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Some Observations to Begin With

ÅMobility is an important driver for human well-being and societal progress.

ÅA modern economy relies on intensive interactions and sophisticated supply 

chains that require high levels of mobility.

ÅMost mobility systems need on-board energy carriers with high energy densities. 

ÅLiquid hydrocarbons are ideal for mobility, but ïif they stem form fossil sources ï

cause an increase in global CO2 concentrations and, therefore, climate change.

ÅNear-zero toxic pollutant emissions are feasible with all technologies at relatively 

low costs.
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Mobility of People ïThe EU as an Example

Source: https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf

Gpkm = billions of 

kilometers travelled 

by one person

260 (short)  g CO2/pkm

150 (long)

50 g CO2/pkm

7 g CO2/pkm (electric)

75 g CO2/pkm (Diesel)

N.A.

75 g CO2/pkm
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https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf


||Quelle: A. Schäfer et al. (2000), Transportation Research A, 34(3): 171-205 

The Richer, the Farther é
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Mobility of Goods ïThe EU as an Example

Source: https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf

Gtkm = billions of 

kilometers of 1 ton 

of goods transported
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https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf
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Transportation is the Largest Energy Consumer ïEU

Mtoe = energy 

contained in 

1 million of tons

of oil (approx.

4.2.1016 J)

Source: https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf 6

https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf
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Road Transportation is Dominant

Source: https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf

Mtoe = energy 

contained in 

1 million of tons

of oil (approx.

4.2.1016 J)
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https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf
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Individual Mobility ïDrivetrain Technology Changes

Source: https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf

Gpkm = billions of 

kilometers travelled 

by one person
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é but Predictions are Difficult
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Particulates

NOx

EURO III

EURO IV

EURO V

EURO VI

Emission Limits Diesel Engines ïEU Legislation
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||Source: International Council on Clean Transportation and West Virginia University, 2012

Emission Diesel Engines ïPractice

Federal Test Procedure

On-road driving test
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Mobility ïA Complex Issue é

Source: European Academies ïScience Advisory Council, Decarbonisation of Transport, 2018 12
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Switzerland ïAn Automotive Powerhouse é

Total 574 enterprises

with 12.3 billion CHF turnover

and 34ô000 employees

Source:
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Well-to-Wheel Analysis

ñtank-to-vehicleñ

ñvehicle-to-wheelñ
driving
losses

driving 
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é there is more:
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vehicles, infra-

structure, é

- depletion of

resources

- é

Full LCA needed
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Lifetime CO2 Emissions ïICE vs. BEV

Source: EEA, Electric Vehicles in EU, 2016 16
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Energy Densities of Various «Fuels» ïNet Value1

1): Including ñtankò mass and average òtank-to-wheelò losses; units: energy / mass [kWh/kg]

diesel 
gasoline

CNG

Na/S Ni/MH Pb

H 2

batterieshydrocarbons

Li-ion

2

1
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Multi-Criteria Decision Analysis 

Source:  

Stephan Hirschberg et al.,

PSI, 2016
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