SUPPLEMENTARY MATERIAL A

Table S.1 Life cycle assessment studies surveyed in this work.
	Reference
	Technology
	Life-cycle stages
	Background data
	Impact assessment method
	Limitations related to missing LCI data
	Limitations in data quality 

	(Zhao et al., 2020)

	PEMEL, SOEL, AEL
	stack production and use phase, including the EoL of the devices
	Ecoinvent 3
	ReCiPe 2016 (H)
	data on decommissioning of the electrolysers and EoL treatment are missing
	platinum consumption in manufacturing is affected by variability, uncertainty on material usage in producing the electrolyte (Nafion, Zirfon), landfill assumed as main EoL destination

	(Zhang et al., 2023)
	PEMEL, SOEL, AEL
	cradle-to-gate production of hydrogen including manufacturing and use phase of the electrolyser
	Ecoinvent (version not specifed)
	CML 2001 mid-point
	none
	uncertainty in the production process of Nafion membrane, the impacts of manufacturing the SOEL are assumed to be the same as for SOFC, lack of details about the manufacturing process of proton-exchange membrane  

	(Bareiß et al., 2019)

	PEMEL
	cradle-to-gate production of hydrogen including production and use phase of the electrolyser
	Ecoinvent 3.3
	ReCiPe Midpoint
	Missing background data to represent the geographical and time horizon defined in the study
	Mass of the electrolyser sealing material, plus that of the inlet and outlet fittings have been neglected, materials of the BoP are conservatively estimated due to high uncertainty

	(Lotrič et al., 2021)

	PEMEL, AEL, PEMFC
	stack manufacturing, end of life
	ecoinvent 3.3, GaBi Thinkstep Professional
	CML 2001 Midpoint
	unavailable data on  EoL treatment of waste titanium bipolar plates, unavailable data on treatment of the spent solvent used for recovering the catalyst (hydrometallurgy), no data on the electricity consumption in the manufacturing phase, on manufacturing of the burner catalyst support, and on production of sulfonated polyether ether ketone (s‐ PEEK)
	When LCI data are not available, impacts are not accounted for 

	(Aydin & Dincer, 2022)

	PEMEL, PEMFC
	hydrogen production, storage and use in FC electric buses (FCEB) cradle-to-gate
	ecoinvent 3
	ReCiPe 2016 midpoint
	no background LCI data for the catalysts (Ir and Ru oxides)
	LCI data of the production processes are retrieved from literature and affected by large variability

	(Terlouw et al., 2022)

	PEMEL
	cradle-to-gate production of hydrogen including production and use phase of the electrolyser
	ecoinvent 3.7.1, Allocation, cut-off by classification
	IPCC 2013 GWP100a
	not identified (no datagaps in the inventory)
	Only GWP is addressed as impact category in the environemental assesment

	(Kerscher et al., 2021)

	PEMEL, AEL
	cradle-to-gate production of hydrogen, including production and use phase of the electrolyser
	GaBi professional database
	EN ISO 14067 (based on the 5th IPCC assessment report)
	not identified
	Only GWP is addressed as impact category

	(Mehmeti et al., 2018)
	PEMEL, SOEL
	cradle-to-gate production of hydrogen, including production and use phase of the electrolyser and decommissioning of the electrolyser plant at EoL
	ecoinvent (unspecified version)
	ReCiPe 2016, midpoint and endpoint
	secondary systems of the hydrogen production plant were excluded because of data availability. 

	LCI data of the production processes are retrieved from literature and affected by large variability

	(Gerloff, 2021)
	PEMEL, SOEL, AEL
	production and use of water electrolysers
	ecoinvent 3.5
	ILCD 2.0 midpoint 2018, with IPCC 2013 applied for GWP
	lack of available data for recycling treatments of the electrolyser’s materials, manufacturing of proton-exchange membrane (Nafion), no background LCI data for Iridium, no specific LCI data related to BoP parts (i.e. the heat exchanger, water purifier, buffer tank)
	LCI data missing for the BoP parts are approximated to similar devices, energy consumption for manufacturing has been derived and adjusted from secondary sources, uncertainty on the electrolyser efficiency and energy losses

	(Lee et al., 2021)
	AEL
	cradle-to-gate, excluding use phase: raw material extraction, material processing and manufacturing
	ecoinvent 3
	Recipe 2016 midpoint
	not identified
	Generic dataset for industrial machine is used to model the BoP

