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Editorial

Along with countries all over the world, Switzerland seeks to emit
net-zero greenhouse gases by the middle of this century. This goal has
massive implications not just for the transportation sector, but also for
the entire energy system. It is what drives much of our research at

the PSI Laboratory for Energy Systems Analysis (LEA). Now we are
launching the PSI Energy Compass to provide context and analysis for
understanding the energy transition.

The energy transition touches so many aspects of life, from how we
power our homes and businesses to how we move, produce goods, and
design our cities. In the PSI Energy Compass, we will look at one topic in
each issue, providing science-based analysis with a focus on Switzerland
and wider relevance to many other countries. Our goal is to provide
readers with the knowledge to make well-informed decisions related to
the energy transition.

This first issue deals with passenger ground transportation. Passenger
transportation is a major contributor to greenhouse gas emissions in
Switzerland, and the demand for mobility will continue to grow with the
population. On the road to the net-zero goal, major changes in passenger
ground transportation are needed. In the coming pages, we dive into

our research on these changes and explore the options for realising them.

We first provide background information to understand how we perform
energy modelling and analysis. Then we look at the transition to
battery-powered mobility, exploring charging infrastructure as well as
how hydrogen and synthetic fuels stack up against electric batteries

for passenger cars. Following that, we evaluate the systemic implications
and costs of the mobility transition and examine the advantages of
shifting from personal cars to public transportation. In an interview, we
hear perspectives from the automotive industry and the Swiss federal
government. Finally, we close this issue with an outlook and open
questions that urgently need to be addressed.

The basis for this new publication was the popular Energie-Spiegel,
published by our lab from 1999-2015. We welcome your feedback

via email at lea-info@psi.ch. If you are not yet a subscriber and would like
to continue receiving future issues of the PSI Energy Compass, please
subscribe.

We look forward to the exchange of ideas with our readers over the
coming years and wish you happy reading!

Editorial team
Laboratory for Energy Systems Analysis
Paul Scherrer Institute PSI
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Modelling the mobility
transition

In our modelling team, we systematically explore
possible technological and fuel supply options
for achieving energy system objectives, together
with their consequences for economy, society,
and environment.

2025 2050

- Bicycle

D Foot

- Public transportation
- Personal Car

Figure 1: Modal split by passenger-
kilometres in Switzerland in 2025
and 2050

Expected distribution of transport
modes in years 2025 and 2050.

By 2050, the total distance travelled
is projected to climb from 129

to 138 billion passenger-kilometres,
whilst the population also increases
from 9 to 10.4 million. In addition

to assuming growth in demand for
public transit, ARE also projects
anincrease in cycling from 2.3% to
3.8% of total passenger-kilometres.

(Source: Bundesamt
fir Raumentwicklung ARE)

To examine the different options for our energy sys-
tem, we create so-called “what-if” scenarios. For
example, we have developed multiple scenarios to
demonstrate how Switzerland can achieve net-zero
greenhouse gas emissions by 2050. Our work in this
area uses one of the most detailed computational
energy models, the Swiss TIMES Energy Systems
Model (STEM). This comprises the entire Swiss ener-
gy system today and into the future. While scenarios
can provide valuable support to decision-makers in
politics and business, it is important to understand
that they are not predictions.

For the analyses in this publication, we use one
of our net-zero scenarios for 2050. Our input data
on social and economic drivers, such as population
growth and gross domestic production (GDP), come
from the Swiss Federal Offices. Our car fleet analyses
partially rely on mobility demand data from the Swiss
Federal Office for Spatial Development (ARE). ARE
assumes that driving private vehicles will become
more expensive starting around 2035, due to acom-
bination of public transit subsidies and measures to
compensate for the external costs of private car use.
Thus, their primary scenario anticipates a shift from

private car use to public transportation (see Figure 1).
Despite this change in modes of transportation, com-
monly referred to as modal shift, the number of cars
ontheroad continues toincrease in ARE’s Basis sce-
nario, in which two out of every three kilometres are
still travelled by car in 2050. This is in part due to the
country’s expected population and economic growth,
as well as consumers’ preference for cars.

