Supplementary information

Table S1 LCI for renewable energy mix

	Renewable energy mix
	Amount
	Modification

	 Output
	Renewable Electricity Mix-NO INVERTER
	1 kWh
	

	Input
	Electricity, low voltage {RoW-ZA water} | electricity production, photovoltaic, 570kWp open ground installation, multi-Si | APOS, U
	0.8 kWh
	Modified by removing the inverter, electronic-grade silicon from casted silicon production mix inputs, silicon carbide from silicon wafer production inputs and polystyrene from silicon wafer production inputs. 

	
	Electricity, high voltage {ZA}| electricity production, wind, >3MW turbine, onshore | APOS, U
	0.2 kWh
	Material of construction replaced with South African material 

	Waste treatment
	Steel and iron (waste treatment) {GLO}| recycling of steel and iron by (EAF) | APOS, U
	2.48 g
	Represent steel recycling process. UNEP (2020), BIR (2020)

	
	Aluminium scrap, post-consumer, prepared for melting {RoW-}| treatment of aluminium scrap, post-consumer, prepared for recycling, at remelter | APOS, U
	0.597 g
	Represent aluminium recycling process. UNEP (2020)

	
	Copper scrap, sorted, pressed {RoW}| treatment of copper scrap by electrolytic refining | APOS, U
	0.039 g
	Represent copper recycling process. UNEP (2020) International Copper Association, (2020).

	
	Nickel (waste treatment) {GLO}| recycling of nickel scrap | APOS, U
	3.96E-6 g 
	Represent nickel recycling process. UNEP (2020) Reck (2015)

	Notes: The solar PV in the Ecoinvent database for South Africa was based on a 2009 source with outdated technologies solar PV and was modified as described. 




Table S2 LCI for water purification

	Water purification
	Amount
	Modification

	Output
	Treated water
	
	9 kg
	

	Input
	Water works, capacity 6.23E10l/year {GLO}| water works construction, capacity 6.23E10l/year, seawater reverse osmosis, ultrafiltration pretreatment | APOS, U
	4.82E-12 p
	Represent SWRO process. Material of construction replaced with South Africa material

	
	Water, process, salt, ocean
	21.4 kg
	

	
	Renewable Electricity Mix-NO INVERTER
	0.0369 kWh
	

	Emissions to Water
	Water, ZA
	11.6 l
	Ortega Méndez et al 2012, suggest the composition of brine and this was calculated and modelled based on the water rejected/effluent from SWRO. This was added to emissions to water (see below)

	
	Sodium
	232.0746 g
	

	
	Chloride
	437.999 g
	

	
	Sulphate
	68.32586 g
	

	
	Magnesium
	27.69292 g
	

	
	Calcium
	13.05658 g
	

	
	Potassium (I)
	10.9709 g
	

	
	Bicarbonate, ion
	3.43542 g
	

	
	Silicon dioxide
	0.5394 g
	

	
	Carbonate
	0.062 g
	

	
	Nitrate
	0.15376 g
	

	
	Nitrite
	0.00062 g
	

	
	Ammonium, ion
	0.00186 g
	

	
	Iron (II)
	0.00124 g
	

	Waste treatment
	Aluminium scrap, post-consumer, prepared for melting {RoW-}| treatment of aluminium scrap, post-consumer, prepared for recycling, at remelter | APOS, U
	0.003 g
	Represent aluminium recycling process UNEP (2020)

	
	Steel and iron (waste treatment) {GLO}| recycling of steel and iron by (EAF) | APOS, U
	0.00825 g
	Represent steel recycling process. UNEP (2020)
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Table S3 LCI for hydrogen production

	Hydrogen production
	Amount
	Modification

	 Output
	Hydrogen gas
	1 kg
	

	
	Oxygen gas
	8 kg
	

	Input
	Treated water
	9 kg
	

	
	Electrolyser
	
	

	
	Consisting of: 
	
	Electrolyser unit was modelled according to Zhao et al. (2020) that provides the raw materials to construct a 1 m2 electrolyser with a production of 19 tonne/m2 H2 over its lifetime of 15 years. 