	(Lubecki et al., 2023)
	AEL
	cradle-to-gate production and use of hydrogen in bus (excluding the bus and FC life cycle)
	ecoinvent 3.8
	ReCiPe 2016 v1.1H/H
	not identified
	Details on the application of input materials are not available.
LCI data of the production processes are retrieved from literature and affected by large variability, the developed LCI requires updates for region-specific systems and for emerging data

	(Sadeghi et al., 2020)
	AEL
	cradle-to-grave production of hydrogen  in power plant including maintenance and decommissioning of the plant
	unspecified databases
	5th IPCC assessment report (GWP 100)
	The input materials are aggregated by macro-type (e.g. steel and iron, glass/silicon) without details on the specific processing and manufacturing required
	Only GWP is addressed as impact category

	(Mori et al., 2023)
	PEMFC
	cradle-to-gate manufacturing of the stack (excluding use and EoL)
	ecoinvent 3,
Gabi
	Environmental Footprint 3.0
	not identified
	not identified (no approximations in the study).

	(Stropnik et al., 2019)
	PEMFC
	cradle-to-grave of FC system/vehicle/ship (including use phase)
	Gabi Professional

	CML 2001
	data missing for processes related to stack dismantling including the separation of catalyst-coated membrane, data missing for modeling the EoL treatment of carbon black, unavailable data on treatment of the spent solvent used for recovering the catalyst (hydrometallurgy)
	material masses and electricity consumption in the manufacturing phase are taken from the literature, the EoL of some specific materials of the FC are modeled as hazardous waste landfill as worst case scenario, background datasets of the dismantling for generic industrial machine are used 

	(Teimouri et al., 2022)
	PEMFC
	cradle-to-grave of FC system/vehicle/ship (including use phase)
	GREET background data
	unspecified
	not identified
	not identified

	(Fernández-Ríos et al., 2022)
	PEMFC
	cradle-to-grave of FC system/vehicle/ship (including use phase)
	GaBi database (Sphera 2019)
	CML 2001 
	unavailable dataset for the Nafion membrane, graphite
	transport of raw materials and products is excluded due to its low contribution, Carbon black is used to approximate the impacts of graphite, uncertainty related to the specific weight of the stack and the energy consumed for manufacturing

	(Duclos et al., 2020)
	PEMFC
	EoL of the Membrane Electrode Assembly
	ecoinvent 3.1
	CML-IA baseline V3.02 method
	data for the EoL treatment of graphite/carbon black parts are unavailable
	uncertainty on platinum recovery rate and initial platinum loading

	(Gulotta et al., 2023)
	PEMFC
	stack manufacturing
	ecoinvent 3.8
	CML-IA baseline
	no background data for the catalysts (Ir and Ru oxides), Nafion or polytetrafuoroethylene, production of Ertalyte polymer, unavailability of activity data for specific metal working processes, unavailable dataset for the laser cut process
	the treatments required for bipolar plates and porous transport layers are assumed to be average metalworking and deep drawing processes available in Ecoinvent, an application of cut-off by mass would overlook the impacts related to the catalyst layer (PGMs), laser cut of the gaskets is approximated with the injection moulding

	(Al-Khori et al., 2021) 
	SOFC
	manufacturing and operation of the FC
	Gabi Database
	Not specified
	EoL phase is not assessed because data on recycling or disposal of the SOFC are insufficient, data gap for YSZ
	Impacts of YSZ production are approxiamated with Alumina

	(Smith et al., 2019)
	SOFC
	cradle-to-gate of the stack only (raw material extraction and manufacturing process)
	ecoinvent 3.2
	CML 2001
	no background data on the production of nickel oxide and polyvinyl alcohol
	Polyvinyl Alcohol is approximated to similar product, i.e. ethylene vinyl acetate

	(Di Florio et al., 2021)
	SOFC
	manufacturing of the FC (stack and BoP), thermal storage, operation and maintenance 
	ecoinvent 3.3
	ReCiPe world 2016 MidPoint H/H
	issue with the availability of EoL phase 
	uncertainty related to the energy consumed for manufacturing

	(Gandiglio et al., 2019)
	SOFC
	manufacturing of stack and BoP applied in power plants plus maintenance and operation phase
	ecoinvent 3.1
	CML midpoint
	not identified
	not identified

