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Abstract

Light electric vehicles (LEVs) are efficient vehicles in terms of both consumption and space
thanks to their light weight and small size. They can be beneficial for users and serve the
latest development goals such as reducing emissions and saving space in cities. However, the
sales of these vehicles in Germany (and in Europe in general) account for less than 0,03% of
all car sales in a year [1, p. 2, 2]. This study explores the perspective of users by their choice
of mobility solutions to illuminate why these vehicles haven't gained traction. For this
purpose, first the current state of knowledge on LEVs in the literature is reviewed and
presented. The focus is on the advantages and disadvantages of LEVs, their projected
potential use cases, and examples of current models on the market. Based on these
information, three use cases (commuting, shopping and first/last mile) and possible
alternative mobility options for these use cases are selected for an in-depth analysis. Using
the persona method as well as real vehicle examples and semi-randomly generated example
trips, each use case and mobility option is analyzed from the user's perspective. This analysis
identifies and compares the quantitative and qualitative aspects that affect users during
these trips for each selected LEV and the alternative mobility options. The results of this
analysis are later compared to the results of a separately conducted qualitative expert
interview. The analysis shows that LEVs fulfill some important trip requirements in the
investigated use case scenarios which public transport and micromobiles cannot fulfill, while
LEVs and conventional passenger vehicles show little to no difference in most cases,
especially in urban areas. However, these results also show that LEVs do not provide any
significant benefits during use over conventional cars to justify their purchase. The study is
concluded with recommendations on how to create new unique advantages for LEVs to

support wider adoption of these vehicles.

Keywords: energy efficiency; land use in cities; urban mobility; Sustainable Development
Goals (SDGs); user centric; expert interviews; commuting; first/last mile vehicle; three- and

four-wheeled light electric vehicles; small electric vehicles; L2e; L5e; L6e; L7e
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1 Motivation and structure of the study

Topics such as urbanization and environmental protection pose numerous challenges for the
future of mobility in both urban and rural areas. According to the United Nations, there is a
continuous trend of migration to cities and it is expected that by 2050, 83,7% of the
European population will live in so-called functional urban areas [3]. The continuous growth
of the urban population leads to an overburdening of existing urban structures. This in turn
leads to economic and social problems, due to reasons such as lost time and stress. For
example, in 2019, the average time lost in traffic for a person in Rome was 166 hours per
year [4, p. 13]. On the other hand, there is also an increased demand for public spaces in
cities - for example, to increase green areas - to improve the quality of life in cities and for
further social purposes. One of the most pressing environmental issues is global warming.
The transport sector is responsible for 29% of total economy-wide greenhouse gas emissions
in the EU, and about 70% of these emissions are caused by road transport [5]. The European
Union aims to achieve a carbon-neutral EU by 2050 and a 55% reduction in greenhouse gas
emissions by 2030 [6]. Moreover, the goal of mass transition to battery electric vehicles may
lead to increased consumption of rare materials and increased waste in the long run. Cars
currently account for a significant share of the modal split in Germany and Europe. Due to
their relatively high weight, size, and low occupancy rate (in Germany, the average
occupancy rate of a vehicle is 1.46 people [7]), a mobility system dominated by these
conventional cars represents a suboptimal state in light of these upcoming challenges. Small

and light electric vehicles offer a potential solution to this problem.

The main idea behind promoting light electric vehicles (LEVs) is to take advantage of the
higher efficiency of these vehicles compared to conventional cars. Because of their smaller
size, they weigh less and therefore require less energy to operate. This also translates into a
smaller battery size needed for a given range. So not only do these vehicles require less
material to build, they're also more efficient in using the materials needed for batteries,
which have a more critical environmental impact than the materials used to build the rest of
the vehicle, such as steel. For the same reasons, they also produce less waste at the end of

their lifecycle. The efficiency of these vehicles isn't limited to energy and materials, either.



Thanks to their smaller footprint, they take up less space on the road and contribute
positively to traffic flow. They are less threatening to vulnerable road users such as
pedestrians and cyclists than larger vehicles. They also take up less parking space and can
therefore contribute to saving space in cities if implemented on a large scale. In addition,
LEVs can have lower operating costs than conventional vehicles and some can be driven at
a younger age, depending on regulations in the country where they are used. The smaller
size also makes it easier for users to find parking spaces. Together, these benefits align with
several aspects of UNDP's Sustainable Development Goals [8] and make LEVs a topic of

interest for sustainability research.

While the advantages of LEVs are mostly related to their smaller size compared to
conventional vehicles, their advantages over the smaller mobility solutions such as bikes and
e-scooters come from offering more comfort and functionality. They have a partially or fully
enclosed space for the user, which brings more safety and partial or full weather protection,
depending on the body type of the vehicle. They are capable of higher speeds compared to
(e-)bikes and e-scooters and can use the lanes for vehicles, which makes them suitable for
more mobility needs. Most of these vehicles also offer small storage compartments for
carrying small items, which can be problematic when riding a bike or e-scooter. Taken
together, LEVs aim to fill the gap between conventional passenger vehicles and micro-

mobility solutions, and contribute to efforts to improve intermodal and multimodal travel.

Despite the aforementioned advantages, sales of light electric vehicles in Europe remain very
low. While the total number of newly registered passenger cars in Europe exceeded 11,5
million in 2020 [2], the number of sold quadricycles (L6e and L7e vehicles) was limited to
2816 vehicles in 2019 [1, p. 2].

The idea of using the benefits of LEVs as a solution to current challenges of mobility has
been around for some time. Therefore, there are numerous studies on the potential of these
vehicles. However, research shows that many of these studies examine these potentials
qualitatively or rely on survey results. This study aims to take a critical stance on these
identified potentials by comparing LEV solutions to other existing mobility solutions in

specific use cases and investigating which solutions look favorable from a user perspective.



The goal is to create a more precise understanding of these identified potentials and to assist

LEV developers and policy makers in their future work.

To achieve this goal, this study is structured as follows:

Chapter 2 introduces the definition of LEVs and defines to which type of vehicles this
study is limited.

Chapter 3 presents the knowledge of LEV in the literature. This chapter describes the
categories of LEVs as well as some current vehicle examples, the advantages and
disadvantages of LEVs, and their potential use cases. The information presented here
also serves as input for the analysis in the upcoming Chapter 4.

Chapter 4 introduces the analysis of selected use cases with different mobility options
from the user's perspective. After presenting the chosen methodology and the
relevant inputs for this analysis, the results of the analysis are described in detail.
Lastly, these results are compared with the results of a separate expert interview.
Chapter 5 discusses the results of this analysis, proposes some solution ideas for

increasing the acceptance of LEVs, and gives an outlook for further studies.



2 Definition of LEV

At the beginning of this study, it is important to clarify what the term "small and light electric
vehicles" stands for. A review of the literature shows that the boundaries that this term
encompasses vary from one source to another. In addition, there are different
categorizations by different regulatory organizations at national and international levels,

which further complicates the definition of these vehicles.

In this study, the definition of light electric vehicles is limited to three-wheeled and four-
wheeled L-class vehicles (L2e, L5e, L6e and L7e) according to EU Regulation No. 168/2013
[9]. Two-wheeled L-class vehicles, which include motorcycles but also micromobiles such as
e-scooters or pedelecs, are not considered in this study because they have significantly
different characteristics compared to the three- and four-wheeled vehicles in terms of
driving, range and safety. Furthermore, the focus of this study is on passenger transportation.

Therefore, commercial vehicles used for transporting goods aren't considered either.

The classification criteria for type admission according to EU Regulation 168/2013 are
summarized in Table 1 below (the original classification criteria from the regulation are
presented at the beginning of each corresponding subchapter in Chapter 3.1). To be
admitted, each vehicle should meet specific requirements according to its chosen
classification (a vehicle can meet the criteria of more than one category, and the
manufacturer can choose which category its vehicle should be admitted to), which are
detailed in the same regulation. The admission requirements of the LEV categories are
generally less demanding than those of the M1 category (the category for conventional

passenger cars).



Table 1: Type-admission criteria for L2e, L5e, L6e and L7e vehicles according to the EU Regulation Nr. 168/2013 [9, 10, p. 16]

Category

Subcategory

Sub-subcategory
Maximum design
speed

Maximum
continuous rated

power

Maximum
unladen weight*

Length
Width

Height

Seating

Number of wheels

L2e

L2e-P
Passenger
transport

L2e-U
Transport of
goods

< 45 km/h

<4 kW

<270 kg

<4000 mm
<2000 mm

<2500 mm

* Weight in running order, without batteries

L5e-A
Mainly
passenger
transport

L5e

< 1000 kg

<4000 mm
<2000 mm

<2500 mm

L5e-B
Commercial
use

L6e

L6e-A Light
road-quad

L6e-B
(BP/BU)
Light four-
wheel-
mobile

< 45 km/h

<4 kw <6 kW

<425 kg

<4000 mm | <3000 mm

<2000 mm <1500 mm

<2500 mm

L7e-A
(A1/A2)
Heavy road-
quad

< 15 kW

<450 kg

L7e

L7e-B
Heavy off-road quad

L7e-B1
Off-road
quad

<90 km/h

<4000 mm

<2000 mm

L7e-B2
Side-by-side
buggy

<15 kW

<450 kg

<2500 mm

<32 of
them
arranged
side-by-side)

4

L7e-C

Heavy four-wheeled mobile

L7e-CP
Passenger
transport

L7e-CU
Transport of
goods

<90 km/h

<15 kW

<450kg = <600 kg

<3700 mm

< 1500 mm



In Europe, different LEV categories require different licenses. The L2e and L6e categories
require an AM category license. L7e vehicles require a category B license, just like
conventional passenger cars. For the L5e category, the license required depends on the
continuous rated or net power of the vehicle. If the L5e vehicle has up to 15kW of power, it
can be driven with an A1 category license. If it has more than 15kW of power, it requires a
category A license. As a result of these different license requirements, the minimum driving
age also changes depending on the category. While L2e and L6e vehicles and L5e vehicles
with less than 15kW of power can be driven from the age of 16, L7e vehicles require the
age of 18 and L5e vehicles with more than 15kW of power require the age of 21 (the age
requirements may be subject to further details in different countries, such as the example of
the category B driver's license with accompanied driving in Germany). The relevant driver's
license categories for three-wheeled and four-wheeled LEVs and their respective
requirements are shown in Table 2 below. The specifications of these categories for two-

wheeled vehicles are not included in this table.

