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My first weeks as Managing Director of the SCCER
Mobility in May 2014 were a mix between déja vu
about being back at ETH Zurich and a completely new
adventure. There | was, sitting in an office at an insti-
tution that | was only too familiar with from my time as
a doctoral student, but the tasks that awaited me were
entirely new to me. As an engineer, | was used to tech-
nical tasks rather than dealing with network manage-
ment, community building, establishing governance,
and communication, dissemination, and monitoring
processes.

The scientists involved in the SCCER Mobility, mean-
while, were rather familiar. Most of them shared my
technical background. I could relate to what they were
doing in their laboratories and to how many hours of
hard work and dedication each point in a chart repre-
sented. It was wonderful to see how passionate they
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Gloria Romera Guereca, Managing Director of the SCCER Mobility

were about their work. And, | could also identify with
the industry partners since immediately prior to joining
the SCCER | had worked in the R&D department of a
company developing sensors. So | knew both, acade-
mic and industrial research.

What's more, | fully identified with the vision of the
program: developing the knowledge and technologies
necessary to reduce the growing carbon dioxide (CO,)
emissions induced by the transportation of people and
goods. The task was as critical as it was multi-faceted
because a lot needed to be done in several fields, from
behavior to efficient conversion technologies and basic
infrastructure. Supporting a program that addresses
so many different aspects of the transportation system
and was composed of members from diverse back-
grounds was very enriching. =



From day one it has been challenging to keep up with
the pace of the SCCER. Especially as | was, so to speak,
behind schedule from the start. After all, the Manage-
ment Office was set up in May 2014, four months after
the official start of the SCCER Mobility. When | started
there were already several tasks that needed address-
ing. We had to set up the Management Board, finalize
the Governance Regulations, organize and hold the
very first Annual Conference, organize workshops to
discuss our strategic roadmap with representatives
of all groups and industry partners, prepare our first
monitoring report, and recruit a new team member
to establish the MAS|CAS (Master and Certificate of
Advanced Studies). Looking back, it seems impossible
that we managed all that in such a short time.

One of the major tasks of the Management Office has
been to help the almost 200 members of the SCCER
to connect with each other and to understand each
other’s roles on our road to improving the technologies
and gaining the knowledge necessary to decarbonize
transportation. When trying to summarize the success
of the SCCER network, it is easy to reduce it to key
figures like the number of joint publications, white
papers, and projects—which are, | must admit, impres-
sive. For me, other important parts of that success in-
clude that today research groups cite other colleagues
from the network, or that doctoral students refer to
the SCCER Mobility’s vision in their dissertations, and
that students find their first jobs in other groups within
the SCCER or decide to take a job in the industry to
work on implementing mobility solutions. And | hope
that younger researchers in particular profited from
the Management Office’s efforts to create a community.
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Exchange with the scientists and partners of this com-
munity has been the most precious part of my job. Fort-
unately, we got to meet at several Annual Conferences,
or during visits the SCCER's various institutions. Those
relationships have been a source of motivation for me
with regard to my work in this program.

The past seven years have been a road full of surprises
and challenges, and | am very thankful for having had
the chance to be part of this big joint effort. | hope that
this book will reflect, at least in part, what the SCCER
has achieved. The book is not about listing all the
milestones and results or quoting all the findings and
conclusions. Rather, it focuses on the people involved
and on what we have built together.

And | would like to thank this great community. First
of all my thanks go to the coordinators of the capacity
areas, who invested so much time and energy in help-
ing to build this community. | would also like to thank
all the scientists who worked in the program and who
supported the Management Office team. And finally,
special thanks go to my colleagues at the Management
Office, who shared this exciting experience with me. ®
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Structure of the SCCER Mobility

The SCCER consists of two thematic innovation fields, which are each

divided into capacity areas that focus on different research topics.
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Innovation field A Innovation field B
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Innovation field A: Innovation field B:
Component devices and processes System aspects of mobility
Capacity Area A1 Capacity Area B1
Systems and components for e-mobility Design, demonstration, and dissemination
of systems for sustainable mobility
Capacity Area A2
Chemical energy converters Capacity Area B2
Integrated assessment of mobility systems
Capacity Area A3

Minimization of vehicular energy demand
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Sustainable solutions for Switzerland —

Konstantinos Boulouchos, Head of the SCCER Mobility

For seven years, ETH Professor Konstantinos Boulouchos was
at the helm of the SCCER Mobility. In addition to new technical
and conceptual solutions for sustainable mobility in Switzerland,
he helped to build up—together with the Management Office
and the boards from science and industry—a large network
of researchers and experts. On a personal level, the engineer
also gained new insights into the complex socioeconomic aspects

of mobility.
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What does mobility mean to you personally?
Konstantinos Boulouchos:

A world without mobility is inconceivable. Mobility
connects people and enables the exchange of goods.

Mobility tends to have negative connotationsin society
today because we are primarily focusing on aspects
such as air pollution or energy demand and carbon
dioxide (CO,) emissions. Our task—especially as scien-
tists—is therefore to shape the future of mobility in
such a way that we reduce the negative impact of
mobility as much as possible, while in parallel trying to
maximize its positive effects on society.

Was this the objective of the SCCER Mobility?

In essence, yes. The Swiss Competence Center for
Energy Research—or, SCCER—along with its focus
on mobility was created on the initiative of the Swiss
government. Following the 2011 tsunami in Japan and
the resulting severe nuclear accident in Fukushima, Swit-
zerland decided to significantly reduce its dependence
on nuclear power and fossil fuels and to radically trans-
form its energy sector. This was outlined in the Energy
Strategy 2050.

In order to achieve the goals of the Strategy and find
solutions to the inherent technical, social, and political
challenges, a total of eight energy research competence
centers were established, including ours. After all, the
mobility sector is very energy-intensive and has so far
relied almost exclusively on fossil fuels. These compe-
tence centers are financed and managed by Innosuisse,
the federal government’s innovation promotion agency,
with support from the Swiss National Science Foundation
(SNSF), while the Swiss Federal Office of Energy (SFOE)
has contributed with additional project funding. Essenti-
ally, Innosuisse has been mandated with the execution of
the “Coordinated Swiss energy research action plan”.

The main task of the SCCER Mobility was to develop new
mobility concepts and technical solutions in order to
improve energy efficiency and to reduce carbon dioxide
emissions in particular, while at the same time building
up corresponding expertise for science and industry in
Switzerland. This competence and capacity building
was, and still is, intended to con-
tribute to providing Switzerland
with the know-how and human
resources necessary for the de-
velopment of sustainable mobili-
ty for the future.
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“In the end, it all comes
down to people.”

Konstantinos Boulouchos

How did you get involved in the project?

Before the intention to establish the SCCER was an-
nounced, | served as founding director of the Energy
Science Center of ETH Zurich for six years and was
therefore part of the delegation from the ETH do-
main, which was seeking efficient ways of organizing
related research activities in collaboration with other
institutions. The challenges posed by the mobility sec-
tor attracted the interest of ETH Zurich and | was man-
dated to start organizing a network of researchers and
industry experts from across Switzerland.

In order to place the SCCER on the broadest professio-
nal foundations possible and to facilitate the transfer
of knowledge and technologies from basic research to
practical applications, from the outset we wanted to
include universities of applied sciences in the network.
Having attracted interest from various Swiss research
groups, we developed a proposal for Innosuisse in a
“bottom-up” way. Andrea Vezzini was instrumental in
this process and became the Vice Head of our SCCER.
Andrea is Professor of Industrial Electronics at the
Bern University of Applied Sciences in Biel and heads
the university’s Energy Storage Research Centre. To-
gether, we were able to establish a large network of all
the major partners from science and industry through-
out Switzerland in a short space of time.

Originally the intention of the coordinated action plan
was to initiate competition between the various pro-
posals for each SCCER. Quite soon, however, Innosu-
isse realized that for a small country like Switzerland it
would be very difficult to find many quality consortia
for the same topic. There was no competing proposal
and our SCCER submission was approved by Inno-
suisse after a thorough assessment. ETH Zurich has
served as Leading House of our SCCER from the very
beginning. And with the establishment of the Man-
agement Office—which has been instrumental to our
success—in June 2014, the SCCER could finally start its
work (the formal launch had taken place in April 2014).

How did you identify the key issues you have
addressed over the past seven years?

As mentioned earlier, in addition to developing in-
novative technical and socio-
economic solutions for the
mobility sector our main fo-
cus was on capacity building.
One of our core objectives was
to grow the next generation



of scientists, who will—in the
future—contribute to science
and industry alike.

Deng Xiaoping

Within our SCCER, we therefore

decided from the outset to define capacity areas in-
stead of developing work packages or modules. Two
coordinators per capacity area constituted, together
with the Center’s Head, Vice-Head, and Managing
Director, the Executive Committee. Due to the high
complexity of mobility, three capacity areas dealt with
technical aspects and components, such as e-mobility,
optimization of fuel cells, combustion, and hybrid en-
gines, as well as the minimization of vehicular energy
demands, while two others focused on the mobility
system as a whole. Their aim was an integrated as-
sessment of pathways toward a sustainable mobility
future. These two capacity areas dealt, for example,
with the question of which means of transport are best
suited for which kinds of trips, or of how to influence
users in their transport choices and how each decision
will impact the development of mobility and also the
environment and climate in Switzerland. After seven
years of work, these assessments will serve as a basis
for future decisions.

In addition to the capacity areas, we have developed
cross-cutting activities such as the MAS|CAS program
and the Learning Lab. Our SCCER was the only one
to establish a Master of Advanced Studies (MAS) and
three Certificates of Advanced Studies (CAS) on Fu-
ture Transport Systems. The program was designed
first as an instrument for transferring knowledge from
academia to industry, but also as an interaction and
cross-learning instrument that could incorporate “re-
al-world” problems into the research agendas of the
academic institutions concerned. The Learning Lab,
meanwhile, was established as a facilitation space for
cross-collaboration among research teams from wit-
hin the research community, and with companies, in
new projects with a highly interdisciplinary character.

A very useful view from the outside world was pro-
vided by our Advisory Board, consisting of several
industrial partners and of prominent academics from
abroad. Furthermore, advice from the academic insti-
tutions represented on the Board has proven crucial.

Regular webinars and annual conferences rounded off
the whole thing, so that there were many opportuni-
ties to get to know each other and network. Because,

“You have to cross the river

by feeling the stones.”

Sustainable solutions for Switzerland —

asimportant as the professional
know-how of all those involved
is, in the end it all comes down
to people.

Are you satisfied with the outcome?

On the whole, yes, very much. But | must admit that
the mobility sector is so complex that significant
change simply takes decades. On top of this there is
also the decentralized structure in Switzerland. Many
decisions in public transportation are taken at the can-
tonal or local level. This makes it more difficult to bring
about rapid changes in the highly interconnected
transport sector, but has the advantage of ensuring
wide participation and bottom-up acceptance.

Significant progress has been made for example in
the development of new types of fuel cells, in the in-
tegration of renewable fuels, in the design of regional
mobility systems using digital technologies in inter-
action with human behavior, and in the development
of integrated assessment tools. We were also very
successful with some niche products, such as battery-
powered construction machinery. Because there
are mainly suppliers to the automotive industry in
this country but no car manufacturers, we made a
conscious decision to concentrate on selected niches.

For me, the legacy does not so much consist of suc-
cessful individual projects but mainly of the network
of people we built. They will continue our work in the
coming years and beyond.

What do you personally take away from these
seven years?

Well, you know, as an engineer | am used to sear-
ching for technical solutions. Mobility, however,
has a major socioeconomic dimension that must be
taken into account alongside every technology in-
novation. Thanks to my time at the SCCER Mobility,
| have learned much more about these complexities.
Today, | consider these aspects to be as important as
technological breakthroughs. Another lesson | learn-
ed was that we need a degree of certainty if we are
to develop a coherent strategy for reaching our ulti-
mate energy and climate-related targets. At the same
time, we must remain flexible enough to adapt to un-
foreseeable developments that occur along that road
to transformation. Or to quote Chinese reformer
Deng Xiaoping: “You have to cross the river by feeling
the stones”. ®

15



Milestones

—o Proposal | submitted
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SCCER Mobility founded

First SCCER Heads meeting
Management Office opens

Launch, SCCER Mobility website
Formation of SCCER Mobility Board
First Advisory Board meeting

Roadmap workshop

First SCCER Mobility Annual Conference
Strategic Guidance Project:

Evaluation of the maximum impact
potential of various research directions

—o Conceptual phase of MAS
ETH Future Transport Systems begins

—o Proposal Il submitted




Kickoff, Phase Il

Launch, MAS ETH
Future Transport Systems

Publication of the

working paper:

Towards an energy

efficient and climate
compatible future

Swiss transportation system

Publication of the white paper:
Auf dem Weg zu einem
energieeffizienten und
klimafreundlichen

Schweizer Mobilitatssystem

Learning Lab—Future
Transport Systems founded

Launch, SCCER
Joint Activities

Start, SCCER Mobility
Digitalization Program

Publication of the EASAC report:
Decarbonisation of transport—
options and challenges

First graduation class,
MAS ETH Future
Transport Systems

Last Advisory Board meeting
with presentation of
the EASAC report

Publication, Mission Report

Innosuisse call:
Digitalization
Program

Milestones —

Final Monitoring  o—
Report

Closure, SCCER  o—
Mobility program
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Component devices
and processes
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A1 Systems and components
for e-mobility



1. Capacity areas — Az

How can electrical energy be efficiently stored? This was
the main question examined by Capacity Area A1 (CA Az).
Electric cars can only be successful if the performance, re-
liability, charging time, lifetime, and costs of batteries are
up to the mark. The researchers of CA A1 explored, in particular,
battery solutions for niche e-vehicles. And to investigate
batteries further they also established the Swiss Battery
Research Platform.
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Systems and components for e-mobility ——

The future drives electric

Seven years ago, the storage of electrical energy was considered the

biggest obstacle to the introduction of electrically powered vehicles. Capac-

ity Area A1 (CA A1) has not only conducted intensive research to solve this

technical challenge, it has also been instrumental in establishing e-vehicles

in Switzerland for public transport as well as in niche fields such as agriculture

or construction sites.

Our goal was to address the biggest challenge of
electromobility: the storage of electrical energy. So far,
storage has been the main obstacle to the introduction
of electric propulsion and auxiliary units to automotive
applications. Consequently, we focused our research
on battery performance, reliability, charging time and
technology, lifetime, and cost.

As market conditions and infrastructure vary strongly
from country to country, we decided early on to limit
our research on storage solutions to Switzerland. With-
in the CA A1, we worked in particular on electric storage
solutions for rail and buses, and for construction, agri-
cultural, or municipal utility vehicles. At the core of our
research was the newly founded Swiss Battery Research
Platform, with battery test facilities at the Bern Univer-
sity of Applied Sciences (BFH), ETH Zurich, Empa, and
the University of Applied Sciences Buchs (NTB Buchs)™.
In this platform, we have an impressive infrastructure
for testing and characterizing battery cells and sys-
tems, distributed across various universities, providing
the necessary research infrastructure for the develop-
ment of battery systems for special vehicles.

In addition, competencies and guidelines for testing
as well as novel algorithms for the management of the
electrical and thermal behavior of battery systems have
been built and developed. ETH Zurich and NTB Buchs
also investigated the power electronics required for the
integration of battery systems in applications and for
the charging infrastructure. They were able to demon-
strate efficient and compact systems for connecting
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batteries to the high-voltage systems of locomotives
and wireless charging systems.

Close collaboration from the beginning

From the start we had a multidisciplinary and inter-
institutional team with partners from several univer-
sities of applied sciences (BFH, NTB Buchs, HSLU
(Lucerne University of Applied Sciences and Arts)) and
the ETH domain (ETH Zurich, Empa). We also worked
with other Swiss competence centers, mainly the
SCCER Heat & Electricity Storage and the SCCER
Future Swiss Electrical Infrastructure. Many of the
researchers involved knew each other before the
start of the SCCER Mobility, which made collaboration
easier and helped us to coordinate our goals from the
outset.

One of the best results of this close collaboration is
the “eDumper” (see pages 24/25), the largest electric
dump truck in the world. Virtually all groups from CA
A1 contributed to the development of the battery for
this truck, and jointly coordinated publications and
press coverage.

To further improve exchange between the partners, CA
A1 organized regular events and conferences. Together
with Inspire AG, a strategic partner of ETH Zurich, we
organized a conference on batteries in automotive ap-
plications, and with the Okozentrum a conference on
the second life of batteries. Both were excellent plat-
forms for presenting the work of our individual groups.
Some partners within the capacity area co-coordinated

*NTB Buchs was integrated into the Eastern Switzerland University of Applied Sciences (OST) on 1 September 2020.



their student projects and shared their infrastructure,
which benefited research and education, thus helping
to support the SCCER’s goal of capacity building.

During the SCCER Mobility, e-mobility has made quite
some progress. Battery electric vehicles (BEV) have
become increasingly accepted as the most promising
way to decarbonize individual personal mobility. This is
mainly due to a better understanding of the technical
potential of the battery technology.

Improving battery technology

In the past, the biggest problem was the low density of
lithium-ion batteries. Meaning that they took up much
more space in an e-vehicle than they do in a conven-
tional, fossil fuel-based engine. The energy density of
lithium-ion battery technology has tripled in the last
10 years. As a result, the prices of battery systems have
been falling by 15 percent per year. It is predicted that
purchase price parity between a BEV and a car with a
diesel engine will be achieved between 2023 and 2025.
SCCER Mobility researchers contributed to a better un-
derstanding of aging, safety, and thermal behavior by
providing our industrial partners with knowledge of how
to use battery electric powertrains for their products.
For example, we developed a tool to predict the lifetime
of batteries, which enabled HESS Carrosserie AG, a bus
manufacturer, to provide warranty for their product.

With HESS, we also developed the most successful
product of CA A1, the SwissTrolley plus (see page 28).
It demonstrates how an innovation driven by battery-

1. Capacity areas — Az

based storage can improve public transportation.
Today, the progress made in the electrification of
articulated buses is relatively visible in public transport
in several Swiss cities (Biel, Bern, Zurich, Lucerne) and a
recent study carried out on behalf of the Swiss Federal
Office of Energy (SFOE) has revealed a CO, reduction
potential of 87 percent for electric trolleys compared to
diesel buses, based on 12 years of operation.

The “evolaris” electric aerobatic aircraft is another
special project of CA A1. To date, conventional aer-
obatic aircraft have been so noisy that they often
draw complaints from residents. An electronically
operated aerobatic plane could remedy this. The de-
velopment of an aircraft is, however, a complex af-
fair. Within the SCCER, we have already managed to
successfully test 8o percent of the critical functions
of the complete electrical drivetrain. Further stress
tests need to be carried out before a maiden flight
can take place.

Another project we are particularly proud of is the
e-tractor of Rigitrac Traktorenbau AG (see page 26),
with which we demonstrated how electric propul-
sion can provide agricultural vehicles with additional
power and enable auxiliary equipment to be operated
with greater efficiency. The non-road sector accounts
for about 8 percent of CO, emissions in Switzerland; in
terms of pollutant emissions, however, it accounts for
between 20 percent (hydrocarbons (HC) and nitrogen
oxides (NOy)) and 32 percent (particulate matter (PM)),
depending on pollutant emissions considered. =
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Elsewhere, large batteries were integrated into the
drive system of locomotives with Bombardier AG
to enable dual-mode operation and increase the
efficiency of diesel-hybrid locomotives.

In summary, most of our projects were determined by
the needs and requirements of our industrial partners.
The advantage of this is that we could apply the out-
comes of most of our research directly to the develop-
ment of actual products. SwissTrolley plus, for example,
is now in use in an increasing number of Swiss cities.

Another impressive example of such directly applied
research is the eDumper. The Komatsu eDumper of
Kuhn Schweiz AG is being used to transport lime and
marl from an elevated mining area to a permanently
installed transport system. The use of the eDumper
saves around 50,000 liters of diesel per year.

Main goals achieved

Looking back, we have achieved our main goals. We
established a research platform for battery systems,
and built a large network encompassing partners from
the academic and industrial sectors. In addition to
solid scientific results, we also proved their valid-
ity with successful pilot projects and demonstrators.

Concentrating our efforts on a relatively constrained
topic allowed us to make faster progress along the
innovation timeline and to generate valuable input
for product development.

