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Table S1. Environmental impact intensity for 1 kg Methanal production [Data originated from the database of SimPro software (version 8.5.0; PRé Consultants, 2017)].
	Impact category
	Value

	GWP α / kg CO2-eq
	9.54E-01

	SOD / kg CFC11-eq
	4.90E-07

	IR / kBq Co-60-eq
	-1.20E-01

	OF-HH / kg NOx-eq
	1.60E-03

	FPMF / kg PM2.5-eq
	-5.87E-04

	OF-TE / kg NOx-eq
	1.74E-03

	TA / kg SO2-eq
	-1.00E-04

	F-EU / kg P-eq
	-1.82E-04

	M-EU / kg N-eq
	-1.32E-05

	T-ET / kg 1,4-DCB
	9.10E-01

	F-ET / kg 1,4-DCB
	-1.74E-02

	M-ET / kg 1,4-DCB
	-1.71E-02

	HCT / kg 1,4-DCB
	-4.61E-03

	HNCT / kg 1,4-DCB
	4.84E-01

	LU / m2a crop-eq
	-9.55E-02

	MRS / kg Cu-eq
	4.71E-03

	FRS / kg oil-eq
	9.84E-01

	WC / m3
	2.17E-04


α: GWP, SOD, IR, OF-HH, FPMF, OF-TE, TA, F-EU, M-EU, T-ET, F-ET, M-ET, HCT, HNCT, LU, MRS, and FRS indicate global warming potential, stratospheric ozone depletion, ionizing radiation, ozone formation (human health), fine particulate matter formation, ozone formation (terrestrial ecosystems), terrestrial acidification, freshwater eutrophication, marine eutrophication, terrestrial ecotoxicity, freshwater ecotoxicity, marine ecotoxicity, human carcinogenic toxicity, human non-carcinogenic toxicity, land use, mineral resource scarcity, fossil resource scarcity, and water consumption, respectively.



Table S2. Life cycle environmental impacts for producing 1 kg graphene oxide product
	Impact category
	Sum
	Ammonia
	Electricity
	Ethanol
	Hydrazine
	Graphite
	Hydrogen peroxide
	Potassium permanganate
	Sodium nitrate
	Sulfuric acid
	Deionised water

	GWP α / kg CO2-eq
	4.51E+01
	1.96E-01
	1.85E+00
	1.48E+01
	1.82E+01
	6.39E-02
	2.33E+00
	4.80E+00
	1.95E+00
	4.14E-01
	5.36E-01

	SOD / kg CFC11-eq
	5.31E-05
	6.82E-08
	4.08E-07
	1.55E-06
	1.50E-05
	3.55E-08
	6.59E-07
	1.79E-06
	3.22E-05
	2.20E-07
	1.15E-06

	IR / kBq Co-60-eq
	9.60E-01
	6.26E-04
	3.01E-01
	-4.36E-01
	9.66E-01
	1.56E-03
	2.81E-02
	1.44E-01
	-9.37E-02
	1.39E-02
	3.44E-02

	OF-HH / kg NOx-eq
	8.89E-02
	2.42E-04
	3.87E-03
	3.04E-02
	3.43E-02
	2.97E-04
	3.52E-03
	9.08E-03
	2.67E-03
	3.49E-03
	9.84E-04

	FPMF / kg PM2.5-eq
	9.20E-02
	2.58E-04
	2.71E-03
	1.40E-02
	5.19E-02
	2.13E-04
	3.14E-03
	9.65E-03
	1.07E-03
	7.64E-03
	1.34E-03

	OF-TE / kg NOx-eq
	9.45E-02
	2.51E-04
	3.89E-03
	3.49E-02
	3.49E-02
	3.02E-04
	3.73E-03
	9.26E-03
	2.71E-03
	3.52E-03
	1.01E-03

	TA / kg SO2-eq
	1.56E-01
	5.04E-04
	6.41E-03
	2.78E-02
	7.49E-02
	3.31E-04
	5.27E-03
	1.17E-02
	3.06E-03
	2.42E-02
	1.70E-03

