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Table S1 Environmental impacts in all (16) impact categories of 1 g CNTs, GNPs and GO
	Impact category
	Unit
	CNTs
	GNPs
	GO

	Climate change
	kg CO2 eq
	0.246
	0.0745
	0.343

	Ozone depletion
	kg CFC-11 eq
	3.10E-08
	9.13E-09
	1.78E-07

	Human toxicity, non-cancer effects
	CTUh
	8.60E-08
	2.50E-08
	2.42E-07

	Human toxicity, cancer effects
	CTUh
	3.38E-08
	6.24E-09
	3.76E-08

	Particulate matter
	kg PM2.5 eq
	9.89E-05
	3.02E-05
	0.0003

	Ionizing radiation HH
	kBq U235 eq
	0.128
	0.040225
	0.094

	Ionizing radiation E (interim)
	CTUe
	3.31E-07
	1.04E-07
	2.62E-07

	Photochemical ozone formation
	kg NMVOC eq
	0.0006
	0.000167
	0.0013

	Acidification
	molc H+ eq
	0.0013
	0.000412
	0.0046

	Terrestrial eutrophication
	molc N eq
	0.0021
	0.000642
	0.0043

	Freshwater eutrophication
	kg P eq
	0.0002
	7.27E-05
	0.0002

	Marine eutrophication
	kg N eq
	0.0002
	7.14E-05
	0.0005

	Freshwater ecotoxicity
	CTUe
	3.337
	1.010782
	14.546

	Land use
	kg C deficit
	0.189
	0.057344
	0.572

	Water resource depletion
	m3 water eq
	0.003
	0.000738
	0.004

	Mineral, fossil & ren resource depletion
	kg Sb eq
	2.18E-06
	6.27E-07
	2.05E-05







Table S2 Environmental impacts in all (16) impact categories of 1 g PP, PA and PLA raw materials
	Impact category
	Unit
	PA
	PLA
	PP

	Climate change
	kg CO2 eq
	8.034
	0.934
	1.848

	Ozone depletion
	kg CFC-11 eq
	2.38E-09
	2.2E-07
	3.86E-08

	Human toxicity, non-cancer effects
	CTUh
	1.05E-07
	8.96E-07
	2.21E-07

	Human toxicity, cancer effects
	CTUh
	2.26E-07
	1.8E-07
	6.17E-08

	Particulate matter
	kg PM2.5 eq
	0.003
	0.002
	0.001

	Ionizing radiation HH
	kBq U235 eq
	0.001
	0.255787
	0.106

	Ionizing radiation E (interim)
	CTUe
	4.45E-09
	9.15E-07
	2.84E-07

	Photochemical ozone formation
	kg NMVOC eq
	0.020
	0.012
	0.006

	Acidification
	molc H+ eq
	0.036
	0.0220
	0.007

	Terrestrial eutrophication
	molc N eq
	0.067
	0.067
	0.013

	Freshwater eutrophication
	kg P eq
	0.0004
	0.001
	0.0003

	Marine eutrophication
	kg N eq
	0.014
	0.008
	0.001

	Freshwater ecotoxicity
	CTUe
	13.310
	66.453
	19.205

	Land use
	kg C deficit
	0.043
	9.230
	0.531

	Water resource depletion
	m3 water eq
	0.037
	0.074
	0.007

	Mineral, fossil & ren resource depletion
	kg Sb eq
	1.35E-05
	6E-05
	2.73E-05





Table S3 Impact of 1 kg filament production (in different combinations among polymers and NMs loading) on climate change category (kgCO2eq.) 
	
	0.5 wt%
	1 wt%
	2 wt%
	3 wt%
	4 wt%
	5 wt%
	7.5 wt%
	10 wt%

	PA -CNT 
	5.914
	7.132
	9.568
	12.005
	14.441
	16.878
	22.969
	29.060

	PA -GNP 
	5.026
	5.357
	6.018
	6.679
	7.341
	8.002
	9.655
	11.309

	PA -GO 
	6.367
	8.038
	11.380
	14.722
	18.064
	21.407
	29.762
	38.118

	PP -CNT 
	3.161
	4.410
	6.908
	9.407
	11.905
	14.403
	20.649
	26.895

	PP -GNP 
	2.273
	2.635
	3.358
	4.081
	4.804
	5.528
	7.336
	9.144

	PP -GO 
	3.615
	5.316
	8.720
	12.124
	15.528
	18.932
	27.443
	35.953

	PLA -CNT 
	3.792
	5.046
	7.553
	10.061
	12.568
	15.076
	21.345
	27.613

	PLA -GNP 
	2.904
	3.270
	4.003
	4.735
	5.468
	6.200
	8.031
	9.862

	PLA -GO 
	4.245
	5.952
	9.365
	12.778
	16.191
	19.605
	28.138
	36.671





Table S4 Impact of 1 kg PLA -CNT/GNPs/GO 0.5, 3 & 5 wt% in all categories
	1 kg PLA -CNT 0.5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	3.792366

