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Table S1. General data

ID_param Symbol Parameter Resource [Time type Value Unit Reference
0000 m_bv mass_base_vehicle SoA 1000 kg [1]
0000 m_bv mass_base_vehicle PoT 870 kg [2]
0001 m_load mass_load ALL 80 kg
0020 P n bv nominal_power base vehicle SoA 90 kW [2]
0020 P _n bv nominal_power_base_vehicle PoT 135 kW [2]
0022 P p bv peak_power_base_vehicle SoA 150 kW [3]
0022 P p bv peak_power_base vehicle PoT 225 kW [3]
0030 eta efficiency BE SoA 0.28 % [4]
0030 eta efficiency BE PoT 0.32 % [4]
0030 eta efficiency Gas SoA 0.42 % [5]
0030 eta efficiency Gas PoT 0.47 % [51[6]
0030 eta efficiency HCo SoA 0.35 % [51(71
0030 eta efficiency HCo PoT 0.42 % [5][6]
0030 eta efficiency HP SoA 0.9 % [8]
0030 eta efficiency HP PoT 0.95 % [9]
0030 eta efficiency Oil SoA 0.37 % [51[71
0030 eta efficiency Oil PoT 0.44 % [5][6]
0030 eta efficiency PV SoA 0.22 % [10]
0030 eta efficiency PV PoT 0.414 % [11]
0030 eta efficiency U SoA 0.3 % [5]
0030 eta efficiency U PoT 0.3 % [5116]
0030 eta efficiency WP SoA 0.45 % [10]
0030 eta efficiency WP PoT 0.52 % [10]
0060 LC bv lifecycle ALL 10 years [12]
0061 Mil_bv mileage ALL 15000 km/year [12]
0070 A_frontbv | inflow_surface base vehicle ALL 2 m2 [13]
0071 c w,bv drag_coefficient base vehicle SoA 0.3 [14]
0071 c w,bv drag_coefficient base vehicle PoT 0.24 [14]
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0072 f rr,bv rolling_resistance_coefficient_base_vehicle ALL 0.01 [13]
0073 e ibv rotating_mass_surcharge factor ALL 1.1 [15]
0074 roh_air air_density ALL 1.2 kg/m3 [16]
0075 G g-force_earth ALL 9.81 m/s2 [17]
1004 R bv resource_base vehicle Ste SoA 526.6 kg
1004 R_bv resource_base_vehicle Fe SoA 101.5 kg
1004 R_bv resource_base_vehicle Al SoA 102.2 kg
1004 R bv resource_base vehicle Cu SoA 1.3 kg
1004 R bv resource_base vehicle Cot SoA 12.8 kg
1004 R _bv resource_base_vehicle Pla SoA 2235 kg
1004 R_bv resource_base_vehicle Gla SoA 29.6 kg
1004 R_bv resource_base_vehicle Zn SoA 2.5 kg

