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Ecoinvent geographical code abbreviations

	CH
	Switzerland

	CN
	China

	DE
	Germany

	GLO
	Global

	KR
	South Korea

	NO
	Norway

	RER
	Europe

	RoW
	Rest of World

	RAS
	Asia

	RLA
	Latin America and the Caribbean

	SE
	Sweden



1. Life Cycle Inventory

The development of the inventory for the production of the battery pack is presented in this section. 

1.1 BCG scenario
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The inventory corresponding to the Background (BCG) scenario is discussed in this section and the results are compared to those of Ellingsen et al. (2014). Whenever market averages are used the transportation distances of Ellingsen et al. (2014) are eliminated, as the former already account for transportation. The production inventory for cobalt sulphate is based on a modified Ecoinvent inventory of cobalt and can be found in Majeau-Bettez et al. (2011).


	Table A1. 
Battery pack production
	 

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Battery pack
	
	1
	kg
	

	Cooling system
	0.041
	
	kg
	

	Battery cell
	0.6
	
	kg
	

	Packaging
	0.32
	
	kg
	

	BMS
	0.037
	
	kg
	

	Electricity 
	1.44×10-3
	
	MJ
	NO:market for electricity, medium voltage

	Production facility
	1.90×10-8
	
	pcs.
	SE:precious metal refinery construction

	Lorry transport
	0.16
	
	tkm
	RER:transport, lorry >16t, fleet average [Street]

	Ship transport
	4.9
	
	tkm
	OCE:transport, transoceanic freight ship [Water]

	Waste heat
	
	1.4×10-3
	MJ
	



1.1.1 Battery cell production 

The inventories for the production of the anode and cathode are shown in Table A3 to A10 followed by a discussion on the production of electrolyte, separator and cell container.




	Table A2. 
Battery cell production

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Battery cell
	
	1
	kg
	

	Anode
	0.39
	
	kg
	

	Cathode
	0.43
	
	kg
	

	Electrolyte 
	0.16
	
	kg
	

	Separator
	0.022
	
	kg
	

	Cell container
	6.70×10-3
	
	kg
	

	Decarbonised water
	3.80×102
	
	kg
	GLO: market for water, decarbonised, at user

	Electricity 
	1.01×102
	
	MJ
	46%: KR: electricity production, hard coal
33%: KR: electricity production, nuclear, pressure water reactor 
15%: KR: electricity production, natural gas, conventional power plant
4.4%: KR: electricity production, oil
1.4%: KR: electricity production, hydro, run-of-river
0.15%: KR: electricity production, wind, 1-3MW turbine, onshore
0.05 % KR: electricity production, photovoltaic, 570kWp open ground installation, multi-Si

	Rail transport
	0.26
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3

	Waste heat
	
	100
	MJ
	



	Table A3. 
Anode production

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Anode
	
	1
	kg
	

	Negative electrode paste
	0.43
	
	kg
	

	Negative current collector Cu
	0.57
	
	kg
	

	Rail transport
	0.37
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3



	Table A4. 
Sheet rolling - copper

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Negative current collector Cu
	
	1
	kg
	

	Primary copper
	0.85
	
	kg
	RLA: copper production, primary

	Secondary copper
	0.15
	
	kg
	RER: treatment of copper scrap by electrolytic refining

	Production of current collector
	1
	
	kg
	RER: sheet rolling, copper

	Rail transport
	0.2
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3



	Table A5. 
Mixing of anode active material

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Negative electrode paste
	
	1
	kg
	

	graphite, battery grade
	0.96
	
	kg
	CN: graphite production, battery grade

	Acrylic acid
	0.02
	
	kg
	RER: acrylic acid production

	[bookmark: _Hlk11682709]Carboxymethyl cellulose
	0.02
	
	kg
	RoW: carboxymethyl cellulose production, powder

	Rail transport
	1.2
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.19
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3

	Chemical plant
	4×10-10
	
	pcs.
	RER: chemical factory construction, organics

	1-Methyl-2-pyrrolidinone
	
	0.94
	kg
	1-Methyl-2-pyrrolidone [Group NMVOC to air]