	Ozone depletion
	kg CFC-11 eq
	4.18E-07

	Human toxicity, non-cancer effects
	CTUh
	2.26E-06

	Human toxicity, cancer effects
	CTUh
	4.22E-07

	Particulate matter
	kg PM2.5 eq
	0.002795

	Ionizing radiation HH
	kBq U235 eq
	1.071822

	Ionizing radiation E (interim)
	CTUe
	3.03E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.015863

	Acidification
	molc H+ eq
	0.030604

	Terrestrial eutrophication
	molc N eq
	0.081791

	Freshwater eutrophication
	kg P eq
	0.002765

	Marine eutrophication
	kg N eq
	0.009257

	Freshwater ecotoxicity
	CTUe
	160.9097

	Land use
	kg C deficit
	10.45794

	Water resource depletion
	m3 water eq
	0.093451

	Mineral, fossil & ren resource depletion
	kg Sb eq
	7.70E-05

	1 kg PLA -CNT 3%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	10.06119

	Ozone depletion
	kg CFC-11 eq
	1.19E-06

	Human toxicity, non-cancer effects
	CTUh
	4.39E-06

	Human toxicity, cancer effects
	CTUh
	1.26E-06

	Particulate matter
	kg PM2.5 eq
	0.00521

	Ionizing radiation HH
	kBq U235 eq
	4.25334

	Ionizing radiation E (interim)
	CTUe
	1.13E-05

	Photochemical ozone formation
	kg NMVOC eq
	0.02982

	Acidification
	molc H+ eq
	0.063186

	Terrestrial eutrophication
	molc N eq
	0.132619

	Freshwater eutrophication
	kg P eq
	0.008576

	Marine eutrophication
	kg N eq
	0.014946

	Freshwater ecotoxicity
	CTUe
	242.5539

	Land use
	kg C deficit
	14.93233

	Water resource depletion
	m3 water eq
	0.169469

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.00013

	1 kg PLA -CNT 5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	15.07624

	Ozone depletion
	kg CFC-11 eq
	1.80E-06

	Human toxicity, non-cancer effects
	CTUh
	6.09E-06

	Human toxicity, cancer effects
	CTUh
	1.93E-06

	Particulate matter
	kg PM2.5 eq
	0.007142

	Ionizing radiation HH
	kBq U235 eq
	6.798554

	Ionizing radiation E (interim)
	CTUe
	1.78E-05

	Photochemical ozone formation
	kg NMVOC eq
	0.040986

	Acidification
	molc H+ eq
	0.089253

	Terrestrial eutrophication
	molc N eq
	0.173281

	Freshwater eutrophication
	kg P eq
	0.013224

	Marine eutrophication
	kg N eq
	0.019498

	Freshwater ecotoxicity
	CTUe
	307.8693

	Land use
	kg C deficit
	18.51185

	Water resource depletion
	m3 water eq
	0.230283

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.000172

	1 kg PLA -GNP 0.5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	2.9047829

	Ozone depletion
	kg CFC-11 eq
	3.08E-07

	Human toxicity, non-cancer effects
	CTUh
	1.96E-06

	Human toxicity, cancer effects
	CTUh
	2.84E-07

	Particulate matter
	kg PM2.5 eq
	0.002451783

	Ionizing radiation HH
	kBq U235 eq
	0.63447226

	Ionizing radiation E (interim)
	CTUe
	1.90E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.013844543

	Acidification
	molc H+ eq
	0.02603062

	Terrestrial eutrophication
	molc N eq
	0.074482566

	Freshwater eutrophication
	kg P eq
	0.001958836

	Marine eutrophication
	kg N eq
	0.008435735

	Freshwater ecotoxicity
	CTUe
	149.27896

	Land use
	kg C deficit
	9.8023597

	Water resource depletion
	m3 water eq
	0.081551261

	Mineral, fossil & ren resource depletion
	kg Sb eq
	6.92E-05

	1 kg PLA -GNP 3%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	4.7356908

	Ozone depletion
	kg CFC-11 eq
	5.30E-07

	Human toxicity, non-cancer effects
	CTUh
	2.56E-06

	Human toxicity, cancer effects
	CTUh
	4.35E-07

	Particulate matter
	kg PM2.5 eq
	0.003149031

	Ionizing radiation HH
	kBq U235 eq
	1.6292418

	Ionizing radiation E (interim)
	CTUe
	4.47E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.017710024