We're convinced that the outcomes of the past seven
years will become even more visible thanks to several
products that will be launched in the coming years,
among them an electric tractor for agriculture, elec-
tric buses, electric trains, electric aircraft, and large
electric construction vehicles. What once seemed like
a farfetched idea has become reality, and will soon be
mainstream. ®

Prof. Dr. Andrea Vezzini

Capacity Area Coordinator

Electrochemical Storage and Converter Group,
Energy Storage Research Center (ESReC),

BFH

Project highlight —

Electric giant for heavy work

Since January 2018, a gigantic dump truck has been in use in a quarry in the Canton of Bern: the “eDumper”,
which was converted from a diesel vehicle into the world’s largest electric vehicle in just 28 months.

With an empty weight of 58 tons and a payload of 65 tons, the eDumper is good for three world records.
Firstly, it is the largest and most powerful battery-powered, electric, wheeled vehicle in the world; secondly, it
contains the largest battery ever produced for an electric vehicle; and thirdly, no similar vehicle has ever been
able to avoid emitting such a quantity of CO, during work. Over the next 10 years, the eDumper is expected to
produce around 1,300 tons less CO, annually than the diesel version, while transporting 300,000 tons of rock.

The eDumper is a battery-powered conversion of the Komatsu HD 605-7 diesel truck. It is equipped with a
high-performance lithium-based storage system, which can be charged and discharged several thousand
times. The onboard energy supply was the biggest challenge since sufficient energy had to be squeezed into
a limited installation space. In addition, the battery technology had to be safe and reliable, have the highest
possible energy density, and offer the longest possible service life. After all, liquid fuels such as diesel or gaso-
line have around ten times the energy content per unit of weight compared with electrical storage chemistry.

To ensure a sufficient service life, the temperature also needed to be kept around standard room temperature
(20 to 25°C), which is quite a challenge—especially with such a large lithium-ion battery. A special air-cooling
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1. Capacity areas — Az

Industrial partner statement ——

Close cooperation

“Thanks to excellent close cooperation with the University of Applied Sciences Buchs,
we were able to build up our know-how in the field of e-mobility for our agricultural
machinery very quickly. Our purely electrically driven prototype E-Rigitrac SKE 50 has
generated great demand from our customers. Visitors to Agrama honored our efforts
with the Swiss Innovation Award 2018.”

Sepp Knusel Sepp Knisel, CEO and owner of Rigitrac Traktorenbau AG

The world’s largest electric vehicle: the eDumper.

system was therefore installed. Also, worst-case scenarios, like battery failure, were defined and aspects of
occupational safety examined. Finally, the charging and discharging infrastructure had to be set up in the
mining area where the eDumper is now used. The charger must also be capable of feeding excess energy back
into the operating network so that the eDumper can again store braking energy when it is next driven.

Today, the green eDumper is fully integrated into the quarry’s dumper family. Thanks to its electric drive, it is
not only much more energy-efficient, but also very fast and drives almost like a limousine. The infrastructure
has already been prepared for its giant colleague.
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Sensors

Sensors

e-motor voltage
‘ battery

Rigitrac’s electric tractor was awarded the Swiss Innovation
Award 2018 by the Swiss Agricultural Engineering Association.

Project highlight —

The emission-free agricultural hand

The Swiss tractor manufacturer Rigitrac Traktorenbau AG builds only 30 agricultural machines per year.
From 2017 until 2019, researchers from the University of Applied Sciences Buchs (NTB Buchs) worked
with Rigitrac to develop an electrified tractor that can use three kinds of auxiliary equipment. Unlike
conventional tractors with diesel engines, the electric Rigitrac tractor is not only emission-free, but also
extremely quiet. And all it takes to charge it is a conventional mains socket.

At the heart of this e-tractor is an intelligent control system that minimizes the energy requirements
of both tractor and its equipment. In addition, both axles and the attachments are driven separately by
e-motors. This means that the attachments can be supplied with power as required, resulting in decisive
energy savings.

All sensor values of the prototype are monitored and evaluated via the cloud. In this way, various
operating parameters were optimized, and the energy requirements of the overall system minimized.
Field tests showed that considerable energy savings could be achieved in mowing operation. When
mowing, the energy requirement per area could be reduced by a factor of six compared to a compa-
rable diesel tractor.

And the e-tractor has even more advantages. If charged via a photovoltaic system on the roof of a
barn, farmers can massively reduce their energy consumption. On an average Swiss farm of about
18 hectares, the electric tractor powered by photovoltaic electricity saves the additional grey energy
needed for the auxiliary electrical equipment within 1.9 months. This means an electric tractor emits
approximately 12 t of CO, less per year.

NTB Buchs documented its work and development in the form of design guidelines. For its part, during
the project Rigitrac hired an electrical engineer who supported the work of NTB Buchs and is still with
company today. The project is just one example of knowledge transfer within the SCCER framework, in
this case from NTB Buchs to Rigitrac.
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Portrait: researchers ——

Developing
better batteries

1. Capacity areas — Az

For years, Christian Vogtli und Ueli Kramer worked together at the SCCER Mobil-

Ueli Kramer,
Christian Vogtli

How would you describe your professional vision?
Ueli Kramer:

I would like to develop sustainable solutions and use my
network of experts to do so. Because to change things
today, technical skills and an understanding of corpo-
rate policy are more important than ever before.

Christian Vogtli:

Sustainability is also a priority for me. Working on the
details of energy systems for construction sites, my goal
is to improve existing (motorized building) tools, in-
creasing their energy efficiency.

Why did you choose electrical engineering as your
field of study?

Kramer: When | chose my studies, | already knew that |
wanted to have something to do with sustainability. By
studying electrical engineering | gained the technical
knowledge and certain project leading capabilities that |
need in my job today.

Vogtli: | came into contact with the topic of sustaina-
bility at an early stage. Already in 1996, my parents
built a house with low-tech, energy-saving features,
rainwater system, and a thermal and later an electrical
solar power system. After my training as an automation
engineer, | decided to deepen my knowledge. Electri-
cal engineering solutions will increase efficiency and
thus contribute to sustainability because electricity
can be transformed into light or mechanical power
highly efficiently.

ity. At the BFH Energy Storage Research Centre, they built—among other things—
a customer-specific test facility for batteries and battery management systems.
Today, Ueli Kramer is head of SBB’s Competence Center for Energy Storage, while

Christian Vogtliis working as an engineer at the BFH Energy Storage Research Centre.

What interests you most in your field of research?
Kramer: Combining energy storage and mobility inter-
ests me most. Solutions in this area could contribute to
a zero-emissions economy.

Végtli: Change in this area is already discernable. At the
system level, for example, more powerful converters
and modular battery systems are appearing, making
decarbonization solutions increasingly affordable.

What projects are you currently working on?

Kramer: As head of the SBB Competence Center for
Energy Storage, | am working directly on the sustain-
able transformation from fossil fuel-powered systems
to renewable solutions. Our projects range from studies
and technical support for the upcoming procurement of
emission-free shunting locomotives, through the active
eco-conversion of our existing diesel-engine fleet, to the
decarbonization of our road-based vehicles and special
machinery on railway construction sites. It is about build-
ing and coordinating a growing team of engineers with
different skills, while working within the SBB on differ-
ent projects and topics as well as supporting other public
transport sectors via our experience and know-how.

Vogtli: In the team of Ueli Kramer, | mainly work on so-
lutions to decarbonize railway construction sites. For
example, replacing diesel generators with electrical bat-
teries. | also assist with the procurement of battery- or
cable-electric working tools, which will replace gasoline-
driven ones in the coming decade. ~
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A high-performance battery lets the SwissTrolley plus operate even without a catenary.

Project highlight ——
The trolleybus that just keeps going

For over 75 years, the trolley bus has been one of the most popular means of transportation in Zurich.
With “SwissTrolley plus”, researchers from the Capacity Areas A1 and A2, in collaboration with the
Zurich Public Transport authority (VBZ), have managed to transform the traditional trolleybus into a
sustainable electric mobility vehicle in line with the energy goals for 2050.

Previously, trolleybuses had only been able to operate over short distances without their catenary, using
an onboard diesel generator to supply the power required. For SwissTrolley plus, proven catenary tech-
nology was combined with up-to-the-minute battery technology. The novel, high-performance traction
battery allows emission-free journeys without a catenary. This makes it easier to extend lines and also
to dispense with complex catenary technology at traffic hubs. The battery is designed in such a way
that in addition to driving in battery mode the current peaks of the overhead contact line are flattened.
Thus, SwissTrolley plus relieves the power supply system considerably and reduces transmission losses.

Conventional trolleybuses can recover braking energy and convert it into electrical energy, feeding it
back into the supply lines. As they lack an intermediate storage unit only some of that braking energy
can be recovered by other busses on the same supply grid, any excess energy being wasted. The traction
battery of SwissTrolley plus, however, allows the trolleybus to capture and reuse almost all regenerative
braking energy. As a result, SwissTrolley plus requires up to 15 percent less energy than a conventional
catenary bus.

SwissTrolley plus is also equipped with sophisticated software to plan and control the battery charge
level with foresight and efficiency. A self-learning, optimized energy management system has been
developed that takes a combined view of the energy flows of the drive system and the passenger
compartment air conditioning, thus enabling maximum energy efficiency.

Currently, researchers from the Energy Storage Research Centre at Bern University of Applied
Sciences (BFH) are still investigating prediction models and methods to maximize battery life.
The reason: most catenary buses are in service for up to 30 years. And even with the most modern
batteries, such a long service life is still unthinkable. At the Institute for Dynamic Systems and Control
at ETH Zurich, further testing and development of the adaptive control system are expected to bring
further reductions in energy demand.
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For the team of Andrea Vezzini at the BFH Energy
Storage Research Centre, | was involved in creating test
settings for batteries or battery management systems,
and participated in engineering specific battery systems
for various customers.

When did you join the SCCER Mobility? Can you give
us an insight into your project there?

Vogtli: Thanks to my work at the BFH Energy Storage
Research Centre | was involved in the SCCER Mobility
from the very beginning.

Kramer: | joined the SCCER after my studies, while
working for Solar Impulse.

Why did you decide to join the SCCER Mobility?
Vogtli: | wanted to participate because the meetings,
presentations, and webinars were an excellent plat-
form for exchange between research and industry.

Kramer: Right. It was this very exchange that was
most important to me too.

Are there any highlights or groundbreaking achieve-
ments you would like to share with us?

Kramer: It was exciting to see how completely new so-
lutions and products could be created by combining
existing products.

Vogtli: | was very impressed by the launch of the
eDumper.

What was the toughest challenge?

Kramer: To get the commitment of policy makers for our
decarbonization projects and to move ideas from theory
into reality. It's not just a matter of finding the techni-
cal solution; a lot of communication is needed to inform
and motivate everyone and to keep everyone abreast of
the latest developments.

Vogtli: That's true. Another problem is that, especially
for people from industry, the readiness level of the
latest research is often too far away from market entry.
In order to create understanding between industry and
research, it helped to understand both sides.

1. Capacity areas — Az

Which interdisciplinary approaches and exchanges
with colleagues helped you to find solutions?

Kramer: The direct exchange possible during breaks at
the SCCER events or at other meetings helped most.

Végtli: Yes, indeed. Itis very important that researchers,
engineers, and practitioners sit down together at one
table to find a robust solution.

What will you remember most about the SCCER
Mobility?
Vogtli: The annual conferences.

Kramer: True; | agree. And | also liked the SCCER's
approach to research, which was along the lines of
never forgetting reality and going quickly into practical
testing. They also told us that if there were things that
we were not good at, there would always be someone
else to help us out.

What do you do when you need to “recharge your
batteries”?

Kramer: | like outdoor activities best. | go mountaineer-
ing, biking, skiing, and trekking, with my wife and son.

Vogtli: | love mountain biking—sometimes with Ueli—
and triathlon sports. When | want to take it easy, | go
hiking or take my stand-up paddle out, which is very
relaxing. ®

Short profiles —

Ueli Kramer

2017-today Head of the SBB Competence Center for Energy Storage
2012-2015 MSc in Electrical Engineering, BFH

Qualifications and awards

©® UIC Award for renewable innovation

Christian Vogtli

2015-today Engineer MSc at the BFH Energy Storage Research Centre
2012-2015 MSc in Electrical Engineering, HSLU & BFH
Qualifications and awards

©® Styner Award for an Innovative Master Thesis
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1. Capacity areas — A2

E-mobility is not a solution in all areas. For example, heavy-
duty vehicles need high energy density and ranges and hence will
probably not be able to run on electricity in the near future. The
researchers from Capacity Area A2 (CA A2) therefore focused
on adapting conventional fossil fuel-operated powertrains to
more efficient internal combustion engines, and on renewable
fuels and fuel cell technologies. Their objective being to increase
energy efficiency and to reduce greenhouse gas emissions and

other pollutants.
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Project highlight ——

Observing ignition and combustion

Internal combustion engines (ICE) will continue to play a role in global energy strategies during a tran-
sitional phase, especially in heavy-duty/marine applications or for decentralized power generation.
It is therefore important to make ICEs more environmentally friendly. Lean-burn gas as well as dual-
fuel or other multimode combustion processes offer attractive ways of complying with emission
standards. These concepts allow us to reduce CO, emissions while also contributing to significantly
lower particulate and NOx pollution—all with efficiency comparable to diesel combustion. So far, how-
ever, ignition and combustion processes are still posing considerable challenges to the reliable oper-
ation of these new types of engines.

To investigate and improve ignition and combustion processes, researchers from the Aerothermochem-
istry and Combustion Systems Laboratory (LAV) at ETH Zurich and from the Institute of Thermal and
Fluid Engineering (ITFE) at the University of Applied Sciences and Arts Northwestern Switzerland
(FHNW) developed a unique optical engine test rig called Flex-OeCoS (short for Flexibility regarding
Optical engine Combustion diagnostics and/or development of corresponding Sensing devices and
applications). This facility enables the investigation of fundamental in-cylinder processes such as
mixing, ignition, combustion, and emission formation. Flex-OeCoS also allows the researchers to
achieve engine-relevant compression/combustion pressures (max. 130/240 bar), temperatures, and
turbulence conditions. The unique optically accessible combustion chamber enables the application
of various optical (high-speed) techniques together with the time-resolved acquisition of operation
conditions. Depending on the configuration, both compression ignition and various dual-fuel combus-
tion concepts, such as pilot spray or pre-chamber, jet-fired low- or high-pressure gas injection, can be
investigated in the optical combustion chamber.

The researchers used the Flex-OeCoS to investigate different dual-fuel concepts and the influence of
various parameters, such as charge composition/pilot fuel, temperature/pressure, flow/turbulence, and
injection properties. The experiments have yielded extensive insights into the thermochemical pro-
cesses of dual-fuel combustion and this data is also being used to enhance numerical methods, both
contributions further improving engine development. Moreover, the novel test facility allows extended
investigation of renewable (e.g., biomass, power-to-gas, or power-to-liquid) or hydrogen-containing
fuels, with the aim of further reducing CO, and pollutant emissions.
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Chemical energy converters ——

On the road to

1. Capacity areas — A2

fossil-free transport

Long-distance road transportation is over-proportionally relevant for carbon

dioxide (CO;) emissions. To reduce CO, from road traffic, the use of renewable

chemical energy “carriers” such as hydrogen and synthetic gaseous or liquid fuels

is indispensable. The vision of Capacity Area A2 (CA A2) is fossil-free and ener-

gy-efficient long-distance road transport. During the SCCER Mobility time frame,

CA A2 and its industrial partners significantly contributed to this target with

several new technical solutions.

CA A2 of the SCCER Mobility focused on the effi-
cient and economic conversion of renewable chemical
energy into electrical or mechanical power for the pro-
pulsion of a vehicle, with the aim of creating efficient
and fossil-free road traffic. With their various projects,
researchers from CA A2 worked on two subtopics: fuel
cell systems and combustion-based systems.

Within these projects, there were also overlaps with
various projects from other capacity areas—namely,
with A1 for hybrid-electric powertrains (SwissTrolley
plus), with A3 for the investigation of real-world vehi-
cle operation (ESMOBIL-RED), and with B2 for life cycle
assessment questions. CA A2 was also involved in Joint
Activities with other SCCERs, such as the white paper
Perspectives of Power-to-X technologies in Switzerland,
which describes the transformation of the Swiss energy
system, or other activities in the field of energy storage
demonstrators (Coherent Energy Demonstrator Assess-
ment (CEDA)).

Fuel cell research projects

Hydrogen is a promising energy carrier for the carbon-
free or carbon-reduced mobility system of the future.
When produced from renewable sources such as wind
or solar, the CO, emissions of so-called green hydrogen
(H,) will even be below 2 kg CO,/kg H,. Aside from being
an energy source, hydrogen can also be used to store
the fluctuating electric power from renewables, which
otherwise might be lost. It thus allows valuable sector
coupling between the electric grid, the gas grid, and the
mobility sector.

For mobility, hydrogen offers the prospect of fast refuel-
ing (less than five minutes for a passenger vehicle) and
long ranges due to its high energy density. Hydrogen is
therefore also suitable for heavy transport applications
such as trucks, buses, and trains. To use it in vehicles,
hydrogen is usually converted back to electricity using
fuel cell technology, in most cases low-temperature
polymer electrolyte fuel cells (PEFC). But despite its en-
vironmental and technical advantages, PEFCs present
major challenges, one of the most important being cost
competitiveness. Three research groups from the Paul
Scherrer Institute (PSI) and one from the Zurich Univer-
sity of Applied Sciences (ZHAW) thus worked primarily
on more cost-effective solutions for fuel cell systems.

One of the promising approaches they explored is the
development of an evaporation cooling system for fuel
cells. This solution uses the phase transition of water,
injected directly into electrochemical cells, as a cooling
principle. They pursued a material-based concept in
which modified porous materials allow the evaporation
of the coolant water directly in the electrochemical cell.
The project began in 2013 with the development of these
modified porous structures. In the course of the project,
fundamental work on the evaporation process in porous
materials was elaborated by PSI researchers together
with a group at the Swiss Federal Institute of Technology
in Lausanne (EPFL). The ZHAW, meanwhile, contributed
cell-level modeling, a principle that was proven to work
experimentally at PSI. By the end of the SCCER Mobili-
ty, the project aims to show a demonstrator in cells on a
technically relevant scale (see page 36). ~
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Project highlight ——

Promising gas engine

Gaseous fuels are established and well suited for the transport sector. Vehicles powered by pre-pro-
cessed biogas or synthetic methane (“e-gas”) have very low CO, emissions. Pre-processed biogas
and synthetic methane can also be mixed, and—with up to 130 octane—have a significantly higher
knock resistance than petrol, making them ideal fuels for internal combustion engines. For high
loads, such as freeway driving, gas-powered vehicles already achieve higher efficiencies than gaso-
line-powered engines.

Within the EU Horizon 2020 project “"GasOn”, which started in 2015, around 20 partners—including
Empa and ETH Zurich, as well as four European automobile manufacturers and well-known automotive
suppliers—explored the potential of natural gas-dedicated vehicles.

In the work package led by Volkswagen Group Research, a novel turbocharged pre-chamber gas engine
concept with a high compression ratio optimized for lean operation was developed. While researchers
from Empa and the Institute for Dynamic Systems and Control (IDSC) at ETH Zurich were responsible
for the setup, operation, and control of the engine, scientists at ETH’s Aerothermochemistry and Com-
bustion Systems Laboratory (LAV) focused on the pre-chamber design using experimental equipment
and numerical simulations. LAV findings were then incorporated into the experimental validation of the
engine combustion concept.

A flexible motor-control system developed by IDSC allowed the new combustion process to be imple-
mented in the test engine. Tests at Empa’s engine test site resulted in a record-breaking 45 percent peak
efficiency. By way of comparison, petrol engines for cars typically achieve figures of 35 to 40 percent.

Despite the promising results of the GasOn project, the exhaust gas aftertreatment still needs further
research due to the lean combustion process. The project has, however, shown that gas engines can
achieve similar efficiencies as (significantly larger) diesel engines.




The subtopic “combustion-based systems” was ex-
plored by four research groups—two from ETH Zurich
and one each from Empa and the University of Applied
Sciences and Arts Northwestern Switzerland (FHNW).
These groups bring together competences in the fields
of experimental optical and spectroscopic ignition and
combustion diagnostics, detailed numeric simulation,
and model-based engine control, as well as engine
technologies.

The starting points for research in this subtopic were
highly optimized fossil-diesel and fossil-gasoline oper-
ated internal combustion engine technologies. Today,
conventional gasoline or diesel engines are often sim-
ply “converted” to run on renewable fuels such as bio-
gas or biodiesel, without the engine having originally
been designed for the properties of these fuels. This
often leads to a loss of efficiency, and means that ef-
ficiency-enhancing properties of renewable fuels, such
as higher anti-knock properties or a higher cetane
number, do not even come into play.

