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CCS PIPELINE IS GROWING

Drivers CCS Commercial Facility Pipeline as of November 2020
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* Increasing community concern about
climate change.

140

* Growing stakeholder and shareholder
pressure on governments and private

sector organisations to reduce GHG .
emissions
* Governments are responding through °
policy/regulation
6
* Private sector is responding through
changes in investment (eg, ESG) :
 Many governments and hundreds of i
companies now have Net Zero targets
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CO2 CAPTURE AND STORAGE ANNUAL CAPACITY (Mtpa)
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 Emergence of CCS Hubs

THE CAPACITY OF FACILITIES WHERE OPERATION IS CURRENTLY SUSPENDED IS NOT INCLUDED IN THE 2020 DATA.

* Versatility of CCS E‘:l INSTITUTE



CCS: VITAL TO ACHIEVING NET-ZERO

O®&E®

Achieving deep decarbonisation in hard-to-abate industry

Enabling the production of low-carbon hydrogen at scale

Providing low carbon dispatchable power

Delivering negative emissions
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CCS IN HARD TO ABATE INDUSTRY
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CCS Emission Reduction

between 2017 and 2060
CCS must deliver 29Bt
abatement in industry to
meet Paris Agreement
objectives

Age profile of primary steel making infrastructure (mostly blast furnaces)
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Source: IEA, 2019, Transforming Industry through CCS

Source: |IEA, 2020

‘ GLOBAL CCS
INSTITUTE




CCS ENABLING CLEAN H2 PRODUCTION

Potential clean H, demand in 2050 to
deliver 6Bt CO, abatement
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Million Tonnes of Hydrogen
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B Industrial feedstock  ® Building heat & power

B Industrial energy Transportation

B Power generation

Source: Adapted from Hydrogen Council (2017), Hydrogen scaling up, A sustainable pathway for
the global energy transition, available from www.hydrogencouncil.com

H, with CCS is mature at meaningful scale

Facility H, Production Capacity | H, Production Process Operational
Commencement

Enid Fertiliser 200 tonnes per day of H, Methane reformation 1982

in syngas
Great Plains Synfuel 1,300 tonnes per day of | Coal gasification 2000

H, in syngas
Air Products 500 tonnes H, per day Methane reformation 2013
Coffeyville 200 tonnes H, per day Petroleum coke 2013

gasification

Quest 900 tonnes H, per day Methane reformation 2015
Alberta Carbon Trunk 240 tonnes H, per day Asphaltene residue 2020
Line - Sturgeon gasification
Alberta Carbon Trunk 800 tonnes H, per day Methane reformation 2020

Line - Agrium

Sinopec Qilu

100 tonnes H, per day
(estimated)

Coal/Coke gasification

Expected 2021
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CCS ENABLING CLEAN H2 PRODUCTION
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a 8 — The basis for each cost
2 7 estimate (eg assumed capacity factors, fuel &
c 0 g -
2 6 — electricity costs) differs between reports, and
[®] -
3 s in some cases the report presents a range of
£ 4 — costs. For example, the IEA figures are an
f 3 average of costs contained in the 2019 report
o — for different parts of the world.
g 2 — — >

1

0 * Generally good agreement on cost of fossil

Steam Methane Coal Gasification with Electrolysis with fuel prOdUCtion pathways Wlth CCS
Reformation with CCS CCs Dedicated Renewable .
Electricity  Decades of commercial scale

operational experience for all elements
* All costs are reducing

—CSIRO 2018 —1EA 2019 —IRENA 2019 —Hydrogen Council 2020

Sources: IEA (2019), ‘The Future of Hydrogen for G20. Seizing today’s opportunities’, Report prepared by the IEA for the G20.
Bruce, S, Temminghoff, M, Hayward, J, Schmidt, E, Munnings, C, Palfreyman, D & Hartley, P (2018), ‘National Hydrogen Roadmap’, accessed from <https://www.csiro.au/.
IRENA (2019), ‘Hydrogen: a Renewable Energy Perspective’, accessed from <www.irena.org>. [

Hydrogen Council (2020), ‘Path to hydrogen competitiveness: a cost perspective’, accessed from <www.hydrogencouncil.com.>.
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Electrolysis with Dedicated Renewable Electricity

Steam Methane Reformation with CCS

Coal Gasification with CCS

CSIRO 2018

IEA 2019

IRENA 2019
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Cost of H2 Production (USD/kg)
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										CSIRO 2018		IEA 2019		IRENA 2019		Hydrogen Council 2020