	Table A6. 
Cathode production

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Cathode
	
	1
	kg
	

	Positive electrode paste
	0.89
	
	kg
	

	Positive current collector Al
	0.11
	
	kg
	

	Rail transport
	0.55
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3





	Table A7. 
Sheet rolling - aluminium

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Positive current collector Al
	
	1
	kg
	

	Aluminium production mix
	1
	
	kg
	68% from IAI Area, Russia & RER w/o EU27 & EFTA: aluminium production, primary, ingot
22% from RER: treatment of aluminium scrap, new, at refiner 
10% from RER: treatment of aluminium scrap, post-consumer, by collecting, sorting, cleaning, pressing

	Production of current collector
	1
	
	kg
	RoW: sheet rolling, aluminium

	Rail transport
	0.2
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3

	Facility
	1.50×10-10
	
	pcs.
	RoW: aluminium casting facility construction



	Table A8. 
Mixing of cathode active material

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Positive electrode paste
	
	1
	kg
	

	Li[N1/3C1/3M1/3]O2
	0.94
	
	kg
	

	N‐methyl‐2‐pyrrolidone
	0.002
	
	kg
	RER: N-methyl-2-pyrrolidone production

	PVDF
	0.04
	
	kg
	RoW: polyvinylfluoride production

	Rail transport
	0.46
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.14
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3

	Chemical plant
	4.0×10-10
	
	pcs.
	RER: chemical factory construction, organics



	Table A9. 
Positive active material production

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Li[N1/3C1/3M1/3]O2
	
	1
	kg
	

	Lithium carbonate
	0.38
	
	kg
	GLO: market for lithium carbonate

	N1/3C1/3M1/3(OH)2
	0.95
	
	kg
	

	Chemical plant
	4.6×10-10
	
	pcs.
	RER: chemical factory construction, organics

	Electricity
	25.2
	
	MJ
	RAS: market group for electricity, low voltage



	Table A10. 
NCM hydroxide production

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	N1/3C1/3M1/3(OH)2
	
	1
	kg
	

	Cobalt sulphate
	0.56
	
	kg
	

	Manganese sulphate
	0.55
	
	kg
	GLO: market for manganese sulfate

	Nickel sulphate
	0.56
	
	kg
	GLO: market for nickel sulfate

	Sodium hydroxide
	0.89
	
	kg
	RER: soda production, solvay process

	Chemical plant
	4×10-10
	
	pcs.
	RER: chemical factory construction, organics

	Heat 
	42.6
	
	MJ
	RoW: market for heat, from steam, in chemical industry

	Sodium sulphate
	
	1.6
	kg
	Sodium sulphate [Inorganic emissions to fresh water]



	Table A11. 
Electrolyte production

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Electrolyte 
	
	1
	kg
	

	Ethylene carbonate
	0.88
	
	kg
	GLO: market for ethylene carbonate

	Lithium hexafluorophosphate
	0.12
	
	kg
	RoW: lithium hexafluorophosphate production

	Chemical plant
	4×10-10
	
	pcs.
	RER: chemical factory construction, organics

	Rail transport
	0.6
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3





	Table A12. 
Separator production

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Separator
	
	1
	kg
	

	Polypropylene granulate
	1
	
	kg
	RoW: polypropylene production, granulate

	Injection moulding
	1
	
	kg
	RER: injection moulding

	Rail transport
	0.2
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3

	Plastics plant
	7.4×10-10
	
	pcs.
	RER: plastic processing factory construction



	Table A13. 
Cell container production

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Cell container
	
	1
	kg
	

	Tab, Aluminum
	0.22
	
	kg
	68% from IAI Area, Russia & RER w/o EU27 & EFTA: aluminium production, primary, ingot
22% from RER: treatment of aluminium scrap, new, at refiner 
10% from RER: treatment of aluminium scrap, post-consumer, by collecting, sorting, cleaning, pressing

	Production of aluminum tab
	0.22
	
	kg
	RoW: sheet rolling, aluminium

	Tab, Copper
	0.38
	
	kg
	85% RLA: copper production, primary
15% RER: treatment of copper scrap by electrolytic refining

