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Integrated assessment of mobility systems

Overview and Selected Topics from the Capacity Area B2
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Methods and Tools:

Vehicle Simulation, Life Cycle Assessment, Impact Pathway Approach,
Comparative Risk Assessment, Learning Curves, Partial Equilibrium Modeling,
Cost-Benefit Analysis, Multi-Criteria Decision Analysis, Living Labs.
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How this research supports the SCCER Mobility Mission

= Comprehensive assessment of a wide spectrum of options on the
technological and overall system levels

= Addressing sustainability of future mobility

= Integrating socio-economic developments shaping the transport system
and supporting the transformation process

= Combining top-down vision with bottom-up approaches
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Energy demand of the CH heavy-duty truck flee;:
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Usage of the Swiss Heavy Duty Trucks

-> goal: assess the sectorial Energy Demand
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Average load capacity vs. distance

—> share of «laden» distance, resolved by stage (= driving mission)
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Example interventions on the Swiss road-based Freight Sector
—> for more information refer to poster

Light Duty Vehicles Heavy Duty Vehicles

Light delivery truck Truck Sattelschlepper

Interventions to all “Lastwagen” vehicles:

BEV: Battery electric vehicles
FCEV: Fuel cell electric vehicles

Interventions to all vehicles:

HEV: Hybrid electric vehicles
BEV: Battery electric vehicles

FCEV: Fuel cell electric vehicles 1) 18t, limited range
2) 40t, limited range

3) 40t, unlimited range
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Transport LCA and Cost Result Status

echnology

= Fuel Cells
’g Batteries Co-ordinated with THELMA Project
8 Fuel Production (broad spectrum of results available)
Cars As above Complete 2017
of Motorcycles Complete Complete 2017
g Buses 2016 2017
g Trains Complete 2016 2016 2017
Airplanes Complete 2016 Complete 2017
LDV Complete 2018 2018 2019
£ HDV Complete 2018 2018 2019
- Trains Complete 2018 2018 2019
Airplanes Complete 2016 Complete 2017

fan Hirsch l. .09.
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Comparison of passenger transport modes
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Mid-sized Car
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<4 kW = Maintenance

Coach ® Energy Supply

m Exhaust Emissions
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Urban _
0
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Integrative Assessment Methodology & Data Flow

l/ (class, drivetrain, materials, fuels) Integrative analysis

Vehicle & energy chain LCA
(Ecoinvent background db)

\lIVehicIe materials & energy chains Env. impacts & external costs
- (impact pathway approach,
Vehicle performance Energy, cost, LCI, LCIA > ENSAD risk db)
(driving cycle energy
use model) Fleet scenarios definition

(sales by drivetrain, energy source)

Agent driving plans :
Traffic simulation g gp Optimal BEV/agent match

(agent-based planning (payback distance)
for min travel time)

_ System/scenario data

Grid modeling

(Optimal Power Flow) Charging energy demand

Fleet modeling

Charging generation mix o :
> (multi-criteria vector summation)

Decision aiding

-IH (MCDA)
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Annual car fleet GHG emissions for base year 2012 and 2050 scenarios
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Drivetrains Electricity Hydrogen
BEV - Battery Electric Vehicles POM - Demand is SFOE “Political Measures” SMR - Steam Methane Reforming
FCEV - Fuel Cell Electric Vehicles BAS - Supply is gas-dependent strategy HYD - Electrolysis using Swiss Hydropower
EV  -%BEV, %5 FCEV RES - Supply is renewables strategy
HEV - Hybrid Electric Vehicles AVE - Charging is average generation mix
Numbers are % fleet sales penetration in 2050. MAR - Charging is marginal generation mix Source: Hirschberg et al., 2016
Balance of fleet is internal combustion vehicles.
16.09.2016 12
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Multi-Criteria Decision Analysis (MCDA) Hierarchy
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Selected Technologies

|

Choose Indicators
for Technology Evaluation

|

Measure all Indicators
for each Technolo

Normalize Indicators

on Scale of 0-1

!

WeiJgjt Indicators

!

Combine Indicator Values
and Weights

!

Calculate Sustainability Index

= Technology Ranking

Stefan Hirschberg et al.