								Steam Methane Reformation with CCS		1.8		2.00		2.50		2.10

								Coal Gasification with CCS		2.06		2.03		1.97		1.94

								Electrolysis with Dedicated Renewable Energy Supply		7.7		3.75		4.10		6.00
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Electrolysis with Dedicated Renewable Electricity

Steam Methane Reformation with CCS

Coal Gasification with CCS

CSIRO 2018

IEA 2019

IRENA 2019

Hydrogen Council 2020

Cost of H2 Production (USD/kg)




CCS ENABLING CLEAN H2 PRODUCTION ®)

Ratio of abatement from direct use of renewable

electricity to abatement from use of renewable
electricity to produce hydrogen which then displaces

combustion of natural gas
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8.4 times greater abatement if displacing German
lignite fired generation

3 times greater abatement if
displacing combined cycle gas
generation

0.20 0.40 0.60 0.80 1.00

Emissions Intensity of Electricity Displaced by Renewable Electricity (tCO,e/MWh)

1.20

Renewable electricity delivers at
least three times more emissions
abatement when used to
displace fossil generation, than
when used to produce hydrogen
which then displaces natural gas.

Renewable electricity should
only be used to produce
hydrogen where there is no
opportunity to displace fossil
generation.

‘ GLOBAL CCS
INSTITUTE



Chart1

		0

		0.396

		1.098



Emissions Intensity of Electricity Displaced by Renewable Electricity (tCO2e/MWh)

Ratio of abatement from direct use of renewable electricity to abatement from use of renewable electricity to produce hydrogen which then displaces combustion of natural gas

0

3.0065898984

8.3364538092



RE land use

				Renewable energy project land use

		Solar PV

						MW		Land  area, hectare				Ha per MW

		NSW		Reach Solar Energy Project		900		2600				2.8888888889				YARRABEE SOLAR PROJECT, Environmental Impact Statement - Appendix E, Biodiversity Development Assessment Report

																http://www.yarrabeesolar.com/wp-content/uploads/2019/01/03.-Yarrabee-Solar-RTS_-Appendix-B-Revised-BDAR.pdf

		NSW		Coleambally Solar Farm		180		550				3.0555555556				https://coleamballysolarfarm.com.au/overview/

		VIC		Bannerton Solar Farm		110		192				1.7454545455				https://www.planning.vic.gov.au/__data/assets/pdf_file/0023/393323/DRAFT-Solar-Energy-Facilities.pdf

		Generic		Solar Choice								2-3				https://www.solarchoice.net.au/commercial/utility-scale-solar-power-farms-landowner-benefits

				Solar PV average land area, hectare/MW								2.56

		Wind farm

				US NREL Wind farm land use												https://www.nrel.gov/docs/fy09osti/45834.pdf

												34.5		total avg.		Land-Use Requirements of Modern Wind Power Plants in the United States  2009

				Liverpool Range Wind Farm		1000		51343				51.343		total area		Liverpool Range Wind Farm  Response to Submissions – Executive Summary 2017																(land area)

								12730				12.73		development envelope		https://reneweconomy.com.au/epuron-sells-1000mw-liverpool-range-wind-farm-to-tilt-renewables-64936/																						(capacity)

								745				0.745		site footprint

				Wind farm average land area								42.92

				Renewable H2		Electrolyser Plant (Ha)		Wind Farm (Ha)

						3		23519

				SMR + CCS		Plant		CO2 transport & Injection

						3		500



http://www.yarrabeesolar.com/wp-content/uploads/2019/01/03.-Yarrabee-Solar-RTS_-Appendix-B-Revised-BDAR.pdf

https://coleamballysolarfarm.com.au/overview/

https://www.planning.vic.gov.au/__data/assets/pdf_file/0023/393323/DRAFT-Solar-Energy-Facilities.pdf

https://www.solarchoice.net.au/commercial/utility-scale-solar-power-farms-landowner-benefits

https://www.nrel.gov/docs/fy09osti/45834.pdf

https://reneweconomy.com.au/epuron-sells-1000mw-liverpool-range-wind-farm-to-tilt-renewables-64936/



CH4 to H2 Calcs

						NSW H2 Review Calculations

						last modified 5 June 2020

		Notes:																						Unit conversion

						Literature data														Petajoule(PJ)		Terajoule (TJ)		GJ		MJ				kWh		MJ

						Calculated value														1		1,000		1,000,000		1,000,000,000				1		3.60

		1. Current natural gas demand in NSW				(Reference: http://forecasting.aemo.com.au/Gas/AnnualConsumption/Total )

				Year		Region		Actual consumption (PJ/pa)