	Production of copper tab
	0.38
	
	kg
	RER: sheet rolling, copper

	Multilayer pouch
	0.4
	
	
	34% from IAI Area, Russia & RER w/o EU27 & EFTA: aluminium production, primary, ingot
11% from RER: treatment of aluminium scrap, new, at refiner 
5% from RER: treatment of aluminium scrap, post-consumer, by collecting, sorting, cleaning, pressing
8% from  RER: nylon 6 production
7.8% from RoW: polyethylene terephthalate, granulate, bottle grade, recycled to generic market for bottle grade PET
32% from GLO: market for polypropylene, granulate
2.5% from RER: packaging film production, low density polyethylene

	Production of nylon
	0.188
	
	kg
	RER: injection moulding

	Production of aluminum material in pouch
	0.2
	
	kg
	RoW: sheet rolling, aluminium

	Rail transport
	0.32
	
	tkm
	RER: market group for transport, freight train

	Lorry transport
	0.16
	
	tkm
	RER: market for transport, freight, lorry >32 metric ton, EURO3

	Aluminium tab plant
	3.3×10-11
	
	pcs.
	RoW: aluminium casting facility construction

	Copper tab plant
	1.75×10-10
	
	pcs.
	RER: metal working factory construction

	Pouch plant
	1.4×10-10
	
	pcs.
	RER: plastic processing factory construction






1.1.2 Packaging/BMS/Cooling system production

The inventories for the battery packaging, cooling system and BMS are  identical to these of Ellingsen et al. (2014) and can be found at the supplementary information of the original paper. The background processes were updated in this work based on Ecoinvent 3.5 and are summarised in table A14 in comparison to those of the original inventory. 


Table A14. 
Updated background processes for the production of Packaging/BMS/Cooling system. Original inventories can be found at Ellingsen et al. (2014).
	Ellingsen et al. (2014)
	This study

	Materials
	

	steel, low‐alloyed, at plant/ RER/ kg
	GLO: market for steel, low-alloyed

	nylon 6, at plant/ RER/ kg
	RER: nylon 6 production

	nylon 66, glass‐filled, at plant/ RER/ kg
	RER: nylon 6-6 production, glass-filled

	aluminium, production mix, at plant/ RER/ kg
	68% from IAI Area, Russia & RER w/o EU27 & EFTA: aluminium production, primary, ingot
22% from RER: treatment of aluminium scrap, new, at refiner 
10% from RER: treatment of aluminium scrap, post-consumer, by collecting, sorting, cleaning, pressing

	copper, primary, at refinery/ GLO/ kg
	RLA: copper production, primary

	copper, secondary, at refinery/ RER/ kg
	RER: treatment of copper scrap by electrolytic refining

	acrylonitrile‐butadiene‐styrene copolymer, ABS, at plant/ RER/ kg
	RER: acrylonitrile-butadiene-styrene copolymer production

	synthetic rubber, at plant/ RER/ kg
	RoW: synthetic rubber production

	polypropylene, granulate, at plant/ RER/ kg
	GLO: market for polypropylene, granulate

	butyl acrylate, at plant/ RER/ kg
	RoW: butyl acrylate production

	printed wiring board, through‐hole mounted, unspec., Pb free, at plant/ GLO/ kg
	GLO: market for printed wiring board, through-hole mounted, unspecified, Pb free

	integrated circuit, IC, logic type, at plant/ GLO/ kg
	GLO: integrated circuit production, logic type

	connector, clamp connection, at plant/ GLO/ kg
	GLO: electric connector production, wire clamp 

	brass, at plant/ CH/ kg
	RoW: brass production

	tin, at regional storage/ RER/ kg
	GLO: market for tin

	cable, ribbon cable, 20‐pin, with plugs, at plant/ GLO/ kg
	GLO: cable production, ribbon cable, 20-pin, with plugs

	electronic component, passive, unspecified, at plant/ GLO/ kg
	GLO: market for electronic component, passive, unspecified

	ethylene glycol, at plant/ RER/ kg
	RER: ethylene glycol production

	polyvinylchloride, at regional storage/ RER/ kg
	RER: polyvinylchloride production, bulk polymerisation

	silicon, electronic grade, at plant/ DE/ kg
	DE: silicon production, electronics grade

