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Outline of the presentation 
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Goal & scope 

 Compare driving in hypothetical near future battery 

electric cars with driving in modern (or near future) 

fossil or biofuel fuelled cars 

 Cars representative for Golf class 

 Provide background information to discuss the 

potential of electric mobility to improve environmental 

aspects of mobility 

 Comparative LCA to be presented in public 

 critical review compulsory 
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Goal definition 



Scope / Impact assessment methods considered 
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 Human health damage: Ecoindicator 99 H 

 Climate change: IPCC 2007 

 Toxic emissions: CML 01 HTP 

 Smog formation: CML 01 POCP 

 Damage to ecosystem: Ecoindicator 99 H 

 Climate change: IPCC 2007 

 Land use / land use changes: CML 01 LUC 

 Eutrophication: CML 01 EP 

 Damage to resources: Ecoindicator 99 H 

 Non renewable energy demand: CED fossil, nuclear 

 Exergy demand: CEDx metals, minerals 

 Resource dissipation: Loss of several scarce elements (kg) 

 Others 

 Radioactive waste: Inventory (m3) 



Emission 

2 

Emission 

 

Emission, 

Resources 

System boundaries 

43rd LCA Discussion Forum, April 6, 2011, ETH Zurich 

Emission 

CO2 

Emission Emission 

Emission 

Emission 

CO2 

Emission 

Environmental 

Impact 



Emission 

2 

Emission 

 

Emission, 

Resources 

System boundaries 

43rd LCA Discussion Forum, April 6, 2011, ETH Zurich 

Emission 

CO2 

Emission Emission 

Emission 

Emission 

CO2 

Emission 

Environmental 

Impact 



Scope / Life Cycle Model 

 Functional unit: 1 vehicle kilometer (vkm) per year 2015 
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Scope / End of Life Model 
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Scope / End of Life Model 
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This LCA uses system expansion and substitution to avoid allocation  



How is mobility modelled: Vehicle 

 Golf-Class vehicles with different (hypothetical) drive-trains 
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Conventional car 

Body & glider 

Axles, breaks, 

wheels, 

suspension, 

Cockpit, A/C-

system, seats, 

doors, lights, 

entertainment, … 

Drive train 

Engine, gearbox, 

cooling system, 

fuel system, 

starter, exhaust, 

lubrication, … 

Electric car 

Drive train 

Electric motor, 

gearbox, 

controller, 

charger, cables, 

cooling system, 

… 

Battery 

400 kg Li-ion-

battery (45 kWh) 

Body & glider 

Axles, breaks, 

wheels, 

suspension, 

Cockpit, A/C-

system, seats, 

doors, lights, 

entertainment, … 



How is mobility modelled: Energy consumption 

 Golf-Class vehicles with different (hypothetical) drive-trains 

 Life time / mileage: 12 years / 150„000 km 

 Energy demand calculated: NEDC + real world addition 

 Break wear reduced for electric & hybrid cars  

 Maintenance: spare & wear parts. Batteries are replaced in every second 

electric vehicle 

 Use on Swiss road network 

43rd LCA Discussion Forum, April 6, 2011, ETH Zurich 

Energy carier /

Drive train
Electricity¹ Diesel Gasoline Natural gas

Palmmethyl-

ester PME 

(Maleysia)

E85 from 

sugar cane² 

(Brazil)

Biogas (Swiss 

Kompogas)

Electric
20 kWh/100km

0.72 MJ/km
- - - - - -

Plug-In hybrid

Mix CH (80%)

16 kWh/100km

0.58 MJ/km

-

Hybrid (20%)

0.98 l/100km

0.31 MJ/km

- - - -

Hybrid - -

Euro 5

4.9 l/100km

1.56 MJ/km

- - - -

ICE -

Euro 5

4.9 l/100km

1.76 MJ/km

Euro 5

6.8 l/100km

2.17 MJ/km

Euro 5

6.3 m3/100km

2.17 MJ/km

Euro 5

5.44 l/100km

1.76 MJ/km

Euro 5

8.07 l/100km

2.17 MJ/km

Euro 5

6.3 m3/100km

2.17 MJ/km

¹: 6 generation scenarios (mix CH, mix UCTE, nuclear power CH, combined gas power UCTE, coal UCTE, PV CH)