	Acidification
	molc H+ eq
	0.035748425

	Terrestrial eutrophication
	molc N eq
	0.088766611

	Freshwater eutrophication
	kg P eq
	0.003736509

	Marine eutrophication
	kg N eq
	0.010020935

	Freshwater ecotoxicity
	CTUe
	172.76946

	Land use
	kg C deficit
	10.998858

	Water resource depletion
	m3 water eq
	0.098071381

	Mineral, fossil & ren resource depletion
	kg Sb eq
	8.33E-05

	1 kg PLA -GNP 5%
	
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	6.2004171

	Ozone depletion
	kg CFC-11 eq
	7.07E-07

	Human toxicity, non-cancer effects
	CTUh
	3.04E-06

	Human toxicity, cancer effects
	CTUh
	5.55E-07

	Particulate matter
	kg PM2.5 eq
	0.003706829

	Ionizing radiation HH
	kBq U235 eq
	2.4250575

	Ionizing radiation E (interim)
	CTUe
	6.53E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.020802409

	Acidification
	molc H+ eq
	0.04352267

	Terrestrial eutrophication
	molc N eq
	0.10019385

	Freshwater eutrophication
	kg P eq
	0.005158646

	Marine eutrophication
	kg N eq
	0.011289096

	Freshwater ecotoxicity
	CTUe
	191.56187

	Land use
	kg C deficit
	11.956056

	Water resource depletion
	m3 water eq
	0.11128748

	Mineral, fossil & ren resource depletion
	kg Sb eq
	9.46E-05

	1 kg PLA -GO 0.5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	4.245249

	Ozone depletion
	kg CFC-11 eq
	1.15E-06

	Human toxicity, non-cancer effects
	CTUh
	3.04E-06

	Human toxicity, cancer effects
	CTUh
	4.41E-07

	Particulate matter
	kg PM2.5 eq
	0.00399

	Ionizing radiation HH
	kBq U235 eq
	0.904499

	Ionizing radiation E (interim)
	CTUe
	2.69E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.019518

	Acidification
	molc H+ eq
	0.047011

	Terrestrial eutrophication
	molc N eq
	0.093033

	Freshwater eutrophication
	kg P eq
	0.002781

	Marine eutrophication
	kg N eq
	0.010464

	Freshwater ecotoxicity
	CTUe
	216.9548

	Land use
	kg C deficit
	12.37695

	Water resource depletion
	m3 water eq
	0.095809

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.000168

	1 kg PLA -GO 3%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	12.77849

	Ozone depletion
	kg CFC-11 eq
	5.61E-06

	Human toxicity, non-cancer effects
	CTUh
	9.07E-06

	Human toxicity, cancer effects
	CTUh
	1.38E-06

	Particulate matter
	kg PM2.5 eq
	0.012379

	Ionizing radiation HH
	kBq U235 eq
	3.249403

	Ionizing radiation E (interim)
	CTUe
	9.20E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.051749

	Acidification
	molc H+ eq
	0.161628

	Terrestrial eutrophication
	molc N eq
	0.200072

	Freshwater eutrophication
	kg P eq
	0.008668

	Marine eutrophication
	kg N eq
	0.022192

	Freshwater ecotoxicity
	CTUe
	578.8245

	Land use
	kg C deficit
	26.44637

	Water resource depletion
	m3 water eq
	0.183619

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.000678

	1 kg PLA -GO 5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	19.60507

	Ozone depletion
	kg CFC-11 eq
	9.17E-06

	Human toxicity, non-cancer effects
	CTUh
	1.39E-05

	Human toxicity, cancer effects
	CTUh
	2.13E-06

	Particulate matter
	kg PM2.5 eq
	0.019091

	Ionizing radiation HH
	kBq U235 eq
	5.125325

	Ionizing radiation E (interim)
	CTUe
	1.44E-05

	Photochemical ozone formation
	kg NMVOC eq
	0.077535

	Acidification
	molc H+ eq
	0.253322

	Terrestrial eutrophication
	molc N eq
	0.285702

	Freshwater eutrophication
	kg P eq
	0.013379

	Marine eutrophication
	kg N eq
	0.031574

	Freshwater ecotoxicity
	CTUe
	868.3203

	Land use
	kg C deficit
	37.70191

	Water resource depletion
	m3 water eq
	0.253867

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.001086



Table S5 Impact of 1 kg PP -CNT/GNPs/GO 0.5, 3 & 5 wt% in all categories
	1 kg PP -CNT 0.5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	3.161167