				2014		NSW		137.01

				2015		NSW		137.45

				2016		NSW		127.47

				2017		NSW		128.46

				2018		NSW		116.06

				2019		NSW		119.59

				Avg				127.67

		2. Hydrogen mixture gas properties				Reference: https://www.energynetworks.com.au/resources/reports/identifying-the-commercial-technical-and-regulatory-issues-for-injecting-renewable-gas-in-australian-distribution-gas-networks-research-report-energy-pipelines-crc/

						HHV, MJ/m3		HHV, MJ/kg		Standard density (kg/m3 ) at 15°C and 1 atmosphere				Total natural gas need						Difference

		Natural gas				38.20		51.1		0.75				3,342,233,856.89						113,630,316.57						intensity		1		0.8		0.5		2.5		22		8.6

		H2				12.10		141.8		0.085																		SMR S4		ATR		CGC2		CGC1		CG		SMR

		30% H2/70% NG				30.40		55.3		0.55																emmission from H2 production(tonnes)		30,492		24,394		15,246		76,231		670,832		262,234

		Method: H2  value * %H2 +NG  value*%NG

		10% blend				35.59				0.6835

																										3.229E+09

		3. Calculation

		10% energy based calcs																				10% volume based calcs

		Supply 10% of energy(natural gas), PJ				12.77																Total gas mixture(10% H2) to meet same demand, m3				3.587E+09		Calculate total gas blend volume: Total energy/blend heat HHV

																								mass (kg)		2.452E+09

				H2 needed, m3		1,055,151,515.15																		H2 needed, m3		3.587E+08

				kg		89,687,878.79		90,037,612																kg		3.049E+07

				tonne		89,687.88		90,038																tonne		30492.37

				Natural gas needed, PJ		114.91																		Natural gas needed

				m3		3,008,010,471.20																		m3		3,228,603,540.32				3.34E+09		m3

				Blend H2 concentration		26%		CF solar		25%														mass kg		2.421E+09				1.13E+08

				RE capacity factor		35%		Reference: CSIRO National Hydrogen Roadmap 2019																RE capacity factor		35%

				Annual hours		8,000																		Annual hours		8,000

				Electricty need, kWh per kg H2		56		average of 54-58kWh/kg H2 HHV		40 kWh/kg H2(HHV)		Reference: CSIRO National Hydrogen Roadmap 2019												Electricty need, kWh per kg H2		55

										Theoretic limit

				Total electricity needed, kWh		5,022,521,212		5,042,106,253																Total electricity needed, kWh		1,677,080,172

				MWh		5,022,521																		MWh		1,677,080				546.9928807349		MW wind

																														765.7900330288		MW PV

				Output RE capacity, MW		628		???																Output RE capacity, MW		210

				Installed  RE capacity, MW		1,794		1,645		wind MW														Installed  RE capacity, MW		599

								2,302		solar MW

				Land area, Hectare																				Land area, Hectare

				Solar PV		4,598		5,755.83																Solar PV		1,535				H2 energy		4.324E+09		4.324E+00

				Wind		76,991		69,070																Wind		25,708

																														emissions factor for natural gas		5.15E-02		t CO2/GJ

				Largest stadium ANZ Stadium site area		16		Reference: https://www.anzstadium.com.au/footer/about-us/our-design/anz-stadium-fast-facts/																Largest stadium ANZ Stadium site area		16						5.15E+04		tCO2/PJ

																														emissions avoided		222,806.32		tCO2

																														1253000





opportunity cost

		abatement opportunity cost

						Emission Factor for electricity displaced (kgCO2e/GJ)		0						110										305

						Ac/Ag		0.0						3.0										8.3

						Emission factor for electricity displaced (tCO2e/MWh)		0.00						0.40										1.10

																						ref for german ligite (1.1)		https://www.energy-charts.de/emissions.htm?source=lignite&view=specific&emission=co2&year=all





opportunity cost

		



3 times greater abatement if displacing combined cycle gas generation

Emissions Intensity of Electricity Displaced by Renewable Electricity (tCO2e/MWh)

Ratio of abatement from direct use of renewable electricity to abatement from use of renewable electricity to produce hydrogen which then displaces combustion of natural gas



Feedstock requirements

		

		Coal to hydrogen														References: 1. Sinopec 2010, Selection of route for hydrogen production in refinery and its cost analysis,  Chemical Engineering, vol38(10), 2010.