In cooperation with the CTI
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Schweizerische Eidgenossenschaft

Commission for Technology and Ianovation CTI

16.09.2016
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Car Fleet Multi-Criteria Decision Analysis (MCDA) Ranks - 5o/50 e e e
Primary Non-Renewable Energy & GHGs
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Fleet ICEV BEV 30 BEV 30 BEV 60 BEV 90 FCEVO90 FCEV90 BEV30 BEV 30 BEV 30
2012 2050 POM POM POM POM SMR HYD FCEV30 FCEV30 FCEV30
RES RES RES RES POM POM HEV 40
AVE MAR AVE AVE RES RES POM
MAR MAR RES

Drivetrains Electricity SMR HYD MAR
ICEV -Internal Combustion Engine Vehicles POM - Demand is BFE “Pol. Massnahmen” HYD
BEV - Battery Electric Vehicles BAS - Supply is gas-dependent strategy
FCEV - Fuel Cell Electric Vehicles RES - Supply is renewables strategy Hydrogen
HEV - Hybrid Electric Vehicles AVE - Charging is average generation mix SMR - Steam Methane Reforming
Numbers are % fleet penetration in 2050 MAR - Charging is marginal generation mix HYD - Electrolysis using Swiss Hydropower

SCCER Efficient Technologies and Systems for Mobility Source: Hirschberg etal., 2016 SCCER Mobility | 22-Aug-16 |
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MCDA Ranks (equal weights)

Best--------------------Worst

0.6

0.5

0.4

0.3

0.2

0.1

Source: Hirschberg et al., 2016

Drivetrains

ICEV - Internal Combustion Engine Vehicles
BEV - Battery Electric Vehicles

FCEV - Fuel Cell Electric Vehicles

HEV - Hybrid Electric Vehicles

Numbers are % fleet penetration in 2050

SCCER Efficient Technologies and Systems for Mobility

FCEV 90
SMR

Electricity
POM - Demand is BFE “Pol. Massnahmen”

BAS -Supply is gas-dependent strategy
RES - Supply is renewables strategy
AVE - Charging is average generation mix

MAR - Charging is marginal generation mix

FCEV 90
HYD

Hydrogen

In Zusammenarbeit mit der KTI

Energie
Swiss Competence Centers for Energy Research

schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

fiir Technologle und Lyl

Non-Renewable Primary Energy Use
GHG Emissions
Metals Depletion
[ ] Impacts on Ecosystems
@8 Total Internal Cost
@ Average Mortality
@ Expected Severe Accident Mortality
Severe Accident - Max.Consequences
@ security of Supply of Energy
Range
BB Charging/fueling Time

BEV 30 BEV 30
FCEV30 FCEV30
POM HEV 40
RES POM
MAR RES
HYD MAR
HYD

SMR - Steam Methane Reforming
HYD - Electrolysis using Swiss Hydropower

SCCER Mobility | 22-Aug-16 |
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Swiss TIMES Energy system

Model (STEM)

e Time horizon: 2010 — 2100

* Hourly representation of weekdays &
weekends in Summer, Winter and an
intermediate season

* Five end-use sectors with subsector
description

— Six industrial subsectors (chemicals,
cement, metal, food,...)

— Four categories of residential
heating (existing-, new-, single- and
multi-family houses)

* Detailed electricity and energy
conversion modules

— Existing and new electricity/heat

generation technologies, hydrogen,
biofuels, etc.

* Fully calibrated to the BFE's 2010
energy balance

SCCER Efficient Technologies and Systems for Mobility

2010 2011-13 2032-37 2044-56  Milestone year 2050 2088 - 2112

Technology characterization (efficiency, lifetime, costs,...

International energy prices (oil, natural gas, electricity, ...)
Resource potential (wind, solar, biomass, ....)

In cooperation with the CTI

PAUL SCHERRER INSTITUT
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Macroeconomic drivers (e.g., population, GDP, floor area, vkm)

Kannan Ramachandran et al. 16.09.2016 16
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Scenario Definition

* Base

— Travel demands from SES 2050

PAUL SCHERRER INSTITUT

=]

— Nuclear phase out and option for new gas power plants

— Annual self-sufficiency in electricity supply

* Transport CO, emission mitigation

— 40% CO, emission reduction from 2010
level in transport sector as in the POM
scenario (T-40)

— T-60 (NEP target)

* Energy system wide CO, mitigation

— Whole energy system wide CO, emission
reduction of 60% by 2050 from 2010
level as in the NEP scenario variant C (S-
60)

— ~NEP variant E —i.e. 67% total
reduction (or 80% in domestic CO,
emission) or (S-67)

SCCER Efficient Technologies and Systems for Mobility

Million t-CO2

[
ul

In cooperation with the CTI

Energy funding programme
Swiss Competence Centers for

for Energy Research

CO, emission reduciton pathways

2010 2015

— — T-40(POM)

2020 2025 2030 2035

— — T-60(NEP) ———5-60 (NEP-Var-C)

Kannan Ramachandran et al.