	Ozone depletion
	kg CFC-11 eq
	2.25E-07

	Human toxicity, non-cancer effects
	CTUh
	1.13E-06

	Human toxicity, cancer effects
	CTUh
	2.55E-07

	Particulate matter
	kg PM2.5 eq
	0.001183

	Ionizing radiation HH
	kBq U235 eq
	0.898971

	Ionizing radiation E (interim)
	CTUe
	2.36E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.007007

	Acidification
	molc H+ eq
	0.012807

	Terrestrial eutrophication
	molc N eq
	0.021748

	Freshwater eutrophication
	kg P eq
	0.001745

	Marine eutrophication
	kg N eq
	0.002496

	Freshwater ecotoxicity
	CTUe
	68.72444

	Land use
	kg C deficit
	1.639716

	Water resource depletion
	m3 water eq
	0.02173

	Mineral, fossil & ren resource depletion
	kg Sb eq
	2.79E-05

	1 kg PP -CNT 3%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	9.407149

	Ozone depletion
	kg CFC-11 eq
	9.98E-07

	Human toxicity, non-cancer effects
	CTUh
	3.27E-06

	Human toxicity, cancer effects
	CTUh
	1.10E-06

	Particulate matter
	kg PM2.5 eq
	0.003633

	Ionizing radiation HH
	kBq U235 eq
	4.084245

	Ionizing radiation E (interim)
	CTUe
	1.06E-05

	Photochemical ozone formation
	kg NMVOC eq
	0.021114

	Acidification
	molc H+ eq
	0.045767

	Terrestrial eutrophication
	molc N eq
	0.073944

	Freshwater eutrophication
	kg P eq
	0.00758

	Marine eutrophication
	kg N eq
	0.008346

	Freshwater ecotoxicity
	CTUe
	151.5499

	Land use
	kg C deficit
	6.331578

	Water resource depletion
	m3 water eq
	0.099442

	Mineral, fossil & ren resource depletion
	kg Sb eq
	8.18E-05

	1 kg PP -CNT 5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	14.40393

	Ozone depletion
	kg CFC-11 eq
	1.62E-06

	Human toxicity, non-cancer effects
	CTUh
	4.99E-06

	Human toxicity, cancer effects
	CTUh
	1.77E-06

	Particulate matter
	kg PM2.5 eq
	0.005592

	Ionizing radiation HH
	kBq U235 eq
	6.632464

	Ionizing radiation E (interim)
	CTUe
	1.72E-05

	Photochemical ozone formation
	kg NMVOC eq
	0.032401

	Acidification
	molc H+ eq
	0.072135

	Terrestrial eutrophication
	molc N eq
	0.115701

	Freshwater eutrophication
	kg P eq
	0.012247

	Marine eutrophication
	kg N eq
	0.013027

	Freshwater ecotoxicity
	CTUe
	217.8102

	Land use
	kg C deficit
	10.08507

	Water resource depletion
	m3 water eq
	0.161612

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.000125

	1 kg PP -GNP 0.5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	2.2735844

	Ozone depletion
	kg CFC-11 eq
	1.15E-07

	Human toxicity, non-cancer effects
	CTUh
	8.26E-07

	Human toxicity, cancer effects
	CTUh
	1.17E-07

	Particulate matter
	kg PM2.5 eq
	0.000839276

	Ionizing radiation HH
	kBq U235 eq
	0.4616213

	Ionizing radiation E (interim)
	CTUe
	1.23E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.004988214

	Acidification
	molc H+ eq
	0.008233733

	Terrestrial eutrophication
	molc N eq
	0.014439251

	Freshwater eutrophication
	kg P eq
	0.000938551

	Marine eutrophication
	kg N eq
	0.001675129

	Freshwater ecotoxicity
	CTUe
	57.093693

	Land use
	kg C deficit
	0.98413677

	Water resource depletion
	m3 water eq
	0.009830716

	Mineral, fossil & ren resource depletion
	kg Sb eq
	2.01E-05

	1 kg PP -GNP 3%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	4.0816525

	Ozone depletion
	kg CFC-11 eq
	3.41E-07

	Human toxicity, non-cancer effects
	CTUh
	1.44E-06

	Human toxicity, cancer effects
	CTUh
	2.71E-07

	Particulate matter
	kg PM2.5 eq
	0.001571722

	Ionizing radiation HH
	kBq U235 eq
	1.4601468

	Ionizing radiation E (interim)
	CTUe
	3.81E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.00900401