	glass fibre, at plant/ RER/ kg
	RER: glass fibre production

	Energy and processes
	

	steel product manufacturing, average metal working/ RER/ kg
	RER: metal working, average for steel product manufacturing

	injection moulding/ RER/ kg
	RER: injection moulding

	anodising, aluminium sheet/ RER/ m2
	RoW: anodising, aluminium sheet

	sheet rolling, aluminium/ RER/ kg
	RoW: sheet rolling, aluminium

	aluminium product manufacturing, average metal working/ RER/ kg
	RER: metal working, average for aluminium product manufacturing

	copper product manufacturing, average metal working/ RER/ kg
	RER: metal working, average for copper product manufacturing

	casting, brass/ CH/ kg
	CH: casting, brass

	Energy and processes
	

	steel product manufacturing, average metal working/ RER/ kg
	RER: metal working, average for steel product manufacturing

	injection moulding/ RER/ kg
	RER: injection moulding

	anodising, aluminium sheet/ RER/ m2
	RoW: anodising, aluminium sheet

	sheet rolling, aluminium/ RER/ kg
	RoW: sheet rolling, aluminium

	aluminium product manufacturing, average metal working/ RER/ kg
	RER: metal working, average for aluminium product manufacturing

	copper product manufacturing, average metal working/ RER/ kg
	RER: metal working, average for copper product manufacturing

	casting, brass/ CH/ kg
	CH: casting, brass

	Facilities
	

	facilities precious metal refinery/ SE/ unit
	SE: precious metal refinery construction

	metal working factory/ RER/ unit
	RER: metal working factory construction 

	plastics processing factory/ RER/ unit
	RER: plastic processing factory construction

	aluminium casting, plant/ RER/ unit
	RER:aluminium casting facility construction

	electronic component production plant/ GLO/ unit
	GLO: electronic component factory construction

	Transportation
	

	transport, lorry >16t, fleet average/ RER/ tkm
	RER: market for transport, freight, lorry 16-32 metric ton, EURO3

	transport, transoceanic freight ship/ OCE/ tkm
	GLO: transport, freight, sea, transoceanic ship





Table A15. 
[bookmark: _GoBack]Most important modifications of this study compared to Ellingsen et al. (2014). 
	Study
	Nickel sulphate production
	Manganese sulphate production
	Battery grade graphite
	Lithium hexafluorophosphate

	Ellingsen et al. (2014)
	Modified Ecoinvent inventory for primary nickel (Majeau-Bettez et al., 2011)
	Crude model based on (Majeau-Bettez et al., 2011)
	Modified Ecoinvent inventory for industrial graphite (Notter et al. 2010)
	Production not modelled, based on the assumptions of (Majeau-Bettez et al., 2011) 

	BCG scenario
	GLO: market for manganese sulfate Ecoinvent 3.5
	GLO: market for nickel sulfate Ecoinvent 3.5
	GLO: market for graphite, battery grade
	GLO: market for lithium hexafluorophosphate



1.1.3 BCG scenario results
The results for the BCG scenario are directly compared to those of  Ellingsen et al. (2014) in table A16. 

Table A16. 
Comparison of BCG scenario results to those of Ellingsen et al. (2014)
	
	
	(Ellingsen et al., 2014)
	BCG scenario
	% difference

	GWP100
	kg CO2-eq
	4,580
	4,990
	8

	FDP
	kg oil-eq
	1,320
	1,390
	5

	ODP
	kg CFC-11-eq
	2.8×10-4
	3.78×10-4
	25

	POFP
	kg NMVOC
	18
	22.5
	20

	PMFP
	kg PM10-eq
	16
	18.3
	13

	TAP100
	kg SO2-eq
	51
	61
	16

	FEP
	kg P-eq
	8
	8.4
	5

	MEP
	kg N-eq
	6.4
	2.09
	-206

	FETPinf
	kg 1,4-DCB-eq
	256
	478
	46

	METPinf
	kg 1,4-DCB-eq
	276
	445
	38

	TETPinf
	kg 1,4 DCB-eq
	1.3
	2.6
	50

	HTPinf
	kg 1,4-DCB-eq
	15,900
	15,700
	-1

	MDP
	kg Fe-eq
	4,100
	3,820
	-7



1.2 BSL scenario


The Baseline (BSL) scenario was developed to reflect the impact of producing a lithium-ion battery in China. Except from the electricity mix, which is presented in the main body of the paper, the most important modifications of the inventory are summarized in table A17 and minor modifications are shown in table A18, in comparison to the BCG scenario’s inventory.


