wind and solar PV

Wind and solar

annual capacity | Over 50% increase
additions pass

Advanced
economies
net zero emissions
in the electricity
sector

in nuclear power
capacity

gas below 5% of
electricity
generation

@ Unabated natural

Global net zero
emissions in the
electricity sector

aptured at power

Phase out of all plants annually

unabated coai

Almost 70% of
electricity from

wind and solar PV

Nearly 90% of
electricity from

renewables

2020 2025

2035 2040 2045

Over 40% of total
final consumption
met by electricity

27% of total final
consumption met
by electricity

Over 14 800 TWh

used to produce
hydrogen

M Coal = Natural gas m Qil Waste non-renewable

" Bioenergy «@

IEA World Energy Outlook 2022



SO what? We just need to iImplement,
(don’'twe?)

Figure 3.2 > Temperaturerise in 2050 and 2100 in the WEO-2022 scenarios

2050 2100
o {]  eeerreeesseresesrieeesssreeesanneeessneeee et ae e Ee e et e R e e R e s ee s e e e s R a e s e enr e m33rd - 67th
percentile
A S 5th-95th
percentile
n Median
2 seecnnnnee L. L, n .............................................
"o .8 | @
@
T S
NZE APS STEPS NZE APS STEPS

I[EA. CCBY 4.0.

Temperature rise peaks at less than 1.6 °C in 2050 in the NZE Scenario and falls to around
1.4 °C by 2100. In the STEPS, it exceeds 2 °C around 2060 and continues rising

IEA World Energy Outlook 2022




STEPS APS

2030 2050 2030 2050 2030 2050

Access (million people)
Population without access to electricity 1392 754 663 727 292 112
Population without access to clean cooking 2916 2386 1880 1601 783 535

Premature deaths from (million people):

Key Indicators

Ambient air pollution n.a. 4.2 4.8 7.1 4.6 6.5 3.3 2.9
Household air pollution n.a. 3.6 2.9 3.0 1.6 1.9 1.0 1.2
By all indicators NZE Energy-related CO; emissions (Gt) 329 36.6 36.2 320 315 124 228 0
CO; captured via CCUS 0 0.04 0.1 0.4 0.5 4.3 1.2 6.2
* Outperforms Primary energy supply (EJ) 542 624 673 740 636 629 561 532
Share of unabated fossil fuels 81% 7% 74% 61% 69% 34% 59% 10%
« Isambitious Energy intensity of GDP (GJ per USD1000,PPP) 5.1 43 34 22 32 19 29 16
Electricity generation (1 000 TWh) 22 28 35 50 36 61 38 73
But - CO: intensity of generation (g CO2/kWh) 524 459 325 158 280 41 165 -5
Share of low-emissions generation 32% 38% 53% 74% 59% 91% 74% 100%
* Isitachievable? Total final consumption (EJ) 383 439 485 544 451 433 398 337
Share of unabated fossil fuels 69% 66% 64% 57% 61% 36% 56% 15%
Share of electricity in TFC 17% 20% 22% 28% 24% 39% 28% 52%

Notes: Gt = gigatonnes; CCUS = carbon capture, utilisation and storage; EJ = exajoule; GJ = gigajoule; PPP =

IEA World Energy Outlook 2022
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