Improving internal combustion engines

The researchers identified the optimization of gas
engines as a major research path. Not least because
of the significant biogas potential in many countries
worldwide and the comparatively easy synthetization
of methane by the catalytic conversion of hydrogen
and CO,.

Currently, the main limiting factor for the effi-
cient use of methane is its low reactivity. To better

1. Capacity areas — A2

understand this process, the researchers decided to
first improve ignition diagnostics. To this end, an ex-
isting combustion investigation system with optical
access at the Aerothermochemistry and Combustion
Systems Laboratory (LAV) at ETH Zurich was adapted
for basic investigations, for both experimental and
numeric research. At Empa, meanwhile, a constant-
volume combustion chamber with optical access for
spectroscopic analytics was installed. And a diesel
pilot fuel injection concept was developed together
with a combustion control concept by the Institute
for Dynamic Systems and Control (IDSC) at ETH Zurich.

The three research institutes’ project was expanded
in 2015, becoming part of the European Horizon 2020
project “GasOn” when Volkswagen Group Research
selected the Swiss institutes as scientific partners. The
aim of GasOn was to develop a novel pre-chamber-
based combustion concept for passenger car engines
(see page 34). This EU project started with fundamen-
tal research questions regarding the design of the pre-
chamber and its combustion control over technologi-
cal intermediate steps and ended with an entire engine
demonstrator. Finally, an efficiency record of 45 per-
cent for passenger car engines was achieved.

Since exhaust gas pollutants’ compliance with current
European legislation was not part of GasOn, a follow-
up project was initiated with support from the Swiss
Federal Office of Energy (SFOE), involving a shift
from air-diluted to stoichiometric exhaust (inert) gas-
diluted combustion, which allows the application =
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Figure 1: Left: Simplified scheme of a conventionally cooled fuel cell system with
humidification of the process air; Right: The novel evaporative cooled system
with direct injection of water.

Figure 2: Schematic representation of the evaporatively cooled PEFC concept.

Project highlight ——
Cool fuel cells

Even though state-of-the-art polymer electrolyte fuel cells (PEFCs) reach system efficiencies above
60 percent, a substantial amount of heat has to be “rejected” into the environment. Conventional
approaches to cooling transfer waste heat to a liquid coolant that flows through dedicated cooling
channels in the cell. This yields high heat fluxes from the cell to the coolant and ensures well-controlled
temperature distribution, but requires a complex and thick design of bipolar plates.

To find a better approach two research groups from the Electrochemistry Laboratory (ECL) at the
Paul Scherrer Institute (PSI) and the Institute for Computational Physics (ICP) at Zurich University of
Applied Sciences (ZHAW) developed, within CA A2, a novel cooling concept based on the evaporation of
water. The concept uses modified gas diffusion layer materials including hydrophilic lines, part of the
hydrophobic porous structure, filled with water. The advantage of this solution is that it does not require
separate cooling channels, thus reducing the volume, complexity, and cost of the fuel cell system by
up to 30 percent. The water also evaporates near the membrane, which contributes to better
humidification and thus to higher ionic conductivity. This allows higher operating temperatures
without the need for external humidification (as a result, only a smaller heat exchanger/condenser is
required).

The project started in 2013. During the first phase of the SCCER Mobility, ideas for material develop-
ment were collected and basic investigations of the evaporation process from porous materials and
modelling at the cell level were carried out. In the second phase, from 2017 to 2020, demonstration in
small single cells and upscaling to cells on a technically relevant scale were performed.
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of a three-way catalytic converter system. This, how-
ever, increases the challenge posed by ignition. A
novel nanosecond-pulsed ignition technology will
therefore be used instead of a conventional coil-based
system. The main achievements are the availability of
a numeric approach to the design of pre-chamber
ignition systems and the knowledge necessary for
their technical realization.

Hybrid solutions

Parallel to the ignition research, Empa and ETH
Zurich developed an electrohydraulic-actuated, fully
variable valve train. In conventional Otto-cycled
engines, power control is carried out by throttling
the intake air, which results in significant losses
in efficiency, especially at low and part load. The
newly developed valve train prevents those losses
by varying the lift and opening duration of the gas
exchange valves. Having succeeded with a demon-
strator system, integration into a full passenger car
engine began. One main research question dealt with
the use of such a system in hybrid-electric propulsion
systems. First results indicate that an electric engine
andbatterycanbedesignedtobesmaller(andcheaper)
if the internal combustion system is operated with
a variable valve actuation system.

Another main research field of CA A2 was the use
of new oxygen-containing liquid fuels such as di-
methyl ether (DME) or polyoxymethylene dimethyl
ethers (OMEs). These form less or almost no particles
during combustion and therefore allow new and more
efficient combustion concepts for diesel engines. DME
and OMEs can be produced in a catalytic process from
hydrogen and CO, by forming methanol, the educt
(physical mixture) for either catalytic DME production
or its oxidation to formaldehyde, the other educt for
OME formation.

The starting point for research in this field was to
initiate a novel basic research instrument allowing
a better understanding of the injection, inflamma-
tion, and combustion of these new fuels. The head of
one cylinder of a multi-cylinder engine was therefore
separated from the other cylinders and equipped with
optical access, by researchers from FHNW and ETH
Zurich. Besides OMEs’ use as a direct diesel substi-
tute, they can also be used in dual-fuel engines (gas—
diesel engines), aconcept thatis becomingincreasingly
popular for ship propulsion.

1. Capacity areas — A2

Another engine project was realized in collaboration
with FPT Motorenforschung in Arbon. FPT Motoren-
forschung is part of CNH Industrial and specializes
in powertrain research. It produces powertrains for
commercial applications for several brands, including
Iveco, Fiat, Magirus, Case, and New Holland. In the first
step, the efficiency of a heavy-duty diesel engine was
increased to almost 50 percent by implementing a new
exhaust gas recirculation (EGR) concept. In the next
step, the engine was converted for DME operation.

These kinds of research projects are important for
Switzerland as they complement the corresponding
development activities taking place with regard to
low CO, powertrains at FPT Industries in Arbon (TG),
WinGD in Winterthur (ZH), Liebherr in Bulle (FR), and
several Swiss automotive suppliers. The optical engine
allows a simulation algorithm for the combustion of
such fuels to be developed—a prerequisite for opti-
mized engines. Moreover, FHNW researchers have
examined specific sensor instrumentation in cooper-
ation with their industrial partner Kistler Instruments
regarding pressure, temperature, or heat flux measu-
rement for combustion research-based applications.

All these CA A2 projects will, in the long run, contrib-
ute to CO, reduction, especially in long-distance road
vehicles, and will pave the way to a fossil-free future. ®

Christian Bach

Capacity Area Coordinator

Automotive Powertrain Technologies (APTL),
Empa
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How autonomous vehicles

perceive the world

Miriam Elser

You joined the SCCER Mobility in January 2020. Why?
Miriam Elser:

The work of this SCCER is very exciting because it con-
nects the most important technology research areas
in the mobility sector. | think these links are crucial to
enabling sustainable mobility. In addition, the annual
conferences, webinars, and other events gave a good
overview of the activities of the entire SCCER and were
also a great platform for networking and establishing
valuable cooperation.

What projects are you currently working on?

The main goal of our group is to assess the impact of
road mobility on air pollution and climate change and to
evaluate the potential of new technologies, such as new
propulsion systems and autonomous vehicles, to reduce
these negative effects in real-world applications. With
this, we want to support technological development
with regard to a move to net-zero CO, road mobility.

We focus in particular on the measurement and mode-
ling of vehicular pollutants and greenhouse gas emissi-
ons, real-world vehicle fuel consumption, and in-vehicle
segmentation and operation analysis. Our goal is to
contribute to the development of a “digital twin” of road
mobility. Our latest field of activity is autonomous and
automated vehicles and how they perceive the world.

Can you give us more insight into your project?

Our team at Empa lead the digitalization project Auto-
mated Driving Sensor Testing Vehicle, in collaboration
with the Institute for Dynamic Systems and Control
(IDSC) at ETH Zurich, the Swiss Federal Institute of Me-
trology (METAS), and the Swiss Federal Roads Office
(FEDRO). Within this project, we have designed and
realized a vehicle platform and a test track on the Empa
campus, and developed testing procedures for the
real-world evaluation of autonomous vehicle sensors
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Since January 2020, Miriam Elser has headed the Vehicle Systems Group at Empa.
The 31-year-old Swiss, born and raised in Spain, participated throughout 2020 in the
SCCER Mobility. Her team worked on a digitalization project to assess the real-world

behavior of sensors for automated vehicles.

and systems. For example, we compared the sensor
signals for clear and foggy weather, day and night, or
in clean and dirty conditions. These findings were used
to investigate the surroundings’ effects on the perfor-
mance of the main vehicle sensors for autonomous or
automated driving.

Which experiences from the SCCER Mobility are still
relevant for your job?

The Automated Driving Sensor Testing Vehicle project
constituted the beginning of research into the field of
automated driving in our group. The infrastructure and
knowledge gained from this project, as well as the con-
nections with other research groups of the SCCER Mo-
bility, have opened up numerous opportunities for us to
continue our research in this field.

What will you remember most about the SCCER
Mobility?

Although | joined the SCCER Mobility only during its
last year, | very much enjoyed the events, especially the
annual conference, where the organizers connected the
different topics, projects, and researchers in an outstan-
ding way. | gained a more comprehensive understan-
ding of mobility, a very complex and interesting field
due to its combination of technical and social issues. ®

Short Profile —
Dr. Miriam Elser
2020-today Head of the Vehicle Systems Group, Automotive

Powertrain Technologies, Empa

2019 Scientist, Automotive Powertrain Technologies, Empa
2016-2018  Postdoc, Advanced Analytical Technologies, Empa
2013-2016  Doctoral student in Atmospheric Chemistry,

PSI/ETH Zurich
2011-2012  MScin Physics, University of Milan, Italy
2006-2010  BScin Physics, University of the Balearic Islands, Spain/

University of Milan, Italy



Portrait: researcher ——

1. Capacity areas — A2

Working together on

real-life projects

Andreas Ritter

What vision drives your career?

Andreas Ritter:

| want to contribute to a reduction in energy consump-
tion in the transport sector and thus mitigate the
sector’s impact on the environment.

Since beginning your dissertation in 2015, you have
been part of the SCCER Mobility. Why did you join?

| liked the fact that a range of Swiss industry and re-
search partners are working together on the Swiss-
Trolley plus project. The project is a good example of
how research can be applied, since the trolleybus is
widespread in public transport in Switzerland. The bus
and our project have thus even generated interest from
the general public. For me, this project is ideal for the
SCCER.

Tell us more about SwissTrolley plus.

The goal was to develop a novel type of trolleybus,
equipped with a high-performance traction battery, to
travel without recourse to overhead wires. We needed an
energy management system that ensures high system
efficiency to allow the trolleybus to operate in this way.
Together with our project partners—Carrosserie HESS
AG, Bern University of Applied Sciences (BFH), and Zu-
rich Public Transport (VBZ)—we developed and tested
control algorithms that met these requirements.

How does this algorithm work?

In public transportation, vehicles adhere to repetitive
driving patterns. We used this predictability to develop
a universal algorithm that can be applied to a wide va-
riety of public transportation vehicles. The algorithm is
designed to learn typical driving behavior so that this
can later serve as the basis for the energy management
system. A prototype trolleybus is already equipped with
a computer on which the algorithm is running. During
operation, it continuously calculates the best energy

During his doctoral studies at ETH Zurich, Andreas Ritter helped develop the
“SwissTrolley plus” prototype. His research focused, in particular, on the energy
management strategy that controls the hybrid powertrain’s battery, with the aim of

reducing the vehicle’s overall energy consumption.

management strategy, mainly deciding how much the
battery should be used at a particular moment. The
system runs completely autonomously and doesn’t
need an external computer or data source. We use a
web interface, but only to download measurements or
for software updates.

Which experiences from your time at the SCCER
Mobility are still relevant to your current research?
The SCCER offered us very uncomplicated access to
a network of open-minded researchers who are all
application-oriented. | would argue that we all still
benefit greatly from this, on both a scientific and a
personal level.

When you think about the SCCER Mobility, what do
you remember most?

| remember fondly our annual meetings, where mem-
bers of the network presented their exciting latest
findings. These events were also an opportunity to meet
interesting people from both research and industry in
a relaxed atmosphere. It felt good to be part of this
community, and to work together on the challenges of
future mobility. ®

Short profile —
Andreas Ritter

2015-today Doctoral student in Mechanical Engineering,
ETH Zurich

2012-2014  MScin Mechanical Engineering, ETH Zurich

2007-2012  BScin Mechanical Engineering, ETH Zurich

Awards

©® Watt d'or 2015 for the project "AHEAD—Advanced
Hybrid Electric Autobus Design”

Patents

® A.H.Ritter, P.V. Elbert, C. H. Onder, A. Naef, M. Widmer,
H.-J. Gisler: “Verfahren zur Vorhersage zukinftiger
Fahrbedingungen fir ein Fahrzeug”, EP-Patent Europa,
Anmelde-Nr.: 17 151 441.7.
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A3 Minimization of
vehicular energy demand



1. Capacity areas — A3

Zero-emission fuels and more efficient engines can reduce
energy consumption and emissions. But non-propulsive energy
demand can also be reduced. Capacity Area A3 (CA A3) in-
vestigated technologies and strategies for developing lighter
materials, including exploring new means of processing for the
high-volume production of lightweight thermoplastic and bio-

inspired composites with outstanding mechanical properties.

41



Minimization of vehicular energy demand ——

Reducing the energy demand

of vehicles

Emission-free technologies can get to the root of mobility’s sustainability

problem. Their introduction, however, takes time and depends on consumer

acceptance. Capacity Area A3 (CA A3) has therefore focused on complementary

approaches for reducing the energy intensity of road travel, regardless of the

propulsion system. This has included a framework for analyzing the effects of

and the technology necessary for the introduction of novel lightweight

materials into mass-automotive production.

Zero-emission drive technologies target the root
of the sustainability challenge facing our current
transportation system: its dependence on fossil fuels.
But new vehicle technologies will only be able to es-
tablish themselves as quickly as they are adopted by
markets, with buyers choosing emission-free cars over
conventionally propelled vehicles. Since change takes
time, it could be decades before net-zero emissions
are reached.

For this period, until mobility is completely transfor-
med, it makes sense to explore additional ways to
reduce vehicular energy demands—regardless of the
propulsion system involved. After all, vehicles with
zero-emission technologies would also benefit from
such innovations. Lower overall energy demand could,
for example, improve acceleration ability or increase
the autonomy range, particularly on winter days, when
the energy needed to heat the interior of the vehicle
outweighs that needed to drive it. For electric cars,
smaller batteries could also favor a reduction in vehi-
cular weight, and reduce the life cycle impact of pro-
duction, thus leading to cost reductions for consumers.

The scientists of CA A3 pursued a two-pronged
approach in their research: On the one hand, they
created semi-empirical models to determine the
energy demands of any car using any common
powertrain under real-world road conditions. On
the other, they explored novel materials for car
construction.
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With their models, scientists from the Aerothermo-
chemistry and Combustion Systems Laboratory (LAV)
at ETH Zurich can map practically all currently relevant
propulsion technologies and quantify the effects of
technological changes on virtually every vehicle under
a range of road conditions. In combination with cohort
models of the fleet (i.e., all cars currently registered
and in operation on the road) and scenarios for market
and technology development, these models allow ex-
trapolation, meaning that the future energy demands
of the fleet can be predicted. These models can also be
used to estimate the effects of the use of lightweight
composites, which may be more significant at the ma-
nufacturing stage but will also allow energy savings
and reduced environmental impact during the opera-
tion of the vehicle.

The impact of weight reduction

Lowering the effective mass of a vehicle by using dif-
ferent construction materials also reduces vehicular
energy demand. Although this does not eliminate the
carbon dioxide (CO,) emissions of a vehicle powered
by fossil fuels, it does reduce them: as a rule of thumb,
a 10 percent reduction in weight results in a 6—7 per-
cent reduction in CO, emissions per kilometer during
operation. New materials pose two key challenges
however: (1) the environmental impact of their pro-
duction could cancel out the operational savings, and
(2) they must be producible in sufficient quantity and
quality and fast enough to allow their integration into
mass-automotive production.



Researchers from several Swiss universities worked on
developing lightweight vehicular components based
on recyclable thermoplastic composite technologies
for mass production processing schemes, new mate-
rial systems for complex-shaped parts, and bioinspired
materials with high resistance to fracturing and break-
ing. Emphasis was also placed on the circularity and
life cycle assessment (LCA) of the new processing ap-
proaches to sustainable production. Moreover, for the
duration of their activities the scientists of CA A3 built
a strong network with industry to enhance the frame-
work necessary for moving from laboratory-scale pro-
cessing to real automotive applications.

To develop practical components for vehicles, pro-
cessing strategies using recyclable thermoplastic com-
posites were pursued. To successfully employ thermo-
plastics in the automotive market, fast production
processes that are competitive with existing market
solutions had to be developed. To achieve this goal,
researchers at the Institute of Polymer Engineering
(IKT) of the University of Applied Sciences and Arts
Northwestern Switzerland (FHNW) concentrated on
expanding the manufacturing and mechanical possi-
bilities of thermoplastic composites by improving im-
pregnation, fiber-matrix adhesion, and compatibility
with several polymeric matrix materials. To date, com-
pression resin transfer molding (RTM) has emerged as
one of the most promising approaches.

Meanwhile, a research group at the Swiss Federal
Institute of Technology in Lausanne (EPFL) focused
mainly on polyamide, a high-fluidity thermoplastic
polymer developed by Solvay, an industry partner of
the SCCER Mobility. The scientists used molten poly-
amide to impregnate a dry textile fabric, using an in-
plane RTM process to create a scalable alternative to
the classical production of thermoplastic composites,
which uses compression molding of pre-impregnated
textiles.

Two strategies were validated: (1) a very-high-permea-
bility, non-crimp textile fabric, and (2) more conventio-
nal glass or carbon textiles, whereby large flow chan-
nels were created by permanent or collapsible polymer
grid spacers. The second strategy, for which a patent

1. Capacity areas — A3

was filed, offers improved flexural stiffness of the final
part. In the summer of 2020, scaling up with industrial
partners was underway, as was a cost/LCA analysis to
evaluate potential production scenarios. This method
is complementary to the compression RTM technique
as it allows the production of more complex, hollow-
shaped parts.

New manufacturing strategies

Today, manufacturers use hybrid preforms to reduce
the long consolidation times caused by the high viscos-
ities of thermoplastic melts. To simplify the develop-
ment of complex parts, new manufacturing strategies
in the form of hybrid bicomponent fibers (BCFs)—
e-glass monofilaments clad in polycarbonate sheaths
—have been developed within CA A3. The benefits of
BCF preforms are that they remain flexible in ambient
conditions and can be processed using stamp-forming
methodologies without pre-consolidation. The consol-
idation behavior of BCFs successfully demonstrates
that preforms made from them can be directly stamp-
formed, thus appreciably reducing the processing time
associated with thermoplastic composite processing.
This fast processing in the development of fully im-
pregnated products, coupled with the flexibility of
unconsolidated preforms, renders thermoplastic com-
posites significantly more attractive to high-volume
production markets, including those for automotive
parts and for the development of complex parts.

To evaluate the potential of the three newly developed
thermoplastic production processes—compression
RTM, in-plane RTM with flow channels, and BCFs—
each underwent a thorough LCA and was com-
pared with the conventional production of a metal
bonnet/hood. In addition, researchers at FHNW
analyzed the use of energy and resources as well
as the impact on human health, ecosystem qual-
ity, and climate change. A typical product LCA is
composed of four phases: raw materials acquisi-
tion, manufacture, use, and end-of-life treatment.
Preliminary results show great potential for the
new processes developed within CA A3. The energy
required to replace the metal bonnet/hood of a car
with a plastic one is balanced out after around 100,000
kilometers, and energy savings start. The outcome »
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of the analysis can, however, differ depending on the
metal (recycled or not) used. The choice of fibers also
has an impact. Carbon fibers, for example, consume
much more energy during production than glass fibers.
In addition, their influence on climate change and
materials consumption is significantly greater. Besides
the selection of the materials for the bonnet/hood, it
is important to take a closer look at potential energy
losses during production, and in particular at any
heating-cooling cycles involved.