Table A17. 
Important modifications on the BCG inventory in order to create the BSL scenario for China
	BCG scenario 
	BSL scenario 

	RLA: copper production, primary
	RAS: copper production, primary

	IAI Area, Russia & RER w/o EU27 & EFTA: aluminium production, primary, ingot
	CN: aluminium production, primary, ingot

	GLO: market for lithium hexafluorophosphate
	CN: lithium hexafluorophosphate production



Table A18. 
Other modifications on the BCG inventory in order to create the BSL scenario for China.
	BCG
	BSL

	RER: acrylic acid production 
	RoW: acrylic acid production 

	RER: chemical factory construction, organics 
	RoW: chemical factory construction, organics 

	RER: sheet rolling, copper 
	RoW: sheet rolling, copper 

	RER: ethylene glycol production 
	RoW: ethylene glycol production 

	RER: polyvinylchloride production, bulk polymerisation 
	RoW: polyvinylchloride production, bulk polymerisation 

	RER: silicon production, electronics grade 
	RoW: silicon production, electronics grade 

	RER: glass fibre production 
	RoW: glass fibre production 

	RER: nylon 6 production 
	RoW: nylon 6 production 

	RER: packaging film production, low density polyethylene 
	RoW: packaging film production, low density polyethylene 

	RER: nylon 6-6 production, glass-filled 
	RoW: nylon 6-6 production, glass-filled 

	RER: soda production, solvay process 
	RoW: soda production, solvay process 

	RER: metal working, average for aluminium product manufacturing 
	RoW: metal working, average for aluminium product manufacturing 

	RER: acrylonitrile-butadiene-styrene copolymer production 
	RoW: acrylonitrile-butadiene-styrene copolymer production 





2. Novel electrode scenarios


The calculations performed in order to model the production impacts of novel electrode chemistries (NCM333-SiGr, NCM622-SiGr, NCM811-SiGr) are discussed in this section. Important battery performance parameters like specific charge capacity and nominal voltage were extracted from the literature (empirical and/or mathematical calculations). A large number of papers was critically reviewed, and values were selected carefully in line with data quality requirements. The chosen range is displayed in A19. Note that the mass-specific charge capacity used is representative of practically achievable charge capacity, not theoretical capacities of the material. It is also important to highlight that A19 presents a snapshot of current LiB technology and ongoing research.


Table A19. 
Input parameters to calculate resulting energy storage capacity of advanced LiBs
	Battery Scenario
	Anode
	Cathode
	Anode
	Cathode
	Anode
	Cathode

	Active Material
	SiGr
	NCM333
	SiGr
	NCM622
	SiGr
	NMC811

	Specific charge capacity qa / qc [Ah kg-1]
	1,000a
	160b
	1,000a
	170c
	1,000a
	200c

	Nominal Voltage Vnom [V]
	3.55d
	3.8c
	3.8c

	a (Dash et al., 2016; Myung et al., 2017) b (Manthiram, 2017; Noh et al., 2013) c (Myung et al., 2017) d (Dash et al., 2016)




[bookmark: _Hlk523170065][bookmark: _Hlk523170071][bookmark: _Hlk523170083][bookmark: _Hlk523170104]Following this, a simple parametrized model was developed to calculate the storage capacity of a LiB pack for different active materials. The total storage capacity of a cell Ccell [W h] is a function of its nominal cell operating voltage Vnom [V] and its specific (dis-)charge capacity Qcell [A h]. However, the cells (dis-) charge capacity Qcell depends on the specific charge capacity of the materials that are used in the positive and negative electrode. Equation 2 expresses the cell’s charge capacity Qcell as a function of active material mass m [kg] and its mass-specific charge capacity q [A h kg-1], where subscripts a and c indicate anode or cathode, respectively. The charge capacity of negative and positive electrode must balance, which imposes a certain constraint on the overall achievable cell charge capacity Qcell. Because anode materials usually have much higher capacity than cathode materials, it is the choice of cathode material that significantly limits to the overall achievable capacity Ccell. 