(18]
1004 R bv resource_base_vehicle Ste PoT 458.2 kg
1004 R bv resource_base vehicle Fe PoT 88.3 kg
1004 R_bv resource_base_vehicle Al PoT 88.9 kg
1004 R_bv resource_base_vehicle Cu PoT 1.1 kg
1004 R_bv resource_base_vehicle Cot PoT 11.2 kg
1004 R bv resource_base_vehicle Pla PoT 194.4 kg
1004 R bv resource_base_vehicle Gla PoT 25.7 kg
1004 R_bv resource_base_vehicle Zn PoT 22 kg
1005 X_ee share_electric_energy mix BE PoT 0.03039172 % [19][20]
1005 x_ee share_electric_energy mix Gas SoA 0.23204150 % [21]
1005 X_ee share_electric_energy_mix Gas PoT 0.28486876 % [19]
1005 X_ee share_electric_energy mix HCo SoA 0.38406868 % [21]
1005 x_ee share_electric_energy _mix HCo PoT 0.28512609 % [19]
1005 x_ee share_electric_energy mix HP SoA 0.16701021 % [21]
1005 x_ee share_electric_energy_mix HP PoT 0.14967485 % [19][20]
1005 X_ee share_electric_energy_mix Oil SoA 0.03800680 % [21]
1005 X_ee share_electric_energy mix Oil PoT 0.01286670 % [19]
1005 x_ee share_electric_energy mix OR SoA 0.02334939 % [21]
1005 x_ee share_electric_energy mix PV SoA 0.01313653 % [21]
1005 X_ee share_electric_energy_mix PV PoT 0.05501128 % [19][20]
1005 X_ee share_electric_energy mix U SoA 0.10401860 % [21]
1005 X_ee share_electric_energy mix U PoT 0.09778693 % [19]
1005 x_ee share_electric_energy mix WP SoA 0.03836829 % [21]
1005 X_ee share_electric_energy mix WP PoT 0.08427367 % [19][20]
1012 (E/R_E) Energy per_resource_energy BCo ALL 2.56 kWh/kg [22]
1012 (E/R_E) Energy per resource_energy Gas ALL 124 kWh/kg [23]
1012 (E/R_E) Energy per_resource_energy HCo ALL 8.33 kWh/kg [22]
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1012 (E/R_E) Energy per_resource_energy Oil ALL 11.6 kWh/kg [23]
1012 (E/R_E) Energy per_resource_energy U ALL 24000000 kWh/kg [24]
1300 X_res resource_recycling_rate Al ALL 0.7684 % [25]
1300 X_res resource_recycling_rate Cu ALL 0.7684 % [25]
1300 X_res resource_recycling_rate Li ALL 0.01 % [26]
1300 X_res resource_recycling_rate Pt ALL 0.70 % [26]
1300 X_res resource_recycling_rate Co ALL 0.68 % [26]
1300 X_res resource_recycling_rate Gla ALL 0.822 % [27]
1300 X_res resource_recycling_rate Cot ALL 0.12 % [28]
1300 X_res resource_recycling_rate Ga ALL 0.01 % [26]
1300 X_res resource_recycling_rate Ce ALL 0.01 % [26]
1300 X_res resource_recycling_rate Dy ALL 0.01 % [26]
1300 X_res resource_recycling_rate Tb ALL 0.01 % [26]
1300 X_res resource_recycling_rate Ste ALL 0.8951 % [25]
1300 X_res resource_recycling_rate Fe ALL 0.8951 % [25]
1300 X_res resource_recycling_rate Sn ALL 0.7684 % [25]
1300 X_res resource_recycling_rate Ge ALL 0.385 % [26]
1300 X_res resource_recycling_rate Au ALL 0.775 % [26]
1300 X_res resource_recycling_rate In ALL 0.01 % [26]
1300 X_res resource_recycling_rate Zn ALL 0.7684 % [25]
1300 X_res resource_recycling_rate Ni ALL 0.7684 % [25]
1300 X_res resource_recycling_rate La ALL 0.01 % [26]
1300 X_res resource_recycling_rate Mn ALL 0.53 % [26]
1300 X_res resource_recycling_rate Nd ALL 0.01 % [26]
1300 X_res resource_recycling_rate Te ALL 0.01 % [26]
1300 X_res resource_recycling_rate Cr ALL 0.7684 % [25]
1300 X_res resource_recycling_rate Pd ALL 0.7 % [26]
1300 X_res resource_recycling_rate Ag ALL 0.775 % [26]
1300 X_res resource_recycling_rate Si ALL 0.9 % [29]
1300 X_res resource_recycling_rate Ti ALL 0.91 % [26]
1300 X_res resource_recycling_rate Cd ALL 0.15 % [26]
1300 X_res resource_recycling_rate Pb ALL 0.7684 % [25]
1300 X_res resource_recycling_rate Gra ALL 0 % [30]
1300 X_res resource_recycling_rate Con ALL 0.78 % [25]
1300 X_res resource_recycling_rate Cem ALL 0.78 % [25]
1300 X_res resource_recycling_rate Pla ALL 0.221 % [25]
1400 X_res resource_vehicle_recycling_rate Al ALL 0.9850 % [31][32]
1400 X_res resource_vehicle_recycling_rate Cu ALL 0.9850 % [31][32]
1400 X_res resource_vehicle_recycling_rate La ALL 0.01 % [26]
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1400 X_res resource_vehicle_recycling_rate Ag ALL 0.775 % [26]
1400 X_res resource_vehicle_recycling_rate Nd ALL 0.01 % [26]
1400 X_res resource_vehicle_recycling_rate Li ALL 0.01 % [26]
1400 X_res resource_vehicle_recycling_rate Ti ALL 0.91 % [26]
1400 X_res resource_vehicle_recycling_rate Te ALL 0.01 % [26]
1400 X_res resource_vehicle_recycling_rate Zn ALL 0.985 % [31][32]
1400 X_res resource_vehicle_recycling_rate Fe ALL 0.985 % [31][32]
1400 X_res resource_vehicle_recycling_rate Pb ALL 0.7684 % [25]
1400 X_res resource_vehicle_recycling_rate Ni ALL 0.7684 % [25]
1400 X_res resource_vehicle_recycling_rate Gra ALL 0 % [30]
1400 X_res resource_vehicle_recycling_rate Sn ALL 0.985 % [31][32]
1400 X_res resource_vehicle_recycling_rate Cr ALL 0.7684 % [25]
1400 X_res resource_vehicle_recycling_rate Mn ALL 0.53 % [26]
1400 X_res resource_vehicle_recycling_rate Pla ALL 0.55 % [31]
1400 X_res resource_vehicle_recycling_rate Pd ALL 0.7 % [26]
1400 X_res resource_vehicle_recycling_rate Gla ALL 0.08 % [33]
1400 X_res resource_vehicle_recycling_rate Pt ALL 0.70 % [26]
1400 X_res resource_vehicle_recycling_rate Cot ALL 0.12 % [28]
1400 X_res resource_vehicle_recycling_rate Co ALL 0.68 % [26]
1400 X_res resource_vehicle_recycling_rate Au ALL 0.775 % [26]
1400 X_res resource_vehicle_recycling_rate Ge ALL 0.385 % [26]
1400 X_res resource_vehicle_recycling_rate Ga ALL 0.01 % [26]
1400 X_res resource_vehicle_recycling_rate Ste ALL 0.985 % [31][32]
1400 X_res resource_vehicle_recycling_rate Tb ALL 0.01 % [26]
1400 X_res resource_vehicle_recycling_rate Dy ALL 0.01 % [26]
1400 X_res resource_vehicle_recycling_rate Ce ALL 0.01 % [26]
1400 X_res resource_vehicle_recycling_rate In ALL 0.01 % [26]
1400 X_res resource_vehicle_recycling_rate Cd ALL 0.15 % [26]