																References: 2.  National Energy Technology Laboratory 2003.  Capital and Operating Cost of Hydrogen Production from Coal Gasification - April 2003.

						Reference 1		Reference 2		Reference 3		Reference 4		Reference 5		Reference 3: US NREL 2009, Hydrogen Potential from Coal, Natural Gas, Nuclear, and Hydro Power.

				Hydrogen capacity, m3/h		100,000										Reference 4: IEA 2019. the Future of Hydrogen

				kg/hr		8,500		11,826.25								Reference 5: CSIRO 2018. National Hydrogen Roadmap.

				lb/h				26049

				Coal feed, t/h		61.50										Electrolysis to Hydrogen								3.83E+10		kgh2

				kg/hr		61,500		94,498.438																1.42E+11		kgch4

				ton/day				2,500								kg wate per H2		9				Reference 4		7.24E+12		MJCH4

				kg coal per kg hydrogen		7.24		7.99		7.6														7.24E+03		PJCH4

				Water requirement, kg H2O per kg H2										9

																								7.24E+18		j for h2		1.00E+09

																								2.04E+19		J in europe

		Natural gas to hydrogen																										3.55E-01

						Reference 1												CG		SMR		CG+CCS		SMR+CCS		Electrolysis

				Hydrogen capacity, m3/h		100,000										water (kg/kgH2)		9		4.5		9		6.3		9

				kg/hr		8,500										electricity (kWh/kgH2)		1.72		1.11		3.48		1.91		55				7.32E+10

				Natural gas feed, m3/hr		41,945										coal (kg/kgH2)		7.6				7.6								7.32E+01

				kg/hr		31,458.75						(calculated  from IEA number)				CH4 (kg/kgH2)				3.7				3.7

				Water requirement, kg H2O per kg H2								6.63		4.5						Wind CF:		0.35		Wind Ha/MW:		43

				kg NG per kg H2		3.70				3.375						H2 production (kg):		3.049E+07		PV CF:		0.25		PV Ha/MW		2.5

				m3 CH4 /m3 H2		0.41945				0.3825		in theory: CH4+2H2O => CO2 + 4 H2				Water (m3)		274,410		137,205		274,410		192,087		274,410

				m3 CH4 /kg H2						4.5						electricity (MWh)		52,443		33,844		106,105		58,236		1,676,950

																coal (tonnes)		231,724		- 0		231,724		- 0		- 0

																CH4 (kg)		- 0		112,813,000		- 0		112,813,000		- 0

																CH4 (MJ)		- 0		5,764,744,300		- 0		5,764,744,300		- 0

																CH4 (PJ)		- 0		5.76		- 0		5.76		- 0

																Wind Installed Capacity (MW)		17		11		35		19		547

																Solar PV installed Capacity (MW)		24		15		48		27		766

																Land Required for Wind (Ha)		735		475		1,488		817		23,519

																Land Required for PV (Ha)		60		39		121		66		1,914

				gas properties				Reference: https://www.energynetworks.com.au/resources/reports/identifying-the-commercial-technical-and-regulatory-issues-for-injecting-renewable-gas-in-australian-distribution-gas-networks-research-report-energy-pipelines-crc/

								HHV, MJ/m3		HHV, MJ/kg		Standard density (kg/m3 ) at 15°C and 1 atmosphere

				Natural gas				38.20		51.1		0.75

				H2				12.10		141.8		0.085

				Carbon footprint

				IEA 2019 The Future of Hydrogen

						t CO2/t H2

				Natural gas SMR		10

				Oil		12

				Coal		19



8.4 times greater abatement if displacing German lignite fired generation



Resources Summary

		