	Acidification
	molc H+ eq
	0.01832864

	Terrestrial eutrophication
	molc N eq
	0.03009161

	Freshwater eutrophication
	kg P eq
	0.002740512

	Marine eutrophication
	kg N eq
	0.003421066

	Freshwater ecotoxicity
	CTUe
	81.765409

	Land use
	kg C deficit
	2.3981045

	Water resource depletion
	m3 water eq
	0.028044826

	Mineral, fossil & ren resource depletion
	kg Sb eq
	3.51E-05

	1 kg PP -GNP 5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	5.5281069

	Ozone depletion
	kg CFC-11 eq
	5.22E-07

	Human toxicity, non-cancer effects
	CTUh
	1.94E-06

	Human toxicity, cancer effects
	CTUh
	3.94E-07

	Particulate matter
	kg PM2.5 eq
	0.002157679

	Ionizing radiation HH
	kBq U235 eq
	2.2589672

	Ionizing radiation E (interim)
	CTUe
	5.89E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.012216646

	Acidification
	molc H+ eq
	0.026404565

	Terrestrial eutrophication
	molc N eq
	0.042613497

	Freshwater eutrophication
	kg P eq
	0.00418208

	Marine eutrophication
	kg N eq
	0.004817815

	Freshwater ecotoxicity
	CTUe
	101.50278

	Land use
	kg C deficit
	3.5292786

	Water resource depletion
	m3 water eq
	0.042616113

	Mineral, fossil & ren resource depletion
	kg Sb eq
	4.70E-05

	1 kg PP -GO 0.5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	3.61405

	Ozone depletion
	kg CFC-11 eq
	9.61E-07

	Human toxicity, non-cancer effects
	CTUh
	1.91E-06

	Human toxicity, cancer effects
	CTUh
	2.74E-07

	Particulate matter
	kg PM2.5 eq
	0.002378

	Ionizing radiation HH
	kBq U235 eq
	0.731648

	Ionizing radiation E (interim)
	CTUe
	2.02E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.010661

	Acidification
	molc H+ eq
	0.029214

	Terrestrial eutrophication
	molc N eq
	0.03299

	Freshwater eutrophication
	kg P eq
	0.001761

	Marine eutrophication
	kg N eq
	0.003704

	Freshwater ecotoxicity
	CTUe
	124.7695

	Land use
	kg C deficit
	3.558722

	Water resource depletion
	m3 water eq
	0.024089

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.000119

	1 kg PP -GO 3%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	12.12445

	Ozone depletion
	kg CFC-11 eq
	5.42E-06

	Human toxicity, non-cancer effects
	CTUh
	7.96E-06

	Human toxicity, cancer effects
	CTUh
	1.21E-06

	Particulate matter
	kg PM2.5 eq
	0.010802

	Ionizing radiation HH
	kBq U235 eq
	3.080308

	Ionizing radiation E (interim)
	CTUe
	8.55E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.043043

	Acidification
	molc H+ eq
	0.144208

	Terrestrial eutrophication
	molc N eq
	0.141397

	Freshwater eutrophication
	kg P eq
	0.007672

	Marine eutrophication
	kg N eq
	0.015592

	Freshwater ecotoxicity
	CTUe
	487.8205

	Land use
	kg C deficit
	17.84562

	Water resource depletion
	m3 water eq
	0.113593

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.00063

	1 kg PP -GO 5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	18.93276

	Ozone depletion
	kg CFC-11 eq
	8.98E-06

	Human toxicity, non-cancer effects
	CTUh
	1.28E-05

	Human toxicity, cancer effects
	CTUh
	1.96E-06

	Particulate matter
	kg PM2.5 eq
	0.017542

	Ionizing radiation HH
	kBq U235 eq
	4.959235

	Ionizing radiation E (interim)
	CTUe
	1.38E-05

	Photochemical ozone formation
	kg NMVOC eq
	0.068949

	Acidification
	molc H+ eq
	0.236204

	Terrestrial eutrophication
	molc N eq
	0.228122

	Freshwater eutrophication
	kg P eq
	0.012402

	Marine eutrophication
	kg N eq
	0.025103

	Freshwater ecotoxicity
	CTUe
	778.2612

	Land use
	kg C deficit
	29.27513

	Water resource depletion
	m3 water eq
	0.185196

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.001039



Table S6 Impact of 1 kg PA - GNPs/GO/ CNT 0.5, 3 & 5 wt% in all categories
	1 kg PA -GNP 0.5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	5.0263537