[21](34](35]
1799 (ghg/E_E) | GHG_emission_per energy electricity SoA 540.8906228 g/kWh

[36][37][38]

[191[20][34][35]

1799 (ghg/E_E) | GHG_emission_per_energy_electricity PoT 407.8802702 g/kWh

[36][37][38]
1800 R _av resource_available BCo ALL 4741000000000 t [39]
1800 R_av resource_available Ce ALL 145810428 t [40][41]
1800 R _av resource_available Pt ALL 47000 t [42][43][44]
1800 R av resource_available Al ALL 12500000000 t [43]
1800 R_av resource_available Li ALL 53000000 t [43]
1800 R_av resource_available Co ALL 145000000 t [43]
1800 R_av resource_available HCo ALL 18424000000000 t [39]
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1800 R_av resource_available Ni ALL 300000000 t [45]
1800 R_av resource_available Cd ALL 570000000 t [46]
1800 R _av resource_available Cr ALL 12000000000 t [46]
1800 R av resource_available Fe ALL 230000000000 t [43]
1800 R av resource_available In ALL 95000 t [43]
1800 R_av resource_available La ALL 76263908 t [40][41]
1800 R_av resource_available Mn ALL 5990000000 t [47]
1800 R av resource_available Nd ALL 49594650 t [40][41]
1800 R av resource_available Pd ALL 51000 t [44]
1800 R_av resource_available Gra ALL 800000000 t [43]
1800 R_av resource_available P ALL 300000000000 t [43]
1800 R_av resource_available Gas ALL 672000000000 t [39]
1800 R av resource_available Cu ALL 2100000000 t [43]
1800 R av resource_available U ALL 11600000 t [39]
1800 R_av resource_available Ga ALL 3845000 t [43]
1800 R_av resource_available Dy ALL 1910449.4 t [40][41]
1800 R_av resource_available Oil ALL 689000000000 t [39]
1800 R _av resource_available Pb ALL 2000000000 t [46]
2000 C_bv cost_base_vehicle ALL 15000 € [12][48]
2020 x_c,sale,bv | resale_base_vehicle ALL 0.1 % [49]
3205 n_veh p g | vehicle production_global SoA 70567581 [50]
3205 n_veh p_ g | vehicle production_global PoT 152168184 [50][51]