	F-EU / kg P-eq
	2.83E-02
	3.41E-05
	2.82E-04
	7.14E-03
	1.56E-02
	4.33E-05
	8.68E-04
	2.85E-03
	6.61E-04
	4.84E-04
	3.15E-04

	M-EU / kg N-eq
	1.04E-02
	2.08E-06
	2.23E-05
	2.11E-04
	9.86E-03
	2.68E-06
	1.20E-04
	1.71E-04
	-2.96E-05
	2.61E-05
	2.55E-05

	T-ET / kg 1,4-DCB
	1.18E+03
	1.03E+00
	1.45E+00
	2.50E+01
	1.12E+03
	3.35E-01
	7.18E+00
	1.64E+01
	5.49E+00
	8.10E+00
	1.27E+00

	F-ET / kg 1,4-DCB
	1.09E+01
	2.85E-03
	4.38E-02
	1.70E-01
	1.03E+01
	2.04E-03
	1.08E-01
	1.69E-01
	5.58E-02
	6.69E-02
	2.08E-02

	M-ET / kg 1,4-DCB
	2.74E+00
	4.61E-03
	5.63E-02
	2.66E-01
	1.81E+00
	2.93E-03
	1.50E-01
	2.43E-01
	8.28E-02
	9.55E-02
	2.86E-02

	HCT / kg 1,4-DCB
	1.91E+00
	2.71E-03
	4.10E-02
	3.24E-01
	9.75E-01
	3.07E-03
	2.66E-01
	1.81E-01
	3.38E-02
	3.73E-02
	4.98E-02

	HNCT / kg 1,4-DCB
	5.91E+01
	1.01E-01
	5.23E-01
	9.17E+00
	3.50E+01
	6.19E-02
	3.00E+00
	5.93E+00
	2.53E+00
	2.33E+00
	5.35E-01

	LU / m2a crop-eq
	2.26E+00
	3.94E-03
	1.86E-02
	3.46E-01
	1.50E+00
	7.58E-03
	5.58E-02
	2.19E-01
	6.09E-02
	3.65E-02
	1.27E-02

	MRS / kg Cu-eq
	2.43E-01
	4.43E-04
	1.51E-03
	2.60E-02
	9.22E-02
	2.29E-04
	6.81E-03
	9.94E-02
	5.50E-03
	7.71E-03
	3.45E-03

	FRS / kg oil-eq
	1.90E+01
	8.21E-02
	3.65E-01
	1.06E+01
	5.23E+00
	1.86E-02
	7.80E-01
	1.46E+00
	2.69E-01
	1.17E-01
	1.40E-01

	WC / m3
	1.28E+00
	5.41E-03
	4.30E-03
	1.26E-01
	5.68E-01
	7.09E-04
	1.17E-01
	4.85E-02
	1.18E-02
	1.00E-01
	2.97E-01


α: GWP, SOD, IR, OF-HH, FPMF, OF-TE, TA, F-EU, M-EU, T-ET, F-ET, M-ET, HCT, HNCT, LU, MRS, and FRS indicate global warming potential, stratospheric ozone depletion, ionizing radiation, ozone formation (human health), fine particulate matter formation, ozone formation (terrestrial ecosystems), terrestrial acidification, freshwater eutrophication, marine eutrophication, terrestrial ecotoxicity, freshwater ecotoxicity, marine ecotoxicity, human carcinogenic toxicity, human non-carcinogenic toxicity, land use, mineral resource scarcity, fossil resource scarcity, and water consumption, respectively.