Table 2: Driving license categories for three- and four-wheeled LEVs and their conditions [9, 11]

Driving license Conditions Minimum Relevant vehicle
category age categories
AM 3 wheeled vehicles with maximum design speed < 16* L2e, L6e

45km/h, maximum continuous rated power < 4kW,
mass in running order < 270kg and maximum two
seating positions (L2e)

4 wheeled vehicles with maximum design speed <
45km/h, maximum continuous rated power < 6kW (<
4kW if L6e-A), mass in running order < 425kg and
maximum two seating positions (L6e)
A1 3 wheeled vehicles with maximum design speed 16 L5e
45km/h and maximum continuous rated power
15kwW

NV

A 3 wheeled vehicles with maximum design speed 21% L5e
45km/h and maximum continuous rated power >

15kwW

\Y%

B 4 wheeled vehicles with maximum authorized mass 18* L7e
< 3500kg and designed and constructed for the
carriage of no more than eight passengers in addition
to the driver

* Susceptible to further details



3 LEV state-of-art

This chapter presents the current knowledge about LEVs in the literature. Chapter 3.1
introduces the general characteristics of the LEV categories mentioned in Chapter 2 above
and presents some vehicle examples from these categories. Chapters 3.2 and 3.3 summarize
the identified advantages and disadvantages of LEVs. Chapter 3.4 brings together the

anticipated potential use cases.

Most of the reviewed literature on LEVs relies on one or more of the following methods for
information: analytical studies of vehicle characteristics, expert interviews, survey results, and
data from demonstration project participants. From these literature, information on the
advantages, disadvantages and potential use-cases of LEVs are collected. The advantages are
included to provide a baseline knowledge for why the adoption of these vehicles should be
pursued and to present the arguments for why users might want to use these vehicles in a
given use case. The disadvantages are included to acknowledge where the shortcomings of
these vehicles are and to understand why users might choose another alternative to LEVs in
a given real-world situation. The use cases are included to show where the current state of
knowledge sees the highest potentials for these vehicles. This information is also used to
select the use cases to be analyzed in Chapter 4. Information on the LEV categories and
current offerings is presented at the beginning of this chapter to provide a basis for
understanding the current state of the market and the general characteristics of these
vehicles. Some of the vehicles presented in this chapter are also used in the analysis of the

use cases in Chapter 4.



3.1 LEV categories and examples

The idea of LEVs on European streets can be traced back several decades with examples such
as the Hotzenblitz (1989-1996) and City EL (1987-1991). These vehicles didn't succeed in
establishing themselves in the market. However, the decade of the 2010s has seen a
resurgence of interest in the idea of LEVs, as evidenced by the number of new concept and
production vehicles entering the market. It can be hypothesized that developments in the
field of lithium-ion batteries and the increased focus on more climate-friendly and city-
friendly alternative mobility solutions have played a role in this development [10, pp. 24-25].
The following subchapters provide a brief overview of the current LEV offerings in each

vehicle category.

3.1.1 L2e vehicles

L2e vehicles are the smallest and lightest of the categories considered in this study. As can
be seen in Table 3 and Table 4, the L2e-P vehicles, which are the L2e vehicles for personal
transport, are limited to the dimensions of 4000 mm/2000 mm/2500 mm
(length/width/height), have a maximum mass of 270 kg and seat a maximum of 2 people.
This relatively low maximum weight limit and the maximum speed limit of 45 km/h make the
vehicles in this category most suitable for mobility needs in urban areas. To maximize the
benefits in this context, many current vehicles in this category have adopted a short and
narrow design to achieve this low weight limit. This maximizes their practicality by reducing
the amount of space they require. However, this design also results in a more upright and
higher seating position for the occupants and a higher center of gravity. Since these vehicles
cannot counteract this higher center of gravity with a wider track width, due to their goal of
being as narrow as possible, this design is usually more prone to tipping. To solve this
problem and also to increase agility, many vehicles in this category have a tilt mechanism for
cornering. In addition to increased agility, this feature gives these vehicles a more
"motorcycle-like" driving characteristic, which can be perceived as more dynamic and fun
by some users. However, it also results in higher costs due to the more complex mechanisms
required. Another common feature of these vehicles is partial weather protection. Some

current L2e vehicles choose not to include doors in their designs. The reason for this is to



stay within the weight limit, but also to allow for unobstructed entry and exit, and to not

confine the user to a space that is too small and cramped. These vehicles provide a windshield

and roof to protect against wind and direct rain, but don't provide an isolated driver's

compartment.

Table 3: Classification criteria for categories L1e-L7e (extract from the EU regulation on two- and three-wheeled
vehicles and quadricycles) [9, p. 94]

Category

Category name

Common classification criteria

Lle-L7e

All L-category
vehicles

(1) length < 4 000 mm or < 3 000 mm for a L6e-B vehicle or <3 700 mm for a
L7e-C vehicle, and

(2) width <2 000 mm, or < 1 000 mm for a L1e vehicle, or < 1 500 mm for a
L6e-B or a L7e-C vehicle and

(3) height < 2 500 mm and

Table 4: Classification criteria for category L2e (extract from the EU regulation on two- and three-wheeled
vehicles and quadricycles) [9, p. 95]

Category Category name Common classification criteria
L2e Three-wheel (4) three wheels and powered by a propulsion as listed under Article 4(3) and
moped (5) engine capacity < 50 cm? if a Pl internal combustion engine or engine capacity
<500 cm? if a Cl combustion engine forms part of the vehicle’s propulsion
configuration and
(6) maximum design vehicle speed < 45 km/h and
(7) maximum continuous rated or net power < 4 000 W and
(8) mass in running order < 270 kg and
(9) equipped with a maximum of two seating positions, including the seating
position for the driver and
Sub- Subcategory Supplemental sub-classification criteria
categories name
L2e-P Three-wheel (10) L2e vehicle other than those complying with the specific classification criteria
moped for for a L2e-U vehicle.
passenger
transport
[2e-U Three-wheel (10) exclusively designed for the carriage of goods with an open or enclosed,
moped for utility  virtually even and horizontal loading bed that meets the following criteria:
purposes

(a) lengthicading bed X Widthicadingbed > 0,3 x Lengthuenice x maximum Widthuenide or

(b) an equivalent loading bed area as defined above in order to install machines
and/or equipment and




(c) designed with a loading bed area which is clearly separated by a rigid partition
from the area reserved for the vehicle occupants and

(d) the loading bed area shall be able to carry a minimum volume represented by

a 600 mm cube.

Roo (or BICAR by its old name) and Toyota iRoad are two current example vehicles for the

L2e category that are introduced in this chapter.

Figure 1: BICAR (2. Gen) [12]

Model name

Width

Length

Height

Maximum design speed

Maximum continuous
rated power

Mass in running order
Battery capacity
Range

Energy consumption

Trunk capacity

BICAR (2. gen)
800 mm

1500 mm
1836 mm

45 km/h

not specified

120 kg

3,7 kWh

40 - 60 km

4,8 kWh/100 km

not specified

Table 5: BICAR (2. Gen) technical specifications [12]

Roo is a vehicle that first emerged as a development project at the Zurich University of

Applied Sciences in Switzerland in 2014 under the name BICAR. The second generation of

this vehicle was approved for road use in Switzerland in 2020, and the third generation is

now planned for a pilot project in 2022 [13]. This vehicle is designed for individual users to

cover short and medium distances in urban areas [12, p. 158]. A unique feature of this vehicle

is its very compact design to enable a very small footprint (1,2 m?) and low weight (120 kg).

The small footprint allows 6 Roos to be parked in a conventional parking space (2 m * 5 m).

The light weight of the vehicle allows a low energy consumption (4,8 kWh/100km), which

allows a range of up to 60km with its 3,7 kWh battery. According to the developers, 75%

10



of all materials used in this vehicle are recyclable [12, p. 160]. The specially designed
windshield and roof aim to keep the user dry on a rainy day, despite the partially open design
of the vehicle. To keep weight to a minimum, non-essential features such as audio systems
and design elements aren't built into the vehicle. Instead, the vehicle offers smartphone
connectivity, and functions such as navigation are expected to be provided by the customer's
own device. For safety, the vehicle has a tubular frame around the driver's zone and offers
a three-point seat belt. For transporting goods, the vehicle has a bag holder in front of the
handle and a storage box in the rear. The vehicle has a tilt mechanism that can tilt up to 35°
when cornering for increased maneuverability and stability. The vehicle is steered by a

motorcycle-style handlebar [14].

F Model name Toyota iRoad
Width 870 mm
Length 2345 mm
Height 1455 mm

Maximum design speed 45 km/h

Maximum continuous 3,8 kW
rated power

Mass in running order <300 kg
Battery capacity 5,5 kWh
Range 50 km
Energy consumption Not specified
Trunk capacity -

Figure 2: Toyota iRoad [17] Table 6: Toyota iRoad technical

specifications [15, 16]

Toyota iRoad was first introduced as a concept vehicle at the 2013 Geneva Motor Show, and
a street-legal version made its debut at the 2014 Paris Motor Show. Toyota stated the goals
of this vehicle as providing greater flexibility in urban mobility while reducing urban
congestion and harmful emissions [18]. As of today, Toyota iRoads are offered as sharing

vehicles to be used in combination with public transport as pilot projects in the cities of
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Toyota City, Grenoble and Tokyo [19]. The vehicle's uniqueness lies in the fact that it offers
a fully enclosed cabin and vehicle functions such as heating and audio systems, yet it weighs
less than 300 kg (the exact weight has not been disclosed by the manufacturer) and qualifies
for the L2e category. Like the Roo, the Toyota iRoad has two front wheels, one rear wheel
and a tilt mechanism. This mechanism allows the vehicle to tilt when cornering for increased
maneuverability, but also keeps the vehicle straight on uneven surfaces. Unlike conventional
vehicles, the iRoad is steered by its rear wheel. The iRoad is as narrow as the Roo, with a
maximum width of 870 mm between the two side mirrors, but the fully enclosed cabin,
additional features and the seat for a second person result in a relatively higher weight and
a longer vehicle length (2345 mm). With these dimensions it is possible to park up to 5
iRoads in a conventional parking space. Unlike the Roo, the Toyota iRoad has a steering
wheel like a conventional car and, as mentioned above, has heating, adjustable windows,
an audio system and interior lighting. These give the user a more car-like interior. The vehicle
doesn't have any dedicated storage space, but the back seat can be used to transport goods
when there is no second passenger. For safety, the vehicle offers a three-point seat belt, but

doesn't have an airbag [15].