Table S2. Location specific data using the example of Germany

ID_param Symbol Parameter Resource [Time type] Value Unit Reference
30 eta efficiency BCo SoA 0.391655636 % [71[52]
30 eta efficiency BCo PoT 0.47 % [6]
30 eta efficiency BE SoA 0.28 % [4]
30 eta efficiency BE PoT 0.32 % [4]
30 eta efficiency Gas SoA 0.573832757 % [71[52]
30 eta efficiency Gas PoT 0.62 % [6]
30 eta efficiency HCo SoA 0.425255113 % [71[52]
30 eta efficiency HCo PoT 0.5 % [6]
30 eta efficiency HP SoA 0.9 % [8]
30 eta efficiency HP PoT 0.95 % [9]
30 eta efficiency Oil SoA 0.413600164 % [71[52]
30 eta efficiency Oil PoT 0.48 % [6]
30 eta efficiency PV SoA 0.22 % [10]
30 eta efficiency PV PoT 0.414 % [11]
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30 eta efficiency U SoA 0.329954712 % [71[52]

30 eta efficiency U PoT 0.333 % [6]

30 eta efficiency WP SoA 0.45 % [10]

30 eta efficiency WP PoT 0.52 % [10]
1005 X_ee share_electric_energy_mix BCo SoA 0.24267365 % [53]
1005 x_ee share_electric_energy_mix BCo PoT 0.01743265 % [54]
1005 x_ee share_electric_energy _mix BE SoA 0.08230131 % [53]
1005 X_ee share_electric_energy_mix BE PoT 0.07765452 % [54]
1005 X_ee share_electric_energy_mix Gas SoA 0.08197387 % [53]
1005 X_ee share_electric_energy _mix Gas PoT 0.21553090 % [54]
1005 X_ee share_electric_energy _mix HCo SoA 0.13346128 % [53]
1005 x_ee share_electric_energy _mix HCo PoT 0.03645008 % [54]
1005 X_ee share_electric_energy_mix HP SoA 0.03580128 % [53]
1005 X_ee share_electric_energy_mix HP PoT 0.03803487 % [54]
1005 X_ee share_electric_energy _mix PV SoA 0.08442829 % [53]
1005 x_ee share_electric_energy _mix PV PoT 0.10935024 % [54]
1005 x_ee share_electric_energy _mix U SoA 0.13336901 % [53]
1005 X_ee share_electric_energy_mix 8] PoT 0 % [54]
1005 X_ee share_electric_energy_mix WP SoA 0.20569130 % [53]
1005 X_ee share_electric_energy_mix WP PoT 0.50554675 % [54]

[34][35][36][37]
1799 (ghg/E_E) | GHG_emission_per_energy_electricity SoA 463.8433416 g/kWh
[38][53]
[34][35][36][37]
1799 (ghg/E_E) | GHG_emission_per_energy_electricity PoT 157.91441036 g/kWh
[38][54]
2006 (C/E_E) cost_per_energy_electricity SoA 0.2986 €/kWh [55]
2006 (C/E_E) cost_per_energy_electricity PoT 0.268 €/kWh [6]
2007 (C/E_H2) cost_per_energy hydrogen SoA 0.285 €/kWh [56]
2007 (C/E_H2) | cost_per_energy hydrogen PoT 0.157 €/kWh [57]
2008 (C/E_G) cost_per_energy_gasoline SoA 0.155 €/kWh [23][58]
2008 (C/E_G) cost_per_energy gasoline PoT 0.244 €/kWh [6]123]
2009 (C/E_D) cost_per_energy_diesel SoA 0.116 €/kWh [23][58]
2009 (C/E_D) cost_per_energy_diesel PoT 0.202 €/kWh [6][23]
2010 x_C,E,adj | cost_adjustment_electricity ALL 0.46 % [59]
x_C,H2,ad
2011 ) cost_adjustment_hydrogen ALL 0.84 %
]