In our net-zero scenarios, we assumed the same
modal split as outlined in the ARE scenario, that is,
Swiss residents will continue to rely heavily on per-
sonal cars (see Figure 1).If thisis indeed the case, the
transition to battery-powered mobility will be even
more critical to achieving our net-zero goals.
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33%

The percentage of greenhouse gas
emissions attributable to the
transportation sector in Switzerland.

77%

of those emissions come from
passenger ground transportation,
mostly cars.

(Source: Bundesamt fiir Umwelt)



Shifting gears: the transition
to electric mobility

If Switzerland is serious about achieving
net-zero greenhouse gas emissions,
a technological shift in personal vehicles is needed.

Most cars on the road today are internal combustion
engine vehicles (ICEVs) fuelled by diesel or gasoline.
To achieve net-zero greenhouse gas emissions by
2050, our research shows that the majority of cars
will have to operate using an alternative power source
(Figure 2). The alternatives to ICEVs fuelled by diesel
or gasoline include battery electric vehicles (BEVs),
hydrogen fuel cell vehicles, and ICEVs run on synthet-
ic fuels.

In much of the world, including Switzerland,
a transition to electric mobility has already begun.
Governments are implementing policies specifi-
cally to encourage BEV adoption, including various
financial benefits for owning “clean” or highly effi-
cient vehicles. We will explore the reasons for why

manufacturers and consumers might prefer BEVs
to other powertrains in the column “What kind of
juice?” In addition, from 2035, the EU is banning the
sale of new petrol and diesel cars, unless they run
on alternative fuels. However, many new car buyers
are delaying making the switch, and this transition is
not happening as swiftly as laid out in our net-zero
scenario. Though BEVs are technologically ready for
widespread adoption, there are several barriers to
switching right now.

The first barrier is price. Today, expensive bat-
teries drive up the purchase price of BEVs. Howev-
er, despite requiring upfront investment, BEVs are
cost-effective. In fact, over their entire lifetime, BEVs
are competitive with internal combustion engine



Carsin millions

2023

Figure 2: Possible development of
the Swiss car fleet to achieve
net-zero greenhouse gas emissions
by 2050

The Swiss car fleet today and its
possible development through 2050
to achieve net-zero greenhouse gas
emissions. The total number of cars is
expected to increase from 4.7 million
to 5.9 million by 2050. Although the
number of cars increases, the annual
mileage per car is lower than today;
on average, cars are drivenless.Ina
net-zero society, remaining internal
combustion engine vehicles (ICEVs)
must be operated with synthetic
fuels, which can replace gasoline and
diesel and have a much smaller
carbon footprint.

(Source: PS| Laboratory
for Energy Systems Analysis)
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vehicles, taking into account expenses like in-
surance, service, tyres, fuel,and purchase cost.
But most consumers looking to buy a vehicle do
not take a life-cycle costing approach, mean-
ing BEVs are still perceived as non-competitive
without some form of subsidy.

A second barrier is misinformation about
the low-carbon and sustainability credentials
of BEVs in comparison with other types of pri-
vate vehicles, including concerns about their
batteries. Potential buyers might be discour-
aged from buying BEVs if they believe that the
batteries end up as toxic waste. Recycling will
play a crucial role in mitigating both problems.
To provide an idea of the extent of these recy-

0.2 million

The number of battery electric
vehicles on the road in Switzerland
in 2024, representing 3% of the
total car stock.

(Source: Bundesamt fiir Statistik)

4.5 million

The projected number of battery
electric cars needed on the road

in Switzerland by 2050 according to
our net-zero scenario. This would

be 76 % of the total car stock.

(Source: PSI Laboratory
for Energy Systems Analysis)

cling programs, the EU aims for 73 % of electric
car batteries to be recycled by 2030. In addi-
tion, low-cobalt and entirely cobalt-free battery
technologies are gaining momentum, helping
toreduce demand for this rare, toxic, and often
unethically sourced element.

Another barrier to BEV adoption is con-
cern about charging infrastructure availability,
which we examine in detail next.