The Complex Materials Group at ETH Zurich, mean-
while, explored the potential of nacre—so, mother-
of-pearl—as a novel material for increasing vehicular
crash resistance. This biological composite displays
an exceptional combination of strength and non-ca-
tastrophic fracture behavior, which is surprising con-
sidering that its main constituent is brittle calcium
carbonate. It has the potential to provide powerful
guidelines for the design of lightweight composite
materials with enhanced fracture resistance using
naturally abundant building blocks. ETH researchers
managed to reveal some of the “design principles”
of nacre, and investigated the structure—property
relationships of model, nacre-inspired composites.
These currently hold the record for the combination
of high stiffness, strength, and toughness for this
class of materials, with properties rivalling traditional,
energy-intensive carbon fiber composite materials.
Since these remarkable properties arise primar-
ily from the material’s multiscale structure and not
from chemistry, this work opens up an enticing
pathway toward the manufacture of high-performance
composites using more sustainable and environmen-
tally friendly building blocks.

On the whole, the researchers from CA A3 advanced

the technology readiness level of future-oriented,
recyclable, and sustainable thermoplastic composite

4t

technologies for the transportation sector. The SCCER
Mobility provided a unique platform for discussion
and the exchange of ideas and research outcomes, ex-
tending the scope of the research carried out within
the individual teams. Although the readiness levels of
the technologies investigated are not homogenous,
as the SCCER draws to a close its results are already
finding practical applications, including at the company
Bcomp (see page 47), or in the form of start-ups such as
9T Labs, NematX, or CompPair (see pages 45, 46 and
50). Another start-up is planned for the near future (see

page 50).

The start-ups in particular were guided and inspired by
the capacity area’s industry partners, which also pro-
vided technical expertise to the research projects. This
pioneering collaboration with industry also revealed
that it is challenging for research to meet the short-
term needs of the original equipment manufacturer
(OEM) and supplier network in Switzerland. If, how-
ever, we are to meet the demands of future mobility,
this collaboration is needed to ensure that successful
investments are made and that we promote a circular
materials economy, and the movement toward zero-
emission mobility. ®

Prof. Dr. Paolo Ermanni

Capacity Area Coordinator

Laboratory of Composite Materials and Adaptive
Structures (IDMS-CMAS),

ETH Zurich
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Automated production equipment.

Project highlight —
Next-generation composite series production

9T Labs, an ETH spin-off founded in 2018, is working to make carbon fiber composite materials wide-
ly accessible. Their industrial 3D printing solution is based on Martin Eichenhofer’s research into the
continuous lattice fabrication (CLF) technology developed at the Laboratory of Composite Materials
and Adaptive Structures at ETH Zurich. The goal is the mass production of high-performance compos-
ites that should be as easily manufactured as metals.

9T Labs’ technology is based on the automated, additive deposition of material according to a digital
blueprint to build fiber reinforced thermoplastic (FRTP) composite components. This approach makes
new lightweight constructions possible.

A software suite powered by integrated finite elements analysis (FEA) simulation tools enables rapid
differentiation of the most optimal designs. State-of-the-art additive manufacturing equipment
combined with advanced post-processing technology enables series production of structural composite
parts. The future of composite manufacturing inherently depends on the automation and digitalization
of the production process. 9T Labs therefore offers its customers an all-in-one solution to accelerate the
mass production of composite materials, with rapid turnaround times.

www.gtlabs.com
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Fully functional LCP objects fabricated with the nematic 3D

printing technology.

Project highlight ——
Inspired by wood and silk

As part of CA A3, researchers at ETH Zurich have developed a printing technique that combines bottom-
up self-assembly with top-down shaping from a 3D printer to produce scalable bioinspired hierarchical
materials from thermotropic liquid crystal polymers (LCP). The 3D-printed high-performance polymer
objects are lightweight and show mechanical properties typically only found in fiber-reinforced poly-
mers or metals, while being fully recyclable and less energy intensive. Further advantages of the team’s
nematic 3D printing technology include high-temperature resistance up to 300°C, flame retardancy,
and high material inertness. Because their 3D-printed parts clearly exceed current benchmarks in high-
performance polymer 3D printing, the ETH spin-off NematX AG, founded in April 2020, is currently
developing this technology to market maturity.

The 3D printing materials and processes developed by NematX were inspired by two natural materials
—spider silk and wood. The unrivalled mechanical properties of spider silk result from the high degree of
molecular alignment of silk proteins along the fiber directions. What is special about wood, in its turn, is
that it arranges all its fibers along the stress lines as it grows and adapts to its environment.

A patent application for this NematX technology has already been filed. Besides space and aircraft
manufacturers, transportation and medical companies are interested in using this development to print
complex-shaped lightweight parts for harsh-application environments. In addition, close collaborations
with chemical companies for developing enhanced 3D-printable LCP formulations have been estab-
lished, which enables NematXto offer prototyping services and small series production of end-use parts.

www.nematx.com
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Industrial partner statement ——

Access to expertise and equipment

Julien Rion

Bcomp, based in Fribourg, specializes in the development of natural fiber
composites. In the course of the SCCER Mobility, Bcomp and the Institute of
Polymer Engineering (IKT) at the University of Applied Sciences and Arts
Northwestern Switzerland (FHNW) worked together to optimize the matrix system
for Bcomp’s powerRibs. Their objective was to increase the degree of impregnation
and thus to improve the overall performance of the composites. Julien Rion, CTO of

Bcomp, describes the collaboration and outcome of the project.

How did this collaboration come about?

Julien Rion:

We had collaborated before and mentioned, during one of our meetings, our problems
getting a good impregnation of our powerRibs’ reinforcements. We decided to look for a
solution together.

How, concretely, did you work together?

FHNW had the machines for conducting the impregnation trials and Bcomp the testing
machines for getting real, direct feedback and allowing for constant optimization. The tasks
and missions were thus clearly defined, and the project advanced smoothly.

What results were achieved thanks to this collaboration?

A new generation of powerRibs with better impregnation was born. It was the beginning
of two more years of development work at Bcomp, leading to the final industrial product
being achieved in Spring 2020.

How are you still benefitting today from the collaboration with researchers from the
SCCER Mobility?
Our product has been improved, and large-scale production is currently being set up.

Would you recommend collaboration with a research cluster?

Yes. It means access to competent people with new ideas and technical equipment,
and makes possible research that wouldn’t be feasible for small or medium-sized
enterprises (SME).
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Portrait: researcher ——

Addressing

real-world problems

Kunal Masania

Kunal Masania draws inspiration from the rich variety of shapes found in nature
in order to create new materials. In 2020, the 37-year-old Brit was appointed Associa-
te Professor at Delft University of Technology, where he develops algorithms for the
printing of complex objects and for determining their mechanical behavior. In this

new role, he still benefits from his experiences at the SCCER Mobility. Above all, he has

learned to always quantify the impact research has on society.

What is your professional vision?

Kunal Masania:

Man-made materials are stiff and strong but require
considerable energy to produce. In stark contrast, na-
ture has developed strategies to build structures even
in mild ambient conditions through hierarchical struc-
turing. Living organisms use readily available materials
to structure objects into exquisite three-dimensional
shapes. | am inspired by the rich library of designs we
find in the natural world and motivated to replicate
these with engineering materials.

Why did you originally decide to study engineering?
I grew up in London, and from as early as | can remem-
ber | was playing with tools and building things. My
dad was a high-voltage electrical engineerin India, and
my mum is the daughter of a plumber, so | guess it was
in my DNA. | could think of nothing else | would rath-
er do, and excelled at sciences at school, only height-
ening my curiosity about the world around me.

What interests you most in your field of research?
I'm really inspired and motivated by trying to address
real-world problems. Nothing is more satisfying than
when curiosity-driven science can be applied to the
societal challenges we are facing today. One example
is biologically inspired composites that can adapt to
stresses, repair themselves, or even generate energy.
These could have applications in many fields, from
aerospace to biomedical.
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What projects are you currently working on?

Whilst at ETH Zurich working with Professor André
Studart and his Complex Materials Group, | became
fascinated by using additive manufacturing to structure
new materials into geometries or functions that are not
possible in any other way. We developed a new process
to 3D print bioinspired liquid crystal polymer compos-
ites that are fully recyclable. When we print, the mate-
rials align in the nanoscale to the direction in which the
printer moves. This means they can rival state-of-the-
art composite materials in terms of lightweight perfor-
mance. Think about laying spider silk down in patterns
that you see in natural wood. Now, at Delft University
of Technology (TU Delft), we are developing complex
algorithms to predict how fiber paths mightlook in three
dimensions, realizing the printing of complex objects,
and developing “digital twins” of the manufacturing
process so we can precisely predict mechanical behav-
ior. Several of my new projects relate to sustainable
aviation and the adoption of hydrogen as a clean source
of fuel in future transportation.

From 2014 until 2019 you were part of the SCCER
Mobility. Can you give us a deeper insight into your
projects there?

In 2014, | began working on technology problems
while at the University of Applied Sciences and Arts
Northwestern Switzerland (FHNW). | moved to ETH
Zurich in 2015. Through working at FHNW before
moving to ETH Zurich | learnt how technologies can



progress in Switzerland and had already had a chance
to hone my technology skills thanks to several success-
ful Innosuisse projects. With this mindset, | could attract
other students to join me on my journey.

The core of my work during my time with the SCCER
focused on simplifying the fabrication of complex
geometries from high-performance materials at
length scales ranging from nanoparticles to large
structures. Initially, at FHNW, for me this meant
trying to manufacture faster, with higher quality,
and cheaper, with industrial high-performance mate-
rials. Later, at ETH Zurich, the focus turned to manu-
facturing materials that had never been dreamed of
before. | would like to highlight three examples that
were made possible by the SCCER Mobility.

During my PhD at Imperial College London, | investi-
gated silica-modified epoxy polymers in bulk and as
the matrix of carbon and glass fiber-reinforced com-
posites. We proved, for the first time, the presence
of a “nano-effect” with respect to increasing tough-
ness with decreasing particle size, making my early
research pivotal in the area
of the “nano-toughening” of
polymers. At ETH Zurich, in-
spired by the micro-structu-
re of seashells—also made of
nanoparticles—we developed
powerful guidelines for the

"l joined the SCCER because
I wanted to see the societal
impact of my research.”

Kunal Masania
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design of lightweight composite materials with
enhanced fracture resistance across three size
scales by combining nanoparticle assembly with
advanced fabrication techniques.

I am proud to say that ETH Zurich currently holds the
record for the combination of high stiffness, strength,
and toughness for this class of materials. Their proper-
ties even rival industrial carbon fiber composite mate-
rials. These remarkable properties arise primarily from
the multiscale structure, and not from chemistries, and
open an enticing pathway toward the manufacturing
of high-performance composites using more sustain-
able and environmentally friendly building blocks in
the future.

A major breakthrough was the realization of a printing
technique that combines bottom-up self-assembly
with top-down shaping from a 3D printer to achieve
scalable bioinspired hierarchical materials from lig-
uid crystal polymers. These 3D-printed polymers are
fracture resistant, fully recyclable, and do not require
labor- and energy-intensive manufacturing. | believe
this to be a game changer in
several structural applications
as it enhances the longevity and
sustainability of structural com-
ponents. A patent was filed with
the support of ETH transfer and
several industries approached ~
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ANTEFIL

Project highlight ——

Si m p I €er an d fa Ste r Open coating bicomponent fiber.

Antefil Composite Tech, a pioneer project at ETH Zurich, aims to accelerate the transition of the global
composites industry toward a more cost- and energy-efficient future. The technology is based on devel-
oping preform materials made from glass fibers, which are individually clad in a meltable, recyclable
thermoplastic material. The result is flexible preforms that behave like dry textiles but already contain
all the polymer required for part production. The novel architecture of the hybrid bicomponent fiber
technology has the potential to reduce the cycle time of large-scale part production while improving
material quality through a guaranteed uniform distribution of fibers and matrix material. Antefil also
provides recyclable material preforms for processes currently bound to thermosets, thus opening up the
possibility of a circular materials economy. These novel preform materials will allow composites to be
readily utilized in untapped markets for advanced lightweight materials technology. After establishing
the technology, in 2020 Antefil started to prepare the scaled production of its innovative new preform,
with the support of an ETH Pioneer Fellowship and a BRIDGE Proof of Concept grant.

www.antefil.com

CovdPair

HEALADLE GOMPOSITE TECHNOLOGIES

ik ke

Project highlight Left: Products made from various fibers.

Right: Standard pre-impregnated textiles.

Smart textiles

CompPairTechnologies SA, a spin-off from the Swiss Federal Institute of Technology in Lausanne (EPFL)
founded in 2020, is the result of research carried out at the Laboratory for Processing of Advanced
Composites (LPAC) related to efficient light-weighting solutions, in line with the objectives of the SCCER
Mobility. CompPair specializes in new healable composite solutions in the form of “prepregs”, textiles
pre-impregnated with an innovative resin. CompPair’s novel technology provides in situ repair solutions
that lengthen the lifespan of composite structures, thereby increasing durability and reducing the need
for maintenance and repair events in composite parts. In April 2020, the company received the Solar
Impulse Efficient Solution Label, which seeks to bridge the gap between ecology and the economy,
combining the protection of the environment with financial viability and thereby demonstrating
affordable solutions and opportunities for clean economic growth.

www.comppair.ch
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us. Given the excitement and interest, an ETH spin-off,
NematX AG, was founded in 2020.

Lastly, | have been developing strategies to structure
sustainable materials. Cellulose-based natural mate-
rials such as wood and flax are hierarchically structured
and capture carbon during their growth, and thus can
result in a lower carbon footprint. We can exploit their
low material density and high mechanical performance
if we can preserve and utilize their hierarchical structure
for our needs. Having extensively studied the underly-
ing hierarchical architecture, my research is implemen-
ted in materials and advanced fabrication techniques
now used to produce sustainable structural materials
with the company Bcomp. We have worked together
since 2011 and | have had the opportunity to use science
for societally relevant technology. We are proud to say
that we have developed the stiffest, toughest natural
fiber composite and achieved several noteworthy appli-
cations, ranging from skiing and sports to space to sev-
eral new structures in automotive.

Why did you decide to join the SCCER Mobility?

| joined the SCCER because | wanted to see the socie-
tal impact of my research. Interacting with teams from
ETH Zurich, the Swiss Federal Institute of Technology in
Lausanne (EPFL), and FHNW, | had the opportunity to
learn about topics ranging from permeability to energy
scenario modelling for different transport configurations.
I was lucky enough to move from FHNW to ETH Zurich
in pursuit of the research problems that really fascinated
me. The SCCER’s openness to interdisciplinary exchange
also gave me the opportunity to work with Professor
André Studart.

Early in 2020 you were appointed Associate Professor
at Delft University of Technology. Which experiences
from the SCCER Mobility are relevant for your current
position?

Much of the research | began at ETH Zurich during
the SCCER is being followed up on in my current
role. The need to drastically reduce energy con-
sumption and carbon dioxide (CO,) emissions is
most definitely a challenge that we face globally. To
that end, we are exploring how additive manufac-
turing and the digital fabrication of new materials can
help us make more efficient use of resources. Being
based in the Department of Aerospace Engineering
places me in a wonderful hotbed because of the
stringent requirements on materials and process for
applications in aviation. If we can develop some of
these materials and processes to the point where
they're “aerospace ready”, then | think we can create
broad acceptance in many structural applications.
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A second compelling case is manufacturing in space,
because resources are desperately limited. Developing
strategies to manufacture whilst being frugal with
materials and energy will certainly help us reach our
sustainability goals on Earth.

Will you be able to continue to research scientific
findings from your time at the SCCER?

Yes, very much so! Despite my moving and the SCCER
soon coming to an end, our ambition has not waivered.
| would say that, if anything, the COVID-19-pandemic
has only highlighted the sense of urgency humanity
feels regarding the stress it is subjecting the planet to.
| feel more motivated than ever to try to create societal
impact through my scientific work.

When you think about the SCCER Mobility, what do
you remember most?

| really value the difficult questions from the evalua-
tion panel and how they challenged us to understand
and quantify the impact our research has on society.
| believe | will continue to express this mindset in my
research. Attending the annual conferences was
particularly eye-opening as we could see all the
amazing work going on around us to reduce Swiss
mobility’s energy and CO, demands. This ranged from
components, energy convertors, and lightweight
structures all the way to a systems-level understand-
ing of vehicles and transportation networks. ®

Short profile —

Kunal Masania

2020—today Associate Professor, TU Delft, Netherlands

2015-2019  Senior Scientist, ETH Zurich

2011-2015  Postdoc group leader, FHNW

2006-2011  Doctoral student in fracture mechanics of multiscale
composites, Imperial College London, UK

Awards

® Shortlisted for the Spark Award 2020, best invention at ETH Zurich

©® Top research team 3D Printing Industry Awards shortlist, 2019

® Best poster presentation of student at the SCCER Mobility
Annual conference, ETH Zurich, 2018

® Best presentation of student at the British Society of Strain
Measurements, Experimental Mechanics Conference at
Imperial College London, UK, 2018

® JEC Innovation Award for an automated production system for
fully recyclable, complex bicycle components, 2016

©® MaP Career Seed Grant, ETH Foundation, 2015

® School of Engineering award for research excellence, 2014
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1.2 Innovation field B
System aspects of mobility
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B1 Design, demonstration,
and dissemination
of systems for
sustainable mobility
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1. Capacity areas — Bz

In our modern world everything is connected. When creating
mobility solutions, it is therefore important to take into account
the complex interaction between users, technology, and infra-
structure. Capacity Area Bi1 (CA B1) interrelated all aspects of
mobility in order to develop tools for consumers, municipal-
ities, and policy makers, to encourage decisions that lead to a

reduction in energy demand.
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Design, demonstration, and dissemination of systems for sustainable mobility ——

Everything is connected

Traditionally, mobility research is divided into two areas: firstly, technical
research for the development of components; secondly, the planning of mobility
and trafficflows. Capacity Area B1 (CA B1)investigated system aspects and analyzed
the interaction between users, technology, and infrastructure to increase energy
efficiency in the mobility sector. Only in this way can the reduction of energy
consumption and carbon dioxide (CO,) emissions in cities and transportation, and

the commuter problem, be addressed successfully.
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CA B1 looked from a systemic perspective for
solutions that increase energy efficiency in the mobility
sector. In doing so, the interactions of users, technolo-
gy, and infrastructure were analyzed. A particular chal-
lenge for our capacity area was the fact that we needed
to address not only technical but also social issues. The
technical challenges included software compatibility
between different devices. On the social level, mean-
while, we wanted to achieve the adoption of sustain-
able thinking and associated changes in behavior.

Our research results mainly consist of newly devel-
oped methods and models, and the implementation
of prototypes. The methods and models are mature in
the sense that they can be employed and utilized by
stakeholders in the mobility—energy field. They have
also been applied and tested in real-world case studies,
with encouraging results.

Our software prototypes work, but still remain to be
implemented (and commercialized) by industry. We
see this as a challenge because money needs to be in-
vested to do so (see page 62).

During the past seven years, CA B1 has focused main-
ly on three research areas: infrastructure, informa-
tion and communication technology (ICT), and urban
planning. In the first phase, from 2014 until 2017, we
concentrated on the analysis of mobility behavior
to establish the basis for improvements to energy
efficiency.

1. Capacity areas — Bz

The spatiotemporal behavior of humans was simu-
lated and monitored. These so-called mobility
patterns were then linked to urban planning and
environmental data to optimize the mobility system
and consequently increase its efficiency. In the second
phase (2017-2020) we also included the impact of
renewable energy in our analysis. Throughout both
phases, ICT played a major role.

Understanding mobility choices

One of our research highlights that made use of ICT is
the personalized energy mobility application GoEco!
For this app, in a first step algorithms for spatiotempo-
ral data analysis were developed. These were then used
for a mobile application that was implemented in the
format of a “living lab”. The objective of GoEco! was to
monitor and—Ilater on—influence and change mobility
patterns, which are currently still dominated by car traf-
fic (see pages 60/61). The data from GoEco! also facili-
tated a better understanding of why individuals choose
certain travel modes and helped to elaborate reason-
able alternatives to the private vehicle.

For the development of the GoEco! app our capacity
area worked together with CA B2. It contributed exper-
tise in the field of the design and large-scale testing of
smartphone applications.

In the second research phase, CA B1 again collaborated

with CA B2. For the project “Grid impact assessment
of e-mobility” we explored the impact of e-mobility >
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on network stability. We wanted to find out how to
integrate electric vehicles (EV) into the distribution
grid using intelligent charging strategies. The inter-
action between the power grid and electric vehicles
was investigated under three different scenarios to
cover the mobility needs of a broad population.

