Life cycle assessment of hydrogen production pathways to support hydrogen decarbonization policies in a Canadian context
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S1. [bookmark: _Toc188657262]Life cycle inventory (LCI) dataset availability
[bookmark: _Ref103934607]LCI datasets generated in this study are provided in Tables S1-S7. Furthermore, these LCI datasets can be made available upon request using NRC sustainability datahub. These datasets are compatible openLCA software platform and EcoInvent database as background data. The following data quality criteria order was used for flow-based data quality (reliability, completeness, time representativeness, geographical representativeness, technological representativeness). The following data quality criteria order was used for process-based data quality (process completeness, process review).
Table S1 Life cycle inventory of hydrogen production from alkaline electrolysis
	Flow name
	Value
	Unit 
	Data quality (flows)
	Data quality (process)

	Input flows
	
	
	
	(1,4)

	Desiccant, activated carbon
	6.3E–9
	kg
	(3,5,1,3,2)
	

	Catalyst, alumina
	4.9E–7
	kg
	(3,5,1,3,2)
	

	Catalyst, palladium
	2.5E–8
	kg
	(3,5,1,3,2)
	

	Deionized water required
	12.9
	kg
	(3,5,1,3,2)
	

	Electricity required
	50.4
	kWh
	(3,5,1,3,2)
	

	Output flows
	
	
	
	

	Hydrogen produced
	1
	kg
	(3,5,1,3,2)
	

	Oxygen produced
	7.9
	kg
	(3,5,1,3,2)
	

	Wastewater produced 
	3.9
	kg
	(3,5,1,3,2)
	



Table S2 Life cycle inventory of hydrogen production from proton exchange membrane electrolysis
	Flow name
	Value
	Unit 
	Data quality (flows)
	Data quality (process)

	Input flows
	
	
	
	(1,4)

	Deionized water required
	9.1
	kg
	(3,5,1,3,2)
	

	Electricity required
	55.3
	kWh
	(3,5,1,3,2)
	

	Output flows
	
	
	
	

	Hydrogen produced
	1
	kg
	(3,5,1,3,2)
	

	Oxygen produced
	8.0
	kg
	(3,5,1,3,2)
	



Table S3 Life cycle inventory of hydrogen production from biomass gasification with carbon capture
	Flow name
	Value
	Unit 
	Data quality (flows)
	Data quality (process)

	Input flows
	
	
	
	(1,4)

	Deionized water required
	8.3
	kg
	(3,5,1,1,2)
	

	Electricity required
	7.7
	kWh
	(3,5,1,1,2)
	

	Wood chips, wet
	17.3
	kg
	(3,5,1,1,2)
	

	Output flows
	
	
	
	

	Hydrogen produced
	1
	kg
	(3,5,1,3,2)
	

	CO2, liquid, co-product
	16.5
	kg
	(3,5,1,3,2)
	

	CO2, biogenic
	4.5
	kg
	(3,5,1,3,2)
	

	CO, biogenic
	1.0E–6
	kg
	(3,5,1,3,2)
	

	Electricity, co-product
	0.3
	kWh
	(3,5,1,3,2)
	

	Methane, biogenic
	2.0E–6
	kg
	(3,5,1,3,2)
	

	MDEA, emissions to air
	1.8E–4
	kg
	(3,5,1,3,2)
	

	Nitrogen
	25.9
	kg
	(3,5,1,3,2)
	

	Oxygen
	0.1
	kg
	(3,5,1,3,2)
	

	Wastewater
	4.7
	kg
	(3,5,1,3,2)
	

	Water vapor, emissions to air
	2.6
	kg
	(3,5,1,3,2)
	












Table S4 Life cycle inventory of hydrogen production from steam methane reforming without carbon capture
	Flow name
	Value
	Unit 
	Data quality (flows)
	Data quality (process)

	Input flows
	
	
	
	(1,4)

	Activated carbon
	4.32E–4
	kg
	(3,5,3,3,1)
	

	Alumina, catalysts
	3.0E–6
	kg
	(3,5,3,3,1)
	

	Copper, catalysts
	9.0E–6
	kg
	(3,5,3,3,1)
	

	Nickel, catalysts
	3.0E–6
	kg
	(3,5,3,3,1)
	

	Electricity
	0.002
	kWh
	(3,5,3,3,1)
	

	Natural gas, high pressure
	3.6
	m3
	(3,5,3,3,1)
	

	Deionized water
	10.0
	kg
	(3,5,3,3,1)
	

	Zinc, catalysts
	1.0E–5
	kg
	(3,5,3,3,1)
	

	Zinc oxide, sulfur guard bed materials
	1.0E–6
	kg
	(3,5,3,3,1)
	

	Output flows
	
	
	
	

