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Goals of B1

= |ncreasing energy efficiency in transportation from a systems
point-of-view.

= Users, technology and infrastructure are interfaced with each
other by linking mobility patterns with urban planning and
environmental data.

= Simulating and monitoring people’s spatio-temporal behavior
in near real-time with the goal of calculating and
communicating energy saving options.

= Optimization of mobility systems and therefore a reduction of
the future energy demand.
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Crucial issues for the future

* Planning and implementation of new large infrastructures for
electrical vehicles and their intelligent and efficient operation.

= Dynamic control and stabilization of the electric grid by means
of vehicle-to-grid technologies.

= Novel data sources including sensors and monitoring devices.

= Such data feeds into a transport simulation framework with
the goal of forecasting &predicting urban traffic and
corresponding energy consumption.

= Urban planning will contribute to a reduction of transportation
services demand for commuting and leisure.
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Supporting the SCCER Mobility Mission

Energy or CO, Business as usual scenario

A/
Status quo

100
%

Mobility and transportation demand
reduction

Energy conversion processes (efficient
drivetrain, reduction of vehicular energy demand

Political target renewable

fuels, H,)

dA | Conf SCCER Mobilit 6.09.2016 6
SCCER Efficient Technologies and Systems for Mobility 3rd Annual Lonterence obility | 16.09.2016 |



sccer , ‘ .
Swiss Competence Center for Energy Research

mobi ﬁty Efficient Technologies and Systems for Mobility

Research topics and partners

= RT 1: Integration, Infrastructure & New Urban Transport

= HSLU-IIEE/IN: Center of Competence for Integral, Intelligent and
Efficient Energy Systems (Prof. Harri)

= ETHZ-IVT: Transport Systems (Prof. Weidmann)
= RT 2: Spatio-temporal Data Acquisition & Analysis,
Monitoring Devices and User Communication
= ETHZ-IVT: Transport Planning (Prof. Axhausen)
= ETHZ-IKG: Geoinformation Engineering (Prof. Raubal)
= RT 3: Urban Planning and Environmental Impact

= BFH-AHB: Architectural Processes (Prof. Huber)
= ETH-IFU: Ecological Systems Design (Prof. Hellweg)
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Example 1: Technical simulation and Management of more
efficient transport systems

Energy savings in rail freight by traffic flow optimization
(Dr. V. De Martinis, Prof. U. Weidmann - IVT@ETHZ)

Focus on energy efficient solutions for freight rail Number of trains per route and
. _ days spent on rail network

* Freight rail traffic is a non negligible % of rail traffic in

Switzerland (= 20%) u<
« Energy efficiency in freight rail has not been deeply
investigated so far. Japan [N

* The entire railway system may benefit from optimal
. o Netherlands [N
operation of rail freight.

* New interest of train operators, like SBB and BLS, to @ switzerland [EENGEGEGEGG_G—-

collaborate on freight rail topics. e
0 50 100 150 200

m Passenger trains  ® Freight trains
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Energy savings in rail freight by traffic flow optimization

M a i n O b i e Ct i Ve S : (Infr?structure, Timer:l:‘::tﬂzf’rl:::gfmk, Signalling Syftem}
*  Transferring solutions from passenger trains to freight F[mmm;mes]
rall Operatlon /_ Speedproﬂleoptimlzatlonmndel\ ﬂﬂicmsimulatio:'l’modem
*  Definition of a framework for the generation of energy w Lo
optimal solutions (Example: speed profile optimization) e —
algoﬁlhm

S E)

;m,sewe“au \ speed profile definition model / ) ‘

m j“ e, “’». i \—I_“ wm“ ,_H.””“. 1 [ Targets and " Performances

25" e . Y Constraints N and impact
“11 ‘.‘ R

5 g i 1[ =, Main collaborations:

Istance [m x 10
g | | 7+ Use of onboard monitoring data
£ 1 (cooperation with BLS train operator)
B = e ~* Integration with rail traffic
§ oo | management systems (part of ongoing
B " oo ) PhD. thesis with SBB)

(Example of onboard data - BLS train from
Basel to Domodossola)
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Energy savings in rail freight by traffic flow optimization

Expected results:

 Definition of energy efficient solution in rail freight (WP1 and WP2)

* Specification of a simulation-based optimization (SO) framework for the evaluation
of different energy efficient solutions (WP3) /

* Definition and implementation of simulating scenarios, related to different
operating conditions. (WP4)

Some related publications:

1 V. De Martinis, U. Weidmann (2015) “Definition of energy-efficient speed profiles within rail traffic by
means of supply design models”, Research in Transportation Economics, 54, 41-50

2 A. Toletti, V. De Martinis, U. Weidmann (2016) “What about Train Length and Energy Efficiency of Freight
Trains in Rescheduling Models?”, Transportation Research Procedia, 10, 584-594

3 V. De Martinis, U. Weidmann (2016) “An evaluation of freight train energy savings potential using onboard
monitoring data”, Transportation Research Board Annual Meeting 2016, Washington, D.C.

