Supplementary Information – Scope definition (SI-SD)

	Table SI-SD 1: Functional properties of pristine graphene and their references

	Properties
	Values
	Unit
	References

	Mechanical stiffness
	-2
	TPa
	(Lee et al., 2008)

	Mechanical strength
	130
	GPa
	(Lee et al., 2008)

	Mechanical elasticity
	1
	TPa
	(Lee et al., 2008)

	Electrical conductivity
	2.5E5
	cm2·V-1s-1
	(Mayorov et al., 2011)

	Thermal conductivity
	2500
	W·m-1K-1
	(Balandin, 2011)

	Optical absorption
	2.3
	%
	(Nair et al., 2008)

	Permeability to gas
	None
	-
	(Bunch et al., 2008)

	Ballistic transport
	0.3
	µm
	(Schedin et al., 2007)

	Surface to mass ratio
	2630
	m2g-1
	(Bonaccorso et al., 2015)



	[bookmark: _Ref529978754]Table SI-SD 2: List of considered GBMs’ production processes in this study with acronyms and references

	Acronyms
	Descriptions
	References

	Graphene oxide (GO) production from chemical oxidation processes

	H1
	Baseline Hummers’ process
	(Arvidsson et al., 2014)

	H2
	1st variant of Hummers’ process
	(Arvidsson et al., 2014)

	H3
	2nd variant of Hummers’ process
	(Arvidsson et al., 2014)

	H4
	Fugetsu variant of Hummers’ process
	(Cossutta et al., 2017)

	H5
	Bangal variant of Hummers’ process
	(Cossutta et al., 2017)

	H6
	Jeong variant of Hummers’ process
	(Cossutta et al., 2017)

	SM
	Staundenmaier method
	(Cossutta et al., 2017)

	BM
	Brodie method
	(Cossutta et al., 2017)

	Other graphene-based materials (oGBM) production from different processes

	Chemical reduction (producing reduced GO)

	CRR H1
	1st variant of the chemical reduction route using GO H1 as an input
	(Arvidsson et al., 2014)

	CRR H2
	1st variant of the chemical reduction route using GO H2 as an input
	(Arvidsson et al., 2014)

	CRR H3
	1st variant of the chemical reduction route using GO H3 as an input
	(Arvidsson et al., 2014)

	CRR H4
	2nd variant of the chemical reduction route using GO H4 as an input
	(Cossutta et al., 2017)

	CRR H5
	2nd variant of the chemical reduction route using GO H5 as an input
	(Cossutta et al., 2017)

	CRR H6
	2nd variant of the chemical reduction route using GO H6 as an input
	(Cossutta et al., 2017)

	CRR SM
	2nd variant of the chemical reduction route using GO SM as an input
	(Cossutta et al., 2017)

	CRR BM
	2nd variant of the chemical reduction route using GO BM as an input
	(Cossutta et al., 2017)

	Thermal reduction (producing reduced GO)

	TRR H1
	Thermal reduction route using GO H1 as an input
	(Arvidsson et al., 2014)

	TRR H2
	Thermal reduction route using GO H2 as an input
	(Arvidsson et al., 2014)

	TRR H3
	Thermal reduction route using GO H3 as an input
	(Arvidsson et al., 2014)

	TRR H4
	Thermal reduction route using GO H4 as an input
	(Cossutta et al., 2017)

	TRR H5
	Thermal reduction route using GO H5 as an input
	(Cossutta et al., 2017)

	TRR H6
	Thermal reduction route using GO H6 as an input
	(Cossutta et al., 2017)

	TRR SM
	Thermal reduction route using GO SM as an input
	(Cossutta et al., 2017)

	TRR SM
	Thermal reduction route using GO BM as an input
	(Cossutta et al., 2017)

	Electrochemical exfoliation (producing graphene nanoribbons or multi-layered graphene)

	ECE K15
	Electrochemical exfoliation of graphite with KOH electrolytes – 15 Volts
	(Cossutta et al., 2017)

	ECE K9
	Electrochemical exfoliation of graphite with KOH electrolytes – 9 Volts
	(Cossutta et al., 2017)

	ECE C15
	Electrochemical exfoliation of graphite with sodium acetate electrolytes – 15 Volts
	(Cossutta et al., 2017)

	ECE C9
	Electrochemical exfoliation of graphite with sodium acetate electrolytes – 9 Volts
	(Cossutta et al., 2017)

	Thermal exfoliation (producing graphite Nano platelets)

	THE
	Thermal exfoliation of graphite
	(Pizza et al., 2014)

	Mechanical exfoliation (producing graphene of different purity)

	USR
	Ultrasonication route
	(Arvidsson et al., 2014)

	BAM SW
	Ball-milling with melamine in solution
	This article

	BAM SWO
	Ball-milling without melamine in solution
	This article

	BAM DWO
	Ball-milling without melamine dry mass
	This article

	Graphene sheet (GR) production processes

	Deposition (producing graphene sheets)

	CVD 1
	1st variant of chemical vapour deposition
	(Arvidsson et al., 2016)