	Ozone depletion
	kg CFC-11 eq
	9.91E-08

	Human toxicity, non-cancer effects
	CTUh
	7.74E-07

	Human toxicity, cancer effects
	CTUh
	1.90E-07

	Particulate matter
	kg PM2.5 eq
	0.001900364

	Ionizing radiation HH
	kBq U235 eq
	0.41516499

	Ionizing radiation E (interim)
	CTUe
	1.10E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.011282084

	Acidification
	molc H+ eq
	0.020971262

	Terrestrial eutrophication
	molc N eq
	0.038660219

	Freshwater eutrophication
	kg P eq
	0.001016382

	Marine eutrophication
	kg N eq
	0.007188911

	Freshwater ecotoxicity
	CTUe
	54.470777

	Land use
	kg C deficit
	0.76667356

	Water resource depletion
	m3 water eq
	0.023214515

	Mineral, fossil & ren resource depletion
	kg Sb eq
	1.40E-05

	1 kg PA -GNP 3%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	6.6797718

	Ozone depletion
	kg CFC-11 eq
	3.26E-07

	Human toxicity, non-cancer effects
	CTUh
	1.39E-06

	Human toxicity, cancer effects
	CTUh
	3.40E-07

	Particulate matter
	kg PM2.5 eq
	0.002573198

	Ionizing radiation HH
	kBq U235 eq
	1.4163004

	Ionizing radiation E (interim)
	CTUe
	3.70E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.014944292

	Acidification
	molc H+ eq
	0.030350577

	Terrestrial eutrophication
	molc N eq
	0.052951849

	Freshwater eutrophication
	kg P eq
	0.00281397

	Marine eutrophication
	kg N eq
	0.008625084

	Freshwater ecotoxicity
	CTUe
	79.289849

	Land use
	kg C deficit
	2.1928583

	Water resource depletion
	m3 water eq
	0.040676726

	Mineral, fossil & ren resource depletion
	kg Sb eq
	2.93E-05

	1 kg PA -GNP 5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	8.0025063

	Ozone depletion
	kg CFC-11 eq
	5.08E-07

	Human toxicity, non-cancer effects
	CTUh
	1.89E-06

	Human toxicity, cancer effects
	CTUh
	4.60E-07

	Particulate matter
	kg PM2.5 eq
	0.003111466

	Ionizing radiation HH
	kBq U235 eq
	2.2172087

	Ionizing radiation E (interim)
	CTUe
	5.77E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.017874057

	Acidification
	molc H+ eq
	0.03785403

	Terrestrial eutrophication
	molc N eq
	0.064385154

	Freshwater eutrophication
	kg P eq
	0.004252041

	Marine eutrophication
	kg N eq
	0.009774023

	Freshwater ecotoxicity
	CTUe
	99.145106

	Land use
	kg C deficit
	3.3338061

	Water resource depletion
	m3 water eq
	0.054646495

	Mineral, fossil & ren resource depletion
	kg Sb eq
	4.15E-05

	1 kg PA -GO 0.5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	6.366819

	Ozone depletion
	kg CFC-11 eq
	9.45E-07

	Human toxicity, non-cancer effects
	CTUh
	1.86E-06

	Human toxicity, cancer effects
	CTUh
	3.47E-07

	Particulate matter
	kg PM2.5 eq
	0.003439

	Ionizing radiation HH
	kBq U235 eq
	0.685192

	Ionizing radiation E (interim)
	CTUe
	1.89E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.016955

	Acidification
	molc H+ eq
	0.041951

	Terrestrial eutrophication
	molc N eq
	0.057211

	Freshwater eutrophication
	kg P eq
	0.001838

	Marine eutrophication
	kg N eq
	0.009217

	Freshwater ecotoxicity
	CTUe
	122.1466

	Land use
	kg C deficit
	3.341259

	Water resource depletion
	m3 water eq
	0.037472

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.000113

	1 kg PA -GO 3%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	14.72257

	Ozone depletion
	kg CFC-11 eq
	5.40E-06

	Human toxicity, non-cancer effects
	CTUh
	7.91E-06

	Human toxicity, cancer effects
	CTUh
	1.28E-06

	Particulate matter
	kg PM2.5 eq
	0.011804

	Ionizing radiation HH
	kBq U235 eq
	3.036461

	Ionizing radiation E (interim)
	CTUe
	8.43E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.048984

