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We compare the life cycle environmental burdens of current (2017) and 
future (2040) passenger cars with different powertrain configurations. 
The main novel component of this work is that we deeply integrate 
future electricity scenarios into the Life Cycle Assessment (LCA) 
database. We thus capture the effects of the “energy turnaround” not 
only on the energy chain of future vehicles but also throughout the entire 
supply chain, most notably to produce future vehicles and batteries. 

 

The second novel aspect of this contribution is that we define all vehicle 
performance parameters using probability distributions and generate 
results using Monte Carlo analysis. This allows us to examine results 
using global sensitivity analysis techniques to determine the input 
parameters that contribute most to overall result variability. For this 
comparison we focus on globally produced vehicles, operated in average 
Western European conditions. Results are presented for climate change. 

 

Environmental performance of passenger cars under different future energy scenarios 

 

We create future (2040) versions of the ecoinvent 
(www.ecoinvent.org) LCA database using global 
electricity scenarios for technology performance and 
market shares from the IMAGE integrated assessment 
model [1]. The Baseline scenario represents a business as 
usual scenario, while ClimPol is an aggressive 450 ppm 
climate policy scenario. These scenarios are deeply 
integrated into the ecoinvent LCA database to create 
„future“ versions of ecoinvent. The below figure shows 
Global and European electricity mixes and life cycle 
carbon intensity values for the three scenarios. 
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Considering vehicle variability and 
performance uncertainty 

 
 

Powertrain performance ranking 

The Monte Carlo sampling is done such that, for each 
iteration, the same basic vehicle is used for each 
powertrain type. This means that scores for each 
iteration can be directly compared across powertrain 
types as, for example, the vehicle frontal area, tires, 
HVAC demands, driving characteristics etc. are the same 
and only powertrain specific components are different. 
Here we compare the climate change performance of 
each powertrain (normalized to the HEV-p performance) 
for each iteration and present the results in a violin plot. 
For the Current and Baseline scenarios  there is no clear 
advantage for PHEV or BEV. However, if the electricity 
sector is changed in accordance with the ClimPol 
scenario, PHEV, BEV, and FCEV show clear advantages. 

When are BEV better than HEV-p? 

 Here we examine when BEV are preferable to HEV-p 
while changing the most important parameters that 
define BEV climate change performance (charged with 
average European electricity). We also vary the carbon 
intensity of the charging grid. Results are shown with a 
hexbin plot; darker areas show more likely results. 

Only when the electricity mix used for battery charging 
has an average life cycle carbon intensity of under 
350g CO2 eq / kWh, are BEV and PHEV preferable to HEV 
in terms of climate change. If, however, the electricity 
sector can follow the path laid out in the ClimPol scenario 
significant carbon emission reductions are possible, even 
for FCEV. 
 
The most important parameters for determining the total 
environmental burdens of passenger cars are their size 
and the total distance driven over the vehicles’ lifetime. 
For BEV the size of the battery is also very important, 
though this importance is expected to diminish in the 
future. 
 
The inclusion of foreground parameter uncertainty and 
integration of future electricity scenarios into the LCA 
database greatly increases the robustness and 
transparency of the results. 

Future electricity scenarios for 
prospective LCA 

Conclusions 

Climate change results 

Vehicles are modelled using ranges (triangular 
distribution) for all parameter inputs to consider 
variability in vehicle dimensions and performance as well 
as uncertainty in future technology development. Energy 
consumption is calculated endogenously using a simple 
physics model that is calibrated to real operation data. 
Results are generated using Monte Carlo sampling such 
that each iteration is comparable across powertrains so 
that performance ranking for each iteration is possible. 
The below figure shows sample input and derived 
parameters for current and future BEV. 
 

Here we present climate change results for different 
powertrains and years. The colored bars represent results 
calculated with the most likely value of each parameter 
and represent a vehicle comparable to a VW Golf. The 
uncertainty bars represent variability in size and vehicle 
performance. The boxes show the 25th and 75th 
percentiles, while the whiskers show the 5th and 95th 
percentiles. Global sensitivity analysis shows that the 
majority of the variability of the results is due to 
variability in vehicle size and the total distance driven 
over the vehicle lifetime. 

ICEV: Internal combustion engine vehicle, p: Petrol, d: Diesel, g: Compressed natural gas, 
HEV: Hybrid electric vehicle, PHEV: Plug-in hybrid electric vehicle, BEV: battery electric vehicle, 
FCEV: Fuel cell electric vehicle. Electricity from Western European average mix, Hydrogen from 
electrolysis with the same mix. 
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