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On the road to decarbonization: reducing the 
energy intensity of road based mobility

Project ESMOBIL-RED
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Outline: vehicular energy demand
Role of minimization of vehicular energy demand  project ESMOBIL-RED

Reducing the demand

Improving the conversion efficiency

Substituting the energy carrier
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Funding: 

 BFE (Programm Verkehr)

 (SCCER mobility)

Implementation:

 Audi AG (vehicles)

Research partners:

 ETHZ-LAV (CA-A3)

 Empa-ICEL (CA-A2)

Timeline:

 2015 – March 2019

Goal: Evolution of national energy 
demand from mobility under real-
world conditions
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Project ESMOBIL-RED
Energy Systemic model of MOBILity – Real-world Energy Demand

Behaviour of alternatively propelled vehicles

Real-world demand model

Evolution on national scale
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Energy demand modelling of various technologies
Semi-empirical Willans approach, using dynamometer  test campaign data

Adapted from: L. Küng, T. Bütler, G. Georges, K. Boulouchos (2017). Decarbonizing passenger cars using different 
powertrain technologies: Optimal fleet composition under evolving electricity supply. Transport 
Research Part C: Emerging Technologies, doi: 10.1016/j.trc.2018.09.003
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Real-world energy demand: field experiments
Fleet of 5 alternatively propelled vehicles in pool @ Empa system bus & GPS logger

instantaneous speed

& altitude

state of powertrain

components
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Real-world energy demand vs. WLTP
Tracked cycles + Willans approximation  driving style & topology

 norm (WLTP)

 PDF of energy demand
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Reducing vehicular energy demand
Estimated demand reduction using Willans approach and tracked driving behavior

Primary 

effect

Reduced wheel-power leads to 

reduced specific demand

Energy 

storage
Unchanged

Rated 

power

Generally reduced  constant 

power to curb weight ratio

Wheel 

power
Reduces  mass reduction

 median
95% confidence 

-8%-8%
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Lightweighting: one many options, but high potential
All active vehicle functions hold a potential

Improved aerodynamicsLow resistance tires
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Merit minimization of energy demand
Even with a strong EV market, many non-EVs will be sold for decades ahead

25%

100%
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Minimization of vehicular energy demand
 High potential: up to ~25% for all powertrain technologies

 Downside: additional costs + possible life-cycle impact (not discussed)

Merit: stop-gap measure  substitution dynamics
 For fossil-fuelled vehicles  climate impact

 May still be sold for decades

 Maximize usage of fossil resources / minimize CO2

 For battery-electric and fuel-cell vehicles  customer perspective

 Increased range for same energy storage  range anxiety

 Reduce storage costs for same range  retail price
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Conclusions