	
	[bookmark: _Ref521737959]Eq. 1

	
	[bookmark: _Ref521738250]Eq. 2


For the purpose of this LCA, it was essential to fix the total battery pack weight. As a result, the battery cell weight contribution must remain constant. In order to facilitate a constant cell weight, this model is based on the simplifying assumption that only the active material mass changes and that current collector weights stay fixed, i.e. constant in size and weight. This constraint is expressed in equation 3, where k is a constant. The value of k is calculated by summing up active material masses for anode and cathode for the BSL scenario ma,BSL and mc,BSL respectively, and is applied in all further calculations for the remaining scenarios.

	
	[bookmark: _Ref521738390]Eq. 3

	= 25.5 + 58.1 = 83.6 kg
	


Based on equations 1,2 and 3, Ccell was calculated for all scenarios as:
	
	Eq. 4


With qa, qc and Vnom values taken from table A19. The corresponding results are summarised in table 2 of the main paper. The detailed inventory modifications for each scenario are summarised below.

2.1 NCM333-SiGr
The inventories for the co-precipitation step of novel electrode chemistries were calculated based on the stoichiometry of the reaction where x=1-y-z:



2.2 

	Table A20. 
Anode production for NCM333-SiGr

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Anode
	
	1
	kg
	

	Negative electrode paste
	0.255
	
	kg
	

	Negative current collector Cu
	0.745
	
	kg
	

	Rail transport
	0.37
	
	tkm
	GLO: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	GLO: market for transport, freight, lorry >32 metric ton, EURO3



	Table A21. 
Mixing of anode active material for NCM333-SiGr

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Negative electrode paste
	
	1
	kg
	

	Graphite, battery grade
	0.75
	
	kg
	CN: graphite production, battery grade

	Silicon, electronics grade
	0.21
	
	kg
	GLO: market for silicon, electronics grade

	Acrylic acid
	0.02
	
	kg
	RoW: acrylic acid production

	[bookmark: _Hlk11683981]Carboxymethyl cellulose
	0.02
	
	kg
	RoW: carboxymethyl cellulose production, powder

	Rail transport
	1.2
	
	tkm
	GLO: market group for transport, freight train

	Lorry transport
	0.19
	
	tkm
	GLO: market for transport, freight, lorry >32 metric ton, EURO3

	Chemical plant
	4×10-10
	
	pcs.
	RoW: chemical factory construction, organics

	1-Methyl-2-pyrrolidinone
	
	0.94
	kg
	1-Methyl-2-pyrrolidone [Group NMVOC to air]




	Table A22. 
Cathode production for NCM333-SiGr

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Cathode
	
	1
	kg
	

	Positive electrode paste
	0.91
	
	kg
	

	Positive current collector Al
	0.09
	
	kg
	

	Rail transport
	0.55
	
	tkm
	GLO: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	GLO: market for transport, freight, lorry >32 metric ton, EURO3



2.3 NCM622-SiGr
	Table A23. 
Anode production for NCM622-SiGr

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Anode
	
	1
	kg
	

	Negative electrode paste
	0.265
	
	kg
	

	Negative current collector Cu
	0.735
	
	kg
	

	Rail transport
	0.37
	
	tkm
	GLO: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	GLO: market for transport, freight, lorry >32 metric ton, EURO3



	Table A24. 
Cathode production for NCM622-SiGr

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Cathode
	
	1
	kg
	

	Positive electrode paste
	0.91
	
	kg
	

	Positive current collector Al
	0.09
	
	kg
	

	Rail transport
	0.55
	
	tkm
	GLO: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	GLO: market for transport, freight, lorry >32 metric ton, EURO3



	Table A25. 
NCM hydroxide production for NCM622-SiGr

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	N0.6C0.2M0.2(OH)2
	
	1
	kg
	

	Cobalt sulphate
	0.34
	
	kg
	

	Manganese sulphate
	0.33
	
	kg
	GLO: market for manganese sulfate

	Nickel sulphate
	1
	
	kg
	GLO: market for nickel sulfate

	Sodium hydroxide
	0.87
	
	kg
	RoW: soda production, solvay process

	Heat 
	42.6
	
	MJ
	RoW: market for heat, from steam, in chemical industry

	Chemical plant
	4×10-10
	
	pcs.
	RoW: chemical factory construction, organics

	Sodium sulphate
	1.6
	
	kg
	Sodium sulphate [Inorganic emissions to fresh water]