	(Longo et al., 2019)
	SOFC
	manufacturing, start-up, operation and maintenance of the FC system
	ecoinvent 2.2
	Cumulative Energy Demand 1.11, IPCC 2013 GWP 100a
	data on transport steps unavailable (foreground), data gaps for YSZ and lanthanum strontium cobaltite/ferrite/ manganite, data on energy consumed for manufacturing are unavailable
	the EoL is out of scope because this system has not yet reached its market maturity and no reliable data regarding future end-of-life processes are available, 
energy consumed for manufacturing is estimated from secondary sources

	(Bicer & Khalid, 2020)
	SOFC
	manufacturing of the stack and BoP, operation and maintenance of the SOEC system
	Gabi professional database 2018, Ecoinvent 3
	ReCiPe 1.08
	Unknown data on the emissions of the SOFC (when fuelled by hydrogen, ammonia or methanol)
	impacts of the YSZ are approximated with ZrO2






Table S.2 Results of the research performed in GLAD.
	Technology
	Name
	Provider
	Geography
	Included life-cycle stages
	Limitations

	
Hydrogen production






	Hydrogen; from electrolysis of water, decentralised; production mix, at electrolyser; gaseous hydrogen, 10 bar, 99,995 % purity
	Sphera (Gabi 2020 database)
	Global
	manufacturing, maintenance and EoL of the electrolyser. 
	The technology of the electrolytic cell is unspecified.

	
	Hydrogen (produced from High temperature electrolysis (SOEC), decentral – open input energy); raw material processing, cell assembling,; single route, at plant
	Sphera
	The dataset represents the production situation in Europe
	cradle-to-gate impacts of 1 kg hydrogen produced by a solid oxide electrolyser. 
	The materials for manufacturing stage are taken from a LCI of SOFC instead of a SOEC (proxy), literature data.

	
	Water Electrolysis
	TianGong Life Cycle Inventory
	China
	Use phase of the water electrolyser, based on the data collected at a hydrogen production plant. 
	The technology of the electrolytic cell is unspecified. LCIA results are not documented.

	
	Hydrogen (steam reforming from natural gas); steam reforming, from natural gas; single route, at plant; 0.0899 kg/m3, 2 g/mol, 120 MJ/kg net calorific value)
	Sphera (Gabi 2020 Database) 
	Global 
France
UK
Italy
Germany
Netherlands
EU-28
	Cradle-to-gate production of hydrogen by steam reforming


	None.

	
	hydrogen, town gas

	IDEA
	Japan
	Gate-to-gate production of Hydrogen from “town gas” by steam reforming. 
	Data refers to 2004-2010 and the description of considered technologies is not provided.

	
	hydrogen production; technology mix; production mix, at plant; 100% active substance
	ecoinvent 3.6
	EU+EFTA+UK
	The dataset represents the production of one kg of hydrogen from steam cracking. The activity starts when the raw materials enter the process.
Materials entering the process are included as well as energy uses, infrastructure and emissions.
	None. The name of dataset, which includes “technology mix” and “production mix” is not representing the actual technology modeled (steam cracking)

	
	chlor-alkali electrolysis, membrane/mercury/ diaphragm cell
	ecoinvent

	Europe, Canada,
Rest of the World
	This dataset is referred to 1 kg of liquid hydrogen, which is a by-product, of the chlor-alkali process used for production of chlorine and sodium hydroxide (NaOH). Data sources and the allocation rules applied are documented.
	None.

	
	Hydrogen dispensing - for partly aggregation; technology mix; production mix, at dispenser; compressed gaseous hydrogen, up to 700 bar
	Sphera (Gabi 2020 database)
	Global
	Operation, manufacture, maintenance and EoL of all necessary equipment of the filling station.
	The dataset is developed from literature data but the specific references are unspecified.

	
	Compression of hydrogen; Diaphragm compressor; production mix, at compressor; compressed gaseous hydrogen, up to 700 bar
	Sphera (Gabi 2020 database)
	Global
	Use phase of a hydrogen compressor. 
	It is unspecified if other lifecycle stages such as the manufacturing of the compressor are included.

	Fuel Cells
	fuel cell production, polymer electrolyte membrane, 2kW electrical, future
	ecoinvent 3.6
	Switzerland,
Rest of the World
	Manufacturing phase (upstream processes are unspecified). Developed based on literature and manufacturer data. Assumptions include the use of “expected future values for a serial product”.
	Data sources used for estimations are unspecified.

	
	fuel cell production, solid oxide, 125kW electrical, future
	ecoinvent 3.6
	Switzerland,
Rest of the World
	Manufacturing phase (upstream processes are unspecified). Developed based on literature and manufacturer data. Assumptions include the use of “expected future values for a serial product”.
	Data sources used for estimations are unspecified.