²: Scenario with E85 from European waste wood



Results: Global Warming Potential (GWP) 
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Results: Ecoindicator 99 (H/A) 
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Results: GWP and Ecoindicator 99 safeguards 
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EI 99, ecosystem damage EI 99, Resource damage 

GWP EI 99, Human health damage 
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Results: GWP and human health indicators 
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CML 01, photochemical oxidation potential 

GWP CML 01, Human toxicity potential 
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Results: GWP and ecosystem indicators 
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CML 01, eutrophication potential 

GWP CML 01, Land use 
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Results: GWP and resource indicators 
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Uncertainties 
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Variability of environmental impacts 
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 Variability within Golf-Class 

Vehicle mass 

1.2 – 1.4 (1.23) [t] 

-3% / +14% 

Battery mass 

250 –450 (400) [kg] 

-37.5% / +12.5% 

Vehicle mass 

18 – 22 (20) [kWh/100km] 

Efficiency (60-90 (82)% 

18 – 26 (20) [kWh/100km] 

Ancillary consumption 

19 – 22  (20) [kWh/100km] 

Overall 

15 – 30 (20) [kWh/100km] 

-25% / +50% 

Vehicle composition 

normal / light alu / light plastic 

100% / 138% / 171% CO2-Eq 

(at constant weight) 

Battery mileage: 

100-200 (150) [1’000 km] 

-33% / +33% 

Vehicle mass 

1.3 – 1.7 (1.48) [t] 

-12% / +14% 
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Variability of Global Warming Potential (GWP) 
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Lightweight materialization 

for vehicle not included 

Best case:    76 – 77% 

Worst case: 126 – 145 % 

of baseline 



Uncertainty of environmental impacts 
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 Uncertainty of battery production data 

Battery production data 
Notter et al 2010:            52 kg CO2/kWh 

Ishihara et al 2002:         75 kg CO2/kWh 

Zackrisson et al 2010:  166 kg CO2/kWh 

Frischknecht 2011:       123 kg CO2/kWh 

= ecoinvent v2.2 



Variability Battery data: main differences 

 Notter et al / Ishihara et al: 

bottom up modelling of processes 

 Energy demand measured or 

calculated from theoretical demand 

for e.g. heating. 

 No allocation necessary 
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Energy consumption in cell / battery production 
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Production of a Li-Ion battery: Notter et al 2010 

Al foil 

Brines Li2CO3 

LiMn2O4 
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Variability Battery data: main differences 
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production: 

10’000 €/battery 
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Variability of Global Warming Potential (GWP) 
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best case 1.20E-07 1.61E-02 3.69E-01 1.96E-01 8.23E-15 5.70E-15 5.58E-18 4.87E-15 8.89E-10 2.00E-01 2.90E+00 2.93E-02 1.09E-02

baseline 1.41E-07 1.71E-02 4.66E-01 2.46E-01 9.42E-15 7.18E-15 5.96E-18 5.76E-15 9.42E-10 2.12E-01 3.62E+00 3.00E-02 1.13E-02

worst case 1.83E-07 1.93E-02 6.61E-01 3.47E-01 1.18E-14 1.01E-14 6.73E-18 7.55E-15 1.05E-09 2.35E-01 5.07E+00 3.15E-02 1.21E-02

best case 1.15E-07 1.59E-02 3.06E-01 1.64E-01 6.56E-15 3.74E-15 5.38E-18 5.24E-15 8.64E-10 1.94E-01 2.43E+00 2.90E-02 1.11E-02

baseline 1.34E-07 1.68E-02 3.81E-01 2.03E-01 7.08E-15 4.55E-15 5.63E-18 6.22E-15 8.98E-10 2.01E-01 2.99E+00 2.95E-02 1.14E-02