2040 2045 2050

———5-67 (NEP-Var-E)

16.09.2016
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Car fleet in 2050: Technology
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Billion vehicle km
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2010 Base
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T40
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wnjf20o-3

Battery
W Hydrogen (FC)
# Natural gas (Plug-in)
% Natural gas (HYB)
W Natural gas (ICE)
# Diesel (plugin)
it Diesel (HYB)
m Diesel (ICE)
# Gasoline (Plugin)
i Gasoline (HYB)

B Gasoline (ICE)

¢ g-CO2/km (tailpipe) )

SCCER Efficient Technologies and Systems for Mobility
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Electricity supply in 2050
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Total CO2 emissions in 2050

In cooperation with the CTI
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* ] avition () | Additional cumulative costs (2015-
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2 0 1 m Services * 44-614 billion CHF for S60/S67
15 | B Industry
Residential
10 7 M Transport
c | . - h
Car fleet energy demand and CO2 emissions
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5 20 ° £
* Sectoral vs. system :
15 - 4
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. L] 5 i
—Sectoral transport emission N .
cap shifts the emissions
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Research approach for system transformation: multi-level
perspective with trend, stakeholder and individual behavior analysis

Present Transformation Future
Mobility context and trends Energy transition
i~ ir ~y
Macro-level LAY T
System transformation \ '|'\ g
x ~ ; - X
Indicators of transformation
I{ llil- . r
Meso-level g )) ¥
Socio-economic development . & :
a * Recommendations
Micro-level ‘ 4
Individual behaviour

SCCER Efficient Technologies and Systems for Mobility Merja Hoppe et al. 16.09.2016 2
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Zuich University
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School of
Engineering

INE Institute of
Sustainable Development
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System Transformation: model for individual mobility behavior change
=> measures supporting change Il. phase, model used for other projects

Action

Stages of change peocess 10
Pre-contemplation Contemplation Preparation
Behaviour Change Theories
1 Theoty of Interpersonal Behaviour ( 2oty Ay something S
;MG Io;a . n' Readjusting intorvention 1 Emotional intervention to modify
& Sedtr um’ '::“ P changs focus (); :ilnnbcn e porcagacn. £.9. story-taling
5 Feedback Inervention Theory itk Idantity intervention 1o highlight
6 Theory of Planoed Behaviour €.9. Swareness campagne Belonging 10 & community
7 Value -Beleve -Norm Theory it E.Q. soGial events, notworks
8 Norm Activation Theory
9 Technology Acceptance Model
10 Transtheoretical Moded Assessment

P Transition between stages
L= Shortout or Joop between stages
“*Intervention

Uncertainty 2
Habit 1, 8 ?
(8] quessoning habits
without whole ledomnation
repooted Idontification of
ip bohaviour P allenates
without «Should | 5till go by cae? I8
Pubic transport more
«l 9o by cars sont7s
A
A

Defrosting intervention
10 $40p habits and genorate reflexdon
E 9. sell-experience or rewand of promotion of

(De-) Motivating intervention
dsssade or force avel behaviour
E g improve allornatives fees and

Secvce, pricing. delours, games

-~

Individual factors 6
self-centred evaluation

subjoctive norms, needs and
ressources, perceived control
«| main a differences

Social factors 7
group identification

«we a0 bikerss

Collectivity factors 8

Affinity intervention 1o actvale

fookngs of responsibisty, show global

consacuances of ndiddual actions
Eg informaton

10

v
Testing the
alternative 9, 4.5

&7

Experiencing
Intecvention
3 ‘» ey ’._-'
Eg gn

games with feedbacs

gApenence

ol am Aot pares

—_— /

alernaivon
N

wASLEY Bry et | prefer The previn D hovens »

Behar

wAftey tRnking SBOUE ., | prefer the pr

SCCER Efficient Technologies and Systems for Mobility

Maintenance

Merja Hoppe et al. 16.09.2016 22
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Action fields: transformation process to be specified until end of phase I.
=> further elaborated in phase II.(Swiss transformation principles)

mameal  Efficiency increases and technological innovation

» Short-term measures to quickly increase energy-efficiency
» Use of sustainable energy sources
* Introduction of new technologies

sl  Avoidance of rebound effects of efficiency increases on mobility demand

 Time-efficiency
* Cost-efficiency
* Energy-efficiency

Paradigm shift from mode-based to intermodal mobility

maed Development of the working world to meet sustainable mobility requirements

« Digital and flexible workplaces and working times
* Distances between workplace and home