3.1.2 L5e vehicles

The L5e category differs from the L2e category by not having a maximum speed limit and by
allowing more seats and higher maximum mass. As can be seen in Table 3 and Table 7, L5e-
A vehicles, which are the L5e vehicles for passenger transport, are limited to dimensions of
4000 mm/2000 mm/2500 mm (length/width/height), have a maximum weight of 1000 kg
and seats for a maximum of 5 people. The lack of a maximum speed limit distinguishes these
vehicles from L2e vehicles by allowing them to be suitable for non-urban roads. As wind
resistance begins to play a more important role at higher speeds, an aerodynamic design
with less wind resistance becomes more important in L5e vehicles. In addition, they require
increased stability against tipping at higher speeds, which is a disadvantage of the three-
wheeled design. To achieve these goals, L5e vehicles tend to have a wider track width and
a lower center of gravity, which is achieved with a lower and longer vehicle design. They also
tend to offer fully enclosed driver cabins. The longer and wider dimensions, as well as the

fully enclosed design, allow these vehicles to offer more dedicated storage space. The wheel
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arrangements of two front wheels and a single rear wheel as well as a single front wheel

and two rear wheels can be found in this category, such as the examples of Twike 5 and

SAM. It is also possible to find ICE vehicles which do not offer weather protection and are

more similar to motorcycle designs, such as the Piaggio MP3, in this category. However,

these vehicles are not included in this study because they are not electric and do not count

as LEVs.

Table 7: Classification criteria for category L5e (extract from the EU regulation on two- and three-wheeled
vehicles and quadricycles) [9, p. 98]

Category Category name Common classification criteria

L5e Powered tricycle  (4) three wheels and powered by a propulsion as listed under Article 4(3) and
(5) mass in running order < 1 000 kg and
(6) three-wheel vehicle that cannot be classified as a L2e vehicle and

Sub- Subcategory Supplemental sub-classification criteria

categories name

L5e-A Tricycle (7) L5e vehicle other than those complying with the specific classification criteria
for a L5e-B vehicle and
(8) with a maximum of five seating positions, including the seating position of the
driver.

L5e-B Commercial (7) designed as a utility vehicle and characterised by an enclosed driving and

tricycle passenger compartment accessible by maximum three sides and

(8) equipped with a maximum of two seating positions, including the seating
position for the driver and

(9) exclusively designed for the carriage of goods with an open or enclosed, virtually
even and horizontal loading bed that meets the following criteria:

(a) lengthioading bed X Widthicading bed > 0,3 x Lengthvenice x maximum Widthenice or

(b) an equivalent loading bed area as defined above designed to install
machines and/or equipment and

(c) designed with a loading bed area which is clearly separated by a rigid
partition from the area reserved for the vehicle occupants and

(d) the loading bed area shall be able to carry a minimum volume represented
by a 600 mm cube.

The Twike 5 is introduced in this chapter as an example L5e vehicle.
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Model name Twike 5

Width 1552 mm
Length 3327 mm
Height 1235 mm

Maximum design speed 130/ 190 km/h

Maximum continuous 45 kw
rated power

Mass in running order ca. 600 kg

Battery capacity 18/36 kWh
Range 250/500 km
Energy consumption 7,2 kWh/100 km
Trunk capacity 300l

Figure 3: Twike 5 [20] Table 8: Twike 5 technical specifications [20]

Twike 5 is a vehicle with a single front wheel and two rear wheels which is currently in the
prototype-phase and is expected to enter series-production by the end of the first half of
2023. Like its predecessor, the Twike 3, which was launched in 1996, the Twike 5 has the
unique feature that its electric powertrain can be assisted by the driver through pedaling.
The energy generated by pedaling is sent to the vehicle's battery and can be used to reduce
the vehicle's power consumption or increase its range. The manufacturer promotes this
feature as a way to exercise while driving. Other unique features of this vehicle are its steering
controls and its high top speed and range. The vehicle is steered by a sidestick steering
system, which the manufacturer claims allows for precise and fatigue-free steering. This
steering system also allows for an ergonomic seating position that allows for comfortable
pedaling. Depending on the battery configuration, the Twike 5 has different ranges and top
speeds. The smaller 18 kWh battery provides a range of 250 km and a top speed of 130
km/h, while the 36 kWh battery provides a range of 500 km and a top speed of 190 km/h.
These ranges and top speeds differentiate the Twike 5 from other LEVs in this study and
make it suitable for non-urban roads and longer trips. However, the Twike 5 is also

significantly more expensive than the other examples, with expected prices ranging from
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€39.900 to €49.900. The dashboard is equipped with a 7-inch touch display. For storage,
there is a dedicated space in the back of the vehicle that can accommodate packages up to
90x50x50 cm. For larger items, the passenger seat can be removed to create more storage
space. For safety, the Twike 5 has a 3-point seat belt and a fiber composite roll cage in

addition to its aluminum chassis [20].

3.1.3 L6e and L7e vehicles

The L6e and L7e categories cover the 4-wheeled light electric vehicles. As shown in Table 3
and Table 9, the L6e-BP vehicles, which are the L6e vehicles for personal transport, are limited
to the dimensions of 3000 mm/1500 mm/2500 mm (length/width/height), have a maximum
weight of 425 kg, a maximum continuous rated or net power of 6 kW, a maximum speed
of 45 km/h, and a maximum seating capacity of 2 people. The L7e-CP vehicles, which are
the L7e vehicles for passenger transport, differ from the L6e-BP category by a longer length
(3700 mm vs. 3000 mm), a slightly higher maximum weight (450 kg vs. 425 kg), a higher
maximum continuous rated or net power (15 kW vs. 6 kW), a higher maximum speed (90
km/h vs. 45 km/h) and more seats (4 vs. 2). The longer length and higher weight limit are to
allow the additional seating, while the higher power is to allow the higher top speed. With
a top speed of 45 km/h, the L6e vehicles are mostly suitable for urban use. The increased
top speed of the L7e vehicles allows them to be used on non-urban roads. However, as they
are still below the maximum speeds of intercity roads and highways, they can be considered
as urban vehicles with some additional flexibility. Unlike the L2e and L5e categories, L6e-BP
and L7e-CP vehicles require an at least partially enclosed driver's cabin. With their 4-wheel
configuration and enclosed driver's cabin, L6e and L7e vehicles feature a design more similar
to conventional M1 vehicles. To emphasize their advantage over M1 vehicles in urban
environments, but also to meet the relatively low weight limit, typical vehicles in this category
aim for very compact designs. They also typically offer a limited number of additional features
to save weight and keep costs down. Currently, Renault (Twizy) and Citroen/Opel (Ami/
Rocks-e) are the OEMs that have a vehicle in the European market. However, models from

smaller companies such as Microlino and Aixam are also available.
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Table 9: Classification criteria for category Lée (extract from the EU regulation on two- and three-wheeled

vehicles and quadricycles) [9, p. 99]

Category Category name Common classification criteria
L6e Light quadricycle  (4) four wheels and powered by a propulsion as listed under Article 4(3) and
(5) maximum design vehicle speed < 45 km/h and
(6) the mass in running order < 425 kg and
(7) engine capacity < 50 cm? if a Pl engine or engine capacity < 500 cm? if a Cl
engine forms part of the vehicle’s propulsion configuration and
(8) equipped with a maximum of two seating positions, including the seating
position for the driver and
Sub- Subcategory Supplemental sub-classification criteria
categories name
L6e-A Light on-road (9) Lbe vehicle not complying with the specific classification criteria for a L6e-B
quad vehicle and
(10) maximum continuous rated or net power < 4 000 W.
L6e-B Light quadri- (9) enclosed driving and passenger compartment accessible by maximum three
mobile sides and
(10) maximum continuous rated or net power < 6 000 W and
Sub-sub- Sub- Sub-sub-classification criteria in addition to the sub-classification criteria of
categories subcategory a Le6e-B vehicle
name
L6e-BP Light quadri- (11) L6e-B vehicle mainly designed for passenger transport and
mobile for (12) L6e-B vehicle other than those complying with the specific classification
passenger L .
criterion for a L6e-BU vehicle.
transport
L6e-BU Light quadri- (11) exclusively designed for the carriage of goods with an open or enclosed,
mobile for utility  virtually even and horizontal loading bed that meets the following criteria:
purposes

€)] |engthloading bed X Widthloading bed = 0,3 x Lengthvehide x maximum Widthvenide Or

(b) an equivalent loading bed area as defined above in order to install machines
and/or equipment and

(c) designed with a loading bed area which is clearly separated by a rigid
partition from the area reserved for the vehicle occupants and

(d) the loading bed area shall be able to carry a minimum volume represented
by a 600 mm cube.
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Table 10: Classification criteria for category L7e (extract from the EU regulation on two- and three-wheeled
vehicles and quadricycles) [9, p. 101]

Category Category name Common classification criteria
L7e Heavy (4) four wheels and powered by a propulsion as listed under Article 4(3) and
quadricycle (5) mass in running order:
(a) < 450 kg for transport of passengers;
(b) < 600 kg for transport of goods. And
(6) L7e vehicle that cannot be classified as a L6e vehicle and
Sub- Subcategory Supplemental sub-classification criteria
categories name
L7e-A Heavy on-road (7) L7e vehicle not complying with the specific classification criteria for a L7e-B or
quad a L7e-C vehicle and
(8) vehicle designed for the transport of passengers only and
(9) maximum continuous rated or net power (') < 15 kW and
Sub-sub- Sub- Sub-sub-classification criteria in addition to the sub-classification criteria of
categories subcategory a Le6e-B vehicle
name
L7e-A1 A1 heavy on- (10) maximum two straddle seating positions, including the seating position for the
road quad rider and
(11) handlebar to steer.
L7e-A2 A2 heavy on- (10) L7e-A vehicle not complying with the specific classification criteria for a L7e-
road quad A1 vehicle and
(11) maximum two non-straddle seating positions, including the seating position
for the driver.
Sub- Subcategory Supplemental sub-classification criteria
categories name
L7e-B Heavy all terrain ~ (7) L7e vehicle not complying with the specific classification criteria for a L7e-C
quad vehicle and
(8) ground clearance =180 mm and
Sub-sub- Sub- Sub-sub-classification criteria in addition to the sub-classification criteria of
categories subcategory a Le6e-B vehicle
name
L7e-B1 All terrain quad (9) maximum two straddle seating positions, including the seating position for the

rider and
(10) equipped with a handlebar to steer and

(11) maximum design vehicle speed < 90 km/h and
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(12) wheelbase to ground clearance ratio < 6.