worst case 1.72E-07 1.87E-02 5.31E-01 2.82E-01 8.12E-15 6.17E-15 6.13E-18 8.18E-15 9.66E-10 2.16E-01 4.10E+00 3.04E-02 1.20E-02

best case 9.28E-08 1.43E-02 3.50E-01 1.57E-01 5.58E-15 3.51E-15 4.79E-18 3.44E-15 9.89E-10 2.22E-01 2.75E+00 2.82E-02 1.02E-02

baseline 1.05E-07 1.48E-02 4.41E-01 1.95E-01 5.89E-15 4.26E-15 4.91E-18 3.86E-15 1.07E-09 2.41E-01 3.42E+00 2.86E-02 1.04E-02

worst case 1.29E-07 1.57E-02 6.22E-01 2.70E-01 6.50E-15 5.76E-15 5.16E-18 4.70E-15 1.25E-09 2.79E-01 4.78E+00 2.94E-02 1.07E-02

best case 6.41E-07 1.56E-01 1.73E-01 1.03E-01 3.08E-14 7.35E-14 2.92E-16 1.03E-14 9.00E-10 2.02E-01 1.45E+00 3.26E-02 1.58E-02

baseline 8.36E-07 2.04E-01 2.04E-01 1.23E-01 3.95E-14 9.76E-14 3.87E-16 1.30E-14 9.57E-10 2.14E-01 1.69E+00 3.45E-02 1.78E-02

worst case 1.23E-06 3.00E-01 2.68E-01 1.62E-01 5.69E-14 1.46E-13 5.79E-16 1.84E-14 1.07E-09 2.39E-01 2.18E+00 3.83E-02 2.18E-02

best case 1.09E-07 1.93E-02 1.77E-01 1.01E-01 7.78E-15 6.29E-15 1.30E-17 6.09E-15 8.51E-10 1.91E-01 1.47E+00 3.14E-02 1.11E-02

baseline 1.27E-07 2.15E-02 2.10E-01 1.20E-01 8.82E-15 7.96E-15 1.59E-17 7.40E-15 8.91E-10 2.00E-01 1.72E+00 3.28E-02 1.15E-02

worst case 1.62E-07 2.58E-02 2.76E-01 1.58E-01 1.09E-14 1.13E-14 2.16E-17 1.00E-14 9.72E-10 2.18E-01 2.22E+00 3.57E-02 1.24E-02

best case 2.19E-07 1.46E-01 1.37E-01 1.12E-01 9.14E-15 2.05E-14 1.73E-16 1.53E-14 1.16E-09 2.60E-01 1.20E+00 3.47E-02 1.64E-02

baseline 2.73E-07 1.90E-01 1.56E-01 1.33E-01 1.05E-14 2.68E-14 2.29E-16 1.96E-14 1.29E-09 2.90E-01 1.35E+00 3.71E-02 1.85E-02

worst case 3.81E-07 2.79E-01 1.93E-01 1.77E-01 1.33E-14 3.96E-14 3.41E-16 2.83E-14 1.56E-09 3.49E-01 1.65E+00 4.18E-02 2.26E-02

best case 8.43E-08 1.49E-02 9.72E-02 1.17E-01 5.35E-15 4.64E-15 5.17E-18 4.12E-15 1.87E-09 4.18E-01 8.96E-01 2.86E-02 1.03E-02

baseline 9.37E-08 1.56E-02 1.04E-01 1.41E-01 5.58E-15 5.77E-15 5.42E-18 4.77E-15 2.26E-09 5.03E-01 9.56E-01 2.91E-02 1.05E-02

worst case 1.12E-07 1.69E-02 1.17E-01 1.90E-01 6.03E-15 8.02E-15 5.91E-18 6.06E-15 3.02E-09 6.72E-01 1.07E+00 3.01E-02 1.09E-02

