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The current Situation



Why focus on Mobility?
> large impact

= Transportation Sector (relative to other sectors):

= highest CO, emissions

2015 (BAFU): 45.6% of national emissions (incl. int. aviation)
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Why focus on Mobility?
> large impact

= Transportation Sector (relative to other sectors):
= highest CO, emissions

2015 (BAFU): 45.6% of national emissions (incl. int. aviation)
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= highest demand in final energy
2015 (BFS): 36% of national energy demand (households: 27.7%)
= extreme dependency on fossil products
2015 (BFS): 95.1% of energy demand based on oil
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Liquid hydrocarbon fuels
> a perfect match for mobile applications
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Trends / Evolution
- business as usual



Evolution of mobility demand?
> average travel budget +/- global constant
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Time is BIP independent, Distance Is not
> wealth leads to increasing mobility demand
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Switzerland
- national transport perspectives

Die hochste Zunahme im Personenver-
kehr (Pkm) weist der offentliche Vierkenr aus,
die geringste der motarisierte individualverkehr.
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Climate policy
- Road to sustainability



Time horizon for decarbonizing: CO, Budget

= |PCC 2°C (66%) world
carbon budget in 2010:

1000 Gt CO2

=  «per-capita» distribution
results in 1.14 Gt CO2 for
Switzerland

=  Assuming linear reduction:
Budget will last until 2060

= Road-based mobility
sector must contribute with
same rate
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The 3 levers for CO, reduction in mobility sector

CO,
(Mobilitatssektor)

A

demand side measures

vehicle technology and
non-propulsive loads -

energy carrier substitution =

<— "Business As Usual" ™ «Mobility-pricing»

Spatial planning

«Light weighting»
Smaller vehicles
= Hybridization

~ Natural Gas
Synthetic fuels
Hydrogen

<— Target
> Zeit
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Is It really so easy?
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We need strategic planning
- What are potential impacts?



What are maximum reduction potentials?

= Mobility system consisting of demand and supply
= Bottom-up representation

DEMAND VEHICLE

vkm

CO2
> PE

= Focus on: Passenger cars

= |solated Interventions: change of “status-quo”, apply to the maximum
= No rebound effects, technology acceptance or costs are considered
= Cost function: Additional electricity consumption of mobility sector
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Demand: Mikrozensus Mobilitat und Verkehr 2010

National survey on Mobility - Demand: profiles, weighting factors and vehicle information
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From vkm to final energy

- Vehicle Energy Demand Simulation

= Aim: fast but based on physical concepts %
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Example:
Change in Mobility behavior



Demand: short car trips = bicycle

20 -3.5% .. R

from transport

_________________________________________ g
13.5

-
(@)}

CO, reduction potential from passenger cars [%]
relative to the current status-quo
o

full potential logistically feasible no motorway  avoid bad weather age <65 age =55 age <45
any stage < 5/10 km substitue only whole trips, trips involving stages substitution does not people older than 65 people older than 55 people older than 55
is substituted i.e. won't go grab your on a motorway occur on bad-weather will remain with cars will remain with cars will remain with cars
car in between are discared days (source MZMV)
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Example:
Change in Mobility supply



Intervention: Hybridization and compressed

natural gas (CNG)

Status-Quo: A
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Intervention: Battery electric vehicles (BEV)

Status-Quo:
Diesel + Gasoline

of
int. comb.
fuel pump engine

Battery electric vehicles
Substitute where possible

! el. machine el. propulsion
battery system
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Intervention: Plug-in hybrid electric gas vehicles
(PHEV CNG)
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Intervention: Fuel cell electric vehicles (FCEV)

Status-Quo: A CO2 emissions of passenger cars (2010)
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Alternative technologies

= Alternative technologies exist for passenger cars!
= Two reduction paths: evolutionary and disruptive

= Main challenges:
= Costs and speed of transition
= Infrastructure
- Passenger cars = 15 years
—> Trucks & busses = 10-20 years
—> Ships & airplanes = 20-30 years
—> Electricity generation & power plants = 20-50 years

= Acceptance and availability (policy)

= Large burden for electricity supply;
—> parallel evolution of energy supply and mobility sector required
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Alternative technologies

= Alternative technologies exist for passenger cars!
= Two reduction paths: evolutionary and disruptive

= Not addressed: effects of vehicle usage, life time and embedded emissions

= [mportant:

= passenger cars are one part of the mobility sector > Heavy-duty freight trucks
= transportation occurs globally

—> International Aviation

- Maritime freight transport
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The global challenge

Long-range, heavy-duty global transport modes

2010 share of Projected Projected share 2030

Growth _ _
Increase 2030 (if all other transport sector

2010-2015

transport GHG
emissions (compared to 2010) emissions stay constant)

FEREil 10.6% 37.5% (pkm) 3.57 X 27%
air travel
Maritime

) 9.3% 23.1% (tkm) 2.3 X 16%
freight

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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Conclusion & 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

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