L7e-B2 Side-by-side (9) L7e-B vehicle other than a L7e-B1 vehicle and
buggy (10) maximum three non-straddle seats of which two positioned side-by-side,
including the seating position for the driver and
(11) maximum continuous rated or net power < 15 kW and
(12) wheelbase to ground clearance ratio < 8.
Sub- Subcategory Supplemental sub-classification criteria
categories name
L7e-C Heavy quadri- (7) L7e vehicle not complying with the specific classification criteria for a L7e-B
mobile vehicle and
(8) maximum continuous rated or net power < 15 kW and
(9) maximum design vehicle speed < 90 km/h and
(10) enclosed driving and passenger compartment accessible via maximum three
sides and
Sub-sub- Sub- Sub-sub-classification criteria in addition to the sub-classification criteria of
categories subcategory a L6e-B vehicle
name
L7e-CP Heavy quadri- (11) L7e-C vehicle not complying with the specific classification criteria for a L7e-
mobile for CU vehicle and
passenger (12) maximum four non-straddle seats, including the seating position for the driver.
transport
L7e-CU Heavy quadri- (11) exclusively designed for the carriage of goods with an open or enclosed,

mobile for utility

purposes

virtually even and horizontal loading bed that meets the following criteria:
(a) lengthicading bed x Widthisadingbed > 0,3 x Lengthuenice x Widthyenice OF

(b) an equivalent loading bed area as defined above designed to install
machines and/or equipment and

(c) designed with a loading bed area which is clearly separated by a rigid
partition from the area reserved for the vehicle occupants and

(d) the loading bed area shall be able to carry a minimum volume represented
by a 600 mm cube and

(12) maximum two non-straddle seats, including the seating position for the driver.

The Renault Twizy 45 and Microlino 2.0 are presented in this chapter as example vehicles for

the L6e and L7e categories.
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Model name

Renault Twizy 45

Width 1237 mm
Length 2335 mm
Height 1454 mm
Maximum design speed 45 km/h
Maximum continuous rated 4 kW
power

Mass in running order 548 kg
Battery capacity 7 kWh
Range 100 km

Energy consumption

Trunk capacity

5,8 kWh/100 km
156l

Table 11: Renault Twizy 45 technical specifications
[21, 22]

Figure 4: Renault Twizy [21]

The Renault Twizy was launched in 2012 as the first four-wheeled LEV vehicle to be mass-
produced by a major OEM in Europe in the 2000s. As a vehicle with a partially enclosed
passenger cabin without doors (scissor doors are an optional feature), the vehicle differs from
conventional vehicles not only by its compact size, but also by its design. To achieve this
narrow width, the vehicle places the passenger seat directly behind the driver's seat, similar
to the Toyota iRoad. This compact size allows the vehicle to be cross parked and, as
mentioned earlier in this study, three Twizys can be parked in a conventional parking space.
There are two versions of the Twizy: One with a top speed of 45 km, which qualifies for the
L6e category, and one with a top speed of 80 km, which qualifies for the L7e category. These
vehicles differ only in their built-in motors and are otherwise identical. As a vehicle launched
in the early days of lithium-ion battery technology, the Twizy offers a range of 90 or 100 km,
depending on the motor configuration. This range is made possible by the relatively low
power consumption of 5,8-6,3 kW/100 km, which partially negates the disadvantages of the
vehicle's earlier technology. The battery of the vehicle is not bought together with the
vehicle. Instead, it is leased and can be replaced when the older battery begins to lose
performance. Like the other examples in this study, the Twizy can be recharged using a

standard household socket and takes 3,5 hours to fully recharge. The Renault Twizy is driven
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with a conventional steering wheel and pedals. For safety, the Twizy is equipped with a four-
point seat belt and an airbag for the driver and a three-point seat belt for the rear passenger.
For storage, the Twizy has two glove compartments with a total capacity of 8 liters and a

lockable box under the rear seat with a capacity of 31 liters. The price of the Renault Twizy

starts at €11.450 in Germany in 2022 [21-23].

Model name

Width

Length

Height

Maximum design speed

Maximum continuous
rated power

Mass in running order
Battery capacity
Range

Energy consumption

Trunk capacity

Microlino 2.0
1473 mm
2519 mm
1501 mm
90 km/h

12,5 kW

496/513/530 kg
6/ 10,5/ 14 kWh
90/171/230 km
7,8 kwWh/100 km
230l

Table 12: Microlino technical specifications
[24, 25]

Figure 5: Microlino 2.0 [24]

Microlino 2.0 is the second iteration of the L7e vehicle from a Swiss startup, which unveiled
the first version of this vehicle at the 2016 Geneva Motor Show. According to the
manufacturer, this vehicle is inspired by the bubble cars of the 1950s and has a similar layout
to some of these vehicles [26]. The front of the vehicle serves as a door, allowing the driver
and passenger to enter the vehicle. A single bench seat serves both the driver and passenger,
who sit side by side. This seating arrangement allows the Microlino to offer much more
storage space than the other LEV examples shown in this study (excluding the Twike 5), as it
offers 230 liters of storage behind this bench, which can be accessed from the rear. The door
at the front of the vehicle allows passengers to get out directly onto the pavement when the

vehicle is cross-parked. Like the Twizy, the Microlino can be cross parked and 3 Microlinos
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can fit into a conventional parking space. The vehicle has three Li-ion battery options of
6kWh, 10,5kWh and 14kWh, giving 91, 177 and 230km range respectively, according to
the manufacturer. Depending on the battery size, the vehicle can be fully charged in 3 or 4
hours, and it is possible to charge Microlino using a standard household outlet. The vehicle
has a 12,5 kW electric motor and can reach a top speed of 90 km/h. Like the Twizy, the
Microlino is steered by a conventional steering wheel and has a digital dashboard. However,
the fully enclosed driver's cabin provides the same weather protection as a conventional
vehicle, and Microlino has a heater. For safety, Microlino has three-point seat belts for both
driver and passenger. A unibody chassis made of pressed steel and aluminum parts, instead
of the more typical tubular frame seen in these categories of vehicles, contributes to the
safety of the vehicle and the driving characteristics. The starting price of the Microlino is
expected to be €12.500 in Germany [24].
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3.2 Advantages

The advantages of LEVs can be examined from two different perspectives: the advantages
compared to larger vehicles and the advantages compared to smaller vehicles. This study
focuses on the advantages over larger vehicles because, as noted earlier, the main goal of
promoting the adoption of LEVs is to replace such vehicles for the environmental and space
benefits. The advantages over the smaller vehicles are still briefly mentioned at the end of
the chapter to state why users might want or need to choose these vehicles over the smaller

alternatives and active transportation modes.

Most of the advantages of LEVs over larger vehicles result from the following three

characteristics of these vehicles (or combinations of them) that are part of their definition:

e Small size and footprint
e Light weight

e Electric powertrain

The benefits that can be derived from these characteristics are discussed in the following

chapters.

3.2.1 Use of space/parking

A key benefit of the small footprint of LEVs is in terms of parking. As shown in Figure 6, a
category L7e LEV such as the Renault Twizy has only 41% of the footprint compared to the
average footprint of vehicles registered in Germany in 2017. L2e vehicles can be even more
advantageous in this regard: for example, a BICAR has a footprint of 1,2 m? and occupies
only 17% of this average [12, p. 159]. Thanks to this small size, it is possible to park 3 Renault

Twizys or even 5 BICARs in a conventional parking space 5 m long and 2,5 m wide.
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Figure 6: Comparison of different car and LEV dimensions [27, p. 9]

When in use, the small footprint of these vehicles allows them to be parked in small spaces
where a conventional vehicle would not fit. Short-length LEVs can also be parked
perpendicular to the street. These allow the user to find a parking space more easily, to
spend less time looking for a parking space, and to park closer to his or her destination. In
addition, the short wheelbase of these vehicles makes them more maneuverable. This makes

them easier to park.

Widespread adoption of LEVs may allow cities to reduce the number of parking spaces or
create smaller parking spaces specifically for these vehicles, for example in mobility hubs.

How these reallocated spaces can be used is discussed in Chapter 3.2.9.

LEVs also use less space in operation. Figure 7 compares the space requirements of an LEV
with those of a small category M1 car and a large category M1 car, taking into account
stopping and reaction distances at a speed of 30 km/s. Under these conditions, a Renault
Twizy requires about 20 m? less space than a Mercedes B-class car. The visualization shows
that this space gain is relatively small compared to the space gain during parking, when
considered as a percentage of the total space required for the mentioned case. However,
the smaller footprint during driving also has a positive effect on congestion. According to

[28, p. 3657], drivers tend to adapt their speed to the perceived density of traffic around
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them: if it feels congested, they slow down; if they perceive more space, they speed up
again. Moreover, with the same number of drivers, congestion is reduced when vehicles take
up less space. Therefore, the positive effects of LEVs on traffic flow should not be overlooked

when considering the benefits of LEVs.

5m 10m ' ’ 15m z:om . . 2%m
*Road width and dimension of parking spaces are not taken into account. Areas are determined by the
dimensions of the vehicles, as in most EU countries defined by law, for driving 1,5m lateral clearing distance to

single track vehicles, stopping distance and reaction distance. Date: Renault 2020, Mercedes-Benz AG 2020

Figure 7: Visualization of land use in parking position and operation at 30 km/h [29, p. 10]

3.2.2 Energy consumption and efficiency

LEVs generally have lower energy consumption than conventional electric vehicles due to
their lighter weight. While energy consumption cannot be directly correlated to vehicle
weight due to the influence of several other factors, a comparison of vehicle examples shows
that LEVs have significantly lower consumption than conventional electric vehicles (see Table
13). Lower energy consumption means lower operating costs for the user and less impact
on the environment (especially if the electricity used isn't 100% from renewable sources).
Lower energy consumption also means more range per kWh of battery capacity, allowing

smaller batteries. Moreover, LEVs put less strain on the electrical grid per vehicle [30, p. 123].
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Table 13: Energy consumption of LEV and M1-class vehicle examples [22, 31-33]

Model Energy consumption (WLTP) [kwh/100km]
Renault Twizy 45 5,8

Microlino 7

Smart EQ fortwo 17,4

Volkswagen ID.3 14,9

The topic of energy consumption and efficiency of electric vehicles compared to internal
combustion engine (ICE) vehicles is an already widely studied topic [34] and therefore is not

discussed further in this study.

In theory, a conventional electric vehicle can have a similar or even lower energy consumption
per person when all the seats are occupied (in the example of Microlino vs. Volkswagen ID. 3:
3,5 vs. 3 kWh/100km per person). However, when the average occupation rate of passenger
cars is considered (in Germany, the occupancy rate of a passenger car is about 1,5 people

per vehicle [7]), LEVs show a significant advantage over the conventional electric vehicles.