								grid intensity (kg/MWh)		738		738		738		738		738

								grid emissions (kgCO2/kg)		1.26936		0.81918		2.56824		1.40958		40.59

										CG		SMR		CG+CCS		SMR+CCS		Electrolysis

								water (kg/kgH2)		9		4.5		9		6.3		9

								electricity (kWh/kgH2)		1.72		1.11		3.48		1.91		55

								coal (kg/kgH2)		7.6				7.6

								CH4 (kg/kgH2)				3.7				3.7

								Water (m3)		274,410		137,205		274,410		192,087		274,410

								Electricity (MWh)		52,443		33,844		106,105		58,236		1,676,950

								Coal (tonnes)		231,724		- 0		231,724		- 0

								CH4 (TJ)				5,764.00				5,764.00				5,764,000.00

								Wind Installed Capacity (MW)										547

								Land Required Plant (Ha)						3		3		3

								Land Required for Dedicated Wind Farm (Ha)										23,519

								Land Required for CO2 transport & injection (Ha)						500		500

								Land Requiement						503		503		23,522

								2496600000000		WH from 300MW at 95% CF

								2496600		MWh

								8987760		GJ of electricity

								14979600		GJ of gas at 60%efficiency

								14.9796		PJ of gas for CCGT at 60% efficiency

								2.600625





Resources Summary

		



CG

SMR

CG+CCS

SMR+CCS

Electrolysis



emisisons

		



Land Area Requirement (Ha)



H2 plant size

		

						Mass Kg of H2

						3.83E+09				SMR no capture		SMR 54% capture		SMR 54% capture		SMR 64% capture		SMR 52% capture		SMR 53% capture		SMR 90% capture		ATR no capture lo		ATR no capture hi		ATR 94% capture lo		ATR 94% capture hi		CG no capture lo		CG no capture hi		CG 90% lo		CG 90% hi		CG 98% lo		CG 98% hi

						3.83E+09		scope 1 (kgCO2/kgH2)		8.6		4.2		4.2		3.3		4.4		4.3		1.0		7.8		7.9		0.4		0.8		19		24.5		2.1		2.7		0.4		0.6

						7.32E+09		electricity demand (kwh/kgH2)		1.1		1.9		1.9		1.9		1.9		1.9		1.9		1.1		1.1		1.9		1.9		1.72		1.72		3.48		3.48		3.48		3.48

						2.83E+09		grid intensity (kgCO2/kWh)		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7

						5.40E+09		electricity emissions (kgCO2/kgH2)		0.8		1.4		1.4		1.4		1.4		1.4		1.4		0.8		0.8		1.4		1.4		1.3		1.3		2.6		2.6		2.6		2.6

						9.23E+09		total emissions (kgCO2/kgH2)		9.4		5.6		5.6		4.7		5.8		5.7		2.4		8.6		8.7		1.8		2.2		20.3		25.8		4.7		5.3		3.0		3.2

										kg H2





for information only_H2 cost

		

		SMR

												Reference:  LOUISIANA ECONOMIC DEVELOPMENT 2019. "Linde Announces Construction Of New $250 Million World-Scale Hydrogen Plant In St. James Parish" https://www.opportunitylouisiana.com/led-news/news-releases/news/2019/04/02/linde-announces-construction-of-new-$250-million-world-scale-hydrogen-plant-in-st.-james-parish

				Linde St James Parish SMR Project

														million scfd		1

				H2 capacity, m3/hr		200,119								m3/hr		1177.17

				mscfd		170

				Foot print, acres		10.995

				m2		44,495

				Investment, USD million		250

		Coal gasification

				Generally speaking, coal to hydrogen only becomes cost competitve at >50,000 m3 per hour.

		Example 1

				Sinopec Maoming Refinery								reference:		China Power News Network 2018, China's largest coal to hydrogen plant operational. http://www.cpnn.com.cn/jnhb/hyzx/201810/t20181022_1099480.html

				H2 capacity, m3/hr		200,000						largest coal to H2 plant is owned by Shaanxi Coal Group, 480,000 m3/hr H2

				Foot print, m2		142,800		20 standard soccer field

				Total investment, RMB billion		3

				Gasifier		GE

				Coal consumption, kg coal /kg H2		7.9						reference: Sinopec. http://www.sinopecnews.com.cn/news/content/2018-09/25/content_1718950.htm

				CO2 removal		Lurgi





		

		China: Hydrogen production cost comparison various routes																				Reference: Everbright Securities 2019. H2 research report.