	
	
	Nickel, class 1 {ZA}| platinum group metal, extraction and refinery operations | APOS, U
	0.366 kg
	

	
	
	Steel, stainless 304, flat rolled coil/kg/RNA
	0.123 kg
	

	
	
	Zirconium oxide {GLO}| market for | APOS, U
	5.01×10-3 kg
	

	
	
	Polysulfone {GLO}| market for | APOS, U 
	8.8×10-4 kg
	

	
	
	Electricity, medium voltage {ZA}| market for | APOS, U
	7.26×10-5 KWh
	

	
	
	Polyphenylene sulfide {GLO}| market for | APOS, U
	0.102 kg
	

	
	Hydrogen, liquid {RER}| potassium hydroxide production | APOS, U
	3.7E-5 kg
	None

	
	Chemical factory, organics {RoW}| construction | APOS, U
	4.0E-10 p
	Represent the building that house the electrolyser. Material of construction replaced with South Africa material 

	
	Transport, freight, lorry 7.5-16 metric ton, EURO2 {ZA}| market for transport, freight, lorry 7.5-16 metric ton, EURO2 | APOS, U
	0.0207 tkm
	Diesel used replaced with South Africa diesel.

	
	Renewable Electricity Mix-NO INVERTER
	49.11 kWh
	

	Waste treatment
	Steel and iron (waste treatment) {GLO}| recycling of steel and iron by (EAF) | APOS, U
	2.99 g
	Represent aluminium recycling process UNEP (2020) BIR (2019).

	
	Aluminium scrap, post-consumer, prepared for melting {RoW}| treatment of aluminium scrap, post-consumer, prepared for recycling, at remelter | APOS, U
	0.353 g
	Represent aluminium recycling process UNEP (2020) 

	
	Copper scrap, sorted, pressed {RoW}| treatment of copper scrap by electrolytic refining | APOS, U
	0.12 g
	Represent copper recycling process. UNEP (2020) International Copper Association (2020)

	
	Nickel (waste treatment) {GLO}| recycling of nickel scrap | APOS, U
	0.000115 g
	Represent nickel recycling process. UNEP (2020) Reck (2015)




Table S4 LCI for hydrogen storage

	Hydrogen storage
	Amount
	Modification

	Output
	Hydrogen gas
	1 kg
	

	Input
	Liquid storage tank, chemicals, organics {RoW}| production //Kolobe//| APOS, U
	7.74E-12
	Material of construction replaced with South African material 

	
	Renewable Electricity Mix-NO INVERTER
	1.7 kWh
	

	Waste treatment
	Steel and iron (waste treatment) {GLO}| recycling of steel and iron by (EAF) | APOS, U
	0.0996 g
	Represent steel recycling process. UNEP (2020), BIR (2019)

	
	Copper scrap, sorted, pressed {RoW}| treatment of copper scrap by electrolytic refining | APOS, U
	0.000284 g
	Represent copper recycling process. UNEP (2020) International Copper Association (2020)

	
	Aluminium scrap, post-consumer, prepared for melting {RoW}| treatment of aluminium scrap, post-consumer, prepared for recycling, at remelter | APOS, U
	0.000823 g
	Represent aluminium recycling process UNEP (2020) 

	Note: 14 days of storage and 0.1% hydrogen loss per day (Andersen and Grönkvist 2019)
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	Nitrogen production
	Amount
	Modification

	Output
	Nitrogen liquid
	0.234 kg
	

	Input
	Argon-40/kg
	0.00985 kg
	

	
	Nitrogen, atmospheric
	0.531 kg
	

	
	Oxygen
	0.163 kg
	

	
	Water, cooling, unspecified natural origin, RoW
	0.0214 kg
	

	
	Air separation facility {GLO}| market for | APOS, U
	4.432E-10 p
	Material of construction replaced with South Africa material (Aluminium)