The charging challenge: infrastructure
for battery electric vehicles

The availability of chargers is an important
criterion for consumers considering purchasing
a battery electric vehicle.
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Overall, two out of three non-BEV owners cite
access to charging infrastructure as the main
barrier to purchasing a BEV.

Home charging is a big part of this.
Among BEV early adopters, the majority in-
stalled a private charging station. Today, with
the improving access to public chargers, the
proportion of Swiss BEV owners with private
chargers has dropped tojust onein three. Home
charging with a private charger is convenient,
time efficient, and inexpensive, given that the
residential electricity tariffs come without the
public chargers’ fees. Our research shows that
providing overnight charging access through
private home chargers or public chargersin res-
idential areas helps increase BEV penetration
by 12-20% during the period between 2040
and 2050.

In addition to home charging, charging
on the go and during the day is also important.
Among drivers without private home charging,
a 24% higher BEV uptake is observed when
public infrastructure in non-residential areas
is significantly improved, rather than when it is
not. Thisincludes chargers in public parking ga-
rages, store parking lots, and highway charging
stations, for example.

Figure 3: Public charging infrastructure
needs in Switzerland

The minimum number of public charging
stations required to accommodate

the growth of battery electric vehicles in
our net-zero scenario. The numbers
reflect a distribution of station sizes
similar to what we have today. In addition
to public chargers, we will need over

1.6 million home chargers to support
home charging by 2050. The current
standard public chargeris 22 kW.

(Source: PSl Laboratory
for Energy Systems Analysis)

2050

Figure 3 shows how the number of charging
stations in Switzerland needs to increase sub-
stantially to support BEV uptake. According to
our analysis, each BEV needs about 5 kW total
charging capacity, split into around 2 BEVs per
private charger and between 25 and 30 BEVs
per public charger. This means that, by 2050,
Switzerland will need more than eight times as
many regular public chargers and sixteen times
as many fast public chargers as today.

BEV charging infrastructure needs to be
extended on multiple fronts. The installation
of home chargers remains an issue, especial-
ly since most people in Switzerland rent their
homes, and tenants in Switzerland do not have
the right to install BEV chargers in their build-
ings. Public chargers in residential areas can
mitigate this issue. A combination of public
chargers to use on the go, in commercial are-
as, and at workplaces can also help fill the gap.

These findings underscore how important
charging infrastructure is to maintain the BEV
trends. As we will see next, inadequate charg-
ing infrastructure for BEVs today could lead to
costly inefficiencies down the road.



What kind of juice? Electric batteries,

hydrogen, or synthetic fuels

Battery or hydrogen cars? Or conventional combustion engines running on

so-called “e-fuels”, synthetic fuels produced from carbon dioxide, water,

and electricity from renewable sources? What makes the most sense for future

individual road transport to achieve climate targets?

If we want to decarbonise the transportation
sector as efficiently and economically as pos-
sible, our research shows that BEVs are the
best option for personal cars. BEVs are the
most energy efficient, cost-effective and ready
for adoption of the above options. In addition,
hydrogen and e-fuels are urgently needed for
other purposes than passenger cars.

10
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Let’s first look at efficiency. BEVs are about
60 % efficient, looking at the energy they con-
sume “from well to wheel”. Hydrogen cars are
approximately 25% efficient, taking into ac-
count the energy lost as unusable heat during
both hydrogen production with electrolysis, as
well as while operating the car. ICEVs running
on e-fuels achieve only about 10 % efficiency,

8,2 TWh

The amount of electricity that will be
required for electric cars in Switzerland
by 2050, which is about 14 % of

current annual electricity consumption.

(Source: PSI Laboratory
for Energy Systems Analysis)




largely due to the inherent inefficiency of combustion
engines and the energy-intensive process of e-fuel
production. This means that a hydrogen car needs
two and a half times as much electricity, and an e-fuel
car around six times as much, as a BEV to cover the
same distance. Consumers would notice the higher
power requirement when they needed to refuel, since
hydrogen and e-fuels are significantly more expen-
sive than electricity for direct battery charging.