				Fossil fuel				Chemcial process byproduct								Methanol		Electrolysis				exchange rate:

				Natural gas		Coal		Coke		Chloralkali process		Propane dehydrogenation		Ethane										AUD		RMB

																								1		4.95

		Total capacity, million tpa						325		0.256		0.305		0.275

		Cost of Hydrogen, per m3

		RMB		1.04 -1.48		0.83 -1.13		1.19		1.3		0		0		1.79 -2.78		3

		AUD		0.21-0.30		0.17-0.23		0.2404040404		0.2626262626		0		0		0.36-0.56		0.6060606061

		AUD per kg		$   2.47		$   1.97		$   2.83		$   3.09						$   4.25		$   7.13

				$   3.52		$   2.69										$   6.61

		China's national total capacity, mtpa		22		about one third of global producton																1.04		$   0.21

		USA, mtpa		10		in 2018		https://www.energy.gov/eere/fuelcells/fact-month-may-2018-10-million-metric-tons-hydrogen-produced-annually-united-states														1.48		$   0.30

		Hydrogen density																				0.83		$   0.17

																						1.13		$   0.23

																						1.79		$   0.36

						HHV, MJ/m3		HHV, MJ/kg		Standard density (kg/m3 ) at 15°C and 1 atmosphere												2.78		$   0.56

		Natural gas				38.20		51.1		0.75

		H2				12.10		141.8		0.085

		Coal to hydrogen plant cost breakdown

		Air separation		30%

		Gasification		31%

		Hydrogen purification		35%

		Auxilliary		4%





		



Coal to hydrogen CAPEX breakdown




CCS ENABLING LOW C POWER

Coal Utilisation Reductions Assumed in IPCC lllustrative Pathways

IPCC Illustrative Pathway to 1.5
degrees C Pathway 1 Pathway 2 Pathway 3 Pathway 4

Reduction in primary energy

from coal in 2030 compared to _78% -61% -75% -599
2010

Reduction in primary energy

from coal in 2050 compared to -97% “77% -73% -97%
2010

Actual Coal Fleet Development Considering only plants that are currently operating and under

e ~2000GW operating construction, and expected retirements, CO, emissions from the

 ~500GW expected to come online before 2030 global coal fleet are expected to approach 10GtCO, in 2030 and

e ~200GW already under construction exceed 7GtCO, in 2050. To achieve a 1.5 degree Celsius climate

e 40-50 year operational life target, around 90% of those emissions must be captured and stored
in 2030, and effectively all emissions must be captured and stored in
2050.

Sources: Cui et al, 2019, Quantifying operational lifetimes for coal power plants under the Paris Goals, Nature Communications 10:4759. IPCC, “Global Warming of 1.5 degrees C;
Summary for Policy Makers”, 2018 |:‘:| FNLSTB|$b$ES



CCS DELIVERING NEGATIVE EMISSIONS @

4 lllustrative Pathways to 1.5°C Developed by the IPCC

N

EMISSIONS (GtCO2/YR) §

N\
) BioEnergy with CCS (BECCS) is
required to remove between
approximately 2 and 22 billion
tonnes per year of CO, from
the atmosphere (depending on
assumptions) to achieve a 1.5
degree Celsius climate
outcome

OOOOOOOO
REDUCTIONSFROM = &INDUSTRYCO2 = FORESTRY& = FROMBECCS
SSSSSSSSS

POWE
Source : IPCC, “Global Warming of 1.5 degrees C; Summary for Policy Makers”, 2018 [‘] ﬁ\l‘?ﬁ?b??s



CCS IS ESSENTIAL TO MEET CLIMATE TARGETS

Annual CO, Stored in the 90 1.5°C Consistent Scenarios Reviewed in
the IPCC Special Report on Global Warming of 1.5°C

The average mass of
CO, required to be
stored in the year
2050, across all 90
scenarios studied by
the IPCC in its Special
Report on Global
Warming of 1.5
Degrees C was 10Gt.

GtCO, sequestered per year

30

25

20

15

10

100th percentile
90th percentile
80th percentile
mmm 70th percentile
mmm 60th percentile
I 50th percentile
B 40th percentile
30th percentile
20th percentile
10th percentile
AVERAGE
e MIN
MAX

2020

2030

2040 2050

GLOBAL CCS
Source: GCCSI analysis of IIASA 1.5C Scenario Explorer [‘] INSTITUTE



COMMERCIAL CCS FACILITIES

In 2020, the Institute introduced an updated CCS Facility classification system to
reflect the industry’s development.

0]

Large scale: CO, capture
capacity from industrial
sources greater than
400ktpa or power
generation greater than
800ktpa

Pilot & Demonstration:
Facilities which capture CO,
from industrial sources or
power generation that do
not meet large-scale CCS
facility capacity thresholds.

New - from 2020

Commercial:

CO, captured for permanent storage as part of an ongoing commercial operation
Storage may be undertaken by a third party or by the owner of the capture facility
Generally have economic lives similar to the host facility whose CO, they capture
Must support a commercial return while operating and/or meet a regulatory
requirement.