2012 x_C,G,adj | cost_adjustment gasoline ALL 0.361 % [58]
2013 x_C,D,adj | cost adjustment diesel ALL 0.433 % [58]
3200 L road length_highway road network ALL 12996 km [60]
3201 DP_veh design_driving_performance_vehicle ALL 1.462520828 km/h [61]
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3202 n_veh registered_vehicles SoA 52895784 [62]
3202 n_veh registered_vehicles PoT 45863000 [6]
3204 n_el average_electrified lane ALL 2.2917 [61]
Table S3. Technological data
ID_param Symbol Component Parameter Resource [Time type] Value Unit Reference
0030 eta efficiency SoA 0.94 % [63]
0030 eta efficiency PoT 0.97 % [64]
1001 (R/E) resource_per_energy Al ALL 0.000150141 kg/kWh
1001 (R/E) resource_per_energy Cu ALL 0.000281691 kg/kWh
electricity _trans
1001 (R/E) esource_per_energy Ste ALL 0.000543517 kg/kWh
port
1001 (R/E) resource_per_energy Wo ALL 0.0000598252 kg/kWh [18][65][531[54]
1001 (R/E) resource_per_energy Con ALL 0.00335517 kg/kWh
1001 (R/E) resource_per_energy San ALL 0.020830662 kg/kWh
1001 (R/E) esource_per_energy Pla ALL 0.000160966 kg/kWh
1001 (R/E) esource_per_energy Pb ALL 0.0000928778 kg/kWh
0030 eta efficiency SoA 0.65 % [66]
0030 eta efficiency PoT 0.85 % [67]
1001 (R/E) resource_per_energy Al ALL 0.00000180 kg/kWh
1001 (R/E) esource_per_energy Con ALL 0.00000900 kg/kWh
electrolysis,
1001 (R/E) resource_per_energy Ste ALL 0.00018002 kg/kWh
compression, [68][23]
1001 (R/E) resource_per_energy Ni ALL 0.00001920 kg/kWh
storage
1001 (R/E) resource_per_energy Pla ALL 0.00000150 kg/kWh
1001 (R/E) resource_per_energy Cr ALL 0.00000570 kg/kWh
1105 E_aux/E energy auxiliary per_energy SoA 1.538461538 kWh/kWh [66]
1105 E_aux/E energy_auxiliary per_energy PoT 1.176470588 kWh/kWh [67]
0030 eta efficiency ALL 0.99 % [69]
1001 (R/E) resource_per_energy Ste ALL 0.0024 kg/kWh [18]
1105 E aux/E H2 distribution [energy auxiliary per energy ALL 0.0000000377538 kWh/kWh [18]
1500 ghg_fac IGHG_emission_auxiliary _factor SoA 477.89 g/kWh [18]
1500 ghg_fac IGHG_emission_auxiliary _factor PoT 381.19 g/kWh [18]
30 eta efficiency ALL 0.935 % [70]
60 LC bv lifecycle ALL 10 years [18]
1105 E aux/E energy auxiliary per energy ALL 0.03 kWh/kWh [18]
compression,
1500 ghg_fac IGHG_emission_auxiliary_factor SoA 483.92 g/kWh [18]
storage, fueling
1500 ghg_fac IGHG_emission_auxiliary _factor PoT 386.05 g/kWh [18]
2002 c/P cost_per_performance SoA 1892.4 €/kW [23][69][71][72]
2002 c/P cost_per_performance PoT 1690.53 €/kW [69][71][72]
21 P charging [nominal _power SoA 150 kW [73]
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21 P jnominal_power PoT 350 kW [73]

30 eta efficiency SoA 0.85 % [74]

30 eta efficiency PoT 0.85 % [74]

60 LC bv lifecycle ALL 10 years

1002 R/P resource_per performance Cu SoA 1.35 kg/kW [18][73][75]
1002 R/P resource_per_performance Cu PoT 1.317428571429 kg/kW [18][73][75]
1002 R/P resource_per_performance In SoA 0.0000000066667 kg/kW [73][75]
1002 R/P resource_per performance In PoT 0.00000000231 kg/kW [73][75]
1002 R/P resource_per performance Ge SoA 0.0000000066667 kg/kW [73][75]
1002 R/P resource_per_performance Ge PoT 0.00000000231 kg/kW [73][75]
1002 R/P resource_per_performance Ga SoA 0.0000000066667 kg/kW [73][75]
1002 R/P resource_per_performance Ga PoT 0.00000000231 kg/kW [73][75]
1002 R/P resource_per performance Ag SoA 0.0000000066667 kg/kW [73][75]
1002 R/P resource_per performance Ag PoT 0.00000000231 kg/kW [73][75]
1002 R/P resource_per_performance Ste SoA 3.0 kg/kW [18]
1002 R/P resource_per_performance Ste PoT 3.0 kg/kW [18]
2002 c/P cost_per_performance SoA 212.50 €/kW [73][76][77]
2002 c/P cost_per_performance PoT 61.63 [73][76][77]
30 eta efficiency SoA 0.63 % [78]