When it comes to reducing greenhouse gas
emissions, time is of the essence. BEVs are the tech-
nology most ready for adoption. Indeed, they are al-
ready a viable alternative to gasoline and diesel cars
today. The same cannot be said of hydrogen fuel cell
cars, nor of e-fuels: in Switzerland, only one model of
hydrogen fuel cell car is available, the present number
of hydrogen filling stations is 17, and e-fuels may not
be viable for years.

Moreover, there are far more sensible applica-
tions for both hydrogen and e-fuels than using them
to fill the fuel tanks of passenger cars. In specific
industries as well as in fertilizer production, there is
no low-carbon alternative to hydrogen. E-fuels will
only be available in limited amounts, and they will be
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needed in aviation and shipping, use cases in which
battery-electric drivetrains are not feasible, due to
the weight of the batteries.

Certain constraints could lead to different
technology choices, however. If drivers continue to
face hurdles in accessing charging infrastructure,
the need for hydrogen fuel cell cars could increase
to achieve the net-zero goal. Compared to switching
to BEVs, this would be more expensive and would re-
quire additional electricity for hydrogen production.
In countries with much lower electrification and less
reliable power grids, electrification of personal mobil-
ity might be disproportionately expensive, meaning
that substituting gasoline and diesel with e-fuels in
ICEVs might be a more economical option. This would
be less efficient overall but might be cheaper from the
perspective of the whole energy system. This is just
one example of how mobility must be considered in
the broader context of the energy transition, as we
will look at next.

n



The bigger picture:
systemic implications
and external costs

The aforementioned shifts within the transportation
sector will lead to significant changes across the whole
energy system.

12

The shift to electric mobility will lead to an
increase in electricity demand. Our work
shows that the electric cars on the road
in Switzerland by 2050 will consume ap-
proximately 8.2 TWh of additional elec-
tricity per year, which is about one-sev-
enth of today’s consumption. Some of this
increase in demand will be made up forin
other areas, such as through better-insu-
lated buildings. However, electricity de-
mand willincrease overall,and in part this
is due to electric vehicles.

Between now and 2050, we esti-
mate that Switzerland’s annual electricity
demand will increase from 60 to 71 TWh.
Though this overallincrease is not dramat-
ic,itis made more difficult by the planned
phase-out of nuclear power, which today
provides roughly 30% of the country’s
electricity. Replacing this nuclear capacity
with other low-carbon electricity sourc-
es presents a more substantial challenge
than accommodating the additional de-
mand from BEVs, which remains compar-
atively modest. To address both aspects,
Switzerland will likely need to continue
expanding photovoltaic (solar) capacity at
a significant pace while also considering
other low-carbon energy sources, such
as new hydropower, wind energy, and
waste incineration with carbon capture
and storage.



Figure 4: External costs of passenger
ground transportation

This chart shows the external costs
of selected modes of transportation
in Switzerland, calculated in cents

in Swiss francs per (passenger-
kilometre). Bus travel is calculated to
be costly in comparison with car
travel for two main reasons: a low
level of bus electrification

(this is for a diesel bus) and a low
occupancy rate (16 %).

(Source: Ecoplan / INFRAS for ARE)

External cost in cents (CHF) per passenger-kilometre

The successful integration of these low-
carbon electricity sources will require
additional investments for stronger
grids, increased storage capacities, and
backup plants. Since our analytical model
does not represent the electricity grid in
detail, itisimportant to acknowledge that
the integration of additional renewables
and electric vehicles may involve some
grid-infrastructure constraints that have
not yet been fully assessed.

Building a resilient and low-carbon
electricity system will not only depend on
domestic infrastructure but also on Swit-
zerland’s ability to coordinate its energy
transition with the rest of Europe, particu-
larly its neighbouring countries. Greater
market integration would enhance supply
security and provide access to a broader
and more diversified energy market.

How much will it cost?