Integrated spatial and transport planning

« Sufficiency principles for planning and decision making
* Quality of life in cities/agglomerations and mobility for leisure activities

SCCER Efficient Technologies and Systems for Mobility Merja Hoppe et al. 16.09.2016 =
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We run medium-to-large-scale

living lab experiments

(a few hundred users, voluntary participation)

IVIN
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Every living lab faces a different, specific aspect
We are not performing comprehensive analyses

Use different cars

Provide alternatives
for change

Dynamic
ridesharing +
public transport

Diffusion of
eletric mobility

Extrinsic
motivation

Shuttle buses for
companies

C=1I0VIH 1 FoJFed MObalt ST

. mobilita alternativa
socialcar

ED OFF ED
G@&!ﬁggchnologies and Systems for I\KAQ/KED 0 CONCLUD ONGO‘NG

i
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Living lab case studies

Swiss Competence Center for Energy Research
Efficient Technologies and Systems for Mobility

University of Applied Sciences and Arts

of Southern Switzerland

SUPSI

In cooperation with the CTI

Energy funding programme

Swiss Competence Centers for Energy Research

Interdisciplinary approaches, combining social sciences, transport and ICT competences
Insights on the opportunities and barriers for behaviour change at the individual level
Identification of policy recommendations for future mobility scenarios (system transformation)

Every living lab faces a different, specific aspect — we a re not performing comprehensive analyses

Concluded Potentials for the diffusion of electric vehicles and Oy
in Spring e-mobiliTl for a wider transformation of - b 1 TI
2015 individual mobility patterns. e mo 1 ]-
Concluded MOBALT Reduction in the use of the individual car when
in Sorin MOBilit commuting to work.
201(|30 g Hity ] Use of a smartphone application providing alermativa
ALTernatives information on mobility alternatives. o
GoEco! Reduction in the use of the individual car. ‘
: [in cooperation Use of mobility tracking algorithms and C - =
Ongoing _ e ) o o / ;
with CAB1 gamification techniques (intrinsic motivation), A CONMONITY BR
ETHZ/IKG] within a smartphone application.
Reduction in the use of individual car. W i
Just Use of mobility tracking algorithms and ~““smarter -
kicked-off SmarterLabs gamification techniques (extrinsic motivation), la})sf:
within a smartphone application. -
Dynamic carpooling in urban areas by means of
. . a smartphone application. m ﬁ
Ongoing Social Car . . 1
Pilot study and assessment of the effectiveness socialcar

and barriers to its diffusion.

Francesca Cellinaetal. —  16.09.2016
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Example: the GoEco living lab

Can we stimulate people to reduce car use

by providing them with information feedback on
their mobility behaviour and comparison with the
performances of other persons?

We use a «gamification» approach

O

SCCER Efficient Technologies and Systems for Mobility rancesca Ceflina et al. 16-09.201
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Activity rates of the participants
were definitely lower than expected

602 applications

4
576 eligible participants

3

461 App downloads

3

199 active users

Numbers are however larger than similar experiments

SCCER Efficient Technologies and Systems for Mobility Francesca Cellina et al. 16.09.2016
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The participants’ reference mobility patterns
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Percentage of PMT kilometers (car, electric car, scooter or motorbike) [%] ¢ Ticino ¢ Zurich

Six weeks tracking period (March-April 2016)
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Many participants have already reduced car use

Canton Ticino active participants Zurich active participants

M 5trong eco
W 5oft eco
¥ 5trong private motorized

i 5oft private motorized

Weren't we looking for car-dependent people?

SCCER Efficient Technologies and Systems for Mobility Francesca Cellina et al. 16.09.2016  3°
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Outlook

= CA B2 goals for Phase 1 will be reached; some will be exceeded

" |n Phase 2 we are aiming at:

— Achieving “"completeness” of interdisciplinary assessment of all current
and future (known) modes of transportation

—Implementing the full set of technologies in the overall system model
integrating the future mobility and the energy system

— Putting more emphasis on demand-related aspects including behavioral
aspects (Joint Activities with SCCER CREST)

— Supporting the transformation process
—Increasing national and international visibility

— Striving for increased external funding

SCCER Efficient Technologies and Systems for Mobility 6 6
16.09.201
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Questions?

Contact: stefan.hirschberg@psi.ch
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