30 eta efficiency PoT 0.9 % [79][80]
60 LC bv lifecycle ALL 30 years [12]
1002 R/P resource_per_performance Ta ALL 0.000002211 kg/kW [81][82]
1002 R/P resource_per performance Sb ALL 0.000053422 kg/kW [81][82]
1002 R/P resource_per performance Pla ALL 0.034263455 kg/kW [81][82]
1002 R/P resource_per_performance Cu ALL 1.3226580909091 kg/kW [18][81][82]
1002 R/P resource_per_performance Fe ALL 0.016394879 kg/kW [81][82]
1002 R/P resource_per performance Ste ALL 3 kg/kW [81][82]
1002 R/P resource_per performance Sn ALL 0.000202633 kg/kW [18]
1002 R/P E-road resource_per performance Au ALL 0.000001658 kg/kW [81][82]
1002 R/P resource_per_performance Ag ALL 0.000005895 kg/kW [81][82]
1002 R/P resource_per_performance Al ALL 0.1070272424242 kg/kW [81][82]
1002 R/P resource_per performance Pd ALL 0.000000276 kg/kW [81][82]
1003 R/L resource_per_distance Al ALL 1700 kg/km [61][65][80]
1003 R/L resource_per_distance Cu ALL 10336 kg/km [61][65][80] [83]
1003 R/L esource_per_distance San ALL 235000 kg/km [61][65][80]
1003 R/L resource_per_distance Pb ALL 300 kg/km [61][65][80]
1003 R/L resource_per_distance Pla ALL 1000 kg/km [61][65][80]
1003 R/L resource_per_distance Ste ALL 400 kg/km [61][65][80]
2003 c/L cost_per_length ALL 3240023,9 €/km [84]
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30 eta efficiency SoA 0.94 % [2][85]
30 eta efficiency PoT 0.96 % [21[85]
40 E/m energy density SoA 0.135 kWh/kg [2](85][86]
40 E/m energy density PoT 0.175 kWh/kg [2][85][86]
1001 (R/E) resource_per_energy Al SoA 1.05148148148148 kg/kWh
1001 (R/E) esource_per_energy Al PoT 0.789 kg/kWh
1001 (R/E) resource_per_energy Co SoA 0.208148148148148 kg/kWh
1001 (R/E) resource_per_energy Co PoT 0.093 kg/kWh
1001 (R/E) resource_per_energy Li SoA 0.141851851851852 kg/kWh
1001 (R/E) esource_per_energy Li PoT 0.125 kg/kWh
1001 (R/E) esource_per_energy Mn SoA 0.342666 kg/kWh
1001 (R/E) resource_per_energy Mn PoT 0.159 kg/kWh
1001 (R/E) resource_per_energy Cu SoA 1.228 kg/kWh
1001 (R/E) resource_per_energy Cu PoT 0.741 kg/kWh [21[851[861]
1001 (R/E) esource_per_energy Ni SoA 0.3426667 kg/kWh [87](88]
1001 (R/E) resource_per_energy Ni PoT 0.317 kg/kWh
1001 (R/E) resource_per_energy Fe SoA 0.677333 kg/kWh
1001 (R/E) resource_per_energy Fe PoT 0.62 kg/kWh
1001 (R/E) resource_per_energy P SoA 0.069333 kg/kWh
1001 (R/E) battery esource_per_energy P PoT 0.189 kg/kWh
1001 (R/E) resource_per_energy Si SoA 0.072 kg/kWh
1001 (R/E) resource_per_energy Si PoT 0.216 kg/kWh
1001 (R/E) resource per_energy Gra SoA 1.36 kg/kWh
1001 (R/E) resource_per_energy Gra PoT 0.862 kg/kWh
1101 EP/E energy production_per_energy SoA 163 kWh/kWh [89]
1101 EP/E energy production_per_energy PoT 97 kWh/kWh [90]
1300 X_res resource_recycling_rate Al SoA 0.85 % [87][91]
1300 X_res resource_recycling_rate Al PoT 0.9 % [87][91]
1300 X_res resource_recycling_rate Co SoA 0.95 % [87]
[871[92][93]
1300 X_res esource_recycling_rate Co PoT 0.98 %
[941[95]
[87][92][93]
1300 X_res esource_recycling_rate Li SoA 0.8 %
[941[95][96]
[87][92][93]
1300 X_res resource_recycling_rate Li PoT 0.9 %
[94][95][96]
1300 X_res resource_recycling_rate Mn SoA 0.95 % [87]
[87](92][93]
1300 X_res resource_recycling_rate Mn PoT 0.98 %
[94][95][96]
1300 X_res resource_recycling_rate Cu SoA 0.9 % [87]1[91]
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1300 X_res esource_recycling_rate Cu PoT 0.95 % [871[91][93]
1300 X_res resource_recycling_rate Ni SoA 0.95 % [87]
[87](91]92]
1300 X_res resource_recycling_rate Ni PoT 0.96 %
[93][95][9¢6]

