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Outline 

 Transport sector in Switzerland – status and dominance of motorized 

individual transport

 Swiss Energy Strategy 2050 and climate change challenge

 Demand and supply side – past evolution and future projections

 Role of technological innovation – evolutionary vs. disruptive path

 Sustainability criteria beyond energy demand and CO2 emissions

 BUT, don’t forget long-range, heavy-duty transport modes

 Conclusions and outlook
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Overview of SCCER Mobility contributions 

 Powertrain & vehicle technology assessment A1, A2, A3

 Strategic Guidance Project

 Digitization & automated driving B1

 Demand & behavioral aspects B2

 Integrated assessment B2
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Status Switzerland 

Energy demand 2015 Energy demand 1990-2015

source: BFE 2015 source: BFE 2016

w/o international air travel
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Status Switzerland

source: BFE 2016 source: BAFU 2017

Energy demand transport 2015 CO2 emissions transport 2015

w/o international air travel
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Paris agreement & Swiss CO2 budget

𝑡𝑥,𝐶𝐻 = 2010 +
2 ∗ 𝐵𝑢𝑑𝑔𝑒𝑡

𝐶𝑂22010
≈ 𝟐𝟎𝟔𝟎

IPCC (2014): 2-degree climate goal (66% probability)

 world CO2 budget from 2010 onward = 1000 Gt
 distributed equally per capita  Swiss CO2 budget = 1.14 Gt
 distributed equally across all energy sectors

assuming linear 
decrease over time
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Kaya type formulation

Driving factors for the evolution of energy demand and CO2 emissions in 
the transport sector (exemplarily for motorized individual transport):

exogenous drivers
demography, urban planning and pricing policies
vehicle technology and legislation
powertrain technology and legislation
energy / electricity infrastructure, technology innovation and policy
technology innovation and policy / legislation

(B), (C) =
(D), (E) =

(F) =
(G) =

(H), (I) =
(J), (K) =
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Transport demand & CO2 emissions in Switzerland

Motorized individual transport

Based on ARE development scenarios (ARE 2016)

source: BFS

source: ARE 2016

source: ARE 2016

source: BFS

source: BFS

source: Prognos AG 2012
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Vehicle & powertrain technology potentials

EU export electricity mix CO2 

emissions = estimate based on 

data from 2014 

source: Messmer & Frischknecht 2016
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Why still consider fuel cell electric vehicles (FCEVs)?

Undisputedly, 

 electricity demand of FCEVs is much higher than for BEVs

 additional infrastructure for H2 generation and distribution is expensive

But,

 larger driving range for same weight

 H2 production important option for storing excess electricity

 shorter recharging times and less charging stations

Gasoline Electricity (fast charging) H2 (gas) H2 (liquid)

source: Felix Büchi, PSI

Example: no. of refueling stations required to refuel the equivalent of 40’000 km in 1 hour:
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upstream processes abroad

upstream processes Switzerland

operational

ICEV = internal combustion engine vehicle

BEV = battery electric vehicle

FCEV = fuel cell electric vehicle

SMR = steam methane reforming

HYD = electrolysis using Swiss hydropower

BEV charging = based on average generation mix

source: Hirschberg et al. 2016

Life cycle assessment of transport technologies 
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Sustainability criteria beyond energy & CO2

sources: Bauer et al. 2015, Hirschberg et al. 2016, Miotti et al. 2015, Simons & Bauer 2015, Simons et al. 2011

road

vehicle w/o drivetrain

battery

ICEV-g = gasoline internal combustion engine

HEV-g = gasoline hybrid electric vehicle

FCEV = fuel cell electric vehicle

BEV = battery electric vehicle

HYD = hydroelectricity

CH = Swiss electricity mix

NG = natural gas combined cycle electricity

EL = electrolysis

SMR = steam reforming methane

fuel cell system

energy supply

exhaust emissions

non-exhaust emissions
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sources: Bauer et al. 2015, Hirschberg et al. 2016, Miotti et al. 2015, Simons & Bauer 2015, Simons et al. 2011

road

vehicle w/o drivetrain

battery

ICEV-g = gasoline internal combustion engine

HEV-g = gasoline hybrid electric vehicle

FCEV = fuel cell electric vehicle

BEV = battery electric vehicle

HYD = hydroelectricity

CH = Swiss electricity mix

NG = natural gas combined cycle electricity

EL = electrolysis

SMR = steam reforming methane

fuel cell system

energy supply

exhaust emissions

non-exhaust emissions

Sustainability criteria beyond energy & CO2
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International air travel departing from Switzerland

source: BAFU 2017

passenger cars

international air travel

international air travel
passenger cars
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The long-term challenge

Long-range, heavy-duty global transport modes

Mode /
sector

2010 share of 
transport GHG 

emissions

Growth 
2010-2015

Projected 
increase 2030

(compared to 2010)

Projected share 2030 
(if all other transport sector 

emissions stay constant)

Passenger
air travel

10.6% 37.5% (pkm) 3.57 x 27%

Maritime
freight

9.3% 23.1% (tkm) 2.3 x 16%

source: IPCC 2014

Direct electrification not possible in these two sectors  renewable 
chemical energy carriers (H2, CxHy) will be a MUST
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Infrastructure challenges – lifetime of assets

 Passenger cars ≈ 15 years

 Trucks & busses ≈ 10-20 years

 Ships & airplanes ≈ 20-30 years

 Electricity generation & power plants ≈ 20-50 years

 Required investments will be huge 
asset/infrastructure transformation process must be 
well coordinated both on country level and worldwide



|| 10/5/2017 17SCCER Mobility

Conclusions & outlook

 Decarbonization of the transport sector is an absolute necessity, but also 

a huge challenge (in Switzerland and worldwide)

 Innovation on both the demand and supply side must be pursued in 

parallel

 Technology will be crucial – evolutionary and disruptive paths must be 

well orchestrated for optimal CO2 reduction trajectories

 BUT, keep an eye on renewable chemical energy carriers for long-range, 

heavy-duty transport

 Socio-economic policy must be designed in line with these targets
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