A project we are very proud of is “Mobility behavior in
Switzerland” (MOBIS). It is a mobility pricing experi-
ment that uses GPS tracking and online surveys (see

page 63).

Another impressive example of the work of Bz is the
“Large-scale regionalized household model that inves-
tigates environmental impacts in the context of total
household consumption”. The model predicts realistic
consumption and environmental profiles for individual
households in Switzerland (see page 59).

Our research has clearly shown that for the transition to
sustainable mobility it is necessary to consider all sys-
temic aspects of the mobility system: Although techno-
logy will have to continue to improve, people will also
need to change their behavior. Only by a joint effort can
we solve the most challenging problems regarding sup-
ply and demand in the mobility sector.

In my opinion, Maa$S (mobility-as-a-service) is the key-
word for future developments. GoEco!—an innovative
concept that offers mobility-as-a-service (MaaS) by
combining public and private transport services—is
just one of the possible scenarios. Car, ride, and bike
sharing are Maa$S concepts that are currently initiating
a paradigm shift. A single app provides the user with
the complete package: planning, booking, and payment
work together for all selected means of transport—
regardless of where the journey takes place and who is
offering the means of transport.
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| think Maa$S could turn the entire mobility sector on
its head. By 2050, not only will MaaS be implemented,
it will be sustainable and fully powered by renewable
energy to meet individual mobility needs. Sustain-
able mobility behavior will only become established in
society with technologies such as mobility tracking
applications acting as a supporting framework. ®

Prof. Dr. Martin Raubal

Capacity Area Coordinator

Institute of Cartography and Geoinformation (IKG),
ETH Zurich
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Maps of Switzerland showing the carbon footprints of households.

Project highlight ——
The environmental impact of households

Household consumption is the driving force behind most economic activity worldwide. Private house-
holds need goods and services and thus indirectly also need housing, nutrition, and the production and
disposal of goods, as well as transport. As a result, households are responsible for a large part of global
pollution.

In Switzerland, the largest share of the total carbon footprint of household consumption is due to mo-
bility requirements. These are especially influenced by place of residence, and thus by distance traveled
to both the workplace and service infrastructure, which in turn influences both mobility needs and the
consumption of services. To explore this connection more closely, researchers from ETH Zurich further
developed their household consumption model within the framework of the SCCER Mobility. The aim:
to investigate how the mobility-induced environmental impact of households can be measured and to
capture regional differences. They also wanted to find out more about the relationships and trade-offs
between mobility and other consumption areas.

The researchers developed a regionalized, large-scale, bottom-up model that predicts realistic
consumption and environmental profiles for individual households in Switzerland. The model was
designed to provide detailed information on prevailing local consumption patterns, and to help
policy makersto better understand these patternsintheirregion, enabling them to derive environmental
strategies tailored to their population.

Three existing bottom-up models were combined within a new probability-based classification frame-
work: an energy model for the building stock, an agent-based traffic simulation, and a consumption
model for households. The resulting model forecasts the demand in about 400 different consumption
areas for each Swiss household and provides a realistic picture of the variability of households’ environ-
mental footprint.

As a result, in 2018 certain general macro trends could be observed. It was found, for example, that
higher incomes lead to higher mobility emissions, that smaller households use cars more often than
larger households, and that mobility effects decrease with the age of household members. Rural
households tend to travel further by car than urban households but use air travel and taxis less.
Leisure activities have a significant impact on mobility behavior, and “mobile” households tend to use
all modes of transport rather than focusing on a single option.

At the municipal level, the project showed that per capita income, population density, building age,
household structure, and the accessibility of public transport services are potential drivers for the
municipal carbon footprint. While the municipalities with higher emissions are located in rural areas
and have a higher proportion of old buildings and/or higher shares of people living in areas with poor
access to public transport, those with lower emissions have a larger proportion of family households
and tend to be located in densely populated regions.
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Travel behavior of living lab participants in the city of Zurich and the Canton of Ticino.

Project highlight —
Bike instead of car

How can we encourage people to cycle or walk to reduce energy consumption and CO, emissions? How can we
motivate them to use the public transportation system, or to rely on emerging alternatives such as car-sharing
and carpooling systems?

To change people’s mobility behavior, in 2016 researchers from the University of Applied Sciences and Arts of
Southern Switzerland (SUPSI) and ETH Zurich created the smartphone application GoEco! They hoped that in
particular the wide acceptance of smartphones and tablets would contribute positively to people rethinking
and changing their mobility behaviors.

The aim of GoEco! was to investigate if and how information feedback and social interactions can be effective
in fostering changes in personal mobility choices. Research in social and environmental psychology has shown
that one of the most powerful triggers for sustainability transitions lies in providing bottom-up personal feed-
back and comparison with the behaviors and performance of other members of one’s community. Individual
feedback and social comparison activate competition and the urge to stand out among one’s peers.

To test these theories in the mobility sector, the researchers created a so-called living lab—a field study
involving real-life users in real-world settings. Between 2016 and 2017, about 400 users tested the GoEco!
smartphone application, which tracked their trips and used game elements to challenge them to modify their
mobility behavior.
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400 users tested the GoEco! smartphone application.

To get a broader understanding of the complex phenomenon of behavior change, the living lab was run both
in the Canton of Ticino and in the city of Zurich. The two regions differ significantly with respect to mobility
options and to the sociocultural attitude of the population with regard to mobility. To gain insight into the
users’ perceptions and attitudes, a survey was carried out at the end of the experiment. Furthermore, selected
users were interviewed individually.

Comparing the data collected between the first and the last monitoring period, overall, GoEco! did indeed
bring about a change in individual mobility patterns, reducing both average energy consumption and average
CO, emissions per kilometer. These behavioral changes were, however, only recorded for “systematic” routes
in Ticino—namely, those taken regularly, such as home—work routes.

The explanation for this seems quite straightforward. Firstly, in a city like Zurich, use of public transport is
widespread. The car is mainly used when no other options are available and it was thus harder for Zurich-
based participants to change their behaviors in a positive sense because the prevalence of public transport use
is already high. At the same time, it is easy to understand the benefit of changing our habits with regard to
routes we take regularly, as such changes create a greater overall effect.

www.goeco-project.ch
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Industrial partner statement ——

Optimizing distribution networks

Andreas Ulbig
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In December 2017, ETH Zurich spin-off Adaptricity launched its
new software platform Adaptricity.Sim. This platform helps energy
suppliers to reduce the costs of planning and operating electricity

networks and at the same time increase transparency in the network.

Adaptricity was founded in 2014 as a spin-off of the Power Systems
Laboratory (PSL) of ETH Zurich. “We specialize in the planning and
optimization of distribution networks—a topic that is becoming
increasingly important against the background of the energy revolu-
tion,” explains Adaptricity’s COO Dr. Andreas Ulbig. “In this context, we
develop highly innovative software for possible applications in network
planning, network operation, and asset management.”

“Our research results mainly consist of newly developed methods and
models such as network monitoring with smart meter data or asset
management based on effective load data, but also of prototypical
implementations. The models have already been applied in case studies
and show encouraging results.

Adaptricity has gained significant expertise in the field of e-mobility—
in particular in the challenges associated with distribution network
operations—and has expanded its consulting services to network
operators in Switzerland, Europe, and beyond. Improved grid simu-
lation and analysis functions are found in the core software product
Adaptricity.Sim.”

www.adaptricity.com
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State-of-the-art analyses of mobility behavior to gain new insights for optimizing traffic
planning in urban areas.

Project highlight —
What climate and health are worth to us

How can mobility in Switzerland become more efficient? What expectations do people have when
they choose a particular transport mode? What should transport look like in the future? The project
“Mobility behavior in Switzerland” (MOBIS) addresses these questions, aiming to understand how
best to improve the transportation system in urban agglomerations.

For the project, researchers from ETH Zurich, the University of Basel, and the Zurich University of
Applied Sciences (ZHAW) conducted a nationwide survey on mobility pricing from September 2019
to January 2020. Mobility pricing is widely regarded as a promising policy measure for the near future,
both to combat congestion and to offset for falling fuel tax revenues. At the technical level, traditional
survey methods were combined with the smartphone application “Catch my day”, an app-based GPS
tracking system.

The aim was to understand to what extent information—for example, about effects on health or CO,
emissions—and mobility pricing influences mobility behavior. If information has a comparable impact
to mobility pricing, it could offer an interesting tool for policy makers.

For two months, the researchers tracked the participants, who were divided into a control group and
two treatment groups: one group only received information on the external impact of their mobility
behavior on climate, health, and congestion, while the second group also received any money saved
during the treatment phase as a result of changes in their mobility behavior. The initial results show
that both information and mobility pricing led to a reduction in the total external costs incurred in
comparison with the control group.

In March 2020 the original project was modified, and continued as MOBIS:COVID-19 under the
guidance of ETH Zurich and the University of Basel. With this new project, the researchers want to
gain a better understanding of how the pandemic is affecting mobility and everyday life in Switzerland,
including how the partial lockdown measures impacted people’s daily mobility. First results indicate
a dramatic decrease in the total distance and number of trips traveled per day when compared to
the period covered by the original MOBIS study. Public transport experienced the greatest decrease in
usage, whereas cycling saw a large increase.

Original MOBIS project: www.ivtmobis.ethz.ch/mobis/
MOBIS:COVID-1g9 project: www.ivtmobis.ethz.ch/mobis/covidig/
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Portrait: researcher ——

Strengthening skills

David Jonietz

Dr. David Jonietz joined the SCCER Mobility in 2016 when he became a postdocto-
ral researcher at the Chair of Geoinformation Engineering at ETH Zurich and took the
lead of the Mobility Information Engineering (MIE) Lab. Until 2018 he primarily worked
on the projects SBB Green Class and GoEco! Today, he leads a research group at HERE

Technologies, focusing on the development of novel machine learning algorithms for

modeling and predicting urban traffic. He is also a Scientific Advisor at the Institute of

Advanced Research in Artificial Intelligence (IARAI).

What is your professional vision?

David Jonietz:

In my opinion, technological developments can be
a game changer for tackling both the local and the
global environmental challenges of today and tomor-
row. Ever-growing quantities of sensor data provide a
highly detailed and multi-faceted representation of our
environment. But they require quasi-autonomous lear-
ning systems if actionable insights are to be extracted.
| aim to contribute to developing such systems.

Combining geography with computer science, geoin-
formatics is at the heart of efforts to develop techno-
logical solutions to current and future environmental
challenges. To be successful in the long run, however,
the discipline needs to preserve its interdisciplinary
approach and remain open to new developments in
related fields, such as machine learning. At the same
time, we need to critically evaluate and, if needed, adapt
novel methods and algorithms to the particularities of
the geo-spatial domain to build up a rich and robust set
of tools and benchmarks for geo-spatial data science.

Why did you first decide to study geoinformatics?

| first learned about geoinformatics during my under-
graduate studies in Geography at the University of
Augsburg. | was fascinated by the scientific variety and
practical relevance of the field. In particular, | was in-
terested in developing computer science methods for
analyzing, modeling, and simulating human behavior in
the real world, a topic | further explored in my doctoral
thesis in geoinformatics.
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What interests you most in your field of research?

| am curious to see the potentially disruptive effects that
recent developments in machine learning will have on
our field. With this in mind, in recent years | focused on
the opportunities and challenges that accompany the
use of neural networks for analyzing geo-spatial data
related to traffic and mobility.

What projects are you currently working on?

In collaboration with IARAI, our team at HERE Techno-
logies recently launched the second iteration of our
TrafficsCast competition for the NeurlPS 2020 confe-
rence. Building on the success of last year's compe-
tition, we're again encouraging innovative traffic
prediction methods that can help address problems
related to motorized traffic and sustainability. To do so,
we publish an unprecedented amount of data related to
traffic, weather, points of interest, and other elements
for more than 10 cities and for over an entire year.

From 2016 to 2018 you were part of the SCCER
Mobility. Can you give us a deeper insight into your
projects there?

As a postdoctoral researcher at the Chair of Geoinforma-
tion Engineering at ETH Zurich | mainly worked on the
SBB Green Class and GoEco! projects.

In SBB Green Class, we collaborated with SBB on a one-
year experiment in which 150 participants received a
comprehensive multimodal mobility offer. With a smart-
phone application, we tracked and analyzed the mobi-
lity patterns and behavioral changes of the participants.



The evaluation of the experiment showed significantly
lower average CO, emissions.

For GoEco!, our team collaborated with University of
Applied Sciences and Arts of Southern Switzerland
(SUPSI) to develop an application that aimed to support
a sustainable mobility lifestyle by automated tracking,
analysis, and modification of behavior using gamifica-
tion elements. In a study with 200 participants from the
Canton of Ticino and the city of Zurich, we demonstra-
ted positive effects on their mobility behaviors.

Why did you decide to join the SCCER Mobility?

In my view, the transition toward sustainable mobility
is a highly relevant and complex topic and therefore
requires an interdisciplinary approach. This clear aim
of the SCCER Mobility, together with its technological
focus, interested me the most.

Today you work at HERE Technologies. Which ex-
periences from the SCCER Mobility are relevant to
your current job?

During my time at the SCCER Mobility, | acquired and
strengthened skills that are still highly relevant for
my work at HERE Technologies. They range from the
hands-on development and application of machine
learning methods and handling large GPS data sets to
strategic project planning and team management.

Can you point out a few differences between
academia and industry?
Although | am still in a research position, at HERE

1. Capacity areas — Bz

Technologies we place a comparatively greater focus
on the actual productization potential of our results.
While the scalability of developed methods is much
more important in industry, data availability is typically
not as problematic as in academia.

When you think about the SCCER Mobility, what do
you remember most?

| especially enjoyed the exchanges with colleagues
from diverse fields during the annual SCCER Mobility
conferences. ®

Short profile —

Dr. David Jonietz

2019-today Principal ML & Al Engineer, HERE Technologies, Zurich
Scientific Advisor at the Institute of Advanced Research
in Artificial Intelligence (IARAI), Vienna, Austria
2018-2019  Lead ML & Al Engineer, HERE Technologies, Zurich
2016-2018  Postdoctoral Researcher and Group Leader,
Chair of Geoinformation Engineering, ETH Zurich
2016 Doctoral degree in Geoinformatics,
University of Augsburg, Germany
2015-2016  Researcher, GIScience Research Group,
University of Heidelberg, Germany
2011-2015  Research and teaching, Professorship for
Geoinformatics, University of Augsburg, Germany
Awards

©® Best Short Paper Award, AGILE, Wageningen, Netherlands
(2017)
©® Best Poster Award, mobil. TUM International Scientific Conference

on Mobility and Transport, Munich, Germany (2012)
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B2 Integrated assessment
of mobility systems
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1. Capacity areas — B2

Which changes in the Swiss mobility sector are needed if
we are to achieve efficiency and climate targets? What are the
associated implications for the sustainability of the mobility
system? Capacity Area B2 (CA B2) evaluated the performance
of the alternatives for the future Swiss transport sector
with respect to various economic, environmental, and social
criteria. The goal of the scientists was to explore technology
options and behavioral aspects that might contribute to
Switzerland achieving the objectives of its energy strategy,
and thus to support decision-making relevant to the trans-

formation of the Swiss mobility system.
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Integrated assessment of mobility systems ——

Holistic analysis

In order to inform and support the sustainable transformation of the Swiss

mobility system, Capacity Area B2 (CA B2) analyzed how the future mobility

system would look depending on different ambition levels with regard to

climate change mitigation. One of the central questions focused on the choice

of drivetrains and associated fuels that would satisfy the demand for mobility

services while complying with the objectives of the Swiss energy policy.

The overall goal of CA B2 was to provide a com-
prehensive, primarily quantitative, long-term assess-
ment of the Swiss transport sector as part of the wider
energy system embedded in the socioeconomic envi-
ronment. To achieve this objective, CA B2 brought to-
gether a highly interdisciplinary team of researchers.
Due to this diversity, it initially took some time to de-
velop a common understanding of the topics. At the
same time, this led to stimulating discussions and new
insights.

CA B2 measured the performance of mobility techno-
logies and the Swiss transport system based on de-
rived indicators covering environmental, economic,
and social dimensions of sustainability as well as se-
lected utility aspects important for the consumers. In
this context, the impacts of prospective technological
developments and energy policies were accounted
for. Social scientists also addressed socioeconomic
aspects, with focus on mobility behavior, consumer
preferences, and changes in lifestyle. A central ques-
tion concerned the composition of the future mobili-
ty system in terms of drivetrains and associated fuels,
since they need to satisfy demand while meeting the
goals of the Swiss energy policy.

Exploring highly complex models

The various projects were carried out at different uni-
versities and institutes. The Laboratory for Energy
Systems Analysis (LEA) at the Paul Scherrer Institu-
te (PSI) pursued a holistic assessment of current and
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future mobility technologies (see pages 78/79). The
assessment is based on state-of-the-art modeling
approaches such as life cycle assessment (LCA), the
impact pathway approach (IPA), risk assessment,
internal cost assessment (ICA), external cost as-
sessment (ECA), total cost assessment (TCA), and
multi-criteria decision analysis (MCDA). Databases
that provided input to the models were updated
and extended to assess the performance of a wide
spectrum of drivetrains and fuels with regard to en-
vironmental, economic, and social dimensions of
sustainability. The results demonstrate the strengths
and weaknesses of the various options and their
potential to contribute to policy goals.

Furthermore, the researchers expanded the Swiss
energy model by implementing a much more detailed
representation of mobility technologies, and also ex-
tended other demand sectors and added a number of
supply and storage technologies that will play an in-
creasing role in a more decentralized energy system.
The system model generated cost-optimal solutions
with and without constraints, based on more or less
ambitious climate protection policies. Using a global
model, PSI researchers were also able to account for
environmental burdens within energy supply chains
outside Switzerland.

PSl's Technology Assessment group also released
the webtool “Carculator” (see page 77). It allows us
to quantify the life cycle environmental burdens of



passenger vehicles registered between 2000 and 2050
in more than 8o countries. The reference application
projects the expected evolution of greenhouse gas
(GHG) emissions per kilometer for gasoline-powered
and battery electric vehicles, for each member state
of the European Union, plus the United Kingdom,
Switzerland, and Norway. Results show that, already
in 2020, battery electric vehicles perform better than
gasoline-powered vehicles in 28 out of the 30 countries.

Meanwhile, researchers at the University of Applied
Sciences and Arts of Southern Switzerland (SUPSI)
developed and tested smartphone applications aimed
at tracking mobility patterns and nudging behav-
ioral change (see page 71). In cooperation with CA B1
the functions of the GoEco! app (see page 58) were
extended.

To promote the concept of mobility-as-a-service
(MaaS), researchers from the Institute of Sustainable
Development (INE) at Zurich University of Applied
Sciences (ZHAW) analyzed which factors would in-
crease acceptance. To get a better understanding, they
explored what makes people use MaaS for commuting,
weekday leisure, and weekend trips, with a survey.

As a further project of the capacity area the Institu-
te for Economy and the Environment (IWQe) at the
University of St. Gallen (HSG) examined the interplay
of rational and affective factors in the decision process
to buy an electric vehicle (EV). The objective was to
find “touchpoints” that would allow EVs to be pro-
moted more effectively in the future.

Positive feedback on research results

CA B2 managed to achieve state-of-the-art results
attracting major international attention. So, the
scientific effort was worthwhile although challenging
at times. The complexity and the extraordinarily high
data intensity posed a particular challenge. Also, the
search for a practicable solution for a scenario with
net-zero carbon dioxide (CO,) emissions was extreme-
ly difficult; but in the end we succeeded.

Our LCA tool is widely used and we receive very
positive feedback on it. Socioeconomic activities are

1. Capacity areas — B2

carried out in close cooperation with local and regional
stakeholders and may contribute to changes in mobili-
ty behavior in the future.

| personally hope that decision-makers will familiar-
ize themselves with the results and insights from our
work. In particular, the results strongly suggest that
electric mobility should be actively promoted. This
does not mean that electric mobility does not have its
weaknesses. Among other factors, the availability of
high amounts of additional, nearly carbon-free elec-
tricity is necessary if we are to reach a high level of
penetration with electric cars.

To further address the growing demand for electrici-
ty, the overall efficiency of the energy system needs
to improve. Rebound effects are a potential threat to
such an improvement. Hopefully, some changes in
mobility behavior toward a shift to public transport will
contribute to energy savings.

