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Introduction

Results and discussion

Electrified powertrains such as BEV, HEV, PHEV, and FCEV tend to be
promoted as zero or very low GHG emitting vehicles. This might be
misleading, as the actual carbon footprint of a vehicle:
Includes upstream
emissions (not only
tailpipe)

Depends also on
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Study objective: Quantifying GHG emissions (CO2, CH4 and N2O) based
on a WtW approach and considering real world consumption data of
different powertrain technologies to make a more reliable comparison
across different technologies.

Methodology
Vehicle selection: Representative medium vehicle models (segment Cmodels year: 2015) selected covering various powertrain technologies.
Emissions calculation: WtW approach is a stepping stone towards LCA
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•Powertrain energy demand
•Driving patterns
•Environmental conditions

Study boundaries

General equation for calculating GHG emissions of any powertrain:
GHGWtW = GHGTtW + GHGWtT(ICE) + GHGWtT(Electric)
• WtT part: activities from resource extraction through fuel  Total GHG emissions of a vehicle can not be expressed as a single
value. Several factors such as fuel mix for electricity generation,
production to delivery of the fuel to vehicle.
carbon footprint for fossil fuels production, driving patterns and
• TtW part: energy expended from the vehicle operation.
environmental conditions greatly affect GHG emissions.
WtW
WtT
TtW
 BEVs are not zero emission vehicles since they are responsible for
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the “upstream” GHG emissions from electricity generation.
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 The WtW GHG emissions of BEVs and PHEVs vary significantly across
EU Member States. In some countries, their GHG emissions levels
Electricity generation GHG intensity
are similar to those of conventional vehicles.
GHG intensity values vary significantly across the EU Member States
 CNG vehicles perform very well in terms of emissions. Excluding
due to different fuel mix used for electricity generation.
France, their GHG emissions are in the same range with PHEVs.
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in similar GHG emissions from conventional and FCEVs.
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 There is high uncertainty in the CH4 and N2O data. Typically, TtW
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emission factors for these GHG are not publicly available.
WtT emission factors
Conclusions
GHG emissions that produced in the steps required to turn a natural  WtW analysis enables fair comparisons across different vehicle
resource into fuel and bring that fuel to a vehicle.
powertrain technologies. Still, this approach can only be seen as a
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stepping stone towards LCA as it ignores the production and endof-life
treatment
of
the
vehicle.
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vehicle technologies are much lower than the tailpipe typeDiesel
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approval values suggest.
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 Until the GHG intensity of electricity generation drops drastically,
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the ICE-based powertrains will remain competitive to electrified
Hydrogen electrolysis
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vehicle
technologies
in
terms
of
GHG
emissions.
Even
then,
ICE
TtW emission factors
could be competitive if a sustainable fuel is used.
Instead of using officially reported values, real-world fuel and electric
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energy consumption data was collected by a large variety of sources.
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