Pilot & Demonstration:

CO, captured for testing, developing or demonstrating CCS technologies or
processes

Captured CO, may or may not be permanently stored

Generally short life compared to large commercial facilities — determined by the
time required to complete tests and development processes or achieve
demonstration milestones

Not expected to support a commercial return during operation. |:‘:| GLOBAL C




COMMERCIAL CCS FACILITIES

Impact of new Classification System
6 Pilot and Demonstration facilities re-classified to Commercial Facilities
Sturgeon Refinery and Nutrien facilities now 2 separate facilities
6 storage or hub projects no longer classified as facilities — now Hubs

65 Commercial CCS facilities operating, under development, or idle
26 Operating
3 In construction
34 Under development
2 Operations suspended
17 New commercial facilities added in 2020
12 New in US

115Mt CO, Annual capture/storage capacity of all facilities in the pipeline

40Mt CO, Annual tonnes CO, captured and stored by operating facilli:ti]es
@ fornuse



CCS ACROSS NUMEROUS INDUSTRIES

CEMENT
PRODUCTION

@ EBREVIK NORCEM

IRON & STEEL
PRODUCTION

. ABU DHABI
CCs 1

WASTE TO
ENERGY

. FORTUM OSLO VARME . ZEROS

POWER
GENERATION
NATURAL GAS

MUSTANG STATION

CAL CAPTURE

. PLANT DANIEL

POWER
GENERATION
COAL

GERALD
GENTLEMAN

. BOUNDARY DAM
. PETRA NOVA JSEH

PRAIRIE
STATE

PROJECT
TUNDRA

HYDROGEN AIR PRODUCTS . QuEST ACTL
PRODUCTION SMR STURGEDN
IN REFINERY
CHEMICAL @ vanchane
PRODUCTION GREAT
(OTHERS) @ KARAMAY DUNHUA @ snorecany Lo

SINOPEC @ CHARLES

ZHONGYUAN
ETHANOL
T ANOL N arxaLon @ @ EONANZA BIOENERGY . ILLINGIS INDUSTRIAL
FERTISLISER @ rcsnirrocen
PRODUCTION @ =vorerTuser actLnuTREN () . WABASH
. COFFFEYVILLE
NATURAL GAS @ TerRELL SLEIPNER . SNOHVIT . . LOST CABIN . YT
GORGON ccs 2
coreeneray CENTURY @ v
PLANT SANTOS
SHUTE PETROBRAS @ cvecoum COOPER
CREEK SANTOS EASIN
QATARLNG CCS

APPLICATIONS 1972 2010 2015 2020 2025
Chart indicates the primary @ N OPERATION Size of the circle is
industry type of each facility @ IN CONSTRUCTION proportionate to the capture

among various options.

g-&DVﬁNCED DEVELOPMENT capacity of the facility. 0.2 Mtpa OF CO= 1.0 Mtpa OF CO- 5.0 Mtpa OF CO=
OPERATION SUSPENDED

@]

GLOBAL CCS
INSTITUTE



BUT... ASTEEP HILL TO CLIMB

TO ACHIEVE NET-ZERO EMISSIONS, >100X INCREASE REQUIRED

2020

40 Mtpa
®

2050

5,635 Mtpa

0000006000
000000000000

000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
0000006000000
000000000000
000000000000

000000000000
@ coaL © INDUSTRIAL PROCESS
© NATURALGAS @ oL

@ BIoMAsS © DIRECT AIR CAPTURE

@]
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THE BIG PICTURE

COMMERCIAL CCS FACILITIES IN @ PILOT & DEMONSTRATION
OPERATION & CONSTRUCTION FACILITIES IN OPERATION

& DEVELOPMENT
COMMERCIAL CCS FACILITIES
IN DEVELOPMENT @ PILOT & DEMONSTRATION
FACILITIES COMPLETED

OPERATION SUSPENDED

‘ GLOBAL CCS
INSTITUTE




HUBS AND CLUSTERS

STORAGE TYPE

€Y DEEP SALINE FORMATIONS
6 ENHANCED OIL RECOVERY
.:.

