
|| 26.11.2020 1SCCER Mobility

Sustainable Future Mobility – SCCER White Paper

Konstantinos Boulouchos

SCCER Annual Conference 2020

23 November 2020



|| 26.11.2020 2SCCER Mobility

Relevant Questions

 Sustainable Mobility  “net-zero” CO2 not the only criterion but a useful proxy (Paris 
Agreement, Swiss Energy Strategy 2017 & Federal Council 2019)

 Drivers and levers  How can we facilitate the necessary transition of the mobility 
system until 2050?

 Does “one size fit all”? How to deal with the variability across transport and business 
sectors?

 Long-haul/heavy-duty transport Where will the necessary electricity come from?

 Is it only about technology? The role of behaviour, decision making and policy
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Systemic analysis framework

…to assess past developments, identify key drivers and examine pathways for decarbonization 

source: EASAC 2019
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Transport emissions and demand projections in Switzerland

GHG emissions 2018 GHG emissions 1990- 2018 Demand projections

source: FOEN 2020 source: FOEN 2020 source: ARE 2016, Intraplan 2015 

From 1990 to 2018, population increased by 27 % and GDP by 56%
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Life cycle emissions - passenger transport modes

Life cycle GHG emissions per pkm

source: PSI  Technology Assessment 2020 
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Demand-side measures

Impact of demand-sides measures on direct CO2 emissions (with regard to commuter mobility)

* These studies only considered changes in commuter mobility, which makes up 24% of the daily driven distance in Switzerland.

sources: Bucher et al. 2019, Cellina et al. 2019, Martin et al. 2019 
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Car sharing reduces multiple flaws of private EV ownership 

The more private car owners join the EV sharing scheme, the higher the benefits.

Example with both private 
and shared EVs designed 
to satisfy 98% of daily 
trips.

source: Giacomo Pareschi, LAV-ETH Zurich, 
in preparation for submission  



||

0

50

100

150

200

250

300

350

400

ICEV-p ICEV-p
hybrid

ICEV-d ICEV-g FCEV BEV

g
C

O
2
-e

q
./

km

fossil fuel wind power solar power CH mix EU mix

26.11.2020 8SCCER Mobility

Life cycle GHG emissions of different current mid-sized vehicles

source: Sacchi, Bauer, Cox & Mutel submitted

Currently minimum achievable emissions: ~124 gCO2-eq./km

-48%

-27%
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Supply-side measures - freight road transport electrification

CO2 emissions savings with different truck charging scenarios

• NC = night 
charging

• 10 of 16 billion 
tkm
considered in 
calculation

• CH trucks 
account for  
~1.7 Mt CO2

source: Albert Mancera, ETH Zurich
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Life cycle GHG emissions of mid-size trucks per tkm

source: Sacchi, Cox & Bauer submitted

Currently minimum achievable emissions: ~72 gCO2-eq./km

-66%

-10%
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Long-term system analysis

Transport sector developments towards decarbonization until 2050

source: PSI  Technology Assessment 2020 
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Where will future renewable jet fuel come from?

5431.5 >52

SAF production costs in EUR/liter in 2030, 
w./o. considering land availability constraints 

 Currently included primary energy: 
PV, on-shore wind power

 Off-shore wind power will be 
included in future research and is 
expected to further drive down costs 
(due to high full-load hours).
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Where will future renewable jet fuel come from?

Fossil jet fuel: ~0.4 EUR/liter
(range over the last 7 years: 0.1-0.6 EUR/liter)

Total European SAF production cost curve.

Amount of produced jet fuel, in billion liters
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If Switzerland 
produces its own SAF 

(without imports)

If SAFs are produced at 
best sites in Europe

Cost comparison across Europe: 
Marginal costs to fulfil domestic jet fuel demand of 
2018 with SAFs (if including croplands)

4.2 EUR/liter

2.1 EUR/liter

SAF production 
cost curve (incl. 
croplands)

SAF production 
cost curve (excl. 
croplands)

source: Kyle Seymour, Maximilian Held, Saskia Adam,  et. al. ETH Zurich, preliminary results, to be published in 2021

Estimated demand in 2050
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Sector coupling - energy carrier portfolio for mobility (2050)

source: K. Boulouchos (unpublished)
BEV pathway

FCEV pathway

ICEV pathway
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Where will the electricity for “net-zero” CO2 mobility come from?
A back-of-the-envelope estimate.

 Motorized individual 
mobility (all BEVs)

 Road freight (50/50 
FCEVs/BEVs)

 Aviation (2018)

 International shipping not 
considered

 Total

~13 TWhel

~12 TWhel

~55 TWhel

~80 TWhel

CH-Demand for electricity

 If in Switzerland 
through PV                     
@ 1’000 h/year

 If at best solar 
locations (worldwide) 
@ 2’200 h/year

 If at favourable off-
shore wind locations 
@4’600 h/year

Electricity generation capacity

~80 GW

~36 GW

~17 GW
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Synergies between policy and innovation (technology/businesses)
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Conclusions and Outlook

 ”Defossilizing” mobility will be a crucial challenge for meeting the Paris Agreement goal

 Different pathways for different sectors within a highly complex system

 Long-haul, heavy-duty transport is an often overlooked challenge of international 
dimension.

 A vector of strategic thrusts is indispensable for a successful Grand Transformation        
 behaviour, innovation (technology and business models) as well as coherent but 
flexible long-term policy.

 Innovation requires consistent, long-term oriented research, both on socio-economic 
and technology aspects and at a wide range of Readiness Levels.
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