	Acidification
	molc H+ eq
	0.15623

	Terrestrial eutrophication
	molc N eq
	0.164257

	Freshwater eutrophication
	kg P eq
	0.007746

	Marine eutrophication
	kg N eq
	0.020796

	Freshwater ecotoxicity
	CTUe
	485.3449

	Land use
	kg C deficit
	17.64037

	Water resource depletion
	m3 water eq
	0.126224

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.000624

	1 kg PA -GO 5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	21.40716

	Ozone depletion
	kg CFC-11 eq
	8.97E-06

	Human toxicity, non-cancer effects
	CTUh
	1.27E-05

	Human toxicity, cancer effects
	CTUh
	2.03E-06

	Particulate matter
	kg PM2.5 eq
	0.018495

	Ionizing radiation HH
	kBq U235 eq
	4.917477

	Ionizing radiation E (interim)
	CTUe
	1.37E-05

	Photochemical ozone formation
	kg NMVOC eq
	0.074606

	Acidification
	molc H+ eq
	0.247654

	Terrestrial eutrophication
	molc N eq
	0.249894

	Freshwater eutrophication
	kg P eq
	0.012472

	Marine eutrophication
	kg N eq
	0.030059

	Freshwater ecotoxicity
	CTUe
	775.9036

	Land use
	kg C deficit
	29.07966

	Water resource depletion
	m3 water eq
	0.197226

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.001033

	1 kg PA -CNT 0.5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	5.913936

	Ozone depletion
	kg CFC-11 eq
	2.09E-07

	Human toxicity, non-cancer effects
	CTUh
	1.08E-06

	Human toxicity, cancer effects
	CTUh
	3.28E-07

	Particulate matter
	kg PM2.5 eq
	0.002244

	Ionizing radiation HH
	kBq U235 eq
	0.852515

	Ionizing radiation E (interim)
	CTUe
	2.23E-06

	Photochemical ozone formation
	kg NMVOC eq
	0.0133

	Acidification
	molc H+ eq
	0.025544

	Terrestrial eutrophication
	molc N eq
	0.045969

	Freshwater eutrophication
	kg P eq
	0.001823

	Marine eutrophication
	kg N eq
	0.00801

	Freshwater ecotoxicity
	CTUe
	66.10152

	Land use
	kg C deficit
	1.422253

	Water resource depletion
	m3 water eq
	0.035114

	Mineral, fossil & ren resource depletion
	kg Sb eq
	2.18E-05

	1 kg PA -CNT 3%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	12.00527

	Ozone depletion
	kg CFC-11 eq
	9.83E-07

	Human toxicity, non-cancer effects
	CTUh
	3.22E-06

	Human toxicity, cancer effects
	CTUh
	1.17E-06

	Particulate matter
	kg PM2.5 eq
	0.004634

	Ionizing radiation HH
	kBq U235 eq
	4.040398

	Ionizing radiation E (interim)
	CTUe
	1.05E-05

	Photochemical ozone formation
	kg NMVOC eq
	0.027055

	Acidification
	molc H+ eq
	0.057789

	Terrestrial eutrophication
	molc N eq
	0.096804

	Freshwater eutrophication
	kg P eq
	0.007653

	Marine eutrophication
	kg N eq
	0.01355

	Freshwater ecotoxicity
	CTUe
	149.0743

	Land use
	kg C deficit
	6.126332

	Water resource depletion
	m3 water eq
	0.112074

	Mineral, fossil & ren resource depletion
	kg Sb eq
	7.60E-05

	1 kg PA -CNT 5%
	

	Impact category
	Unit
	Total

	Climate change
	kg CO2 eq
	16.87833

	Ozone depletion
	kg CFC-11 eq
	1.60E-06

	Human toxicity, non-cancer effects
	CTUh
	4.94E-06

	Human toxicity, cancer effects
	CTUh
	1.84E-06

	Particulate matter
	kg PM2.5 eq
	0.006546

	Ionizing radiation HH
	kBq U235 eq
	6.590705

	Ionizing radiation E (interim)
	CTUe
	1.71E-05

	Photochemical ozone formation
	kg NMVOC eq
	0.038058

	Acidification
	molc H+ eq
	0.083584

	Terrestrial eutrophication
	molc N eq
	0.137473

	Freshwater eutrophication
	kg P eq
	0.012317

	Marine eutrophication
	kg N eq
	0.017983

	Freshwater ecotoxicity
	CTUe
	215.4525

	Land use
	kg C deficit
	9.889595

	Water resource depletion
	m3 water eq
	0.173643

	Mineral, fossil & ren resource depletion
	kg Sb eq
	0.000119



[bookmark: _Hlk87013373]Table S7 Impact on climate change of the composite filaments produced by PA and GO as a filler in different loadings and EoL management routes (cradle-to-gate)
	Impact category
	Climate change (kg CO2 eq/ kg of filament)