We estimate that the energy transition
will cost Swiss residents an average of
530 Swiss francs per year between now
and 2050. However, this estimate can
vary widely. Depending on factors such
as national policy on energy imports and
consumers’ openness to changing tech-
nologies, our research suggests that the
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energy transition could cost Swiss resi-
dents anything between 320 and 1390
Swiss francs per year. This includes ex-
pensesin the transportation and building
sectors, as well as continued expansions
in low-carbon electricity supply.

It is important to note here that
climate change mitigation is most likely
much cheaper than adaptation in the long
run. In other words, these costs are almost
certainly lower than the cost of “doing
nothing”. The external costs of burning
fossil fuels, those costs we do not pay
directly but rather pay for in the form of
damage to the environment and human
health, are becoming clearer.

In the mobility sector, greenhouse
gas emissions represent the main contri-
bution to these external costs, followed
by air pollutants. Overall, passenger
cars cause external costs of nearly 16
billion Swiss francs per year in Switzer-
land, as estimated in the Federal Office
for Spatial Development ARE’s most
recent report on the external costs of
transportation (Ecoplan / INFRAS for
ARE). A comparison of different modes
of transport shows that the external
effects of electrified public transport are
significantly lower than those of vehi-
cles powered by fossil fuels. Estimated
external costs of cars amount to over

Air pollution

Climate impacts

Fuel, vehicle, and infrastructure
(supply/production)

Accidents

4N ]

Other

Motorbike

16 cents (in Swiss francs) per passen-
ger-kilometre, while those of trains add up
tounder 6 cents per passenger-kilometre.
Figure 4 shows a breakdown of these.

Finally, reducing greenhouse gas
emissions in personal mobility will allow
Switzerland to avoid implementing more
costly measures to meet the net-zero tar-
get, such as expensive new technologies
for freight transport, renovations to dif-
ficult-to-retrofit buildings, and additional
carbon capture and storage. One way to
reduce external costs in the personal mo-
bility sector would be to continue electri-
fying public transportation and, in parallel,
mobilize a modal shift from cars to biking,
walking, and public transportation. The
next section deals with how that might
be achieved.



Rethinking personal mobility:
shifting from cars to public transit

Achieving net-zero emissions in passenger mobility
will require a significant modal shift, or a change from one
mode of transportation to another.

Though electric vehicles do not have any direct
greenhouse gas emissions, there are still signif-
icant emissions associated with their produc-
tion and operation, as Figure 5 illustrates. To fully
decarbonise the entire BEV life cycle, carbon
capture and storage (CCS) and carbon dioxide
removal (CDR) technologies will be needed.
Today, however, these technologies are still
immature and expensive.

Soft mobility options, including e-bikes, are
much cheaper than cars and can be used on
shorter trips to help reduce greenhouse gas
emissions. Public transit is a lower-carbon op-
tion for distances and conditions for which a
bike does not suffice.

To encourage this shift, it is important to
understand the factors beyond cost that influ-
ence individual transportation choices. These



include comfort, habits, and, most criti-
cally, travel time. Non-monetary factors
are in fact the primary drivers behind the
choice of mode of transportation. Many
people prefer to drive their cars because
they find them more convenient than pub-
lic transportation. In Switzerland, where
car drivers tend to have a low sensitivity
to price, travel time is particularly decisive.
Swiss residents are about four times more
likely to choose a mode of transport based
on travel time than on cost.

One of our analyses integrates con-
sumers’ travel time duration and valuation
— inother words, how long their trips are,
and the degree to which they wish they
were shorter. It shows that a combination
of slightly faster public transportation and

250

200

150

100

50

E-bike City bus Tram
(BEV)

Train

Grams of greenhouse gas emissions per passenger-kilometre

slightly slowed-down cars on medium-
and long-distance trips could promote a
5-10% higher public transport demand
between 2030 and 2050. Overall,improv-
ing the efficiency, frequency, and digital
integration (including a variety of mobili-
ty apps and services) of public transport
can make it more attractive to travellers.
Improving public transit travel times, com-
bined with targeted policies for different
trip distances, could encourage greater
public transit usage.