2.4 NCM811-SiGr

	Table A26. 
Anode production for NCM811-SiGr

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Anode
	
	1
	kg
	

	Negative electrode paste
	0.292
	
	kg
	

	Negative current collector Cu
	0.708
	
	kg
	

	Rail transport
	0.37
	
	tkm
	GLO: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	GLO: market for transport, freight, lorry >32 metric ton, EURO3

	
Table A27. 
Cathode production for NCM811-SiGr

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	Cathode
	
	1
	kg
	

	Positive electrode paste
	0.907
	
	kg
	

	Positive current collector Al
	0.093
	
	kg
	

	Rail transport
	0.55
	
	tkm
	GLO: market group for transport, freight train

	Lorry transport
	0.1
	
	tkm
	GLO: market for transport, freight, lorry >32 metric ton, EURO3




	Table A28. 
NCM hydroxide production for NCM811-SiGr

	Description
	Input
	Output
	Unit
	Ecoinvent 3.5 Process

	N0.8 C0.18M0.1(OH)2
	
	1
	kg
	

	Cobalt sulphate
	0.17
	
	kg
	

	Manganese sulphate
	0.16
	
	kg
	GLO: market for manganese sulfate

	Nickel sulphate
	1.34
	
	kg
	GLO: market for nickel sulfate

	Sodium hydroxide
	0.87
	
	kg
	RoW: soda production, solvay process

	Heat 
	42.6
	
	MJ
	RoW: market for heat, from steam, in chemical industry

	Chemical plant
	4×10-10
	
	pcs.
	RoW: chemical factory construction, organics

	Sodium sulphate
	
	1.6
	kg
	Sodium sulphate [Inorganic emissions to fresh water]



References
[bookmark: _Hlk19357055]

Dai, Q., Kelly, J. C., Gaines, L., & Wang, M. (2019). Life Cycle Analysis of Lithium-Ion Batteries for Automotive Applications. Batteries, 5(2), 48.
Dash, R., & Pannala, S. (2016). Theoretical Limits of Energy Density in Silicon-Carbon Composite Anode Based Lithium Ion Batteries. Scientific Reports, 6(May), 6–12. 
Dominic A. Notter, Marcel Gauch, Rolf Widmer, Patrick Wäger, Anna Stamp, Rainer Zah, & Hans- Jörg Althaus. (2010). Contribution of Li-ion batteries to the environmental impact of electric vehicles. Environmental Science and Technology, 44(19), 43. 
Ellingsen, L. A. W., Majeau-Bettez, G., Singh, B., Srivastava, A. K., Valøen, L. O., & Strømman, A. H. (2014). Life Cycle Assessment of a Lithium-Ion Battery Vehicle Pack. Journal of Industrial Ecology, 18(1), 113–124.
Majeau-Bettez, G., Hawkins, T. R., & StrØmman, A. H. (2011). Life cycle environmental assessment of lithium-ion and nickel metal hydride batteries for plug-in hybrid and battery electric vehicles. Environmental Science and Technology, 45(10), 1–51. 
Manthiram, A. (2017). An Outlook on Lithium Ion Battery Technology. ACS Central Science, 3(10), 1063–1069. Myung, S. T., Maglia, F., Park, K. J., Yoon, C. S., Lamp, P., Kim, S. J., & Sun, Y. K. (2017). Nickel-Rich Layered Cathode Materials for Automotive Lithium-Ion Batteries: Achievements and Perspectives. ACS Energy Letters, 2(1), 196–223. 
Noh, H. J., Youn, S., Yoon, C. S., & Sun, Y. K. (2013). Comparison of the structural and electrochemical properties of layered Li[NixCoyMnz]O2 (x = 1/3, 0.5, 0.6, 0.7, 0.8 and 0.85) cathode material for lithium-ion batteries. Journal of Power Sources, 233, 121–130.