2001 C/E cost_per_energy SoA 202.5 €/kWh [86][97]
2001 C/E cost_per_energy PoT 100 €/kWh [86][97]
10 C capacity SoA 1333 kWh [14]

10 C Capacity PoT 177.8 kWh [14]

30 eta efficiency ALL 0.90 % [98]

40 E/m energy density SoA 1.68 kWh/kg [14][99]
40 E/m H2 tank energy density PoT 2.60 kWh/kg [14][99]
1001 (R/E) esource_per_energy Pla SoA 0.59564891 kg/kWh [14][99]
1001 (R/E) resource_per_energy Pla PoT 0.37007874 kg/kWh [14][99]
2001 C/E cost_per_energy SoA 30.003 €/kWh [231[97]
2001 C/E cost_per_energy PoT 9.00090009 €/kWh [23][97]
30 eta efficiency SoA 0.91 % [2][85]
30 eta efficiency PoT 0.95 % [2](85]
31 eta_rec efficiency _degr recup ALL 0.89 % [99]

50 P/m performance_density SoA 2 kW/kg [99]

50 P/m Iperformance_density PoT 3 kW/kg [99]
1002 R/P resource_per performance Fe SoA 0.3244495 kg/kW

1002 R/P resource_per_performance Fe PoT 0.2148256667 kg/kW

1002 R/P resource_per_performance Al SoA 0.9715 kg/kW

1002 R/P resource_per performance Al PoT 0.0669666667 kg/kW

1002 R/P resource_per performance Nd SoA 0.003564 kg/kW [68][99][100]
1002 R/P resource_per_performance Nd PoT 0.001848 kg/kW [101][102]
1002 R/P E-motor resource_per_performance Dy SoA 0.001188 kg/kW

1002 R/P resource_per_performance Dy PoT 0.000616 kg/kW

1002 R/P resource_per performance Cu SoA 0.0665 kg/kW

1002 R/P resource_per performance Cu PoT 0.0443333333 kg/kW

1102 EP/P energy production_per performance SoA 160 kWh/kW [103]
1102 EP/P energy production_per_performance PoT 95 kWh/kW [103]
1300 X_res resource_recycling_rate Nd ALL 0.9 % [104]
1300 X_res resource_recycling_rate Cu ALL 0.95 % [87]
1300 X_res resource_recycling_rate Dy ALL 0.90 % [104]
1300 X_res esource_recycling_rate Al ALL 0.9 % [87]
2002 c/P cost_per_performance SoA 12.9 €/kW [97]
2002 c/P cost_per_performance PoT 10 €/kW [97]