best case 1.10E-07 1.17E-02 2.96E-01 1.62E-01 8.83E-15 5.51E-15 6.25E-18 4.86E-15 1.01E-09 2.27E-01 2.38E+00 5.11E-02 1.09E-02

baseline 1.26E-07 1.28E-02 3.66E-01 1.99E-01 9.85E-15 6.81E-15 6.53E-18 5.58E-15 1.05E-09 2.35E-01 2.90E+00 5.16E-02 1.12E-02

worst case 1.59E-07 1.60E-02 5.06E-01 2.71E-01 1.19E-14 9.40E-15 7.08E-18 7.01E-15 1.13E-09 2.53E-01 3.95E+00 5.27E-02 1.17E-02
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best case 9.52E-08 1.16E-02 1.99E-01 1.18E-01 8.27E-15 3.74E-15 6.79E-18 3.99E-15 3.46E-09 7.70E-01 1.71E+00 5.43E-02 1.07E-02

baseline 1.06E-07 1.27E-02 2.37E-01 1.39E-01 9.10E-15 4.45E-15 7.24E-18 4.41E-15 4.31E-09 9.59E-01 2.01E+00 5.59E-02 1.08E-02

worst case 1.29E-07 1.58E-02 3.13E-01 1.82E-01 1.08E-14 5.87E-15 8.15E-18 5.26E-15 6.02E-09 1.34E+00 2.62E+00 5.91E-02 1.12E-02

best case 8.63E-08 1.15E-02 1.41E-01 9.11E-02 7.93E-15 2.68E-15 7.11E-18 3.47E-15 4.93E-09 1.10E+00 1.31E+00 5.62E-02 1.05E-02

baseline 9.42E-08 1.26E-02 1.60E-01 1.04E-01 8.65E-15 3.04E-15 7.67E-18 3.72E-15 6.27E-09 1.39E+00 1.48E+00 5.85E-02 1.06E-02

worst case 1.11E-07 1.57E-02 1.97E-01 1.29E-01 1.01E-14 3.75E-15 8.80E-18 4.22E-15 8.95E-09 1.99E+00 1.82E+00 6.30E-02 1.09E-02

best case 8.18E-08 1.15E-02 1.12E-01 7.77E-02 7.76E-15 2.15E-15 7.27E-18 3.20E-15 5.66E-09 1.26E+00 1.11E+00 5.72E-02 1.04E-02

baseline 8.82E-08 1.25E-02 1.21E-01 8.59E-02 8.43E-15 2.33E-15 7.89E-18 3.37E-15 7.25E-09 1.61E+00 1.21E+00 5.97E-02 1.05E-02

worst case 1.02E-07 1.56E-02 1.39E-01 1.02E-01 9.77E-15 2.69E-15 9.12E-18 3.70E-15 1.04E-08 2.31E+00 1.42E+00 6.49E-02 1.07E-02

best case 1.47E-07 1.49E-02 1.56E-01 1.49E-01 1.13E-14 4.00E-15 1.13E-17 4.76E-15 4.32E-09 9.21E-01 1.96E+00 5.89E-02 1.11E-02

baseline 1.82E-07 1.80E-02 1.88E-01 1.86E-01 1.45E-14 5.03E-15 1.39E-17 5.75E-15 5.41E-09 1.18E+00 2.43E+00 6.66E-02 1.25E-02

worst case 2.43E-07 2.37E-02 2.40E-01 2.54E-01 1.88E-14 6.74E-15 1.82E-17 7.35E-15 7.60E-09 1.68E+00 3.26E+00 7.71E-02 1.40E-02

best case 8.97E-08 1.32E-02 1.09E-01 7.96E-02 9.87E-15 2.29E-15 8.13E-18 3.34E-15 6.04E-09 1.32E+00 1.12E+00 5.86E-02 1.11E-02

baseline 1.06E-07 1.58E-02 1.25E-01 9.42E-02 1.25E-14 2.75E-15 9.74E-18 3.85E-15 7.71E-09 1.72E+00 1.30E+00 6.62E-02 1.24E-02