	Hydrogen produced
	1
	kg
	(3,5,3,3,1)
	

	CO2, fossil
	9.33269
	kg
	(3,5,3,3,1)
	

	CO, fossil
	2.62E–4
	kg
	(3,5,3,3,1)
	

	Dinitrogen monoxide
	1.13E–6
	kg
	(3,5,3,3,1)
	

	Hydrogen, emissions to air
	1.4E–5
	kg
	(3,5,3,3,1)
	

	Nitric oxide
	0.0175
	kg
	(3,5,3,3,1)
	

	Nitrogen
	21.301634
	kg
	(3,5,3,3,1)
	

	Nitrogen dioxide
	4.27E–5
	kg
	(3,5,3,3,1)
	

	Oxygen
	1.090829
	kg
	(3,5,3,3,1)
	

	SO2
	1.8E–4
	kg
	(3,5,3,3,1)
	

	Water vapor, emissions to air
	7.5
	kg
	(3,5,3,3,1)
	







Table S5 Life cycle inventory of hydrogen production from steam methane reforming with carbon capture
	Flow name
	Value
	Unit 
	Data quality (flows)
	Data quality (process)

	Input flows
	
	
	
	(1,4)

	Activated carbon
	4.3E–4
	kg
	(3,5,3,3,1)
	

	Alumina, catalysts
	1.7E–5
	kg
	(3,5,3,3,1)
	

	Copper, catalysts
	9.0E–6
	kg
	(3,5,3,3,1)
	

	Nickel, catalysts
	3.0E–6
	kg
	(3,5,3,3,1)
	

	Electricity
	2.3
	kWh
	(3,5,3,3,1)
	

	Heat
	32.5
	MJ
	(3,5,3,3,1)
	

	MDEA
	0.01
	kg
	(3,5,3,3,1)
	

	Natural gas, high pressure
	4.8
	m3
	(3,5,3,3,1)
	

	Deionized water
	110.6
	kg
	(3,5,3,3,1)
	

	Zinc, catalysts
	1.0E–6
	kg
	(3,5,3,3,1)
	

	Zinc oxide, sulfur guard bed materials
	1.0E–5
	kg
	(3,5,3,3,1)
	

	Output flows
	
	
	
	

	Hydrogen produced
	1
	kg
	(3,5,3,3,1)
	

	CO2, fossil
	0.9
	kg
	(3,5,3,3,1)
	

	CO2, co-product
	8.4
	kg
	(3,5,3,3,1)
	

	Nitric oxide
	0.01
	kg
	(3,5,3,3,1)
	

	Nitrogen
	21.3
	kg
	(3,5,3,3,1)
	

	Oxygen
	1.1
	kg
	(3,5,3,3,1)
	

	SO2
	0.001
	kg
	(3,5,3,3,1)
	

	Water vapor, emissions to air
	7.5
	kg
	(3,5,3,3,1)
	







Table S6 Life cycle inventory of hydrogen production from autothermal reforming without carbon capture
	Flow name
	Value
	Unit 
	Data quality (flows)
	Data quality (process)

	Input flows
	
	
	
	(1,4)

	Electricity
	2.5
	kWh
	(3,5,1,2,2)
	

	Natural gas, high pressure
	4.6
	m3
	(3,5,1,2,2)
	

	Deionized water
	2.1
	kg
	(3,5,1,2,2)
	

	Output flows
	
	
	
	

	Hydrogen produced
	1
	kg
	(3,5,1,2,2)
	

	CO2, fossil
	8.9
	kg
	(3,5,1,2,2)
	

	Nitrogen
	12.6
	kg
	(3,5,1,2,2)
	

	SO2
	0.02
	kg
	(3,5,1,2,2)
	

	Water vapor, emissions to air
	0.005
	kg
	(3,5,1,2,2)
	



Table S7 Life cycle inventory of hydrogen production from autothermal reforming with carbon capture
	Flow name
	Value
	Unit 
	Data quality (flows)
	Data quality (process)

	Input flows
	
	
	
	(1,4)

	Electricity
	2.4
	kWh
	(3,5,1,2,2)
	

	Natural gas, high pressure
	4.902
	m3
	(3,5,1,2,2)
	

	Deionized water
	1.9
	kg
	(3,5,1,2,2)
	

	Output flows
	
	
	
	

	Hydrogen produced
	1
	kg
	(3,5,1,2,2)
	

	CO2, co-product
	8.0
	kg
	
	

	CO2, fossil
	1.5
	kg
	(3,5,1,2,2)
	

	Nitrogen
	20.2
	kg
	(3,5,1,2,2)
	

	SO2
	0.003
	kg
	(3,5,1,2,2)
	

	Water vapor, emissions to air
	0.6
	kg
	(3,5,1,2,2)
	