A | fi CCER Mobilit 6.09.2016
SCCER Efficient Technologies and Systems for Mobility 3rd Annual Conference 5 obility | 16.09.2036 | 10



In cooperation with the CTI
sccer . Energy funding programme
_‘ \ Swiss Competence Center for Energy Research Swiss Competence Centers for Energy Research

mobfli’ty Efficient Technologies and Systems for Mobility L i

Work plan phase

Optimizing energy efficiency and infrastructure usage of railway operation

From acquired experience:
Onboard monitoring data confirm the complexity of railway operation.
* Simulation tools can help but sometimes models are too simple... or badly specified
* Real reference of the potential energy saving.
* Speed profile optimization. Savings up to 11% (high degree of automation)
* Rescheduling processes. Savings up to 9% (high degree of automation)

Main research investigations for SCCER phase Il will concern:

* Model calibration. Calibration phase can be enhanced with additional information
on energy consumption from onboard monitoring systems. Expected results are
more realistic percentages of energy saving.

* Analysis of real train operation. Real data on speed profiles can enrich current
knowledge. Specific focus on Automatic Train Operation (ATO) systems and the role
of automation during train rescheduling.

* Sensible parameters. The choice of few and relevant control variables will enable
fast computation and reliable generation of optimal solutions.
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Example 2: Personalized energy mobility app (=0 C1
(D. Bucher, Dr. D. Jonietz, Prof. M. Raubal - IKG@ETHZ; Prof. Rudel - SUPSI)

Jan. - Feb. 2016

* Sign up Period How can we encourage
C t standi .
Mar. - May 2016 urrent standing people to engage in
= 30 days recording of more sustainable
baseline data.

mobility lifestyles,
reducing use of the car?

>l
b

Sept. 2016 - Jan. 2017
Participants use full functioning

app, which includes Gamification
elements.

June - Aug. 2017

App records mobility behavior
<+ without any particular user

interaction, to measure long

term effects.

v
http://goeco-project.ch/index.php/en/

SCCER Efficient Technologies and Systems for Mobility 3rd Annual Conference SCCER Mobility | 26.09.2016 | 12



http://goeco-project.ch/index.php/en/

Efficient Technologies and Systems for Mobility

In cooperation with the CTI
sccer . Energy funding programme
4 ‘ Swiss Competence Centerfor Energy Research Swiss Competence Centers for Energy Research

mobility

Technology & Architecture

Moves App GoEco Tracker App

user validation

v

learning loop

routes with
proposed
means of
transport

routes with confirmed
means of transport

GoEco
Tracker
Algorithm

GoEco
Datastore

Moves
Connector

raw routes
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(1 - Results from Deploying the GoEco! Tracker App

= Difficult to keep study o ‘ |
p a rticipa nts inte ra Cting &EJE‘S’J 'c’;gnrg:; ééﬁ:; Hontioy Mooy

activity
plane

. tram
frain
skate

. ship

. scooter

. motorbike

. ecar

. ebicycle

. bus

. bicycle

. walking
car

. unknown

= Successful study phase I:
One month of large-scale
"baseline data” tracking:
41'199 activities tracked

1500~

Number of Activities
=)
3

o
(=1
D

with the app: 2
> 650 sign-ups for the study 8~
& 20-
» 450 sign-ups in the app 7. bl
> 200 actively participated 5. Hoenss
during phase | 25
N |y
Cér lréin tr'alm waH-l(ing bic;lfc\e mulu}bike
Made of Transport used
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20X - Results from Deploying the GoEco! Tracker App

= Ongoing analysis of “change = Reduction of kilometers traveled
potential” of study participants by car between 10% and 50%

= Energy savings around multiple
10 kWh per user per week

Other _ B|cycle 3.7% Other 19.6% ~ Bicycle 9.2%
19.4% % ra ~ Public Transport -
11.8% Public
25.7%
—
v Walk
Car Car 2.7%
75.6% 42.7%°
Current mobility patterns Potential mobility patterns
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- Outlook next Study Phase

= Finish development of full, gamified app

= Start with second study phase:

“Reactivate” Lab
= Select Control Group

= Add new features
to app gradually
(keeps users interested)

= Organize community
events

= Evaluate effectiveness
of approach

SCCER Efficient Technologies and Systems for Mobility

o8

of ¢ D RN 0=l 1552

Meine Badges c

O RN 0=l @55

= dobucher c =

Mein Profil Meine Challenges Meine Badges Mein Profil

1
Beginner Challenger FaS

22.08.2016-24.08.2016

Meine Challenges Meine Badges

User joins her first challenge
57.1 km Gereiste Distanz
04:51+ Reisezeit

0 kWh Energieverbrauch

0.00

COz Emissionen
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= Challenges c

(v I

GoEco week-ends_de

No car riding or flying
j during the day,in 9 >

weekends
' No car riding or flying 9 S
® for the entire weekend
GoEco peak hours_de

‘_’{: No car riding in peak 9 S
" hours - 3 days

Three nights out
without car
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GoEco! —-Work Plan Phase ll

= Assess effectiveness of GoEco! approach:
= Did people change their behavior?
= Which elements proved to be particularly motivating?