	CVD 2
	2nd variant of chemical vapour deposition
	(Scott and Cullen, 2016)

	CVD 3
	3rd variant of chemical vapour deposition
	(Cossutta et al., 2017)

	CVD 4
	4th variant of chemical vapour deposition
	(Cossutta et al., 2017)

	Growth (producing graphene sheets)

	EPI
	Epitaxial growth from silicon carbide wafer
	(Arvidsson and Molander, 2016)
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	Figure SI-SD 1: Cradle-to-gate model of the ball-milling (BAM) mechanical exfoliation process for the production of oGBMs in three different states (i.e. water solution with melamine, water solution, and dry-mass)



	Table SI-SD 3: List of impact categories with acronyms

	Endpoint categories
	Midpoint categories
	Acronyms
	Units

	ILCD 1.0.8 2016 midpoint

	Climate Change
	CC – 100 years
	CC
	kg CO2-Eq

	Ecosystem Quality
	Freshwater and Terrestrial Acidification
	EQ-FTAci
	mol H+-Eq

	
	Freshwater Ecotoxicity
	EQ-FEcotox
	CTUh.m3.yr

	
	Freshwater Eutrophication
	EQ-FEutro
	kg P-Eq

	
	Ionising Radiation
	EQ-IRad
	mol N-Eq

	
	Marine Eutrophication
	EQ-MEutro
	kg N-Eq

	
	Terrestrial Eutrophication
	EQ-TEutro
	mol N-Eq

	Human Health
	Carcinogenic Effects
	HH-CarEf
	CTUh

	
	Ionising Radiation
	HH-IRad
	kg U235-Eq

	
	Non-Carcinogenic Effects
	HH-NCarEf
	CTUh

	
	Ozone Layer Depletion
	HH-OLD
	kg CFC-11-Eq

	
	Photochemical Ozone Creation
	HH-POC
	kg ethylene-Eq

	
	Respiratory Effects, Inorganics
	HH-REIno
	kg PM2.5-Eq

	Resource
	Land Use
	Res-LU
	kg Soil Organic Carbon

	
	Mineral, Fossils and Renewables
	Res-MFR
	kg Sb-Eq

	IMPACT 2002+

	[bookmark: _GoBack]Climate Change
	-
	CC
(IMP 2002+)
	kg CO2-Eq

	Ecosystem Quality
	-
	EQ
(IMP 2002+)
	PDF·m2·y

	Human Health
	-
	HH
(IMP 2002+)
	DALY

	Resources
	-
	RES
(IMP 2002+)
	MJ primary

	Cumulative Energy Demand (CED)

	Cumulative Energy Demand
	Primary Energy Equivalent
	CED Total
	MJ-Eq





Stepwise approach to model the prospective electricity mix with IEA data
1. Acquire scenario data for Europe from IEA (IEA, 2017).
2. Find the European electricity mix description in the ecoinvent database (Wernet et al., 2016)
3. Choose a year of reference that can be found in both references if possible.
a. In this case, IEA: 2015
b. Ecoinvent v3.4: 2014
4. Create a mapping file to establish connections between the two sources of information since descriptions of electricity production means do not have the same level of detail. Indeed ecoinvent provides details on the regions and for different technologies using the same energy sources. The following table shows examples of differences in technologies. The main author should be contacted directly for the full mapping file since proprietary data is used to create these links.
	IEA data
	ecoinvent data

	Energy sources for electricity production
	Energy sources of electricity production
	Technologies

	Coal
	Hard coal
	Standard power plant
Co-generation

	
	Lignite
	

	
	Peat
	

	Oil
	Oil
	Standard power plant

	
	
	Co-generation

	Gas
	Natural gas
	Combined cycle

	
	
	Co-generation

	
	
	Conventional power plant

	Nuclear
	Nuclear
	Boiling water reactor

	
	
	Pressure water reactor

	Renewables
	
	

	Hydro
	Hydro
	Reservoir, alpine region

	
	
	Reservoir, non-alpine region

	
	
	Run-of-river

	Bioenergy
	Biogas
	Co-generation

	
	Wood chips
	Co-generation 6667 kW

	Wind
	Wind, onshore
Wind, offshore
	<1 MW turbine

	
	
	1-3 MW turbine

	
	
	>3 MW turbine

	Geothermal
	Deep geothermal
	

	Solar PV
	Solar PV
	Small scale, integrated

	
	
	Small scale, mounted

	
	
	Large scale

	CSP
	CSP
	

	Marine
	none
	none



5. The challenge in this mapping is that shares of energy sources in ecoinvent are also split by voltage levels (i.e. high, medium and low). Which means that losses from conversion and transportation of electricity have to be considered in the share of energy sources.
6. Once this mapping is done for the year of reference, it is kept constant for the future periods (i.e. 2025, 2030, and 2040). This modelling simplification is based on the assumption that share of technologies for an energy source will not change drastically in the next 20 years.
7. From there, nine processes are created in the LCA models to describe the three scenarios and three years that are forecasted by the IEA. These processes are then used as inputs for the modelled production methods for the GBMs.
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