The regulatory framework needs
to reflect geographic and socioeconom-
ic disparities among travellers, as these
factors influence responses to travel
time and cost changes. Policies to reduce
public transit travel costs, particularly for

Car
(ICEV)

Car
(BEV)

SUvV  Suv
(ICEV) (PHEV)

SUV
(BEV)

How many greenhouse gas emissions can | save

with a battery electric car?

Check out our carculator tool or download a copy of the Mobitool spreadsheet model to
compare the carbon footprints of different vehicles, see the effect of charging electric
vehicles with photovoltaic power from your own roof, and calculate the environmental
benefits of choosing a smaller car. You can also use it to check out environmental per-
formances regarding other burdens than GHG emissions.

carculator: https://carculator.psi.ch
Mobitool: https://mobitool.ch/
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low-income consumers with a higher
price sensitivity, could help ease modal
shift for those individuals.

Finally, there would be several sig-
nificant advantages to this modal shift
beyond lower CO, emissions, such as
healthier lifestyles and a more efficient
use of urban space. As we saw in the pre-
vious article, the external costs of cars to
our health and the climate are significant.

. Use (exhaust & maintenance)

. Food (pasta)
l:| Energy chain (fuel & electricity)

. Road infrastructure

. Vehicle (incl. battery & end of life)

Figure 5: Greenhouse gas emissions
(CO, equivalents) per passenger-kilometre
by mode of transportation

This chart shows the carbon footprints of
different urban mobility options in Switzerland.
All selected car types, including internal
combustion engine vehicles (ICEVs), battery
electric vehicles (BEVs), and plug-in hybrid
vehicles (PHEVs) cause higher greenhouse gas
emissions than public transit options. “Car” refers
to a mid-sized car. BEVs cause lower greenhouse
gas emissions over their lifetime than vehicles
powered by gasoline or diesel, but the emissions
are still considerable, especially for large
BEV-SUVs. The occupancy rates of the city bus
and the tram are 16 % and 29 %, respectively,
representing Swiss averages.

(Source: PSl Laboratory
for Energy Systems Analysis)
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“Our wish is for people to become
more multimodal.” ......

A conversation with Regina Witter and Peter Schmid

The very first question: what was the
last mode of transport you used?

Regina Witter

| travelled to work by train. | work in Bern
and live in Neuchéatel right next to the
railway station, though | would prefer

to live even closer and cycle or walk to
work.

Peter Schmid

| travelled to the office today in my fully
electric company car. | could also

cycle to work, but naturally, as an electric
mobility specialist, | drive my car.

RW: Electric mobility is clearly a bless-
ing when it comes to decarbonising
transport. But there is also a major space
problem, especially in cities, which has
not yet been solved. With the growing
population in Switzerland, we need
space-efficient solutions such as public
transport.

And we need interfaces between dif-
ferent means of transport. We are work-
ing a lot on so-called "transport hubs".
The idea is to better connect different
means of transport. Our wish is for
people to become more multimodal and
try to use whichever means of transport
is most suitable. But we humans prefer
to be comfortable. Once we're in the car,
we tend to stay in the car until we reach
our destination. We all have our habits
and usually only change them gradually.

PS: | also believe that urban areas are
becoming too crowded for everyone to
drive their own car. Perhaps there will be
alternatives so that instead of everyone
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driving their own car, carsharing or
autonomous services will be used. | think
there is still a lot to come.

If we perhaps take two more steps
back: mobility is a basic human need,
and it will never be perfectly efficient or
completely climate friendly. The ques-
tion is, what are the best compromises?
The electric vehicle is simply a better
alternative than the combustion engine.
Does that solve the problem? No, but it
is a step in the right direction.

RW: In 2018, the Federal Government
launched the "Electric Mobility Road-
map", which now comprises 74 organisa-
tions from all levels of government and
the private sector. Everyone agrees that
it should be possible to charge your

car everywhere — at work, when travel-
ling, and, above all, at home. Tenants in
apartment buildings don't have it easy.
In addition, we always hear from cities
that it is a challenge to install charging
stations in public spaces due to a lack of

“Mobility is a basic human need,
and it will never be perfectly efficient
or completely climate friendly.”