3.2.3 Use of resources

The lower weight of LEVs due to their smaller size means that less resources are used per
vehicle (if the vehicles use similar materials), which is a clear environmental benefit. However,
in addition to the general use of less material per vehicle, LEVs also have further advantages
in this regard compared to conventional electric vehicles due to their smaller batteries.
Current battery technologies, such as lithium-ion batteries, require some rare raw materials
which have significant environmental and sometimes also social impacts on the places where
they are mined. Many of these materials are also only mined in a few specific countries,
which means they have to be transported over long distances, causing further CO, emissions.
The ability to use smaller batteries allows these vehicles to use less of these materials,
resulting in lower CO, emissions over their cradle-to-grave lifecycle. For example, the Renault
Twizy uses a 6,1 kWh battery for a range of 100 km, while a Smart EQ fortwo uses a 17,6
kWh battery for a range of 133 km [22, 32].
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3.2.4 Air quality

Battery electric powertrains do not produce tailpipe emissions such as CO, or NOy like
conventional ICE powertrains. Therefore, replacing ICE vehicles with LEVs (or any battery
electric vehicle for that matter) eliminates local emissions of these gases and helps improve
air quality in the cities. For example, a gasoline-powered VW Golf 8 1.0 TSI emits 120g CO;
per km and a diesel-powered VW Golf 8 2.0 TDI SCR emits an additional 15mg NOx per km
on top of its 110g CO, emission [35, 36]. Because of the high traffic density in cities, vehicle
tailpipe emissions create locally higher concentrations of these gases in the air. In large
numbers, this can lead to noticeably more polluted air in the city. Replacing ICE vehicle trips
with LEVs can reduce this effect and may be a possible measure for cities struggling with

high levels of air pollution.

The air pollution benefits of LEVs are not solely in comparison to internal combustion
engines, either. When battery electric vehicles aren't charged with 100% renewable energy,
their energy still causes a certain amount of CO, emissions (and further emissions) depending
on the energy mix. For example, Germany's energy mix (including prechain emissions) was
4739 CO; per kWh in 2019 [37]. This means that vehicles using less energy offer an emissions
advantage, even if both vehicles don't produce tailpipe emissions. As explained in Chapter
3.2.2, LEVs have significantly lower energy consumption than conventional electric vehicles
and therefore cause lower emissions. Furthermore, vehicle production is also a source of
emissions, as manufacturing, shipping, and processing materials all require energy and
generate further emissions. Therefore, a heavier vehicle requires more materials and causes
more emissions than a lighter vehicle produced by the same company in similar facilities. As

a result, LEVs cause fewer emissions in the “cradle-to-tank” phase of their lifecycle.

There are some LEV vehicle concepts, such as the SLRV [38], which are not battery-electric
vehicles and instead use fuel-cell-technology. These vehicles use hydrogen instead of fossil-
fuels and emit only water vapor instead of CO,, NO, and other pollutants. Thus, these

vehicles also provide similar benefits as the battery-electric LEVs compared to ICE vehicles.

When it comes to air quality, there's another issue that isn't addressed in the literature

reviewed, but where LEVs can provide additional benefits: fine particle emissions from brakes
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and tires. Fine particle emissions are caused by the abrasion of these components during use.
Because LEVs are lighter than conventional vehicles, they have less kinetic energy at a given
speed, so the brakes of an LEV are less stressed than those of conventional vehicles and emit
less particles. Lighter weight also reduces tire wear [39, 40]. Therefore, it can be said: LEVs

have the potential to reduce fine particle emissions from tires and brakes.

3.2.5 Noise

Vehicles with electric powertrains have significantly lower engine noise compared to ICE
vehicles [41, 42]. For conventional ICE vehicles, the dominant components of vehicle noise
at urban speeds (0-50 km/h) are engine noise and tire noise, as shown in Figure 8. As can be
seen in this graph, engine noise is dominant at lower speeds, while tire noise becomes more
important as speed increases. In addition, the engine noise of ICE vehicles increases
significantly during acceleration. Therefore, especially in cities with high congestion and
resulting frequent speed changes, engine noise accounts for a significant portion of vehicle
noise. Replacing ICE vehicles with LEVs can help reduce noise levels and improve the quality
of life in these cities. The engine noise of electric vehicles is also lower than that of ICE
vehicles at higher speeds. However, as tire noise becomes the dominant factor in vehicle

noise at high speeds, this reduction becomes more negligible in this range.
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Figure 8: Propulsion, rolling and total noise levels in relevance to vehicle speed [43]

In addition to their powertrain, the lighter weight of LEVs also contributes to lower noise
levels. As a result of various factors, increased vehicle weight results in increased tire noise
[44, pp. 195-198]. While this advantage is not as great as the noise reduction of the electric
powertrain over ICE, it can still contribute to noise reduction in both urban and suburban

environments.

3.2.6 Costs

The selling prices of LEVs are considered both an advantage and a disadvantage in the
literature. LEV prices are generally lower than conventional BEV prices, but it is possible to
find some ICE models at similar prices (Figure 9). As battery technology develops and battery
prices come down, there is potential for the prices of these vehicles to come down as well.

However, when making this comparison, it is important to remember that LEVs offer less
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functionality and less flexibility in transporting people and goods compared to conventional
vehicles. Therefore, in the eyes of customers, whether or not the prices of these vehicles are
expensive is a subjective issue. However, if this issue is considered only in the context of
battery electric vehicles, LEVs offer a lower entry point for customers who want to buy an

electric vehicle.

VW ID.3 (BEV) €31.495
Smart EQ fortwo (BEV) €21.940
Smart fortwo (ICE) €10.545
Microlino (L7e) €14.990
Renault Twizy 45 (L6e) €11.450
Opel Rocks-e (L6€) €7.990
€0 €5.000 €10.000 €15.000 €20.000 €25.000 €30.000 €35.000

Figure 9: Examples of vehicles and their prices in Germany in 2022 [45]

In terms of operating costs, LEVs have an advantage in energy consumption as mentioned
in Chapter 3.2.2, which leads to lower energy costs. Another possible advantage of these
vehicles can be lower parking costs, as they take up much less space. However, this
advantage cannot be realized if there are no special regulations for LEVs or if there are no

LEV-specific parking spaces with adjusted prices.

The topics maintenance and total cost of ownership are not included in this study because it
was not possible to find information of the quality required for a comparison within the limits
of this study. The topics of value depreciation and second-hand vehicle market are also not

included either because of the different focus point of the study.

29



3.2.7 Optical benefits

The small size of LEVs allows them to take up less visual space and provide functional and
aesthetic benefits. LEVs generally have a much shorter length than conventional vehicles -
resulting in more frequent gaps between moving or parked vehicles - and a lower height
(see Figure 10). This results in less restricted visibility. Less restricted visibility increases road
safety. For example, more vulnerable road users, such as pedestrians, can see oncoming
vehicles more easily and can also be seen by drivers when they emerge from between
vehicles. It also improves the line of sight for drivers in traffic. In addition to safety, a less
restricted view also creates a more open atmosphere and a more pleasant feeling of space.
[27, p. 10]. This is particularly evident to pedestrians walking on sidewalks next to on-street
parking spaces. In general, wider adoption of LEVs in cities can reduce the visual dominance

of cars in cities and contribute to a more people-oriented cityscape.

Figure 10: Height of different vehicle types depending on the eye level of women and men (50th percentile)
[27, p. 11]

3.2.8 Advantages during usage

The characteristics of LEVs also give their users some advantages during use. For example,
the small size and electric powertrain of these vehicles give them greater agility in urban
traffic. They can also enter and maneuver in narrow streets more easily than conventional
vehicles. This advantage becomes especially important in cities with old city centers where
the streets weren't designed for cars. As mentioned in Chapter 3.2.1, it is also easier to find

a parking space for these vehicles, as they can fit into spaces that conventional cars cannot.
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This allows users to park closer to their destinations and increases the attractiveness of these

vehicles in cities with limited parking space.

Another possible advantage of these vehicles is that they can be exempt from bans in
restricted zones (depending on local legislation). The electric powertrain of these vehicles
exempts them from ICE bans and allows them to enter low emission zones in cities. However,
since these vehicles aren't officially considered as cars, there is also a possibility that these
vehicles might be allowed to enter some other restricted zones where conventional vehicles

(including BEVs) are not allowed.

The different driver's license requirements for some of these vehicles allow them to be driven

at a younger age than 18, providing an earlier flexible mobility option for younger people.

3.2.9 Further advantages for the city

The broader the range of mobility solutions, the better the overall transportation system can
evolve and adapt to people's needs. Including LEVs in the mobility mix can complement
public transport and active transport modes such as walking and cycling, and support

intermodal and multimodal mobility by increasing diversification. [29, p. 13].

The reduced space requirements of LEVs can give cities the opportunity to reallocate some
of the public space currently used for vehicular traffic and parking. When these vehicles make
up a significant portion of the vehicles in the city, a portion of public parking spaces can be
planned according to the size of these vehicles, allowing cities to repurpose these freed-up
spaces. Figure 11 shows the potential amount of space that can be freed up by adapting
parking for conventional vehicles to LEVs in different configurations. One possible use of this
reallocation could be to create more infrastructure for more active modes, such as more bike
lanes, and to increase the attractiveness of these modes in the city. This may help more
people to switch to these modes and further increase the environmental benefits as a
secondary effect. If these vehicles become widely adopted, the increased amount of public
space that is reclaimed can allow for more people-oriented urban planning and, together
with improved multimodal transportation systems, new neighborhood structures may be
possible. [10, p. 12].
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Figure 11: Possibility to reduce space allocated to parking by rededicating parking bays to smaller vehicles (The
arrangement of the lanes for cyclists is only intended to illustrate that space for active modes can be allocated
here and serve as a suggestion) [27, p. 10]

LEVs also pose less risk to vulnerable road users than conventional cars. Although this issue
depends on many other factors, such as vehicle design and crash structures, etc., their light
weight and limited top speed mean that they carry less kinetic energy than conventional cars

and produce less crash impact than a heavier vehicle of similar design at the same speed.

LEVs can reduce the impact of increased electric vehicle adoption on the electric grid. This is
due to the smaller battery sizes, lower energy consumption, and lower peak loads of these

vehicles compared to conventional BEVs [30, p. 123].

Adopting LEVs can also help reduce urban heat islands and de-seal hard surfaces for
stormwater infiltration. Parking lots, such as those made of concrete, have a high heat
capacity and don't allow rainwater to infiltrate. Converting these spaces to green spaces can
help cities with both of these issues. In addition, LEVs have lower heat emissions than
conventional ICE vehicles due to their electric powertrains. In this way, LEVs further

contribute to the reduction of heat islands. [27, pp. 10-11].
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3.2.10 Advantages over smaller vehicles

Some of the selected advantages of LEVs compared to smaller vehicles are as follows:

Self-balancing: Two-wheeled vehicles such as bicycles and motorcycles require the rider to
balance the vehicle while riding, which must be learned. 3-wheel and 4-wheel LEVs don't

share this characteristic. This makes them accessible to more users.

More safety: Especially in the L6e and L7e categories, most LEVs have an enclosed cabin
for the driver, which provides additional safety compared to vehicles such as bicycles,
motorcycles, and scooters where the rider is in the open. Most LEVs also have seat belts

(although this is not a requirement for approval).