While the proportion of electric battery vehicles will
increase, hydrogen, bio-, and synthetic fuels will also
contribute significantly, particularly in the net-zero
emissions climate scenario and in the transport of
goods. Developments in international aviation are
troublesome, because if the trend in demand growth
continues, any gains from land-based transport could
be largely canceled out. This seems to be the most
difficult challenge for mobility. ®

Dr. Stefan Hirschberg

Capacity Area Coordinator

Laboratory for Energy Systems Analysis (LEA),
PSI
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Research partner statement ——

Reality check
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Christian Bauer

Collaborating with industry provides a means to verify whether
the assessments of scientists reflect the real world. A good example
of such collaboration is the life cycle assessment (LCA) of passenger
cars carried out as part of a project commissioned by the Volkswagen

Sustainability Council.

The project partners were MCC Berlin, PIK Potsdam, and Volkswagen
AG. Alongside the additional funding, data exchange and mutual learning
were also beneficial:

e Thefuture carperformance datarequired for the LCA were exchanged
by the Paul Scherrer Institute (PSI) and Volkswagen.

© PSI learned about Volkswagen'’s internal priorities and strategies
for electrification and also gained deeper insights into European de-
carbonization policies in the mobility sector.

The health benefits of specific policy measures, such as driving bans for
older vehicles in German cities, were also investigated, and the findings
can be at least partly transferred to Switzerland.

Christian Bauer, Technology Assessment group, PSI, was part of the pro-
ject from the very beginning: “The cooperation with Volkswagen was
especially helpful as it allowed us to compare our data and assumptions
with practice—for example in the calculation of life cycle assessments.
Despite us working together closely, it was always clear that we were
conducting independent research.”
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Project highlight ——

Key factors of mobility behavior

Capacity Area B2 projects to transform mobility in Switzerland

To reduce greenhouse gas emissions and the consumption of fossil fuels, major efforts are being made
toward the electrification and optimization of drivetrain technologies. Further gains can be achieved
by optimizing the entire mobility system including the behavior of its users—an aspect particularly
determined by daily routines and cultural values. Already today there are alternatives to currently
dominant mobility patterns, based on alternative modes of transportation, new technologies, and new
business models.

The socioeconomic part of Capacity Area B2 focused on three different approaches to changing the
present mobility paradigm. For example, researchers from the University of Applied Sciences and Arts of
Southern Switzerland (SUPSI) investigated opportunities for transition to energy friendly and environ-
mentally friendly mobility behavior. Meanwhile, scientists at the University of St. Gallen (HSG) analyzed
consumer preferences for electric vehicles’ and these vehicles integration into the electric grid, while
their colleagues at the Zurich University of Applied Sciences (ZHAW) explored the potential of mobility-
as-a-service (Maa$).

All three projects underline the ongoing changes in the mobility sector with regard to electrification, the
use of digitalization and alternative mobility concepts, and the importance of renewable energies. These
three aspects together define a new mobility paradigm, and business models capable of significantly
reducing energy consumption and negative impact on global climate change.

Citizens discussing Bellidea features during a co-creation
activity in the Bellidea living lab.

1. SUPSI: App facilitates behavioral change

To change people’s behavior and to encourage the use of public transport instead of cars, cities world-
wide are launching app-based programs. Whether such apps are effective or not is, however, contro-
versial, partly because their use is voluntary. Analyses of field trials revealed that users only use these
apps temporarily before dropping out, and that they are often used by people who already prefer to use
public transport and the bicycle.

To overcome these limitations, researchers from the Institute for Applied Sustainability to the Built
Environment (ISAAC) at SUPSI invited approximately 4o citizens from Bellinzona to co-design a smart-
phone app, constituting a so-called living lab. The resulting app, Bellidea, aimed at promoting a more
sustainable form of mobility.

The results are encouraging. The app has even managed to convert “mainstream car drivers”.
Besides, the development process has strengthened mutual trust between citizens and policy makers.
The project has thus opened up opportunities for participatory governance practices to be applied to
future decision-making processes.

www.bellidea.ch -
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Project highlight —

2. University of St. Gallen: Influencing car buyers

A fundamental shift to electric vehicles could substantially contribute to the reduction of fossil fuel
consumption and greenhouse gas emissions, thus helping to achieve the goals of the Swiss energy strategy. In
Switzerland, however, despite people’s positive attitudes toward electric mobility and the increasing growth
rate of electric vehicles, the market share of such vehicles is currently only very modest. It is therefore
uncertain whether the Swiss government’s target of 15 percent market share by 2022 will be reached.

A study conducted by the Institute for Economy and the Environment at HSG shows that the final stages of
the complex process of purchasing a car are strongly influenced by external factors such as car dealers, who
are often still reluctant to recommend electric vehicles. This is a serious obstacle to the diffusion of electric
mobility. Policy measures such as training programs on electric mobility for car dealers and encouraging car
buyers to consult a variety of information sources could lower barriers present in the current buying process.
The results of the study will be published by 2020.
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Characteristics that would motivate the use of MaaS for commuting, weekday leisure, and weekend leisure trips, respectively.

3. ZHAW: Mobility-as-a-service

Researchers from the Institute for Sustainable Development at ZHAW explored how to reduce private
passenger car use and ownership with the concept MaaS. MaaS encompasses mobility solutions such as
sharing offers and public transport.

In order to better understand the needs and factors affecting MaaS in Switzerland, the researchers conducted
a comprehensive online survey. The results show that people are generally more open to using Maa$ for
commuting than for leisure trips. If Maa$S is actually to be used in everyday commuting, it must meet
three key needs: spontaneity, lower costs, and short transfer times. For leisure trips (both weekdays and
weekends), independence and luggage storage facilities are relevant factors. Overall, the provision of
information and low barriers to practical experience are the key to fostering such combined mobility services.
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Portrait: researchers ——

Committed to change

Francesca Cellina Merla Kubli

Romain Sacchi

They want to deliver tangible results and thus create a sustainable society. Re-

searchers Francesca Cellina, Merla Kubli, and Romain Sacchi are either still working on

or have worked in the past on various projects within the framework of Capacity Area

B2, striving for this common goal. They talk about their research, and how behavior

change can ensure a climate-friendly future.

What is your professional vision?

Merla Kubli:

The vision that motivates my work is a future energy
and mobility system that is powered by renewables,
uses resources in a sustainable manner, and satisfies
consumers’ needs.

Romain Sacchi:

What drives me personally is to be able to simplify the
complexity of reality in order to present clear and tan-
gible facts to decision-makers. | believe providing ro-
bust information increases the odds that they will pick
the solutions with the best outcomes for our environ-
ment and society.

Francesca Cellina:

| hope my activities can contribute to fostering a so-
cietal transition and to shaping a more sustainable and
climate-resilient society, for the sake of future gene-
rations. Specifically, my work addresses the “automo-
bility” regime and automobile dependency currently
dominating our society. Since | work at a university of
applied sciences, my research activities aim at devel-
oping practical solutions for problems affecting our
society and economic system.
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Francesca Cellina, you studied urban mobility. Why
did you choose that field?

Cellina: I've always had a strongly pro-environmental
attitude and I've been a supporter of cycling since | was
young. Tackling the challenge of reducing car use in
urban areas was a natural choice.

Merla Kubli, Romain Sacchi, what motivated your
choice of field of study?

Sacchi: Although | was concerned by the various envi-
ronmental issues reported on by the media when | was
ayoung student, | didn't really have the background to
become an ecologist and to go out into the field. Given
my background in economics, | decided to specialize
in industrial ecology to get to the root of our environ-
mental issues. In my field, | analyze how industrial
systems interact with the environment.

Kubli: Coming from research that looked at flexibili-
ty business models based on solar-battery systems, |
was particularly interested in understanding what role
electric vehicles can play in contributing to balancing
supply and demand in energy markets and how this
impacts mobility systems. I'm fascinated by emerging
solutions that connect electric vehicle (EV) drivers,



“prosumers” (who are, at the same time, producers
and consumers), and providers. From my perspective,
a business model that actively engages consumers and
makes them part of value co-creation will revolutionize
mobility and energy systems.

When did you join the SCCER Mobility? And can you
give us a deeper insight into your projects?

Cellina: I've been part of the SCCER Mobility since
the very beginning—so, since 2014—and have collab-
orated with a number of different researchers over
the years. Through pilot interventions in the field, |
examined the effectiveness of smartphone apps in
changing individual mobility patterns by reducing
car use and by rethinking overall mobility demand.

Kubli: Ijoined in April 2018 as a postdoctoral researcher.
| looked at the interconnection between investor and
consumer acceptance of electric mobility. Joining the
SCCER Mobility was a great opportunity for me to
expand my research after completing my doctorate.

Sacchi: | only joined in June 2019 to work on quanti-
fying the environmental impact of various means of
transportation. It's important to find out more about
the environmental and societal benefits and draw-
backs of all these emerging technologies. Especially
since significant changes—notably electrification—
are taking place in the transport sector.

What was the toughest challenge and what the high-
light of your time with the SCCER?

Kubli: Communication across disciplines can often
be challenging, but at the same time it's also very
rewarding. My personal highlight was gaining em-
pirical insights about EV drivers’ preferences for
smart EV charging. We now know how we can tailor
these offers to consumers’ needs.

1. Capacity areas — B2

Sacchi: Data acquisition is always a challenge. Still,
we recently managed to streamline the production of
forward-looking databases used in environmental
analyses, making prospective analyses of trans-
port technologies easier. We also developed a public
interface for quantifying the environmental impacts of
different means of transport.

Cellina: For me, field interventions were the toughest
challenge. For one of our projects, for example, we
wanted to observe the mobility behavior of around
600 individuals for one entire year.

And your highlight?

Cellina: Well, in one of our projects we achieved a
positive result in an area where we didn't expect one.
Although it turned out to be difficult to achieve
tangible changes in mobility behavior by using smart
phone apps, we found that by involving the citizens of
Bellinzona in the co-design of their app’s features, city
government officials discovered the positive aspects
of participatory decision-making. So, the municipal-
ity might adopt this “living lab” approach for future
projects of its own.

Since the SCCER is coming to a close, where are you
currently working and on what?

Kubli: I'm continuing my research as a postdoctoral
researcher at the University of St. Gallen (HSG). Start-
ing in August 2021, | will be Assistant Professor for
Managing Climate Solutions, working for the EU-fund-
ed Horizon 2020 project E-LAND, where we develop
business models and a toolbox for energy communities.

Cellina: I'm still working at the University of Applied
Sciences and Arts of Southern Switzerland (SUPSI),
and am currently examining the effect of air travel on
climate change. »
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Sacchi: | work as a postdoctoral researcher at the
Laboratory for Energy Systems Analysis (LEA) at the
Paul Scherrer Institute (PSI). | currently still dedicate
most of my time to the SCCER Mobility’s CA B2,
specifically dealing with the life cycle assessment of mo-
bility technologies.

Walk, cycle, take the train, or buy an electric car—
what do you, personally, do to reduce greenhouse
gas emissions?

Kubli: In my everyday life, my modal split consists
of cycling and taking the train. | don’t own a car, but
through my membership of a vehicle-sharing scheme
| have access to more than 2,800 cars in Switzerland
should I need one. | also discovered bicycle touring as
an exciting means of long-distance travel. In fall 2018,
my partner and | cycled 3,600 kilometers, all the way
to Marrakesh.

Cellina: | often use my folding bicycle, which I also take
with me on the train. My family also owns an electric
hybrid car we use on weekends if our destinations have
poor public transport connections.

Technology or behavior change or both—what will
save the planet?

Sacchi: In many cases, behavior change could already
today put us on a much better path. For example, if we
stopped eating meat we could already cut global green-
house gas emission by 18 percent.

Cellina: | also see behavior change and policies as
valuable levers for building individual and collective
commitment to change.

Kubli: The technology is already relatively well develo-
ped. What we really need now is action from companies
and consumers, who need to adopt these low-carbon
innovations. For this to happen, we need functioning
business models and consumer engagement. ®
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1. Capacity areas — B2

Geographical conditions

Lifetime

Graphical user interface of "Carculator”, showing some of the user options.

Project highlight —
Assessing the life cycle of cars

Decision support for car buyers and decision-makers: Researchers at the Paul Scherrer Institute
(PSI) have developed a web tool called “Carculator”. It can be used for detailed comparison of the
environmental performance of passenger cars over their entire life cycle.

Since 2014, researchers from PSI’s Technology Assessment group have been developing Carculator, a
life cycle assessment (LCA) tool that estimates the environmental burden of current and future vehicles.
The user can select various parameters, including the type of powertrain, vehicle size, and emission
standards, and choose from a large number of fuels. Even bio- and synthetic fuels are accounted for, as
are future technologies such as CO, capture and storage in hydrogen production. Users can also choose
from more than 8o countries, since they determine the electricity mix for battery electric cars and hy-
drogen production by electrolysis, and can select the year of registration (2000 to 2050). In the future,
users will also be able to enter the electricity mix, to test the effect of different scenarios. Carculator
even allows advanced users to model their own vehicles. Or they can—before purchasing a new vehicle
—find out more about the environmental performance of different options.

The tool also shows not only greenhouse gas emissions, but also the release of particulates, harmful
nitrogen oxide emissions, and the usual environmental assessment indicators such as pollution of water
bodies and resource demand. To make comparison easier, Carculator presents these values graphically
for all selected vehicles in parallel. Furthermore, the data and the results of the ongoing studies are
accessible to both end users and the research community.

Comprehensive comparison

Carculator also gives professionals a look behind the scenes: besides its online interface, it can be
installed and used as a Python library, where the source code and all the underlying calculations can
be viewed, and even modified. This feature is primarily intended for the research community, who will
want to know how the work was performed and might want to use calculations for further studies of
their own. This transparency should prove helpful regarding the public debate and serve as best practice
in the scientific community.

In Carculator, PSl researchers have provided a unique tool. But it’s not finished yet—upcoming versions
will also include other means of transport, such as buses, two-wheelers, trains, aircraft, and trucks.

Carculator is available at https://carculator.psi.ch
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Project highlight ——

The best way to reduce CO, emissions

Exploring scenarios for climate-friendly and efficient mobility

The SCCER Mobility and its associated Joint Activities generated a variety of scenarios for the future evolu-
tion of the Swiss transport sector. The sector has been modelled as a part of the Swiss energy system and the
scenarios cover different ambition levels with regard to climate change mitigation. In addition to a reference
scenario based on moderate climate objectives reflecting current trends, an ambitious carbon dioxide (CO,)
emission reduction scenario of 8o percent by 2050 compared to 1990 and a scenario aiming at net-zero CO,
emissions by 2050 were analyzed (excluding emissions from international aviation, land use, and forestry).
The scenarios were assessed with the Swiss TIMES Energy Systems Model (STEM) of the Paul Scherrer
Institute (PSI), which generates cost-optimal solutions and takes into account the multiple interdependencies
between different technologies and actors. Some of the key findings are summarized below.

From fossil fuels to electric cars

The path to an extensive electrification of cars will lead to the widespread use of hybrid vehicles in the medium
term. If we succeed in further reducing purchase cost and charging time while increasing range, the number
of battery electric vehicles (BEV) and plug-in hybrid electric vehicles (PHEV) will increase—especially if fossil
fuel prices continue to rise. In an ambitious climate target scenario, in 2050 at least 8o percent of cars will
be based on battery and fuel cell drives. Achieving net-zero CO, emissions by 2050 also requires that the re-
maining PHEVs use biofuels or synthetic fuels produced with carbon capture and storage (CCS). Depending on
the climate target, the new car fleet alone will require around 5—9 TWh of electricity, which in 2050 would be
dominated by renewable energy sources.
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The figure shows the composition of the Swiss car fleet by drivetrain and corresponding fuel in year 2019 and for three scenarios for the year
2050. Greenhouse Gas (GHG) emissions from the fleet are provided based on coupling the STEM model with life cycle assessment (LCA) and
the global system model REMIND. The bars indicate the share of number of cars having specific drivetrains and the car fleet’s fuel shares.

The markers show the GHG emissions from different sources—so from the tailpipe and from the supply chains in Switzerland, which together
with related emissions abroad add up to the total GHG emissions. In this way, not only the direct emissions from the car but also the indirect
emissions from the fuel supply chain, car manufacturing, maintenance, and disposal as well as infrastructure are accounted for.

Trucks and buses of the future

The electrification of trucks beyond hybridization is very expensive due to the high energy densities
needed for batteries and the high annual mileage involved. Large-scale use of electric trucks can therefore
only be achieved in connection with ambitious climate policy measures, such as strict emission targets or high
taxes on fossil fuels. Under such conditions, light-duty vehicles (LDV) and urban buses would become
extensively electrified. To achieve a net-zero emissions scenario, a portion of medium-sized trucks would
become battery electric. For heavy-duty road-transport segments where direct electrification is limited or
impracticable, trucks using hydrogen fuel cells and hybrid internal combustion trucks powered by biofuels
and imported synthetic fuels (power to liquid) are core technology options.

Increase in hydrogen fuels

Transport is a major driver for the deployment of hydrogen in the energy sector since it consumes more than
three-quarters of hydrogen totals across the different climate scenarios in the year 2050. To meet the goal of
net-zero CO, emissions by 2050, the hydrogen share of the transport sector will need to reach 20 percent. This
increase would also promote the production of biomass-based hydrogen.

Importance of a holistic assessment

The holistic assessment of national long-term climate goals shows clear interdependencies between climate
change mitigation actions within the different sectors of the economy. To achieve the national climate goals,
cross-sectoral coordination is necessary. Sectoral potentials and costs of emission mitigation strongly affect
the design of sectoral policies. For example, the use of mature mitigation options (e.g., electric passenger cars,
heat pumps) and disruptive end-user innovations (e.g., car sharing, smart homes) should be prioritized and
supported, followed by appropriate incentives to increase the technology readiness of CCS technologies in
electricity and hydrogen production, in order to achieve net-zero emissions cost-efficiently by 2050.
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2.1
Learning Lab—
Future Transport Systems



Systemic

evaluation

Bringing together the ideas of researchers and com-

mercial partners can be a challenging task. To map

experts’ “mental model” of the future transport

system in Switzerland a participatory method was

used. This model-based approach was able to capture

the complexity of socio-technical transition in the

Swiss mobility sector.

The Learning Lab—Future Transport Systems (L2-
FTS) was established to integrate research activities
across the SCCER Mobility network and to define new
projects with various commercial partners. Its main
objective is to provide insights into current challen-
ges and potential solutions with regard to a sustain-
able transport system in Switzerland. These insights
will inform future political decisions, which in turn
will influence future technological developments.
Within the SCCER Mobility network, L2-FTS supports
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the Management Office of the SCCER by analyzing
the relevance of the network’s research activities. In
collaboration with industrial partners, it analyzes the
main technological challenges facing future mobility.
L2-FTS uses a variety of methods to analyze the Swiss
transport system, with a special focus on complex
socio-technical transitions—where both social and
technological factors are vital for system transfor-
mation. In its search for solutions, it gathers infor-
mation from different stakeholders to gain a better



understanding of their main challenges and the
impact of new technologies. The core goal of the
Learning Lab is to transform this understanding into
an analytical and quantifiable model by mapping the
mental models of experts. This systemic approach
is necessary to understand how different social and
technological innovations are relevant to a sustain-
able Swiss mobility system.

In this respect, L2-FTS conducts research on the impact
of emerging technologies on the future state of both
road and rail transportation systems, especially in the
freight sector. From among its range of methods, qual-
itative data analysis, Vester’s sensitivity model, and so-
cial network analysis are used to gather ideas on emer-
ging technologies. Different data sources are used to
analyze the technology potentials of the future freight
system in a quantitative way. Simulation models com-
plement these methods by analyzing interdependen-
cies, feedback loops, and emerging clusters.

Within this framework, L2-FTS is collaborating with SBB
Cargo on the research project “Future environmental
performance of Swiss freight transport”. For this pro-
ject, it is investigating competition and collaboration
between rail and road freight systems in Switzerland. To
be able to analyze the main challenges and opportuni-
ties of the freight transport system, L2-FTS developed a
method to map expert opinion into dynamic models of
specific technologies and technological solutions. This
dynamic modeling allows us to look at how selected
interventions—including road electrification, strategic
decisions regarding rail, and policy changes—impact
the dynamics of road-rail freight collaboration and
competition.

Around 30 experts representing all groupings in the
Swiss freight market have participated in the SBB Cargo
project, including operators, shippers, technology pro-
viders, policy makers, and academics.