21 P PE nominal power SoA 90 kW [75]
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21 P [nominal_power PoT 150 kW [75]
30 eta efficiency SoA 0.96 % [21[85]
30 eta efficiency PoT 0.97 % [2][85]
50 P/m Iperformance_density SoA 3.6 kW/kg [99]
50 P/m Iperformance_density PoT 5 kW/kg [99]
1002 R/P resource_per_performance Ge SoA 0.0000005882 kg/kW [75]
1002 R/P resource_per_performance Ge PoT 0.0000004235 kg/kW [75]
1002 R/P resource_per performance Ag SoA 0.0000705882 kg/kW [75]
1002 R/P resource_per performance Ag PoT 0.0000508235 kg/kW [75]
1002 R/P resource_per_performance Au SoA 0.0000023529 kg/kW [75]
1002 R/P resource_per_performance Au PoT 0.0000016941 kg/kW [75]
1002 R/P resource_per_performance Pd SoA 0.0000009412 kg/kW [75]
1002 R/P resource_per performance Pd PoT 0.0000006776 kg/kW [75]
1002 R/P resource_per performance Cu SoA 0.0294117647058824 kg/kW [75][99]
1002 R/P resource_per_performance Cu PoT 0.0211764706 kg/kW [75]
1002 R/P resource_per_performance In SoA 0.0000005882 kg/kW [75]
1002 R/P resource_per_performance In PoT 0.0000004235 kg/kW [75]
1002 R/P resource_per performance Ga SoA 0.000000588235294 kg/kW [75]
1002 R/P resource_per performance Ga PoT 0.000000423538462 kg/kW [75]
2002 c/P cost_per_performance SoA 4.5 €/kW [97]
2002 c/P cost_per_performance PoT 3 €/kW [97]
21 P [nominal_power SoA 74.1 kW [14][105]
21 P nominal _power PoT 111.2 kW [14][105]
30 eta efficiency SoA 0.525 % [106]
30 eta efficiency PoT 0.60 % [106]
50 P/m performance_density SoA 0.40 kW/kg [99]
50 P/m Iperformance_density PoT 0.65 kW/kg [98]
[14][87][116]
1002 R/P resource_per performance Ste SoA 0.0005 kg/kW
[105]
1002 R/P bz_system resource_per performance Ste PoT 0.2798926237 kg/kW [87][107]
[14][87][116]
1002 R/P resource_per_performance Gra SoA 0.455 kg/kW
[105]
1002 R/P resource_per_performance Gra PoT 0.0140056 kg/kW [87]1[98]
1002 R/P resource_per_performance Pt SoA 0.585 kg/kW [87][107]
1002 R/P resource_per performance Pt PoT 0.0002 kg/kW [87][107]
[14][87][116]
1002 R/P resource_per performance Cu SoA 0.1 kg/kW
[105]
1002 R/P resource_per performance Cu PoT 0.06151447246 kg/kW [87][107]
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[14][87][116]
1002 R/P resource_per_performance Al SoA 0.02285714 kg/kW
[105]
1002 R/P resource_per_performance Al PoT 0.2798926237 kg/kW [87][107]
1102 EP/P energy production_per_performance SoA 261.111 kWh/kW [108]
1102 EP/P energy production_per performance PoT 206.66666 kWh/kW [108]
1300 X_res resource_recycling_rate Pt ALL 0.98 % [87]
2002 c/P cost_per_performance SoA 600 €/kW [97]
2002 c/P cost_per_performance PoT 60 €/kW [97]
30 eta efficiency SoA 0.955 % [2][85]
30 eta E-transmission  [efficiency PoT 0.98 % [2][85]
50 P/m performance_density ALL 12.954545454545 kW/kg [109]
30 eta efficiency SoA 0.95 % [2][85]
30 eta differential efficiency PoT 0.98 % [21[85]
50 P/m performance_density ALL 3.607594936708861 kW/kg [109]
21 P Inominal power ALL 30 kW [79]
50 P/m Iperformance_density ALL 0.324675325 kW/kg [79]
1002 R/P resource_per_performance Al ALL 1 kg/kW [79][110]
1002 R/P resource_per_performance Cu ALL 0.195 kg/kW [79][110]
1002 R/P charging_interf [resource_per_performance Ste ALL 0.08 kg/kW [79][110]
1002 R/P ace resource_per performance Fe ALL 0.67 kg/kW [79][110]
1002 R/P resource_per performance Pla ALL 0.705 kg/kW [79][110]
1300 X_res esource_recycling_rate Cu ALL 0.95 % [87]
1300 X_res resource_recycling_rate Al ALL 0.9 % [87]
2002 c/P cost_per_performance SoA 66.66666667 €kW [12][79]
2002 c/P cost_per_performance PoT 33.33333333 €/kW [12][79]
Table S4. Resource materials
short name Name
Al aluminium
Sb antimony
Cd cadmium
Ce cerium
Cr chrome
Co cobalt
Cu copper
Dy dysprosium
Ga gallium
Ge germanium
Au gold




World Electric Vehicle Journal 2019, 10, 77; doi:10.3390/wevj10040077

In indium

Fe iron

La lanthanum
Pb lead

Li lithium

Mn manganese
Nd neodymium
Ni nickel

Pd palladium
Sn pewter

Pt platinum

Pr praseodymium
Si silicon

Ag silver

Ste steel

Ta tantalum

Te tellurium

Tb terbium

Ti titanium

Zn zinc

Cem cement

Con concrete

Cot cotton

Gla glass

P phosphorus
Pla plastic

San sand

Gra graphite
BCo (soft) brown coal
HCo hard coal
Gas natural gas
Oil petroleum

U uranium

Wo wood

HP hydro power
WP wind power
PV Photovoltaic
BE Bioenergy
OR Other resources

13 of 20
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