Is CCS competitive with alternative
solutions?

The economics of CCS
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Today, CCUS projects are mostly in gas sector & for EOR

Operational CCUS projects, MtCOZ2/yr captured
Natural gas processing/LNG —
Other fuel transformation |l
Chemicals
Power and heat
Biofuels M
Iron and steel

B Dedicated storage © EOR = Other
Direct Air Capture (DAC)

Source: IEA, CCUS projects database 2024
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https://www.iea.org/data-and-statistics/data-product/ccus-projects-database
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CCS is forecast to be used across a range of applications

Total CO, captured in 2050 in IEA NZE scenario, MtCO,
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Source: IEA, Net Zero Roadmap — 2023 Update
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https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
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However, expectations are decreasing for fossil fuels + CCS

Contribution of fossil fuels with CCS to global energy supply in the IEA NZE

70 Major reductions (2050):
”  -60% of gas use with CCS
sz 2022 WEO * Near elimination of fuel transformation
30 2023 WEO * -50% of hydrogen from fossil fuels
® » -50% decrease in gas power + CCS
1: * -30% in CCUS use for steel production
2030 2040 2050

Source: I[EA, World Energy Qutlook 2023, 2022 and 2021, Net Zero Roadmap, Net Zero Roadmap — 2023 Update
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https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/reports/world-energy-outlook-2022
https://www.iea.org/reports/world-energy-outlook-2021
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
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Recent cost estimates remain high...

$180
c $168 .
S weo 6153 EPA estimate of cost of
HE $137 $144 5148 $149 $152 new CCS rule to power
g5 s140 industry by 2047:
2 4120 $121 $133
2 £ $123
£ $112 $114  $116 $12° $122 $7.5-19b
%g $100
s 5
':8 $80 T T T T T T T T T T T T T T T T T T T T T e e e e e e e T o v e Aot b OB o E vy e
e 45Q Tax Credit of $85/tonne of CO, captured
g3 Q Tax Credit of $ 2 capi East Kentucky Power
3% %0 co 346 Cooperative estimate of
35 $10 cost at its Spurlock coal
S 5 $40 :
- o plant:
S
$- $10 o7b
Gas Ethanol Cement Pulverized  Hydrogen Natural Gas Blast Pulp & Paper Refineries  Ammonia
Processing Coal Power (SMR 90% Power  Furnace-BOF (Black Liquor (FCCU) (flue gas)

Capture) (Steel) Boiler)

Source: Energy Futures Initiative (EFI), Turning CCS projects in heavy industry & power into blue chip financial investments; NRECA, ‘Too Far, Too Fast’: Co-ops Warn of Surging
Costs, Reliability Crunch in Bid to Halt EPA Rule; S&P Global, US EPA defends carbon capture tech underpinning new power plant rule.
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https://energyfuturesinitiative.org/wp-content/uploads/sites/2/2023/02/20230212-CCS-Final_Full-copy.pdf
https://www.electric.coop/co-ops-warn-of-surging-costs-reliability-crunch-in-bid-to-halt-epa-rule
https://www.electric.coop/co-ops-warn-of-surging-costs-reliability-crunch-in-bid-to-halt-epa-rule
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/us-epa-defends-carbon-capture-tech-underpinning-new-power-plant-rule-81369016

Capacity
(MtCO2 p.a.)

... and are

1986 Shute Creek 7 Lifetime of 36%
L
w o r s e n e d by plm 1996 Sleipner 0.9 Performing close to the capture capacity ))
t 2004 In Salah 11 Failed after 7 years of operation ))))))))))
oor -
gl 2007 Snehvit 0.7 Performing close to the capture capacity ))
PN 2019 Gorgon 4 Lifetime of ~50%

performance

Industrial sector

2000 Great Plains 3 Lifetime of 20-30%
COSt U S D2 L] 1 bn 2013 Coffeyville 0.9 No public data was found on the lifetime performance. ))))))))))
I nJ eCt ed 8 ] 5 MtCOZ | N I* I 2015 Quest 11 Performing close to the capture capacity ))

ﬁ rst 7 yea rs 2016 Abu Dhabi 0.3 No public data was found on the lifetime performance. ))))))))))

2017 llinois Industrial (IL-CCS) 1 Lifetime of 45-50%

~USD138/tCO, inlast | 4
2 ears : :c::\jver sector
l/ —— | 2014 Kemper 3 Failed to be started ))))))))))

2014 Boundary Dam 1 Lifetime of ~50%

2017 Petra Nova 1.4 Suspended after 4 years of operation ))))))))))

Source: IEEFA. The Carbon Capture Crux: Lessons learned. September 2022.