The main result so far is a systemic understanding of the
main challenges, solutions, and potentials in the Swiss
mobility system. The impact of new technologies and
strategies will be simulated by system dynamics mod-
eling. The results will help SBB Cargo and other compa-
nies to better understand the existing challenges and
potential solutions in the freight transport market.

2. Overarching activities — Learning Lab

Another major project is looking into the key perfor-
mance indicators (KPI) of the Swiss mobility system.
This project evaluates the impact of the SCCER Mobili-
ty’s research activities on the KPIs of a sustainable mo-
bility system in Switzerland. Around 30 experts repre-
senting all the research groups from the SCCER Mobility
have been involved. In particular, this project has tried
to find out whether the research activities within the ca-
pacity areas are connected and build on each other. The
KPI project analyzes how different activities are related,
and how they can be grouped into different clusters.

The results of the KPI project can be used to organize
similar research programs in the future. This will also
help decision-makers to better understand the rele-
vance of research activities to the goals they have
set, and how to initiate further research projects. The
SCCER’s Management Office will also be able to use the
results of the project when reporting to the evaluation
panel and reflecting on the lessons learnt.

Currently, L2-FTS still has visibility thanks to the SCCER
Mobility, including its website, newsletter, and network.
Unfortunately, overall reach is limited since part of the
SBB Cargo project is confidential and the KPI project
is primarily focused on the activities of research teams
within the SCCER Mobility network. In the future, how-
ever, the activities and results of L2-FTS could be used
by companies and policy makers when developing
strategies and making technological decisions. Further-
more, the Learning Lab will hopefully endure—if in a
new format, pursuing the main findings of the current
phase, along with new research tracks. ®

Dr. Amin Dehdarian
Postdoctoral Researcher
ETH Zurich

Dr. Albert Mancera Sugraiies
Postdoctoral Researcher
ETH Zurich

Dr. Mireia Roca-Riu

Postdoctoral Researcher
ETH Zurich
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Interview: researcher ——

The social dimension of mobility

Since April 2018 Dr. Amin Dehdarian has been a postdoctoral researcher in the Learning Lab—Future
Transport Systems (L2-FTS). He holds a doctoral degree from the Swiss Federal Institute of Technology in
Lausanne (EPFL) and specializes in the application of complex systems theory to understand technological
changes in the energy and transport sectors. He talks here about the challenges faced by L2-FTS and about

his vision of the mobility of the future.

What were the biggest challenges you had to overcome?

Amin Dehdarian:

The two projects “Key Performance Indicators (KPI) of the Swiss mobility system” and the SBB Cargo were very
interactive. We had to interview more than 60 experts. Getting to talk to all these busy people was quite a challenge,
and delayed the data-collection process. Accessing quantitative data is also quite difficult, and for modeling and
data-driven methods we needed our partners to commit to providing us with data.

The implementation of the results is no easy matter either. They're primarily related to strategic decision-making.
And those decisions are made at a very high level of management, which needs to take into account lots of other
factors outside the scope of our research, including political issues, organizational change, and demographic factors.

What were the highlights of your research?

What surprised some of the experts was that road and rail freight systems are considered as complementary rather
than as competitors. Secondly, road freight electrification and rail digitalization are the primary technologies of the
future in the freight system.

What will happen once the SCCER Mobility winds down?

Hopefully it will continue in a new format. Which means that we would be able to use the main findings of the SCCER
to define new research tasks.
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2. Overarching activities — Learning Lab

Based on your current research, what is your personal vision for the future?

In my opinion, a decarbonized freight transport system in Switzerland is feasible for 2050, based on recent
technological developments and the political support now behind it. Battery technologies and fuel cells are the
most likely solutions for road electrification. In the coming decades, the focus will be on collaborations that
contribute to joint business cases, economies of scale, and standardization, especially for urban logistics. Rapid
urban growth and changing market expectations remain, however, critical challenges for the future.

What are the main recommendations for decision-makers—from policy makers to industry and consumers—
that result from your research?

More focus on business cases, economic aspects of new technologies, and collaboration is required for the
development of new technological solutions. At the moment, there’s a focus on technological advances. But
this should be complemented by involving research partners focused on the institutional and social aspects of
technological developments. ®

Short profile —

Dr. Amin Dehdarian

2018-today Postdoctoral Researcher, L2-FTS, SCCER Mobility

2013-2017  Doctoral degree in Management of Technology, Swiss Federal Institute of Technology in Lausanne (EPFL)
2009-2013  MBA, Sharif University of Technology, Tehran, Iran

2011-2013 Change management consultant, MAPNA Locomotive Engineering and Manufacturing Company, Tehran, Iran
2008-2009 Internship, the Electrical Research Center, Sharif University of Technology, Tehran, Iran

2004-2008  BScin Petroleum, Sharif University of Technology, Tehran, Iran

85



Key project ——
Rethinking freight transport

Analysis of the Swiss freight market and future scenarios

The objective of the project “Future environmental performance of Swiss freight transport” is to gain insight into
potential environmentally friendly scenarios for the freight sector. It focuses on road and rail transport—in particular
on heavy-duty road freight vehicles (over 3.5 tons) and freight trains—and on upcoming technological and business
models and their role as competitors and/or cooperators in the national freight market.

Electrifying road freight

The main focus of the project with regard to the road freight future scenario was to explore road freight's
potential for electrification. Thus far, electrification has been considered a promising method of reducing CO,
emissions. Two technologies stand out: electric batteries and hydrogen fuel cells. The project focuses on the
potential that battery electric heavy-duty trucks have to replace combustion engine heavy-duty trucks in
Switzerland, given the particularities of Swiss road transport and the combined transport of freight.

Gravimetric densities
8 - 0.8
B 240Wh/kg

I 400Wh/kg

Electrified tonkm (in billions)
CO, reduction (megatons)

NC NC + 150 kW NC + 12 MW
Charging strategies

Number of ton kilometers (tonkm) that could be covered by battery electric trucks given different energy densities of batteries
and charging strategies, along with CO, emissions avoided.
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2. Overarching activities — Learning Lab

With big data tools, the performance of the entire Swiss truck fleet was replicated to determine its energy
demand. Based on this data and considering two types of gravimetric densities (240 Wh/kg and 400 Wh/kg), the
approximate size of electric batteries for trucks was calculated, and it was also estimated which parts of the fleet
could be electrified.

Scenarios for charging—including night charging (NC) versus night-plus-day charging (150 kW and 1 MW)
during logistic operations such as loading and unloading—were also designed and their costs assessed. To
calculate economic viability, the total cost of ownership (TCO), including vehicle-based capital and operating
expenditures, was estimated for the existing trucks and for their electric counterparts. Further, infrastructure
costs, such as the installation and maintenance of charging stations and the enhancement of the electric grid for
the different Swiss cantons, were evaluated in a separate analysis. A study was conducted to evaluate another
battery electric based solution for road freight transportation—overhead catenary systems—identifying which
segments of the Swiss highway system could potentially be adapted to this new system.

Main findings show that it is possible to replicate up to 75 percent of today’s road freight system using battery
electric vehicles (2 to 8 billion tonkm/year). Big savings (56 percent) on CO, during operation are possible (0.2 to
0.8 megatons of CO,/year). Economic investment will be necessary to adapt the electric grid to the new levels
of demand and chargers need to be installed in the right locations. This investment could reduce externalities of
the sector drastically, providing a greener transportation system in Switzerland. ®

Short profile —

Dr. Albert Mancera Sugrafies

2019—today Postdoctoral Researcher, L2-FTS, SCCER Mobility

2011-2017  Doctoral degree at the Institute for Transport Planning and Systems, ETH Zurich

2010-2011  Strategic consultant in engineering issues at CETMO (Centre for Transportation Studies for the Western Mediterranean),
Barcelona, Spain

2008-2009  MSc exchange program in Transportation and Urban Planning, University of Liége, Belgium

2003-2010  BScand MScin Civil engineering, Polytechnic University of Catalonia, Barcelona, Spain
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Digitalization project ——

Digitalization in the

mobility sector

The latest additions to the SCCER Mobility were research projects in the field

of digitalization, since information and communication technologies are rapidly

growing in importance. Five new projects were identified and will be funded until

the end of 2020.

Research in the field of digitalization is one of the
latest projects of the SCCER Mobility. Five projects—
embedded in the different capacity areas—are being
funded until the end of 2020.

In late 2018, Innosuisse invited the SCCER Mobility to ex-
pand the scope of its program to also address research
issues at the interface between digitalization and mobi-
lity. The main reason for Innosuisse’s decision was that
information and communication technologies have de-
veloped significantly since the SCCER was launched in
2013, opening up opportunities that were unthinkable
seven years ago. The newly proposed research projects
were approved and initiated in May 2019. As the projects
were embedded in different capacity areas and were
barely connected, it was deemed critical to dedicate a
special project to exploiting potential synergies between
the projects and to ensure coherence within the SCCER
Mobility program. Therefore, a final, umbrella project
bringing together all digitalization activities was also
established as an overarching activity within the
Learning Lab—Future Transports Systems (L2-FTS).

Within the digitalization program of the SCCER Mobili-
ty, researchers from a range of institutions working on
various projects of the SCCER Mobility tackled different
challenges.

® The “Smart Mobility Data Platform” project plans
to create a platform to analyze the performance of
vehicles, batteries, and other mobility devices during
both demonstrators and long-term projects.
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® The “Automated Driving Sensor Testing Vehicle”
project evaluates the behavior of vehicle sensors in
the real world—combining that behavior with ad-
vanced data management strategies for automated
driving (AD) decision-making in order to support the
development of an AD field test strategy and regula-
tions for Switzerland.

® The “Decision Support System (DSS) for Personal-
ized Ride-sharing Services” project aims to create a
prototype to enable and promote carpooling, with
personalized, short-term, real-time trip recommen-
dations for travelers.

® The “Optimizing the Potential Impact of Electric
Mobility on Grid Stability” project investigates how
to prevent a negative impact of electromobility on
grid stability. It uses detailed personalized mobili-
ty predictions and precise grid network modelling
and is connected with different mobility scenarios
in the Canton of Ticino.

In November 2019, Mireia Roca-Riu joined L2-FTS to
focus on and lead the overarching, umbrella project.
The project investigates the links between the four
other projects. The aim is to monitor all four projects
and to develop a framework for cooperation and
knowledge exchange. It also provides an assessment
of how these digitalization projects contribute to the
overall strategy of the SCCER Mobility. ®



2. Overarching activities — Learning Lab
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Connecting elements among all the SCCER Mobility digitalization projects.
Key project ——

Connecting elements

The “umbrella” project

The role of the overarching, umbrella project is to identify potential links between the four other digitalization
projects. The project was developed at the Learning Lab—Future Transports Systems (L2-FTS) and is run in colla-
boration with all the SCCER’s academic research partners. In addition to managing and monitoring all the other
digitalization projects, this activity serves as a platform for cooperation in order to strengthen the network between
the different institutions concerned and to encourage the exchange of ideas and methodologies. Another objective
is to assess the overall impact of the digitalization projects on the development of the mobility sector—compared
to other projects, which focus, for example, on new technological solutions.

Additionally, L2-FTS has proposed a framework to classify and define “digitalization” in order to create common
ground for communication between the project groups. The exchange of ideas and methodologies is based on
connecting elements, which are common to all the digitalization projects. The creation of an open data set, the
definition of decision-making approaches, and their solving approaches, and the generation of scenarios are part of
a first block of connecting elements, which were discussed at the beginning of the project.

A second block of connecting elements brings together the results of the SCCER's various projects. The most im-
portant is the value of data, which differentiates the digitalization projects from all other projects in the SCCER. The
idea is that the digitalization projects highlight the value of data for their various project decisions, thus enabling
them to quantify how different those decisions would have been had the data not been available. So, they can
quantify if the decisions would be different if the data were not available. Another connecting element is the
profiling of different project prototypes, which—brought together and compared—allow the researchers to learn
from one another. The final connecting element is the assessment of the overall impact of the SCCER's
digitalization projects on the development of the mobility sector compared to other projects, which focus, for
example, on new technological solutions. ®

Short profile —

Dr. Mireia Roca-Riu

2019—today Postdoctoral Researcher, Learning Lab — Future Transport Systems (L2-FTS), SCCER Mobility

2016—2019  Postdoctoral Researcher, Institute for Transport Planning and Systems (IVT), ETH Zurich

2011-2015  Doctoral degree in Statistics and Operations Research, Polytechnic University of Catalonia, Barcelona, Spain
2007-2008  MSc in Statistics and Operations Research, Polytechnic University of Catalonia, Barcelona, Spain

2002-2007  BScin Mathematics, Polytechnic University of Catalonia, Barcelona, Spain
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2. Overarching activities — MAS |CAS program

2.2

MAS|CAS program



Transferring
research into
practice

To shape future mobility, transport company pro-
fessionals, government institutions, and the mobility
and energy industry must be familiar with the newest
technology and trends as well as changing needs
and policy frameworks. With this requirement firm-
ly in mind, the SCCER Mobility designed a continuing
education program for professionals. Since 2017,
ETH Zurich has been offering the MAS ETH in Future
Transport Systems, developed by the SCCER.
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The mobility sector is changing at a rapid pace.
Multimodal services, car sharing, e-mobility, and auto-
nomous driving are among the trends that will shape
the mobility of the future. To contribute to and drive
these changes, the various players in the mobility sector
must be familiar with innovations, new technologies,
individual mobility needs, and changing conditions, and
must understand the complexity of the mobility system.

With its Master of Advanced Studies (MAS) ETH in
Future Transport Systems and three Certificates of Ad-
vanced Studies (CAS) degrees, ETH Zurich offers prac-
tice-oriented continuing education for the sector’s pro-
fessionals. The program was devised within the SCCER
Mobility network and certain network members play
key roles in the academic management and teaching of
the courses. The program provides participants with the
necessary technical foundations to better predict the
impact of specific changes and interventions on the ove-
rall system. This enables them to develop integrated,
sustainable, and climate-friendly mobility solutions that
they can implement in their own working environment.

The program structure

Development of the MAS and CAS programs began
in 2015. Ruth Forster was the first program manager,
and with her strong background in didactics, continu-
ing education, and alternative teaching methods she
coordinated the program’s conception and the content
development for the three CASs. In doing so, it was
particularly important to take into account the limited
time available for classroom instruction. The major
challenge was to find the right combination of conven-
tional classroom teaching to convey the basics and
modern teaching methods such as blended learning,
flipped classroom for further discussion, and in-depth
study.

Another challenge was to have the program bring
together the expertise of different institutions. In
2015, that expertise in the various aspects of mobility
was spread across different Swiss universities. For the
first time, through the MAS and CASs, the SCCER
Mobility helped bundle this know-how into a single
interdisciplinary program. Today, researchers and
lecturers from institutions throughout Switzerland,

2. Overarching activities — MAS |CAS program

from ETH Zurich to the Paul Scherrer Institute (PSI),
and from Empa to the Swiss Federal Institute of
Technology in Lausanne (EPFL), as well as several
universities of applied sciences, contribute to the MAS
and CASs.

The program covers freight and passenger transport
as well as public and private transport. The focus is on
rail and road, although other aspects of mobility may
also be addressed. In addition to standard engineering
know-how regarding energy conversion, fuel consump-
tion, and emissions, the lecturers impart knowledge
on topics such as geographical information systems,
scenario development and forecasting, economic
feasibility, and life cycle assessment, as well as
business model design. The objective is to enable
participants to evaluate, develop, and implement
integrated and sustainable mobility solutions. »

“The
mobility

design of sustainable
that also meets the
needs of society poses major
challenges. Systems thinking and
the targeted use of new tech-
nologies are indispensable. The
MAS ETH in Future Transport
Systems provides the theoretical
and practical knowledge neces-
sary for well-founded discussion
and to successfully tackle the
implementation of new forms of
mobility.”

Rita Nenniger, Head of Innovation, PostBus
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“Thanks to the MAS program,
| was able to systematically learn
about the mobility of the future
and get a holistic picture of current
developments and future chal-
lenges. Combining cases from my
own professional experience with
state-of-the-art science as well
as the expertise of external lectu-
rers and my fellow students led to
promising ideas, new insights,
and fruitful discussions. In sum,
the up-to-the-minute nature of
the topic, the dynamism of the
group, and the ambitious atmo-
sphere allowed me to take home
knowledge and skills that | can
apply to my work at Verkehrs-
betriebe Zirich.”

Silvan Weber, Project Manager Market Develop-

ment, Verkehrsbetriebe Zirich

The program has been very well received. Participants
particularly appreciate the interaction with researchers
during lectures and laboratory visits, as well as the wide
variety of teaching methods. Further plus points include
opportunities to network with fellow students and ex-
perts from different companies and institutions.

Target groups and requirements

The main target group for the two-year MAS program
and the CAS courses are professionals in a strategic or
operational role, and project managers and executives
from the private sector and governmental institutions.
Participants from all industries are welcome. People
who want to change career paths and are aiming to
work in the mobility sector can also apply.

Applicants should be proficient in German and English.
Academic requirements for participants include a Mas-
ter's degree from ETH Zurich or a Master’s level quali-
fication in the engineering sciences. Interested individ-
uals with a degree in information and communication
sciences, industrial engineering, natural sciences, or
geography are also welcome to apply. Depending on
further qualifications and professional experience, ap-
plicants with a background in economics, social scien-
ces, or humanities may also be admitted. Two years of
experience in the field of mobility or related areas are
required.

So far, most participants have been professionals based
in Switzerland working at public transport companies,
for public authorities, or in the private sector including
for mobility/energy solution providers, consultancies, or
insurance companies.

The future of the program

The program was launched in the spring semester of
2017. Infall 2018, the first five students graduated with a
MAS ETH in Future Transport Systems. Current students
will begin writing their Master’s theses in fall 2020, and

“Insights into future mobility indicate the direction in which the
automotive industry will develop. Suppliers need to understand
and evaluate these emerging ecosystems and dependencies to
determine their business strategies. The CAS System Aspects pro-

vides students with the scientific background, trends, and drivers.

The course also fosters exchange with fellow students, and en-

courages discussions about various aspects of mobility. All things

considered, the CAS provides the tools needed to help shape the

mobility of tomorrow.”

Thomas Maissen, Division Management, Jansen AG
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are expected to graduate early in 2021. To ensure that
the MAS and CAS program continues once the SCCER
Mobility phases out at the end of 2020, it was integrat-
ed from the beginning into the ETH Department of
Mechanical and Process Engineering and the ETH School
for Continuing Education. The third round of the program
is scheduled to begin in the spring semester of 2021.

During its conceptual and early stages, the program
received funding from Innosuisse and ETH Zurich. From
2021 onward, all financial support will cease and the pro-
gram will have to be self-sufficient. In order to attract
enough participants, the program’s management team
plans to continuously adjust course content to incorpo-
rate the trends and suit the needs of the mobility sector,
and intends to partner with companies as sponsors.

The benefits for research

The benefits of the program for science and research
are tremendous. Not only do the lecturers transfer their
knowledge to program participants, in return they also
gain unique insights into the industry and the workings
of governmental processes. They learn which questions
are vital for the mobility sector and can thus integrate
them into their research. In addition, participants have
to write term papers, which are often related to research
projects. And the close cooperation with the mobility
industry fosters new partnerships and collaborations,
which in turn further contribute to mobility’s transition
to sustainability. ®

Prof. Dr. Christopher Onder

Academic Director, MAS |CAS ETH

Institute for Dynamic Systems and Control (IDSC),
ETH Zurich

Dr. Kirsten Oswald

Program Manager, MAS|CAS ETH
in Future Transport Systems,

ETH Zurich

2. Overarching activities — MAS |CAS program

Graduates are able to

® understand the physics of the
systems involved

® identify dynamics in the complex
system of mobility

® understand the effects of measures
and apply them to concrete problems

® discover potential for sustainable and
integrated mobility solutions

® develop innovative, marketable
products or services and implement
new business models

® recognize and optimize economic,
ecological, and social aspects of
existing mobility services or systems

® help shape transformation processes

MAS|CAS in numbers

2017/2018 participant numbers

® MAS—; students

® CAS System Aspects—6 students

® CASTechnology Potentials—z students
® CAS New Business Models—1o0 students

Total number of graduates
5 MAS; 20 CAS

2019/2020 participant numbers

® MAS—g transfers from CAS to MAS;
3 new students

©® CAS System Aspects—8 students

®

CAS Technology Potentials—7 students
® CAS New Business Models—5 students

Total number of graduates
8 MAS; 20 CAS

Lecturers
® 45academic lecturers

® 15 external lecturers
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Overview: MAS ——

Modularity MAS

MAS ETH in Future Transport Systems

The Master of Advanced Studies (MAS) ETH in Fu-
ture Transport Systems consists of three interdi-
sciplinary Certificates of Advanced Studies (CAS):
System Aspects, Technology Potentials, and New
Business Models. Upon successful completion of
the three CAS courses, students can opt to obtain
their MAS degree by completing a Module Inte-
gration and Master’s thesis. Total study time is
usually two years part-time.

