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SCCER mobility – 4th annual conference

Cross-cutting session: «The logistic challenge in Switzerland»

freight-related activities of SCCER mobility
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Generally: efficiency, not really logistics

Electrification (road)
1. Demonstration: E-dumper

2. Feasibility: electrification of road freight

Efficient engine technologies (road)
3. Alternative fuels: methane delivery vans

4. Components: EGR blower

Learning from operational data
5. ETH «Self-learning map» for SwissTrolley+

6. Energy optimal freight train operations
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6 SCCER mobility projects on road & rail freight
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Battery-electric heavy-duty road vehicles (HDV)
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“E-Dumper”: the world’s largest electric vehicle
Practical demonstration of the feasibility of battery-electric HDVs
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 Recuperated braking energy = climbing energy

 No need to recharge during the day

 Saves 50’000 liter of Diesel / yr

5

“E-Dumper”: the world’s largest electric vehicle

+ 60 t

50 t = 110 t

15.09.2017Freight-related activities of SCCER mobility



||
SCCER Efficient Technologies and Systems for Mobility

15.09.2017Freight-related activities of SCCER mobility 7

LSVA data daily driven distance of every vehicle
Precise and complete account of the day-to-day performance

Daily distance by vehicle type Daily fleet performance

Source: G. Georges, E. Cabukoglu, L. Küng, G. Pareschi, K. Boulouchos (2017). Battery electric propulsion: an option for heavy-duty vehicles? 

Results from a Swiss case-study. Submitted to Transport Research Part C: Emerging Technologies

Articulated truck = «Sattelschlepper»

Rigid trucks tend to be lighter than articulated trucks; lighter trucks are used on shorter distances
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powertrain design

battery-electric

powertrain specs
Heuristics

usage profiles

vehicle usage profile
(payload + distance over time)

Statistical

model
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Leveraging LSVA for energy demand calculations
The LAV HDV fleet energy demand model

LSVA

vehicle performance
(for each day of the year)

distance driven

LSVA monitoring data

movements of goods
(type, weight, distance)

vehilce movements
(kind, capacity, distance)BFS

GTE

goods carried

representative survey

vehicle specs

vehicle & trailer

specs

MOFIS

ASTRA

MOFIS

TARGA

vehicles used

registration database

Energy

model
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Electrification Potential of the Swiss Heavy-Duty Fleet

Over night charging only Battery swapping during the day
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Source: G. Georges, E. Cabukoglu, L. Küng, G. Pareschi, K. Boulouchos (2017). Battery electric propulsion: an option for heavy-duty vehicles? 

Results from a Swiss case-study. Submitted to Transport Research Part C: Emerging Technologies

CO2 avoidance relative to current emissions (1.72 Mt/yr ≈1/6 CO2 from cars)

Note that for every HDV, there are currently roughly 83 passenger cars in Switzerland
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Efficient internal combustion engines
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Goal CH4 fuelled LDV:
 reduction of CO2

Challenges:

 minimize pollutant emissions

 maintain attractive payload

Means engine measures:
 charge air motion 

(piston bowl shape and swirl level)

 valve timing and boosting 
(for example Miller and Atkinson 
cycle)

 compression ratio

 exhaust gas recirculation (EGR)

 ignition concepts

 water injection

Facts on LDVs
 7 times as many LDVs  as HDV

 ~1/2 of HDV CO2 emissions

 twice the vkm

 5.5% the tkm
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CH4 engines for light-duty freight vehicles (LDVs)

Approach
Simulation

 1D simulation (GT-Power) by Empa

 3D CFD simulation (Open FOAM) 

 1D-3D coupling by Politecnico di 
Milano and FPT Motorenforschung

Experiment

 validation on Empa test bench
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 Exhaust Gas Recirculation (EGR) reduces NOx emissions

 Requires higher exhaust than intake pressure operation point dependent

 Idea: volumetric pump  independence of engine operation point

 Impact: simpler & more accurate control to lower emissionss

EGR-blower for heavy-duty engines
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Learning from operational data
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Gathering operational data from heavy-duty vehicles
CA A2: «Self-Learning Map» for SwissTrolley+

Original GNSS Data Filtered & Averaged

Position

Cloud

On-board data

processing unit

Service Engineer

GNSS Geographic Position

Wheel Speed

Cabin Temperature

Traction Torque/Power Door Status

Estimated Vehicle Weight
Battery State of Charge & Health
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Opportunity:

 On-board monitoring 
systems (Big Data), 
tracking speed, position, 
energy consumed, ...

On-going activities:

 Optimizing tactical 
operation of freight trains

 Sensitivity analysis  
(e.g. regarding weather 
conditions  on-going PhD)

 Calibration procedures for 
simulation models
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Energy-optimal freight train operations
CA B1 Task 1 “Optimizing energy efficiency and infrastructure usage of railway operation”
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More information posters & colleagues

Electrification (road)
1. Demonstration: E-dumper

2. Feasibility: electrification of road freight

Efficient engine technologies (road)
3. Alternative fuels: methane delivery vans

4. Components: EGR blower

Learning from operational data
5. ETH «Self-learning map» for SwissTrolley+

6. Energy optimal train operations
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