	PA -GO 0.5% 100%incinerated
	11.3

	PA -GO 0.5% 100%landfilled
	10.73

	PA -GO 0.5% 100%recycling
	2.42

	PA -GO 1% 100%incinerated
	12.98

	PA -GO 1% 100%landfilled
	12.4

	PA -GO 1% 100%recycling
	4.09

	PA -GO 2% 100%incinerated
	16.32

	PA -GO 2% 100%landfilled
	15.74

	PA -GO 2% 100%recycling
	7.44

	PA -GO 3% 100%incinerated
	18.15

	PA -GO 3% 100%landfilled
	17.58

	PA -GO 3% 100%recycling
	9.27








Table S8 Electrical conductivity of various polymers with different nano-fillers based loadings
	Thermoplastic + Filler (wt. %)
	Conductivity (S/m)
	Reference

	PEEK/1% MWCNT
	3.19E-06
	Gonçalves et al. 

	PEEK/2% MWCNT
	3.08E-05
	Gonçalves et al. 

	PEEK/3% MWCNT
	1.15E+00
	Gonçalves et al. 

	PEEK/4% MWCNT
	1.24E+01
	Gonçalves et al. 

	PEEK/5% MWCNT
	1.48E+01
	Gonçalves et al. 

	PEEK/6% MWCNT
	2.22E+01
	Gonçalves et al. 

	PLA/1.5% GNP
	2.51E-08
	Ivanov et al 

	PLA/3% GNP
	9.90E-08
	Ivanov et al 

	PLA/6% GNP
	8.35E-03
	Ivanov et al 

	PLA/1.5% MWCNT
	1.40E-08
	Ivanov et al 

	PLA/3% MWCNT
	7.86E-04
	Ivanov et al 

	PLA/6% MWCNT
	2.10E-02
	Ivanov et al 

	ABS/4.76% MWCNT
	4.00E-01
	Podsiadły et al 

	ABS/9.09% MWCNT
	6.67E+00
	Podsiadły et al 

	PLA/0.5% rGO
	8.00E-10
	Gomez et al 

	PLA/1% rGO
	4.00E-07
	Gomez et al 

	PLA/2% rGO
	1.00E-03
	Gomez et al 

	PA12/1% MWCNT
	1.00E-12
	Socher et al 2011

	PA12/3% MWCNT
	1.70E-02
	Socher et al 2011


* approximated values from graph 




References
Electrically Conductive Polyetheretherketone Nanocomposite Filaments: From Production to Fused Deposition Modeling. Gonçalves, Jordana, Patrícia Lima, Beate Krause, Petra Pötschke, Ugo Lafont, José R. Gomes, Cristiano S. Abreu, Maria C. Paiva, and José A. Covas. 8, s.l. : Polymers , 2018, Vol. 10. 10.3390/polym10080925.
PLA/Graphene/MWCNT Composites with Improved Electrical and Thermal Properties Suitable for FDM 3D Printing Applications. Ivanov, Evgeni, Rumiana Kotsilkova, Hesheng Xia, Yinghong Chen, Ricardo K. Donato, Katarzyna Donato, Anna P. Godoy, Rosa Di Maio, Clara Silvestre, Sossio Cimmino, and Verislav Angelov. s.l. : Applied Sciences , 2019, Vol. 9. 10.3390/app9061209.
Carbon Nanotube-Based Composite Filaments for 3D Printing of Structural and Conductive Elements. Podsiadły, Bartłomiej, Piotr Matuszewski, Andrzej Skalski, and Marcin Słoma. 3, s.l. : Applied Sciences , 2021, Vol. 11. 10.3390/app11031272.
Preparation of electrically conductive PLA/rGO nanocomposite filaments. Gómez, Julio & Villaro, Elvira & Pérez, Javier & Haidar, Bojan. s.l. : Graphene Technology, 2020, Vol. 5. 10.1007/s41127-020-00031-3.
Electrical and thermal properties of polyamide 12 composites with hybrid fillers systems of multiwalled carbon. Robert Socher, Beate Krause, Sylvia Hermasch, Roland Wursche, Petra Pötschke. 8, s.l. : Composites Science and Technology, Elsevier, 2011, Vol. 71. hal-00753187.