Weather protection: Many LEVs in the L6e and L7e categories offer partial or full weather

protection.

Speed and range: LEVs typically have higher top speeds and ranges than pedelecs and e-
scooters. As a result, they can make longer one-way trips and cover distances faster. (Some
s-pedelecs and e-bikes can also reach the top speeds of the L2e and L6e LEVs, up to 45 km/h.

Motorcycles are generally faster and can offer longer ranges than LEVs).

Transport capacity for goods: LEV/s offer more space for carrying goods than 2-wheeled
vehicles. They also don't have the balance problem that limits how goods can be carried on

2-wheeled vehicles.

More comfort: Most LEVs offer a full seat for drivers and passengers, while e-scooter riders
must stand, and bicycles offer only a saddle. As mentioned above, most LEVs also offer partial
or full weather protection and don't require balancing to ride. In addition, riding a vehicle
with an enclosed passenger cabin may allow passengers to feel more comfortable while

sharing the same lanes with larger vehicles.

Theft: Unlike bicycles, pedelecs, and e-scooters, most LEVs have a vehicle weight that cannot
be carried by a single person without outside assistance. As a result, they don't need to be

locked in place like bicycles and are harder to steal.
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3.3 Disadvantages

While some of the disadvantages of LEVs are a direct or indirect result of their definitional
characteristics, others are caused by the lack of regulations favoring LEVs, the lack of
infrastructure, or the current state of the LEV market. These disadvantages are described in

the following chapters.

3.3.1 Safety

The safety of LEVs is generally inferior to that of conventional passenger vehicles for a
number of reasons. The first is a direct result of the weight of these vehicles. In vehicle-to-
vehicle crashes, the risk of injury and death is higher for the lighter vehicle due to the physical
laws of mass and inertia [46, p. 614]. In today's traffic, most vehicles on the road (which
share the same lanes with LEVs) are significantly heavier than the LEVs. As long as the
majority of traffic consists of heavier vehicles, LEVs will be at a disadvantage in terms of

occupant safety.

The second reason is design. To achieve their small size and weight, most LEVs have a short
overhang. This, however, limits the crush structures and the total amount of material that
can absorb the energy of a crash. Therefore, LEVs are at a disadvantage compared to

conventional vehicles in terms of how their crush structures can be designed.

The third reason is a combination of regulations, cost and vehicle weight. Unlike conventional
passenger cars, there are no regulations (at least in the EU) that require LEVs to be crash-
tested. Also, while there are some minimum standards to be met, many safety features are
optional in LEVs that are otherwise mandatory in conventional passenger cars [9]. This means
that manufacturers may choose not to include some safety features in order to reduce the
cost or weight of the vehicle. As a result, the active and passive safety features included in
LEVs vary by vehicle manufacturer/model, and the minimum standard is lower than for

conventional vehicles.

34



3.3.2 Range and charging

In the Fraunhofer user survey, 29,8% of respondents who don’t want to use LEVs cited range

as one of their reasons [47, pp. 29-30].

Typically, LEVs have a range of 40-230 km, depending on the category, model, and battery
size. However, these ranges can vary depending on driving style, topography, and climate.
Driving style can have both a positive and negative impact on range. Topographies with large
changes in elevation increase energy consumption, and high and low temperatures decrease

the effective capacity of the batteries, resulting in shorter ranges.

Considering that most LEVs aren't suitable for freeways, and therefore their main use case
is not long-distance travel, these ranges are sufficient to cover most LEV trips. In the
aforementioned Fraunhofer study, when the same participants were asked about their daily
trips, the results showed that about 90% of these people's trips were less than 50 km. Thus,
LEVs can indeed cover these trips without range problems. This leads to the conclusion that
better informing users about the range of LEVs can reduce some of the resistance to these
vehicles [47, p. 30]. However, it must also be taken into account that it is neither possible

nor desirable for users to recharge their vehicles after every trip.

As with BEVs, charging infrastructure plays an important role in the successful deployment
of LEVs. In both the DLR studies and the ELVITEN project, users and expert interviews
indicated that they consider sufficient charging infrastructure to be an important issue for
the advancement of LEVs [48, p. 6, 49, p. 296]. According to the ICCT report, most areas in
Germany have less than 20% of the charging capacity they will need by 2025, and only
about 5 to 10% of what will be needed by 2030 [50, p. i]. However, given the importance
of this issue for the transition to BEVs, it can be expected that there will be a gradual
improvement in the situation over the next few years. There are already plans in place in
Germany, such as the expansion of the charging infrastructure network to 1 million publicly

accessible charging points by 2030 [50, p. i].

Typically, LEVs are equipped with onboard charging systems and can be connected to a

power source without the need for an additional charger. Most LEVs use single-phase
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charging (max 3,7 kW via household outlets or 7,2 kW via dedicated chargers). Three-phase
charging (max 11 kW or 22 kW, depending on the type of charger) and DC charging (high-
voltage charging at supporting charging stations from 50 kW to 350 kW), which allow faster
charging speeds and are typically found in modern BEVs, are often not implemented in LEVs
due to higher costs. The smaller power consumption and battery sizes compared to
conventional BEVs make single-phase charging plausible in LEVs, but it is still slower in
comparison (Table 14). This lack of quick charging can be a barrier for people who can't
charge their vehicles regularly and want to take advantage of short stops along their routes
to charge their vehicles. On the other hand, the ability to use household outlets for charging
in still reasonable times is an advantage for LEVs over conventional BEVs, which require
significantly longer times to charge from household outlets and therefore require the

installation of a wallbox for plausible charging times at home.

Table 14: Charging times of different vehicle models with different charging types [45]

Modell Battery Charging type Time

Opel Rocks-e 5,5 kWh AC single phase 2,3kW 210 minutes
(household socket) 100%

Renault Twizy 45 6,1 kWh AC single phase 2,3kW 210 minutes
(household socket) 100%

Microlino (medium battery) 10,5 kWh AC single phase 2,6kW 180 minutes
(household socket) 100%

smart EQ fortwo 17,6 kWh AC single phase 2,3kW 420 minutes
(household socket) 100%
AC single phase 3,7 kW 360 minutes
(wallbox/ charging station)
100%

AC three phase 22 kW (wallbox/ 60 minutes
charging station) 100%

Volkswagen ID.3 45 kWh AC single phase 7,2 kW 450 minutes
(wallbox/ charging station)
100%

DC charging station 50 kW 41 minutes
80%

DC charging station 100 kW 31 minutes
80%
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3.3.3 Maximum speed

As mentioned in Chapter 2, the regulations allow a maximum speed of 45 km/h for vehicles
classified in categories L2e and L6e. This limits the roads on which these vehicles can be
operated. Having a lower maximum speed than the allowed speed limit of a road can disrupt
the flow of traffic and also make the driver of the said vehicle feel uncomfortable. The latter
is particularly noticeable to the driver and passengers of LEVs, as these vehicles are relatively
smaller than other faster vehicles on the road. The limited safety of these vehicles can also
contribute to this sense of unease. As a result, L2e and L6e LEVs are not well suited for non-
urban roads with speed limits above 50 km/h. They are better suited for urban use. However,
the 50 km/h speed limit on main roads is still slightly higher than their top speed and can
also cause some discomfort. These vehicles are also not allowed on highways, as these roads

require a minimum speed of over 60 km/h in most countries.

L5e and L7e vehicles are less disadvantaged in this regard, as they have a maximum speed

limit of 90 km/h or no limit at all, depending on the category.

3.3.4 Flexibility for additional passengers and transport of goods

One advantage of passenger cars for individual mobility is the flexibility they offer. Even if
they are not needed regularly, extra passenger seats and luggage space allow users to use
their vehicles for irregular occasions when the need arises. These vehicles are suitable for
most conventional road types. This allows users to consider their vehicles as a solution for a
variety of situations. It can bring a feeling of ease as it allows them to be prepared for
simultaneous needs and have a vehicle that is familiar to them in different situations. With
their limited number of passenger seats, limited space for transporting goods, and not being
suitable for all road types, LEVs don't offer the same flexibility as a conventional vehicle for

different needs.

3.3.5 Comfort

Due to their price point and the goal of being as light as possible, most typical LEVs have
fewer driver assistance systems and features than conventional vehicles. For the same

reasons, they also integrate simpler steering, axle, and suspension systems. Some LEVs have
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only partial or no weather protection. On the other hand, LEVs with enclosed passenger
cabins typically have limited interior space due to the size of the vehicle. As a result, the ride
quality and overall comfort of a typical LEV can be expected to be inferior to that of a typical

conventional vehicle.

Driving a small vehicle on a road with larger vehicles can also negatively affect the comfort
of the driver and passengers. When road traffic is dominated by larger vehicles, the limited
safety of these vehicles compared to conventional cars can create a further sense of
discomfort when traveling at higher speeds on rural roads or highways (for L5e and L7e

vehicles) next to larger and heavier vehicles.

3.3.6 Infrastructure and regulations

To date, there aren't many regulations specifically designed to support LEVs. The lack of such
regulations detracts from some of the benefits of these vehicles. For example, as mentioned
in Chapter 3.2.6, in the absence of specific regulations for LEVs, these vehicles pay the same
price for parking even though they take up significantly less space. This reduces the parking
benefit of LEVs for users. The issue of subsidies puts LEVs at a disadvantage compared to
conventional BEVs. As of today, BEVs in Germany are eligible for a subsidy of up to €3000
at the time of purchase (€6000 from the government and €3000 from the manufacturer)
[51]. However, there is no similar subsidy for LEVs at the national level (In some regions of
Germany, there are subsidies for purchasing an LEV, but these are much lower and often
limited to specific groups of purchasers, such as businesses or municipalities). This difference
closes the price gap between conventional BEVs and LEVs and puts LEVs at a disadvantage.
The lack of this subsidy for LEVs also creates a subjective disadvantage for these vehicles, as
potential buyers may question why an LEV doesn't get a subsidy while a conventional BEV
does. This question can make buyers uncertain about their knowledge of the differences
between LEVs and conventional vehicles, leading to a purchase decision in favor of a

conventional vehicle as the more familiar option. [52].

The literature reviewed also indicate that current regulations are mostly designed for
conventional vehicles. They state that, in order to encourage the development of LEVs,

regulations are needed that favor LEVs. Some suggestions are to allow the use of special
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lanes such as bus lanes to give some time advantage to these vehicles and to reduce the
overall speed limit in cities to 30 km/h to increase the safety and comfort for these vehicles
[27].