worst case 1.28E-07 2.03E-02 1.47E-01 1.16E-01 1.59E-14 3.32E-15 1.20E-17 4.50E-15 1.10E-08 2.48E+00 1.56E+00 7.64E-02 1.39E-02

best case 8.29E-08 1.30E-02 9.76E-02 6.20E-02 9.78E-15 2.07E-15 7.31E-18 3.08E-15 1.05E-08 2.39E+00 9.06E-01 5.86E-02 1.09E-02

baseline 9.66E-08 1.54E-02 1.10E-01 7.08E-02 1.24E-14 2.46E-15 8.64E-18 3.51E-15 1.36E-08 3.14E+00 1.02E+00 6.62E-02 1.22E-02

worst case 1.15E-07 1.98E-02 1.23E-01 8.04E-02 1.57E-14 2.89E-15 1.03E-17 3.98E-15 1.99E-08 4.62E+00 1.14E+00 7.65E-02 1.36E-02

best case 2.09E-07 1.76E-02 1.32E-01 2.44E-01 1.13E-14 5.83E-15 2.26E-17 7.26E-15 1.18E-09 2.42E-01 2.96E+00 5.94E-02 1.12E-02

baseline 2.64E-07 2.15E-02 1.55E-01 3.13E-01 1.45E-14 7.46E-15 2.90E-17 9.07E-15 1.23E-09 2.77E-01 3.76E+00 6.73E-02 1.26E-02

worst case 3.66E-07 2.90E-02 1.91E-01 4.43E-01 1.88E-14 1.04E-14 4.08E-17 1.23E-14 1.33E-09 3.22E-01 5.25E+00 7.81E-02 1.42E-02

best case 9.87E-08 1.34E-02 2.64E-01 1.33E-01 1.05E-14 2.66E-15 7.13E-18 3.57E-15 1.06E-09 2.15E-01 2.14E+00 5.83E-02 1.11E-02

baseline 1.18E-07 1.59E-02 3.32E-01 1.65E-01 1.33E-14 3.24E-15 8.40E-18 4.16E-15 1.06E-09 2.40E-01 2.67E+00 6.58E-02 1.24E-02

worst case 1.46E-07 2.06E-02 4.57E-01 2.22E-01 1.71E-14 4.07E-15 9.98E-18 4.96E-15 1.07E-09 2.67E-01 3.62E+00 7.59E-02 1.39E-02

best case 8.45E-08 1.21E-02 1.09E-01 7.06E-02 1.03E-14 2.34E-15 8.05E-18 3.45E-15 1.20E-09 2.47E-01 1.02E+00 1.05E-01 1.11E-02

baseline 9.87E-08 1.42E-02 1.25E-01 8.22E-02 1.32E-14 2.82E-15 9.63E-18 4.00E-15 1.26E-09 2.83E-01 1.18E+00 1.28E-01 1.25E-02

worst case 1.18E-07 1.81E-02 1.47E-01 9.76E-02 1.68E-14 3.43E-15 1.18E-17 4.72E-15 1.37E-09 3.32E-01 1.38E+00 1.69E-01 1.40E-02
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Conclusions 

 Environmental impacts of electric mobility can be dominated by 
infrastructure or by operation depending on electricity source 

 Electric vehicles with sufficient battery capacity for “normal” use and a 
range extender for special use perform better than electric vehicles with 
larger batteries 

 Different data sources for carbon footprint of batteries can lead to 
different interpretations of carbon footprint of electric mobility 

 Variability of environmental impacts within the “Golf-class” is rather high 
(ca. 75% - 150% of baseline) and of the higher than difference to other 
technologies.  Specific vehicle demand for specific assessment! 

 The ranking of vehicles with different drivetrains according to carbon 
footprint is completely different from the ranking according to other 
environmental impact indicators 
 Carbon footprint is not sufficient as environmental performance 
indicator! 
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