	
	Fuel Cell System ; fuel cell manufacturing and disposal; production mix, at plant, inclusive EoL; production and disposal of one unit mobile fuel cell system, power (gross) of 100 kW, Platinium load 0.2525 g/kW
	MLC Database Premium - Energy 2024
	Europe
	The dataset comprehends a Lifecycle Inventory for the production and the disposal of one fuel cell system consisting of the stack and the Balance of Plant (BoP). Its gross power output is 100 kW. The platinum load is fixed to 0.2525 g/kW. The endplate is made of epoxy and glass fibre and the housing consists of aluminium. The inventory is based on public data.
	Type of cell is not clearly specified.

	
	Solid Oxide Fuel Cell (SOFC) production, incl. lifetime of stack, excl. EoL; raw material processing, cell assembling; single route, at plant; total mass 23448 kg, 1 stack 3387 kg, 1 balance-of-power 1387 kg, number of components: 1 balance- of- power, 4 stacks
	MLC Database Premium - Energy 2024
	Europe
	The typical material composition of a SOFC is considered, mainly based on the literature source. Typical production steps are raw material preparation (oxide mixing), extrusion, plasma spraying, electrical vapour deposition, drying and sintering.
	Power and lifetime of the FC are unspecified.

	[bookmark: _GoBack]Polymers and Chemicals

	Nafion (estimation); production from TFE and a sulfonyl fluoride; production mix, at plant; 1.98 g/cm3
	Sphera (Gabi 2020 database)
	US
	Cradle-to-gate production stage. Based on primary data from internationally prevalent production processes, connected with regional precursor chains.
	“estimation” is mentioned in the name of the dataset, however further information about it are not documented in the metadata.

	
	Polyvinyl alcohol (from vinyl acetate) (PVAL); hydrolysis of polyvinyl acetate; production mix, at plant; 1.19-1.31 g/cm3, 44.05 g/mol per repeating unit, 22.1 MJ/kg net calorific value
	Sphera (Gabi 2020 database)
	US,
Germany,
Netherlands
	Cradle –to-gate production stage. Based on primary data from internationally prevalent production processes, connected with regional precursor chains.
	None.

	
	polyvinyl alcohol
	IDEA
	Japan
	production of 1 kg of polyvinyl alcohol. Modelling of the production process using vinyl acetate and water as raw materials, by Chemical Process Simulator.
	Data refers to 2004-2010 and the description of considered technologies is not provided.

	
	Polyetherether ketone granulate (PEEK); technology mix; production mix, at plant; PEEK granulate
	Sphera (GaBi 2020 database)
	Germany
	The data set covers all relevant process steps / technologies over the supply chain of the represented cradle to gate. This dataset is based on primary data from internationally prevalent production processes, connected with regional precursor chains.
	None.

	Metals and minerals

	Nickel oxide
	IDEA
	Global
	Production of nickel oxide from nickel ore, Ni content remainder of primary smelting, and Ni content extraction remainder from wet process. 
	Reference year is 1999 and it is not specified if this is representative of the technology used for nickel oxide nowadays. An update might be necessary

	
	Yttrium; primary production, ore mining and processing, electrolysis; production mix, at plant; 4.47 g/cm3, 88.9 g/mol
	Sphera (GaBi 2020 database)
	China
	Cradle to gate, from extraction to the final Yttrium separation by fused salt electrolysis. The main data source is the Chinese Rare Earth Industry Report 2009 and additional oral communication with experts.
	Oral communication with experts are challenging to be documented and checked by an external reviewer.

	
	Titanium sponge, Raw material of Recycle
	KEITI
	Korea
	Production of Titanium sponges from mixed titanium scraps
	Poor documentation is attached to the dataset, e.g. lack of information on the LCIA method applied for calculating results, lack of information about machinery used and waste generated, lack of details on the data sources, review and data quality).

	
	Iridium; primary production; production mix, at plant; solid, density. 22,56 g/cm3, molar mass: 192,2 g/mol, electrical conductivity: 19,7 E06 A/(V · m)
	MLC Database Premium - Metals 2024
	South Africa
	Cradle to gate production of Iridium from mining to refining, considering the South African precious metal production.
	None.
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