3.3.7 Available models

To date, LEVs represent a very small share of all vehicles on the road. In 2019, only 2816
four-wheeled light electric vehicles were sold in Europe [1]. Due to the small volume of this
market, there aren't many companies developing vehicles for this segment. Of the major car
manufacturers, only Renault, Citroen and Opel currently have models on sale, and most of
the other available vehicles are from small and medium sized companies. The small number
of available models makes it harder for customers to find a model that fits their personal

preferences and needs compared to conventional cars.
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3.4 Use-cases

The researched literature suggest the following possible use cases for LEVs:

e Commuting

e Shopping

o First-/last-mile

e Free-time activities

e Tourism

e Company- and campus fleets

e Conditional use cases (such as use in car-restricted areas or cities with narrow streets)

In the Fraunhofer user survey, shopping (and daily chores) was the most frequently cited
potential use case for LEVs (81,9% of 925 respondents) by the participants who said they
could see themselves using an LEV (925 of 2000 respondents). This was followed by leisure
activities (75,4%) and commuting (57 %), while first/last mile vehicle and "on vacation" were
cited by less than half of the respondents (47,2% and 34,8% respectively) (Figure 12) [47,
p. 35].
Shopping/ Daily chores 81,9%
Leisure activities 75,4%
Work/ School 57.0%

Way to the public transport station 47,2%

During holiday 34,8%

Other 29,9%

0% 20% 40% 60% 80% 100%

Figure 12: Potential use cases for the users [47, p. 35]
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In the user survey of the ELVITEN project, respondents were asked about their willingness to
use 3- or 4-wheeled LEVs (together with the willingness to use 2-wheeled light electric
vehicles and bicycles) for the trip purposes of work or education trips, shopping trips, and
leisure trips. The detailed results of this survey can be found in [53, pp. 71-73] for each of
these use cases and cities separately (the results are not shown here due to the large number

of graphs).

While not directly comparable, both surveys yield similar results, with 27-39% of total

respondents seeing themselves as potentially using LEVs for the use cases mentioned.

In order to keep the size of the study within limits, three use cases were selected for further
analysis in this study. The shopping use case was chosen because it received the highest
ranking in both surveys. Commuting is the second selected use case due to its high share in
daily mobility and its regularity. The use case "first/last mile vehicle" was selected as the third

use case because of its specific importance for the envisaged intermodal mobility solutions.
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4 Analysis of LEV potentials for specified use cases

This chapter presents an analysis that aims to provide a better understanding of the user's
perspective on LEVs and the role of these vehicles in the mix of possible mobility options.
Chapter 4.1 describes the methodology used and the rationale behind this choice. Chapter
4.2 introduces the personas used in this analysis and explains how they were created. The
alternative mobility options that are compared to LEVs and their selection are described in
Chapter 4.3. Chapter 4.4 presents the results of the analysis for each use case individually.
Chapter 4.5 presents the results of the expert interviews conducted in parallel with this study

and compares them with the results of Chapter 4.4.
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4.1 Methodology

For the LEVs to be accepted by users and gain traction, these vehicles need to meet their
needs and expectations. As mentioned in Chapter 3, studies in the form of surveys have
been carried out to gain an understanding of the acceptance and preferences of the users.
The Fraunhofer study with 2024 participants [47, p. 16] and the ELVITEN project with 6988
participants from various countries [54] provide a well-acceptable knowledge base in this
regard. However, user surveys as a method have some limitations and disadvantages, such

as:

e Depending on the question (for example leading questions) or the environment, the
answers can be distorted (also unconsciously), which means that the results may be
inconclusive.

e There is often a discrepancy between the answers and the actual behavior of the
participants, because there is a tendency to go along with certain positive

expectations. [55]

In order to gain a better understanding of how well LEVs can meet the needs and
expectations of users, a different approach was taken. The methodology, which is a modified
version of the methodology proposed in [56, pp. 84-85] for a similar goal in a different topic,

focuses on the analysis of daily use cases of LEVs and is presented in the following Figure 13:

\
Research of LEVs Selection of
and other mobility example vehicles
options for each category
J J
I . 4 .
Assignment of Analysis of each Comparison and
Creating personas pre-defined trips use case discussion of the
to each persona according to pre- results
for each use-case defined criteria
J J o J

( )

Expert interviews

Figure 13: Steps of the proposed methodology
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In this approach, the first step is the creation of personas [57, 58] for selected user groups.
A certain number of trips are assigned to these personas. These trips include defined start
and end points, a trip purpose, and some other details such as items to be carried or time of
day. In parallel, information about LEVs and other possible mobility options are collected. For
each category, a sample vehicle is selected and its specifications noted. Then, each trip for
each persona is analyzed for each vehicle type according to pre-specified criteria, and key
findings are commented and explained. In another parallel, expert interviews are conducted
on the topic of user acceptance, needs and expectations. The results of these interviews are

then compared with the results of the analysis and the findings are discussed.

The main goal of this approach is to analyze the use of LEVs from the perspective of the
users, rather than treating it as an isolated topic. Typically, in the course of their daily lives,
people do not directly face the question of whether or not they want to have an LEV. Instead,
they have mobility needs and are looking for solutions that best meet those needs and
desires, given their conditions and constraints. For them, LEVs are just one possible option
among many other mobility solutions. This study aims to recognize this perspective and

analyze LEVs accordingly.

The use of personas allows for the analysis of the topic with limited resources and time. This
was particularly relevant for this study due to the limitations of the COVID-19 pandemic
during the preparation of this study. In addition, personas allow the situations to be
considered closer and on a more personal level, which can help to elicit more specific and
precise details compared to generalized statements derived from more abstract criteria. This

aspect is further strengthened by the use of specific travel examples in this methodology.

A disadvantage of using personas is their subjectivity. To compensate for this, expert
interviews were included in this analysis. While not a direct way to verify the results of the
persona analysis, these interviews provide a second source of information, allow for
comparison of results, and provide a basis for discussion of the results. A more direct
verification of these results can be done through targeted user surveys, interviews, or real-

world testing in further studies.
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4.2 Personas

To create the personas, first, a set of attribute categories were defined to provide a structure
on which to base these personas. These categories and their classifications are a modified
version of the categories mentioned in [56] and are shown in the Table 15 below. The spatial
typology category is classified according to RegioStar7 [59, p. 8]. The classification of the

economic status is taken from [60, p. 21].

Table 15: Attribute categories for the personas

Age 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80+
Gender Male Female
Middle- Small citv/ Middle-

. . sized city/ X v Central city = sized city/ Small city/
Spatial M | Regiopole/ Urb Village of ¢ | Urb Vill f
typology etropole Big city rban area an urban of arura rban area illage of a

yp of an urban reqion region of arural  rural region
region 9 region

Economic . . .

status Very low Low Middle High Very high

IEec:Iueclatlon Primary education Secondary education High school University

The number of personas was limited to three in order to keep the size of the study

manageable. The persona attributes were assigned with the following two goals in mind:

e If possible, to cover a wide range of classifications

e Consistency between the attributes and a realistic profile

In addition, the selection of attributes was focused on user categories that showed a more
positive attitude towards the use of LEVs in the Fraunhofer Institute's user survey [47, pp.
26-27]. Using personas that represent the more reluctant user groups could be a valid
strategy for identifying and highlighting the shortcomings of LEVs. However, the very low
number of LEVs on European roads compared to the relatively high acceptance rate of the
survey participants led to the decision to focus on the user groups that show a higher

acceptance of these vehicles in order to better understand this situation.
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Since the user groups between the ages of 18 and 25 and over the age of 56 showed a
lower level of acceptance for LEVs compared to the other age groups in the Fraunhofer
study, the personas in this study were selected between the ages of 26 and 56. Similarly, the
spatial typologies with populations under 5000 were not assigned to the personas. The
resulting attribute table for the three personas is shown in Table 16 below. It should be noted
that the assignment of these attributes has been done in a deliberately random way, while
paying attention to the criteria mentioned above, so that they can represent possible types

of real people. Other combinations of attributes would be equally valid.

Table 16: Chosen attributes for the personas

° [ |
Age 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80+
L J [ |
Gender Male Female
= * Middle- o Middle-

. . sized city/ . v Central city | sized city/ Small city/
Spatial Met | Regiopole/ Urb Village of f | Utb Vill f
typology etropole Big city rban area an urban of arura rban area illage of a

yp of an urban reqion region of a rural rural region
region 9 region
Economic ¢ "
status Very low Low Middle High Very high
Education u *
level Primary education Secondary education High school University
Persona 1 @ Persona 2 M Persona 3

The next step after selecting persona attributes was to detail the personas by selecting a
representative image, basic information, and descriptive text. Basic information includes the
persona's age, location, income level, and education level. The goal behind using a picture
and descriptive text is to help personalize the profile and visualize the persona as a real
person in the given scenarios. The descriptive texts consist of three parts: A general
information text, a description of the planned example trips, and a further characteristics
part. The general information text describes the persona's background and talks about some
of their motivations. The text about the trips gives some details about the planned trips for
the later analysis. The further characteristics part contains information that is not part of the

first general information text, but may still be relevant to visualize the persona as a real
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person or to better understand his/her needs in the given situation. Some of the information
included here is the persona's hobbies, time management characteristics, fitness level, and

relationship with technology.

The three created personas are shown below.
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MAX NEUER

AGE: 26
RESIDANCE: Karlsruhe

ECONOMIC STATUS: low

EDUCATION LEVEL: university degree

Figure 14: Max Neuer [61]

Max moved to Karlsruhe from Saxony a few days ago for his master's degree and is getting to know the city. He left his hometown to specialize in
a field related to the environment. This is a topic that is very close to his heart, and he wants to contribute his part to it. His father is a climate
scientist, so growing up, Max was especially informed and involved in the subject. To get to know new people at the university, he has signed up
for some sports classes that take place on campus in the evenings after classes. He is not an early riser, introverted and prefers a quiet atmosphere
on his way to lectures. In his free time, he likes to travel and explore new cities.

TRIPS

Although he arrived in Karlsruhe only a few days ago, Max's semester has already started. His classes start at 8 a.m. most days of the week. Twice a
week he carries an extra bag for the swimming class in the evening. Max usually goes grocery shopping once a week, but sometimes he needs to
make an impromptu trip to the store when he forgets something or when his recipes require an unplanned ingredient. This weekend, Max is going
on a multi-day trip to Milan and has planned to take a small luggage with him.

FURTHER CHARACTERISTICS

He is interested in photography, movies and sustainable fashion.

He prefers advance planning to spontaneity, but is not always punctual and has to live with the consequences.

He has an above average level of fitness.