DEPLETED OIL &
GAS RESERVOIRS

VARIOUS OPTIONS
CONSIDERED

INDUSTRY SECTOR

3 COAL FIRED POWER
NATURAL GAS POWER
NATURAL GAS PROCESSING
FERTILISER PRODUCTION
HYDROGEN PRODUCTION
IRON & STEEL PRODUCTION

CHEMICAL & PETROCHEMICAL
PRODUCTION

CEMENT PRODUCTION
WASTE INCINERATION
1 ETHANOL PRODUCTION
o BIOMASS POWER

-

Sk FHEEESoN

DELIVERY

@ PIPELINE

i= SHIP

W5 ROAD

Q DIRECT INJECTION

ACTL
1.7 -14.6 MTPA

kNG

@ NORTH DAKOTA
CARBONSAFE
3-17 MTPA

~H&

INTEGRATED MID- CARBONSAFE
CONTINENT STACKED ILLINOIS MACON
CARBON STORAGE HUB COUNTY

1.9 - 19.4 Mtpa 2-15MTPA
~ank&s ~ans

—@ NET ZERO
TEESSIDE

0.8 - 6 MTPA

OOHEHN & =

WABASH NORTHERN 14 XINJIANG JUNGGAR
CARBONSAFE LIGHTS BASIN CCS HUB
1.5-18 MTPA 0.8-5 MTPA 0.2-3 MTPA
S0moOHK OOHEHHKY & i OB KK & ms

PETROBRAS SANTOS
BASIN CCS CLUSTER
9 FPSOS -3 MTPA

oo

@ PORTHOS
2-5MTPA

@GULF OF MEXICO CCUS HUB @ ZERO CARBON HUMBER

6.6 - 35 MTPA

ST

UP TO 18.3 MTPA

SuEKKN &

OB iz s

13 ) ABU DHABI
CLUSTER
2.7-5MTPA

SNkE&

—@ ATHOS

1-6 MTPA
OHEHKY

iln E

(15) cARBONNET
2-5MTPA

O Tk &

@]
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HUBS AND CLUSTERS

 Multiple industrial point sources of CO,
connected to transport and storage network .

@ NORTHERN LIGHTS STORAGE SITE

CO:2HUB €'
NORDLAND g"
= 7

 Access to large geological storage resources
with capacity to store CO, from industrial
sources for decades

 Economies of scale deliver lower unit-costs for
CO, storage

 Synergies between multiple CO, sources and - 5 B

storage operator reduce cross chain risks, °“““Ei‘;$2%m
support commercial viability

‘ GLOBAL CCS
INSTITUTE



ASIA-PACIFIC — EMERGING POWERHOUSE

« 10 CCS facilities in operation or in development

« Regional collaboration between governments, e.g. bilateral
agreements with Australia and Singapore

SINGAPORE

 Japan driving clean hydrogen production using CCS MALAYSIA

AUSTRALIA

©

« Australian government established a $50 million CCUS "
development fund ::t::

« Malaysia, Singapore, and Australia have newly established CCS
strategies

‘ GLOBAL CCS
INSTITUTE



Thank yo
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Additiona
reference
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EUROPE — GROWING POLICY SUPPORT

14 commercial facilities in operation or various stages of e
development

New European jurisdictions in the CCS market: Wales, Denmark,
Sweden and Italy

EU’s €10 billion Innovation fund — first call for projects; expected
to be a major CCS funding source across the EU

+=
United Kingdom to establish first net zero industrial cluster; 1 &
billion pounds allocated to support CCS development € O

Norwegian Government has moved forward with $1.8 billion

investment to further CCS development @] siovnce



GULF STATES — A CRITICAL REGION

3 CCS facilities in operation, capturing 3.7 Mtpa of SAUDI ARABIA
carbon dioxide QATAR

Circular carbon economy: CO2 emissions managed
through holistic approach to climate mitigation,
including carbon removal

The development of up to 30 GT of storage to support UAE
the region’s climate plans

Saudi Arabia and UAE have largest emissions in the
region; power generation the biggest contributor

‘ GLOBAL CCS
INSTITUTE




AMERICAS — SUSTAINED LEADERSHIP

12 new commercial CCS projects added; 36 commercial

facilities operating or in development, plus two currently
idled 125r0)ecrs

US: New projects largely incentivized by 45Q tax credit and
the California Low Carbon Fuel Standard (LCFS); U.S
Congress allocated $217.8 million for CCUS development

COMMERCIAL
FACILITIES

45Q

~
Brazil: Offshore projects continue, 14M+ tonnes of CO, t0 @ e wmr COz STORAGE
date -’ ' TAX CREDITS

Canada: Alberta Carbon Trunk Line began operating; over
$550 million in provincial and federal funding

‘ GLOBAL CCS
INSTITUTE
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