Table S3. Life cycle environmental impacts for producing 1 kg GOA product
	Impact category
	Sum
	CO2 emission
	Resorcinol
	Methanal
	Sodium
	Electricity fro freeze
	Electricity for drying
	Electricity for carbonization

	GWP α / kg CO2-eq
	1.20E+03
	6.61E+00
	1.03E+03
	1.67E+02
	8.18E-01
	6.71E-01
	2.66E+00
	1.34E-01

	SOD / kg CFC11-eq
	2.76E-04
	0.00E+00
	1.92E-04
	8.57E-05
	-1.88E-06
	1.48E-07
	5.86E-07
	2.96E-08

	IR / kBq Co-60-eq
	-5.66E+00
	0.00E+00
	1.51E+01
	-2.10E+01
	-3.15E-01
	1.09E-01
	4.33E-01
	2.18E-02

	OF-HH / kg NOx-eq
	1.63E+00
	0.00E+00
	1.34E+00
	2.80E-01
	2.53E-03
	1.40E-03
	5.57E-03
	2.81E-04

	FPMF / kg PM2.5-eq
	8.35E-01
	0.00E+00
	9.27E-01
	-1.03E-01
	6.18E-03
	9.81E-04
	3.89E-03
	1.96E-04

	OF-TE / kg NOx-eq
	1.81E+00
	0.00E+00
	1.49E+00
	3.05E-01
	2.55E-03
	1.41E-03
	5.59E-03
	2.82E-04

	TA / kg SO2-eq
	1.37E+00
	0.00E+00
	1.37E+00
	-1.75E-02
	1.13E-02
	2.32E-03
	9.22E-03
	4.65E-04

	F-EU / kg P-eq
	2.04E-01
	0.00E+00
	2.33E-01
	-3.18E-02
	2.19E-03
	1.02E-04
	4.06E-04
	2.05E-05

	M-EU / kg N-eq
	1.29E-02
	0.00E+00
	1.50E-02
	-2.30E-03
	7.52E-05
	8.07E-06
	3.20E-05
	1.61E-06

	T-ET / kg 1,4-DCB
	2.57E+03
	0.00E+00
	2.40E+03
	1.59E+02
	6.58E+00
	5.25E-01
	2.08E+00
	1.05E-01

	F-ET / kg 1,4-DCB
	1.79E+01
	0.00E+00
	2.08E+01
	-3.05E+00
	6.31E-02
	1.59E-02
	6.30E-02
	3.18E-03

	M-ET / kg 1,4-DCB
	2.61E+01
	0.00E+00
	2.89E+01
	-2.99E+00
	9.53E-02
	2.04E-02
	8.10E-02
	4.08E-03

	HCT / kg 1,4-DCB
	2.12E+01
	0.00E+00
	2.18E+01
	-8.07E-01
	1.06E-01
	1.49E-02
	5.89E-02
	2.97E-03

	HNCT / kg 1,4-DCB
	8.38E+02
	0.00E+00
	7.49E+02
	8.46E+01
	3.13E+00
	1.90E-01
	7.52E-01
	3.79E-02

	LU / m2a crop-eq
	-1.55E+01
	0.00E+00
	6.85E-01
	-1.67E+01
	4.77E-01
	6.74E-03
	2.67E-02
	1.35E-03

	MRS / kg Cu-eq
	3.07E+00
	0.00E+00
	2.24E+00
	8.23E-01
	4.66E-03
	5.46E-04
	2.16E-03
	1.09E-04

	FRS / kg oil-eq
	7.20E+02
	0.00E+00
	5.47E+02
	1.72E+02
	1.67E-01
	1.32E-01
	5.25E-01
	2.65E-02

	WC / m3
	1.55E+01
	0.00E+00
	1.53E+01
	3.80E-02
	6.70E-02
	1.56E-03
	6.18E-03
	3.12E-04


α: GWP, SOD, IR, OF-HH, FPMF, OF-TE, TA, F-EU, M-EU, T-ET, F-ET, M-ET, HCT, HNCT, LU, MRS, and FRS indicate global warming potential, stratospheric ozone depletion, ionizing radiation, ozone formation (human health), fine particulate matter formation, ozone formation (terrestrial ecosystems), terrestrial acidification, freshwater eutrophication, marine eutrophication, terrestrial ecotoxicity, freshwater ecotoxicity, marine ecotoxicity, human carcinogenic toxicity, human non-carcinogenic toxicity, land use, mineral resource scarcity, fossil resource scarcity, and water consumption, respectively.