Peter Schmid

A few obstacles that stand in the way
of the switch to sustainable mobility
have already been mentioned. Do you
see any other obstacles that need to be
removed when it comes to switching to
electric cars or public transport?

PS: One of the big issues now is charg-
ing infrastructure in residential areas.
People who live in rented flats often have
no way of charging an electric car at
home, including street parking.

What also doesn't help is the current
product range. They tend to be premium
vehicles, which are more expensive to
buy. However, cheaper electric models
will soon be launched.

space. Space is a fundamental challenge,
especially for motorised private trans-
port. More space for roads and car parks
means less space for people travelling
on foot or by bike, as well as for greenery.
Itis a weighing of interests: how is the
scarce space in cities best utilised?

PS: | believe that modes of transport
must be intelligently networked and
interact with each other - then exciting
models are possible. Model regions are
needed where new ideas can be tried
out. After an evaluation, model regions
can be expanded. At AMAG, we offer
mobility solutions with a selection of
different vehicles, such as electric cars,



bicycles or cargo bikes, to companies
or housing developments. These take
you to the next level of public transport
integration.

How do you see the situation in differ-
ent European countries, such as Nor-
way or Germany? What can we learn
from other countries?

RW: In Norway, there are strong tax
incentives for electric vehicles.

In Switzerland, however, we have a
completely different starting point with
our excellent public transport system.
Hardly any other European country has
such comfortable and punctual trains.

PS: Norway is a special case. Electromo-
bility was promoted there with massive
state subsidies and it is now cited as an
example, knowing full well that this does
not work in other countries.

Unfortunately, Germany is a worse
example. Germany has invested mas-
sively in electromobility, with subsidies
of up to 9,000 euros per electric vehicle.
What happened? The electric vehicles
were first registered in Germany, the
subsidies were received, and then the
vehicles were re-sold in Norway.

Plug-in hybrids were also subsidised
in Germany. Companies were motivated
to switch to plug-in hybrids and collect-
ed the subsidies. In the end, very few
people drove electrically and then of
course it makes no sense to buy a plug-
in hybrid vehicle.

There must be a natural and mar-
ket-driven development in the field of
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electromobility. What is a bit of a shame
in Switzerland is the lack of predictabili-
ty, such as the fact that electric vehicles
are suddenly no longer exempt from
import tax from 2024. This sends the
wrong signals to industry and consum-
ers. The same applies to the discussion
about the ban on combustion engines in
2035, which is unsettling those interest-
ed in electric cars.

What's the best way to get
consumers to play along?

PS: We know from various studies that
83% of consumers who drive

an electric car would not switch back
to a combustion engine. Unfortunate-
ly, there is still a lot of misinformation
about electromobility. That is also

the approach we are taking - to really
educate people: is an electric car more
sustainable than a combustion engine?

What happens to the batteries when | no

longer need them? A lot of education is
still needed.

As Mr Schmid mentioned, there

are ongoing discussions in the EU
about phasing out new registrations
for ICEVs. To what extent are these
framework conditions decisive for
Switzerland?

PS: By 2035, the majority of vehicles on
the market will be electric. Should the
state intervene with tough regulations?
At the moment, it looks like the market
will regulate itself. VW has decided that
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the brand will go electric. Mercedes has
done the same. BMW may still be a little
more open to technology. However,

| believe that the market will regulate
itself and Switzerland will probably not
need to intervene too much.

RW: It works well in Switzerland to
explain to people what the positive
incentives are. An attractive public
transport offer also encourages people
to use public transport. It may not
work quite as quickly as with restrictive
measures, but it is more sustainable
because people support it.

Does car traffic in Switzerland have
to decrease or is it not a problem if it
continues to grow?