	
	Renewable Electricity Mix-NO INVERTER
	0.563 kWh
	

	Emissions to air
	Nitrogen, atmospheric
	0.296 kg
	Added to emissions to air 

	
	Argon-40/kg
	5.5E-5 kg 
	Added to emissions to air 

	
	Oxygen
	0.162 kg
	Added to emissions to air 

	
	Water/m3
	0.00828 M3
	None

	Emissions to Water
	Water, RoW
	0.0131 M3
	None

	Waste treatment
	Aluminium scrap, post-consumer, prepared for melting {RoW}| treatment of aluminium scrap, post-consumer, prepared for recycling, at remelter | APOS, U
	0.00286 g
	Represent aluminium recycling process. UNEP (2020)

	
	
	
	
	

	
	Steel and iron (waste treatment) {GLO}| recycling of steel and iron by (EAF) | APOS, U
	0.0201 g
	Represent steel recycling process. UNEP (2020), BIR (2020)
	

	Notes: Oxygen and argon were added to emissions to air. 2% w/w argon was added to the nitrogen stream. Electricity supply to ASU was replaced with on-site renewable
	




Table 6 LCI for nitrogen storage

	Liquid nitrogen storage 
	Amount
	Modification

	Output
	Liquid nitrogen stored
	4.6 kg
	

	Input
	Liquid nitrogen
	4.6 kg
	

	
	Liquid storage tank, chemicals, organics {RoW}| production | APOS, 
	7.11E-9 p
	Material of construction replaced with South African material 

	
	Renewable Electricity Mix-NO INVERTER
	0.431 kWh
	

	Waste treatment
	Steel and iron (waste treatment) {GLO}| recycling of steel and iron by (EAF) | APOS, U
	2.25 g
	Represent steel recycling process. UNEP (2020), BIR (2020)



Table S8 LCI for ammonia production

	Ammonia production
	Amount
	Modification

	Output
	Liquid ammonia
	5.3 kg
	

	Input
	Chemical factory, organics {RoW}| construction | APOS, U
	2.12E-9 p
	Electricity supply was replaced with on-site renewable energy

	
	Aluminium oxide, metallurgical {RoW}| market for aluminium oxide, metallurgical | APOS, U
	1.422E-9 kg
	None

	
	Hydrogen, liquid {RER}| potassium hydroxide production | APOS, U
	4.74E-10 kg
	None

	
	Magnetite {GLO}| market for | APOS, U
	4.55E-8 kg
	None

	
	Nitrogen gas
	4.6 kg
	

	
	Hydrogen gas
	1 kg
	

	
	Renewable Electricity Mix-NO INVERTER
	2.33 kWh
	

	Emissions to air
	Nitrogen, atmospheric
	0.178 kg
	None

	
	Argon-40/kg
	0.178 kg
	None

	
	Hydrogen
	0.05 kg
	None

	Waste treatment
	Steel and iron (waste treatment) {GLO}| recycling of steel and iron by (EAF) | APOS, U
	14.2 g
	Represent steel recycling process. UNEP (2020) BIR (2019)

	
	Copper scrap, sorted, pressed {RoW}| treatment of copper scrap by electrolytic refining | APOS, U
	0.568 g
	Represent copper recycling process. UNEP (2020) International Copper Association, (2020).

	
	Aluminium scrap, post-consumer, prepared for melting {RoW}| treatment of aluminium scrap, post-consumer, prepared for recycling, at remelter | APOS, U
	1.68 g
	Represent aluminium recycling process. UNEP (2020)

	Notes: Chemical factory, for the ammonia synthesis (Haber-Bosch) includes land use, building and facilities (including dismantling) of an average chemical plant. It represents the building and reactor needed to produce ammonia. The chemical factory has an annual production volume of 50E-6 kg of product. and a 50-year lifespan. 

	
	




Table S7 LCI for ammonia storage

	Liquid ammonia storage
	Amount
	Modification

	Output
	Liquid ammonia stored
	5.3 kg
	

	Input
	Liquid ammonia
	5.3 kg
	

	
	Liquid storage tank, chemicals, organics {RoW}| production | APOS, U
	10E-9 P
	Material of construction replaced with South African material 

	
	Renewable Electricity Mix-NO INVERTER
	0.000376 kWh
	

	Waste treatment
	Steel and iron (waste treatment) {GLO}| recycling of steel and iron by (EAF) | APOS, U
	2.74 g
	Represent aluminium recycling process BIR (2019). UNEP (2020)