Integration

Module
Certificates of Advanced Studies

The three CASs (System Aspects, Technology
Potentials, and New Business Models) can be tak-
en individually. The total study time for each is
usually half a year part-time.

CAS CAS
Technology ~ New Business
Potentials Models

(@.%
System
Aspects

Time-line

Spring Semester Fall Semester

Year1 @ CAS System Aspects CAS Technology Potentials

Year 2 @ CAS New Business Models Master’s Thesis
Integration Module
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Portrait: alumnus ——

2. Overarching activities — MAS |CAS program

A broader perspective

Wolfgang Kling

Why did you decide to sign up for the MAS?
Wolfgang Kling:

To be honest, | initially only wanted to sign up for the
Certificate of Advanced Studies (CAS) System Aspects,
and out of pure curiosity. But as the CAS gave me
completely new insights and the mood in the class was
great, | decided to continue.

How did the program go? What did you like best?
Looking back, it was a very inspiring time and meant
a heavy workload, but the effort was worth it. The
lecturers and my fellow students helped to create a
stimulating atmosphere and we were able to establish a
network that will remain beyond the MAS.

| particularly liked the interdisciplinary group work.
We learned a lot from each other and to look at things
from completely different perspectives. From the MAS,
| gained a lot of new insights and they have given me
a realistic and concise view of current challenges in the
mobility sector. | can now present my point of view in
an even more scientifically sound manner. Thanks to the
program, | have learned how important it is not to think
in terms of individual categories and closed systems
when it comes to the mobility and energy sectors.

What do you think about the structure of the program?
The MAS provides a broad overview of the diverse
aspects of the mobility system and of technological
potentials and teaches basic methods for developing
business models. The CAS modules are ideal for
deepening the knowledge acquired and for determin-
ing which topic one would like to focus on in the MAS
thesis. The concluding integration module expands the
expertise you have developed until it reaches across
disciplines, while the MAS thesis allows you to explore
one aspect in greater detail.

In May 2019, the first students completed their Master of Advanced Studies (MAS)
ETH in Future Transport Systems, marking a successful conclusion to the first round
of a program developed within the framework of the SCCER Mobility. Among
the graduates was Wolfgang Kling, Fleet and System Manager at BLS AG, one of

Switzerland’s largest transport companies.

What did you investigate in your thesis?

I looked at how an “e-highway” could help reduce carbon
dioxide (CO,) emissions from road freight transport in
Switzerland.Currently, roadfreighttransportcontributes
4 percent of national emissions, and at the moment
there is no applicable solution to reducing them that
won't require restrictions.

One possible future solution could be the electrification
of national roads, tiered according to traffic load and
energy demand. Depending on the number of electric
trucks powered by overhead lines, Switzerland could cut
its CO, emissions per year by up to 1.4 million tons. The
investment in these trucks could be amortized by their
lower energy costs.

Do you expect e-highways to become a reality soon?
There are tests ongoing in Germany and Sweden on
different highway stretches and in mines. But they
cover only short sections of 4 to 5 km in length, inten-
ded to test the system itself as well as the transition to
and integration into standard roads. The infrastructure
—with all its overhead gear and power supply—is, and
will remain, as expensive as it currently is for rail or
trolleybus systems. So, | doubt it will be rolled out
broadly soon.

You graduated a while back; do you still benefit from
the course today?

I do, and in many different ways. For example, a short
time ago | applied my knowledge of mobility sys-
tems and technical solutions to reduce emissions in
a recently launched BLS project that aims to reduce
the use of fossil fuels as much as possible for all the
projects we carry out in the field of infrastructure
maintenance. ®
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3.1
Research achievements
and outlook for the

mobility sector
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3. Outreach & outlook —

Andrea Vezzini, Deputy Head of the SCCER Mobility

Deputy Head Professor Andrea Vezzini from Bern University
of Applied Sciences was on board from the outset. He gives
an overview of the achievements of the SCCER Mobility and

comments on the future of the mobility sector.
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What were the main objec-
tives of the SCCER Mobility?
Were they achieved?

Andrea Vezzini:

The SCCER Mobility had two
objectives: Firstly, to find so-
lutions to reduce carbon dioxide (CO,) emissions in
Switzerland. Second, to develop young talent and to
institutionalize new research positions for the mobility
of the future. After all, we need researchers if we are
to achieve the energy transformation we're aiming for
by 2050. By broadening the base of researchers at the
various institutions, new jobs and facilities have been
created. We were able to identify ways of reducing CO,
emissions, which we made publicly available as a basis
for decision-making in two white papers. In particular,
the paper “Towards an Energy Efficient and Climate
Compatible Future Swiss Transportation System” was
very well received by the public.

In retrospect, it can be said that we achieved both goals
and were able to clarify the energy transformation and
the further development of the mobility sector.

The capacity areas have played a major role in you
achieving the main objectives. What are the key
achievements in each?

In principle, we have two major axes—the technol-
ogy axis and the socioeconomic research. According-
ly, achievements must be divided into technological
aspects (Capacity Areas A1, A2, and A3), on the one hand,
and socioeconomic or systemic aspects (B1 and B2), on
the other. During phase 2 of the SCCER program in par-
ticular we encouraged so-called cross-cutting projects
involving several capacity areas across the two axes.

Could you summarize for us the most important
aspects of each capacity area?

Concerning the technological achievements, as coordi-
nator of CA A1 | can look back with great satisfaction.
In CA A1, e-mobility, in particular there has been an
enormous change—from a niche application to front-
runner technology. While the fundamental challenge of
electromobility over the past seven years has been the
onboard energy storage system or vehicle battery, this
problem has now essentially been solved.
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“The many facets—that’s
the exciting thing.”

Andrea Vezzini

At the SCCER, we had to decide
where to start our research.
Should we tackle major projects
with international car manufac-
turers or concentrate on Switzer-
land? We decided on Switzerland
and mainly developed battery systems for niche vehi-
cles, such as buses or construction vehicles. We were
actually able to trigger a lasting trend here: In the next
five to ten years, possibly every transport company in
Switzerland will switch to electrified buses, or like Bern
and Zurich to hybrid buses. And in the eDumper we
created the world’s largest electrified dump truck.

The time horizon was also well chosen. We set ourselves
realistic goals. It would, for example, have been much
more difficult to build an aircraft. We would probably
still be working on that.

Were the other capacity areas as successful as A1?

Capacity Area A2 was mainly about chemical energy
converters. It is, after all, simply not enough to say that
the future is electric—there will be a long transition
phase. There are areas of application where we will
continue to depend on the energy density of chemi-
cal energy sources in the future, such as long-distance
transport, ships, and aircraft. They will use either fuel
cells or synthetic fuel-powered combustion engines.

In addition to optimizing combustion engines for syn-
thetic fuel and the development of hybrid solutions
—incidentally, this is an example of the successful
collaboration between Capacity Areas A1 and A2—
the researchers focused on two other approaches in
particular: fuel cells and gas engines.

In contrast to A1, there was a lot of basic research,
which is why even after seven years no marketable
solution was expected. As already mentioned, we had
two routes here—fuel cell activity and combustion
engines. We have, however, made significant progress:
We have managed to develop fuel cells that are more
efficient and much cheaper. And we have built new
engines based on natural gas, which can also be fed with
renewable gas.



As gas engines are in a difficult position due to the
current political framework conditions, while we were
able to make progress unfortunately these research ap-
proaches are currently are not being applied.

In Capacity Area A3, the aim was to reduce vehicles'’
energy requirements. There are two possible approa-
ches here. Firstly, energy efficiency can be improved by
increasing the efficiency of drive systems. Secondly, one
can reduce vehicle weight by lightweight construction,
so that vehicles require less energy.

We found interesting new approaches in lightweight
construction, replacing aluminium and steel with
thermoplastic and bioinspired composites. In this area
we also sought to collaborate with industry at a very
early stage.

And the other two capacity areas, B1 and B2?

Here it was a matter of embedding new technologies
into the complete mobility system. Capacity Area Bi
dealt with increasing mobility’s energy efficiency from
a systemic perspective. This approach takes all aspects
of mobility into account—so, mobility technology, in-
frastructure, and users—and relates them to mobility
patterns, urban planning, and environmental data. One
focus lies on designing and optimizing the infrastruc-
ture for renewable energy carriers (supply of charging
stations, hydrogen filling stations, and logistics). On
the user level, research deals with assessing new IT and
information service technologies to foster energy-
saving mobility choices. Capacity Area Bi interlinks
mobility choices and patterns with environmental and
spatial planning to develop a decision support tool for
consumers, municipalities, and policy makers, leading
to reductions in demand for energy.

Finally, Capacity Area B2 was about evaluating a
future scenario for the Swiss
mobility system and how it
could be made sustainable.
The consequences of environ-
mental influences were also
included: this, in turn, serves as
a basis for decisions regarding
future strategies.

“"The large network is breaking
down into slightly smaller
dynamic networks, but the
connections remain.”

Andrea Vezzini

3. Outreach & outlook —

Forexample, we were able to determine what it would
mean if Switzerland were to convertindividual passen-
gertransportcompletely toanelectrified basis. Infact,
contrary to our expectations, energy demand would
only increase by 15 to 20 percent—that is, by 14-16
terawatt hours. This fact has greatly contributed to
substantiating the discussion.

Within the framework of this project, the GoEco! tra-
cker app was developed, enabling researchers to study
people’s mobility behavior. At the same time, the app
automatically provided participants with feedback and
advice regarding their own, individual mobility behavior.

What are the key achievements when it comes to
scientific knowledge and collaboration?

The collaboration between the universities of applied
sciences, onthe one hand, and the universitiesand ETH
domain, on the other, on such a large scale was new ter-
ritory for us. Creating a network and working together
in an interdisciplinary manner was very enriching. It
was clearly shown that the universities can work well
with the universities of applied sciences, on all acade-
mic levels.

One of the results is the creation of a center for
battery technologies, the Energy Storage Research
Centre (ESReC) at the Bern University of Applied
Sciences (BFH), where | work.

How can you be sure that the SCCER has brought
about alasting change?

The Master of Advanced Studies (MAS) and the Learn-
ing Lab, the latter a virtual network for exchange bet-
ween researchers, are certainly part of the SCCER's
legacy. The MAS is an ideal instrument for providing
future decision-makers in the field of mobility with new
data from research. This will have a significant impact
on how the future of mobility
will look.

Your personal highlights of the
past seven years?

It was very satisfying to be part
of the project from the begin-
ning and to be involved in »
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shaping everything as the
SCCER's Deputy Head.

The many facets—that's the
exciting thing. And to see how
much can be achieved with a
little coordination between the
different areas involved. Also, the exchange within the
network was something very enriching. One example
is the “Young Talent Development” platform, where
young scientists present their projects. Personally, | very
much enjoyed the SCCER’s annual conference, where
academic and industrial partners met to exchange ideas.

What is your conclusion with regard to the SCCER
Mobility: Is now the right time to stop?

The SCCER Mobility has become very complex and at
some point we will run out of steam. Maybe we can say
“hit reset” now. The large network is breaking down into
slightly smaller dynamic networks, but the connections
remain. New projects are already emerging: the federal
funding program SWEET (SWiss Energy research for the
Energy Transition) and the Innosuisse NTN-Innovation
Booster, to name but two. And this will work because
people now know and trust each other.

What will the biggest challenges be in the next
30 years?

For mobility, these are certainly the decarbonization of
the mobility system while at the same time providing a
CO,-free energy supply without the option—at least in
Switzerland—of resorting to nuclear energy. But there
are also a lot of infrastructure challenges, such as public
chargers for e-mobility. We are also only at the begin-
ning of autonomous mobility. In addition to the tech-
nology, there are still some regulatory hurdles to be
overcome. And then there is the discussion of whether
we need to let mobility grow unchecked at all.

104

"“The exchange within
the network was something
very enriching.”

Andrea Vezzini

Where do we stand now?
Overall, we're not there vyet,
but we're on the way. Imagine a
typical S-curve, where it takes
a long time for something to
get going and then it goes
very quickly. We are now at the
bottom bend of that S-curve. Over the next 10 to 20
years change will accelerate massively. A lot of things
are going to happen when it comes to mobility.

How did you, personally, come to the topic?

It was almost a lifelong dream: | started my doctoral de-
gree at ETH Zurich in 1991 and finished in 1996. At that
time | was already writing my dissertation on hybrid
vehicles and have been working on the topic of mobility
ever since.

Admittedly, 30 years is a long time to be working on the
same theme. But to see all the things | hoped for become
reality, that is the greatest satisfaction for me personally.

A small example may help. In 2001, | developed an
electric bicycle at BFH, with which we cycled 3,000 km
through Australia with a team. In five days. Even then
we were convinced that e-bikes were the best. And now
they outsell standard bikes!

Every engineer is satisfied when what he or she is work-
ing on finds a practical application. And this particular
dream has come true. ®
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Annval Conferences ——

A successful networking and
exchange platform
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The annual conferences are the SCCER Mobility’s largest networking events,
where the SCCER’s researchers meet scientific and industrial partners, represen-
tatives of public bodies, and other interested parties. All come together to discuss
selected research results, the overall goals, and the future direction of the program.

The conferences are also an opportunity to meet and exchange ideas and information

with potential collaboration partners.

2015

2016



The very first SCCER Mobility Annual Conference
took place in 2014, with 75 participants. In the follow-
ing years the SCCER welcomed well over 120 partici-
pants each year; in 2019 the figure was 150.

The program of the conference usually spans an entire
day, with keynote lectures from international spea-
kers, presentations including research highlights from
the various capacity areas and other activities, talks by
invited speakers from industry, and panel discussions
covering current topics in mobility research. The
program also features a poster session, where young
scientists and junior researchers can present their
work. And during coffee breaks, lunch, and the aper-
itif that rounds off the session, these same scientists

3. Outreach & outlook —

and researchers have opportunities to engage in
discussions with other participants. In sum, a chance
to receive fresh input and new insights into their
projects.

Since 2017, poster authors have also been invited
to submit their poster for the Best Poster Award.
An external review committee evaluates candidate
posters; the six best authors present their work
with short pitches in the plenary session. A jury of
experts then chooses the Best Poster, and at the end
of the day the winner is announced and the Award
presented. The entire poster session not only gives
authors more visibility, it also allows them to practice

presenting their research in a very concise manner. ®

2018

2019
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Dissemination of expertise &
young talent development

Phase |

1st Annual Conference

Life cycle assessment workshop

2nd Annual Conference

Academia—Industry Dialogue: Energy storage on locomotives and the railway system
Seminar: Need for and patterns of the adoption of disruptive transportation technologies
Seminar: The electric vehicle is here (again)—and why it might stay this time!

Summer School: Energy storage in batteries—materials, systems, and manufacturing

3rd Annual Conference

Phaselll

Autonomous Driving event (co-organizer)

Start-up and entrepreneurship workshop

4th Annual Conference

ETSAP Workshop: Special session on decarbonizing the transport sector

Seminar: Challenges of energy-saving automatic train operation by maximal
usage of regenerating brakes in Japanese urban railways

Batteries for E-Mobility event (co-organizer)

Presentation skills course

ETH eDays Symposium (co-organizer)

5th Annual Conference

Launch, recurring webinar series

Academia—Industry Dialogue: Decarbonizing the freight sector in Switzerland
Public event: Environmental impacts of new mobility technologies
Second-Life of Batteries conference (co-organizer)

6th Annual Conference

ETH Week—Rethinking Mobility (co-organizer)

Final Annual Conference
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2014 2015 2016 2017 2018 2019 2020
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3.2

SCCER Mobility working
papers, white papers,

and mission statement 2020+



Publications

SCCER Mobility

Important topics for transport research in Switzerland post 2020 (2019)

SCCER Mobility mission report

Swiss Competence Center for Energy Research—Efficient technologies and systems for mobility (2018)

SCCER Mobility flyer

Auf dem Weg zu einem energie-effizienten und klimafreundlichen Schweizer Mobilitétssystem (2017)

SCCER Mobility white paper

Towards an energy efficient and climate compatible future Swiss transportation system (2017)

SCCER Mobility working paper

Capacity areas

Umweltauswirkungen von Personenwagen: heute und morgen (2020)
Capacity Area B2, Laboratory for Energy Systems Analysis (LEA) at the Paul Scherrer Institute (PSI),
EnergieSchweiz

Fact sheet update

The environmental burdens of passenger cars: Today and tomorrow (2018)
Capacity Area B2, Laboratory for Energy Systems Analysis (LEA) at the Paul Scherrer Institute (PSI),
EnergieSchweiz

Fact sheet and background report
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Learning Lab—Future Transport Systems

The key performance indicators (KPI) of the Swiss mobility system—
A systemic approach to research activities within the SCCER Mobility network (2020)

KPI project report

Joint Activities

Perspectives of Power-to-X technologies in Switzerland (2019)
Joint Activity white paper on the perspectives of power-to-product (P2X) technology in Switzerland

P2X white paper and supplementary report

Associated

Decarbonisation of transport: Options and challenges (2019)
European Academies’ Science Advisory Council (EASAC)—with contributions from SCCER Mobility members
EASAC Report
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Term Definition

AD automated driving

Al artificial intelligence

APTL Automotive Powertrain Technologies, Empa

ARE Swiss Federal Office for Spatial Development

BCFs bicomponent fibers

BEV battery electric vehicle

BFH Bern University of Applied Sciences

CA capacity area (of the SCCER Mobility)
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GHG greenhouse gas
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HPE Laboratory for High Power Electronic Systems, ETH Zurich

HSLU Lucerne University of Applied Sciences and Arts

IARAI Institute of Advanced Research in Artificial Intelligence (Vienna, Austria)
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ICP Institute of Computational Physics, ZHAW

ICT information and communication technology

ICTM Institute for ICT-Based Management, BFH

IDMS-CMAS Laboratory of Composite Materials and Adaptive Structures, ETH Zurich
IDSC Institute for Dynamic Systems and Control, ETH Zurich

IDSIA Dalle Molle Institute for Artificial Intelligence, SUPSI

IET Institute of Electrical Engineering, HSLU

Ifu Institute of Environmental Engineering, ETH Zurich

IKG Institute of Cartography and Geoinformation, ETH Zurich

IKT Institute of Polymer Engineering, FHNW

INE Institute of Sustainable Development, ZHAW

IPA impact pathway approach

ISAAC Institute for Applied Sustainability to the Built Environment, SUPSI
ITFE Institute of Thermal and Fluid Engineering, FHNW

IVT Institute for Transport Planning and Systems, ETH Zurich

IWOe Institute for Economy and the Environment, University of St. Gallen
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Term Definition

KPI key performance indicator

L2-FTS The Learning Lab—Future Transportation Systems

LAV Aerothermochemistry and Combustion Systems Laboratory, ETH Zurich

LCA life cycle assessment

LDV light-duty vehicle

LEA Laboratory for Energy Systems Analysis, PSI

LPAC Laboratory for Processing of Advanced Composites, EPFL

Maa$s mobility-as-a-service

MAS Master of Advanced Studies

MCDA multi-criteria decision analysis

METAS Swiss Federal Institute of Metrology

MIE Lab Mobility Information Engineering Lab, ETH Zurich

ML machine learning

MOBIS Mobility behaviour in Switzerland (project)

NC night charging

NOx nitrogen oxides

NTB Buchs University of Applied Sciences Buchs (NTB Buchs was integrated into the Eastern Switzerland
University of Applied Sciences (OST) on 1 September 2020)

OEM original equipment manufacturer

OMEs polyoxymethylene dimethyl ethers

PEFCs polymer electrolyte fuel cells

PHEV plug-in hybrid electric vehicle

PM particulate matter

PSI Paul Scherrer Institute

PSL Power Systems Laboratory, ETH Zurich

RTM resin transfer molding

SFOE Swiss Federal Office of Energy

SME small or medium-sized enterprise

SUPSI University of Applied Sciences and Arts of Southern Switzerland

TCA total cost assessment

TCO total cost of ownership

TRL technology readiness level

VBZ Zurich Public Transport

ZHAW Zurich University of Applied Sciences
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