= Final study phase will show whether change is long-term

= Technology transfer to industry (ongoing and planned):
= Methods and Framework to analyze mobility data
= Methods to automatically infer transport mode and activities
= Methods to analyze energy-saving potential
= Gamification approach for mobility behavior change

A | f ER Mobili .09.
SCCER Efficient Technologies and Systems for Mobility 3rd Annual Conference SCC obility | 16.09.2036 | 17



In cooperation with the CTI
sccer Energy funding programme
Swiss Competence Centgrfgr Energy Research Swiss Competence Centers for Energy Research

mobil ity Efficient Technologies and Systems for Mobility L+ e

Example 3: Design a spatial model for mobility
(A. Fromelt, Prof. S. Hellweg - IFU@ETHZ)

=  Bottom-up LCA-model to assess environmental impacts from mobility at
household level based on MATSim-results

= Besides classical LCA-indicators: novel approach to assess noise impacts developed
120

- Allows for studying differences of behavior patterns
between individual households...

100

|
go
e

household (tCO,-eq/yr)
o))
o

mobility greenhouse gas emissions per

40
20
0 |
797
Ranked households of a
case study municipality
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Example 3: Design a spatial model for mobility

=  Bottom-up LCA-model to assess environmental impacts from mobility at
household level based on MATSim-results

= Besides classical LCA-indicators: novel approach to assess noise impacts developed

—> Allows for studying differences of behavior patterns
between individual households and different regions EIEEEmIEs e

/ \ municipalities)

Core municipality outside
agglomeration

Agglomeration (other 26
municipalities) )

o, {7
ST
by

i

]
- 2
Sy, 250 5
= NNES
7o

Rural municipalities 2.7

annual mobility greenhouse 0.0 1.0 2.0 3.0

gas emissions per capita and annual mobility greenhouse gas emissions
municipality per capita (tCO,-eg/(cap yr))
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Expected results within phase |

Coupling mobility model with a building
energy demand model to assess
environmental impacts from housing at
household level (a case study for the
Canton of St. Gallen was conducted with a
forerunner model)

—> allows for studying interrelations and
trade-offs between different
consumption areas

Collaboration with Canton of Lucerne to
improve mobility model for Lucerne (e.qg.
more detailed car fleets)

SCCER Efficient Technologies and Systems for Mobility

In cooperation with the CTI
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main life cycle greenhouse gas
emissions area and statistics
per municipality
Housing: Energy Use
[ Housing: Infrastructure
Il Viobility: Motorized Private Transport
Mobility: Public Transport

3rd Annual Conference SCCER Mobility | 16.09.2016 | 20



In cooperation with the CTI
sccer Energy funding programme
Swiss Competence Centerfor Energy Research Swiss Campetence Centers for Energy Research
haft
5

mobi ﬁty Efficient Technologies and Systems for Mobility D

Work plan phase li

= Studying causal relationships between
household characteristics and environmental
impacts of personal mobility

=  Bottom-up modelling and integration of as
many household consumption areas as
possible (e.g. food, clothing, etc.)

= Studying interactions and trade-offs between
mobility and other consumption impacts

= Development of a decision support tool
based on the model

— Important input for policy makers and urban
planners to derive targeted measures tailored
to the specific problems of a region.
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Results of Phase | for Ba

= |mplemented on-board real-time data acquisition for
efficiency analysis of a small electric bus.

= Investigated households’ electrical and thermal energy and
analysed & simulated related mobility with Matlab-Simulink.

= Developed algorithms for spatio-temporal data analysis and
implemented prototype of personalized energy mobility app.

= Developed/ validated spatial mobility and building energy
model and applied it to municipality of Zernez and canton of
St. Gallen.

= Combined noise emission data with MATsim mobility data and
developed new method to assess the noise footprint in LCA.

A | f SCCER Mobilit 6.09.2016
SCCER Efficient Technologies and Systems for Mobility 3rd Annual Conference obility | 26.09.2026 | 22



In cooperation with the CTI
sccer . Energy funding programme
_‘ ‘ Swiss Competence Center for Energy Research Swiss Competence Centers for Energy Research

mobili ty Efficient Technologies and Systems for Mobility

Swiss Confederation

Commission for Technology and Innovation CTI

Technology Roadmap 2013-2024 CA B1: Integration, Operation and Optimization of Mobility Systems
: |
b . .
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Phase Il for Ba

= Focus on energy infrastructures; monitoring and user
communication; and spatial planning.

= Inline with main goal of SCCER Mobility: better understanding
of the complex dynamics of mobility and transportation,
including their interdependencies with the overall energy
system.

= Changes:
= HSLU (Prof. Harri) will become non-funded academic cooperation
partner.

= NEW: ETHZ Power Systems Laboratory (PSL) & Aerothermochemistry
and Combustion Systems Laboratory (LAV); energy infrastructures
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Questions?

Contact: Prof. Dr. Martin Raubal, mraubal@ethz.ch
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