RW: Due to the space required, it is cer-
tainly not without problems. Transpor-
tation infrastructure already accounts for
a third of the total settled area in Switzer-
land. We are reaching our limits in urban
areas and it is therefore very important
to find alternatives. It is worrying that
the car industry is moving more in the
direction of large SUVs that need a lot of
space. That goes against the idea of effi-
cient land utilisation. It would help a little
if more people travelled together in the
car. Today, the average occupancy rate in
commuter traffic is only 1.09 people per
car and journey, which is very low.

| believe that the key solution is to
coordinate transport and spatial devel-
opment. Spatial planning can specify
where and how much should be built,
but the realisation is almost always up
to the private sector. It must come down
to the fact that there are also economic
reasons to build denser urban areas
so that people can enjoy travelling by
bike and public transport and don't see it
as a problem.
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It's not that cars are inherently bad. The
idea is to see which means of transport
is the most suitable and perhaps also
the fastest, depending on the area. The
fastest in urban areas is the bicycle - up
to five kilometres in any case, and with
the e-bike even up to 15 kilometres. Most
people probably don't realise that.

Do you think that the measures
currently being implemented or
announced will be sufficient overall
to achieve the climate targets in the
transport sector?

RW: In my view, things are moving a
little too slowly. If everyone took public
transport or cycled from time to time,
then a great deal would already have
been achieved.

PS: | take a similar view. We are probably
a little behind schedule, but | don't think
anything should be changed now or

can be changed in the short term. When
the time comes, people in Switzerland
will adapt. It may be a slow process, but
itis moving in the right direction and is
therefore much more sustainable.

In other words: the carrot will be
enough, and you don't need the stick.

RW: Certain rules are set. Almost all
cities have a management system for
parking; you can't just park everywhere
for free. Owning a car in cities is not
cheap either, and it is becoming increas-
ingly expensive. Let's put it this way:

it goes without saying that clear rules
are needed to ensure that living togeth-
er in society works. This also applies to
transport and space. Nevertheless, we
still live in a democracy. | believe that
coercion does not work in Switzerland

and tends to have the opposite effect of
what we actually want.

Mr Schmid, if you had one wish for the
Swiss federal administration in the
transport sector, what would it be?

PS: As | mentioned, we need
predictability.

And Dr Witter, what would you like to
see from the automotive industry?

RW: | think it would be good if more
small cars were on the market. | also
wonder to what extent AMAG, for exam-
ple, could get involved in carsharing.

Not just selling each owner their own
car but offering a model in which several
people would use one car together.
However, if carsharing were to catch on,
it would probably go against your
business model of selling more cars.

PS: Of course this would be against the
original business idea, but we need to
evolve with the times. Every transforma-
tion has a learning phase, but alterna-
tives are urgently needed, because
simply carrying on as we have done over
the last few decades is not an option.



Outlook: realizing net-zero emissions
In personal mobility

From manufacturers to policymakers, housing developers to
local governments, renters to homeowners, everyone
can contribute to making the mobility transition successful.

Agreeing on what the future should look
like is the first step towards coordinated
action. In this issue of the PSI Energy Com-
pass, we have showcased research and
highlighted challenges that show:

* The widespread adoption of battery
electric vehicles is the most straightfor-
ward and efficient path towards achiev-
ing net-zero greenhouse gas emissions
in the mobility sector,

* The systemic impact and costs of the
mobility transition are manageable in
comparison with the external costs of
a business-as-usual scenario, and

PSI Energy Compass — #1/2025

* Modal shiftandincreased multimodality
come with environmental and econom-
ic benefits.

Open questions remain, of course. More
research needs to address aspects such
as consumer acceptance of new technol-
ogies, rebound effects of digitalisation,
and modal shift. Many aspects of individu-
al charging behaviour remain unclear. How
exactly to secure the electricity supply is
also yet to be determined. Another area
that urgently requires answers is the topic
of recycling and circular economy, espe-
cially when it comes to BEV batteries.

Advancing personal mobility within the
energy transition demands a holistic
approach - one that carefully balances
technology, infrastructure, and behav-
ioural change to build a low-carbon so-
ciety that is both equitable and resilient.
At the Laboratory for Energy Systems
Analysis, we bring this approach to all our
research, aiming to support informed de-
cision-making. We look forward to sharing
more in-depth analysis in our next issue.
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