Source: [EEFA, The carbon capture crux;
Chevron, Gorgon EPR 2023
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https://ieefa.org/resources/carbon-capture-crux-lessons-learned
https://australia.chevron.com/-/media/australia/our-businesses/documents/2023-Gorgon-Gas-Development-and-Jansz-Feed-Gas-Pipeline-ERP.pdf
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Sectoral view
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Power: CCS is unlikely to be cost competitive

Electricity generation by 2050, IEA scenarios, %

Announced Pledges Scenario (APS) Net Zero Emissions (NZE) scenario
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m Unabated fossil fuels
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Source: IEA, World Energy Outlook 2023
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https://www.iea.org/reports/world-energy-outlook-2023
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Hydrogen:
Blue
hydrogen is
unlikely to
meet clean
hydrogen
standards

Figure 8: Range of Carbon Intensities Reflecting 100-year GWPs but More Realistic Real-world
Assumptions About Methane Emissions, CO; Capture Rates and Downstream Emissions

Carbon Intensity (kg COe / kg H,)
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Source: IEEFA, Blue hydrogen: Not clean, not low carbon, not a solution (IEEFA runs with DOE’s GREET model)
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https://ieefa.org/resources/blue-hydrogen-not-clean-not-low-carbon-not-solution
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Green Hydrogen Is Cheaper Than Gray in Five Markets in 2030
Levelized cost of hydrogen, 2030

Hyd : Bl
y rog e n - u e B Green H2 1 Markets where green H2 will undercut gray H2 from existing plants
H d y Gray H2 from existing plants ./ Gray H2 from new plants / Blue H2

$5/kilogram H2

cost advantage 4
Is expected to >
be short-lived
P S S V= G =S S— 0

9 ® w@g o 3 3 33%‘

Source: BloombergNEF. Note: Blue H2 is the average of auto-thermal reforming (ATR)and steam methane
reforming (SMR) production. Green H2 includes Western-made proton-exchange membrane electrolyzers
(top of range) and alkaline electrolyzers (bottom of range), exceptin China, which includes Chinese-made
Source: BloombergNEF, Green Hydrogen to Undercut Gray alkaline electrolyzers (bottom of range).
BloombergNEF

Sibling by End of Decade (August 2023)
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https://about.bnef.com/blog/green-hydrogen-to-undercut-gray-sibling-by-end-of-decade/
https://about.bnef.com/blog/green-hydrogen-to-undercut-gray-sibling-by-end-of-decade/
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Low-carbon steelmaking announcements by technology and

Steel: CC S iS o by deployment year, cumulative capacity in Mtpa
. apacity [Mt p.a]
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Source: Agora Industry, Global Steel
Transformation Tracker
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https://www.agora-industry.org/data-tools/global-steel-transformation-tracker
https://www.agora-industry.org/data-tools/global-steel-transformation-tracker
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https://thundersaidenergy.com/downloads/the-worlds-great-gas-fields-and-their-co2

IEEFAENERGY FINANCE
CONFERENCE 2024

Acceler: tgthE gyTra sitiol

; ‘—‘ W

Conclusion: CCS will likely play a niche role

« CCS + fossil fuels unlikely to be cost & emissions competitive
* (Costs are underestimated & performance overestimated
- Renewables based solutions are progressing faster

* Likely role limited to cases where no alternatives exist
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Contact

Amandine Denis-Ryan
CEO, IEEFA Australia

adenisryan@ieefa.org
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Generous IRA subsidies are driving new projects

Under construction & planned CCS projects

Number of projects by country Number of projects by sector

Power and heat

Other Hydrogen or ammonia

Indonesia Cement
D " United States )

enmar 175 Other fuel transformation

Netherlands Natural gas processing/LNG

France

DAC
Germany 63 .
United Chemicals
Sweden .
- Ao Iron and steel W United States
China 37
. Other
Norway Canada Other industry
Australia
0 50 100 150

Source: IEA, CCUS projects database 2024
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