He owns a smartphone and is tech-savvy.
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ANNE SCHAFER

AGE: 39
RESIDANCE: Stuttgart

ECONOMIC STATUS: middle

EDUCATION LEVEL: high-school degree

Figure 15: Anne Schéfer [62]

Anne works part-time as a secretary for an engineering firm. With her two children now at an age where they both attend school, she has more
time to pursue her own needs. During this time, she has taken up yoga and started a healthy eating blog. These interests awakened her environmental
awareness, which led Anne to adjust her habits accordingly. She is a native of Stuttgart, and currently lives in an apartment building with her husband
and children.

TRIPS

Most days, Anne leaves early for work and returns around noon. She carries only a backpack on these trips. Because she needs to shop for a family
of four, she goes grocery shopping several times a week. All members of the family drink bottled water, so water bottles regularly make up a

significant portion of her groceries. This week, she is visiting a friend after work for a small celebration and brings a large cake that she made herself.

FURTHER CHARACTERISTICS

e Sheis interested in yoga and blogging.

e As a mother of two active children, flexible and short-term planning is a necessity for her. She also tends to be impatient and does not like

long waits.
e Her fitness level is average.

e She owns a smartphone and uses it occasionally.
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VIVIENNE GALLANT

AGE: 55

RESIDANCE: Bad Herrenalb

%‘. s B | ECONOMIC STATUS: very high
> . EDUCATION LEVEL: university degree

Figure 16: Vivienne Gallant [63]

Vivienne is @ manager in an energy company, and a few months ago she was given the task of leading the implementation of two new sustainability
projects for her company. She lives in a single-family home surrounded by nature in the northern Black Forest and has been driving a large sedan
most of the time. In her new position, she wants to set an example for others and has decided to use more sustainable means of transportation from

now on when possible.

TRIPS

She drives to work three times a week and works from home the rest of the time. When she does, she carries a light bag with her work laptop and
a few documents. Since her children have moved out, she only cooks for two at home, but she enjoys trying new recipes with fresh ingredients, so
she goes shopping several times a week. She also stops at the farmer's market and the bakery on some of her shopping trips. This weekend, she is

planning a brunch with her college friends and hopes to meet them in Ettlingen.

FURTHER CHARACTERISTICS

e She is interested in literature and Japanese culture.
e She likes to have a routine, plans ahead, and pays attention to detail.
e She used to exercise occasionally to keep fit, but her stamina is slowly declining.

e She owns a smartphone and is technologically savvy.
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4.3 Vehicle examples for comparison

For the vehicles, the first step was to identify which mobility options represent an alternative
to LEVs in the given use cases. This was followed by researching the available vehicles in
these categories. As a result, a vehicle example was selected for each category to be used in

the analysis.

Electric (kick) scooters, bicycles, pedelecs, M1 class vehicles and public transport were
identified as the most viable mobility alternatives to LEVs for this comparison. Important
criteria for this selection were (among others): Meeting the trip purpose, providing sufficient
range for the given use cases, and being commonly used and recognized mobility options
for ordinary people. For example, velomobiles were not included because they are rare on
the roads and are not considered a standard mobility option for many people. Motorcycles
were also excluded from this comparison because they have different riding characteristics,
require different types of licenses, and are not considered suitable by everyone due to safety
concerns. Cargo bikes were not included because they would only be suitable for the

shopping use case and not the other two.

The main goal of the selection of example vehicles is to represent each category with a
vehicle that exhibits its general characteristics. Due to the very different characteristics of the
selected mobility options and the differences in data availability, a common set of selection
criteria for all example vehicles wasn't feasible. Therefore, each category was examined
individually. However, the selection criteria were still based on the main objective mentioned

above.

For e-scooters, the best-selling model on Amazon Germany [64] was selected, which is the
Xiaomi Mi Electric Scooter 1S as of June 2022. For bicycles and pedelecs, the Giant brand
was selected as one of the top-selling bicycle brands worldwide, and from its product
portfolio, Giant Tourer GTS and Giant Entour E+0 were selected as representative bicycles

and pedelecs, respectively, for their categories.
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For the L2e category of LEVs, the Toyota iRoad was selected as the only vehicle from a major
OEM currently on the market in this category. The lack of publicly available technical details
of the Roo also contributed to this decision. For the L5e category, the Twike 5 was the only
currently available example, although it is also currently in prototype status. For the L6e
category, Renault Twizy was selected as the model that significantly boosted the number of
LEV sales in the year of its introduction (2012) and accounted for a large share of LEV sales
in its category in the following years [10, p. 30]. For the L7e category, the Microlino was
chosen as the example vehicle because it is a new model scheduled for launch in 2022 and
represents the current available standards of its category, while still being in a similar price

range to other examples in this category.

For the M1 vehicles, one battery electric vehicle (BEV) and one internal combustion engine
(ICE) vehicle were selected from each of the A- and C-Class vehicles. Class A vehicles were
selected because they are the smallest vehicles in the M1 category, and therefore the closest
to LEVs in terms of size and function. C-Class vehicles were chosen because they represent
the more common vehicle type on the road [65], but are still not as large as the SUVs and
therefore not too far away from the LEVs in comparison. The ICE vehicles were included in
this comparison to demonstrate the resulting differences between the LEV electric

powertrains and the ICE vehicles.

The Smart fortwo EQ was chosen as the example electric vehicle for the M1 category of the
A-Class because of its significantly compact size, which comes close to the dimensions of
LEVs, especially in terms of length. The fact that there is also an ICE version of this vehicle,
which was on sale until 2019, also made the choice of this vehicle appealing, as the
differences between these vehicles in the comparison can be limited to their different
powertrains. For the ICE C-Class, the Volkswagen Golf was selected as the example vehicle
because it is the best-selling model in Germany in 2022 [65] and therefore represents the
most common vehicle. For the C-Class electric, the Volkswagen ID3 was chosen as the
example vehicle because it is the most sold electric vehicle in the C-Class in Germany in 2022
[65].
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After the example vehicles were selected, the following information about the vehicles were

collected:

e Energy consumption
e Dimensions

e Maximum speed

e Range

e Trunk volume

e \Weather protection
e Air conditioning

e Heating

e Price (if available)

The energy consumption information was collected to calculate the energy cost and resulting
CO; equivalent emissions of the example trips made with these vehicles. The dimensions
were used to estimate how easily these vehicles can be parked and how easily they can
navigate through narrow urban spaces and traffic. Maximum design speed was relevant for
calculating the estimated duration of trips and on which roads these vehicles can be used.
Range information was important to assess whether a given trip can be made with the
vehicle without recharging breaks and whether it can be part of a multi-destination chain
trip. The availability of weather protection, air conditioning and heating were relevant for

subjective passenger comfort during the trip in different weather conditions.

It should be noted that while the energy consumption of conventional passenger cars is
measured using a standardized test cycle (WLTP [66]), there is no similar standardized formal
test cycle for micromobiles and LEVs. If a WLTP energy consumption value was not specified
for a vehicle, this value was calculated by dividing the range specified for the vehicle by the
net battery capacity. This is only a rough estimate, but should still be enough to give an

accurate picture, as the main goal here is to assess how these vehicles compare.

The information collected on the example vehicles are brought together in the Table 17

below.
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Table 17: Technical specifications of example vehicles for comparison

Modell Xiaomi Mi Giant Giant Toyota Twike 5 Renault Microlino Smart Smart EQ Volkswagen  Volkswagen
Electric Tourer GTS  Entour E+0  iRoad Twizy 45 2.0 fortwo fortwo Golf ID.3
Scooter 1S (2019)
Category E-Scooter Bike Pedelec L2e L5e L6e L7e M1 Class A M1 Class A M1 Class C M1 Class C
(ICE) (BEV) (ICE) (BEV)
Energy 0,9 - 0,4 " 7,2 5,8 7.8 6,21/100km 17,4 5,31/100km 14,9
consumption kWh/100km kWh/100km kWh/100km kWh/100km kWh/100km kWh/100km  (WLTP) kWh/100km  (WLTP) kWh/100km
[1/100km or (calculated (calculated (calculated (WLTP) (WLTP) (WLTP) (WLTP) (WLTP)
kWh/100km] value) value) value)
Dimensions 430/ 1080/ Not specified 670/ ca. 870/ 2345/ 1552/ 3327/ 1237/ 2335/ 1473/ 2519/ 1663/ 2695/ 1663/ 2695/ 1789/ 4284/ 1809/ 4261/
[w/l/h in mm] 1140 1850/ ca. 1455 1235 1454 1501 1555 1555 1491 1568
1000
Maximum 20 - 25 45 130/190 45 90 151 130 188 160
design speed
[km/h]
Range [km] 30 - 125 50 250-500 100 91/177/230 452 133 849 351
Trunk volume - - (optional - (optional Not specified  300-600 39 (+ back 230 260-350 260/350 381-1237 385-1267
[1 basket, ca. basket, ca. (back seat seat space)
131 [67]) 131 [67]) with cargo
net)
Weather no no no yes yes partial yes yes yes yes yes
protection
Air no no no no no no no yes yes yes yes
conditioning
Heating no no no yes yes no yes yes yes yes yes
Price [€] 449 749 2.549 Not yet on from 39.990 from 11.450  from 14990 from 11.165  from 21.940  from 29.560 from 31.495
sale
Further details Can be Can tilt with ~ Unique No doors as Door on the  Not available €6000 +
to mention folded active lean steering standard, front side since 2019 €3000
technology system partial doors environment
Steering via Driver can are optional bonus
rear wheel supplemen- available
tarily power
the vehicle
by pedaling
Data source [68] [69] [70] [15, 16] [20, 71, 72] [21,22,73] [24, 31, 74] [75, 76] [32, 77] [35, 78] [79, 80]
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4.4 Analysis of the use cases

As mentioned in Chapter 4.1, after creating the personas and selecting the example vehicles,
the selected use cases were analyzed for each persona with the selected mobility options.
The focus of this analysis was the user's perspective, meaning: This analysis examined the
parameters and factors that a user would pay attention to and that would affect the user's
experience while using the given vehicle for the given use case. The goal of this focus was
to show if and how LEVs are different from existing mobility options in the eyes of the users,

and if they are a viable alternative in the given use cases.

As part of this analysis, each persona was assigned a specific start and end address for their
trips. The selection of these addresses was done on a random basis, but attention was still
paid to the plausibility of the selected addresses. For example, when assigning home
addresses to the personas, it was important that the selected addresses were in residential
areas. The work addresses for the commute trips were also randomly selected, but the
selection was limited to places that fit the descriptions given in the persona profiles. For the
shopping trips, the closest relevant supermarkets/shops to the home addresses were
selected. The aim of this random sampling approach was to test the viability of the analyzed
mobility options in each situation, while remaining as close to reality as possible within the

given limitations of the study.

The assignment of specific addresses to the respective trips allowed the quantification of the
specific details of these trips. In this analysis, trip duration, energy consumption, energy costs,
and the resulting CO, emissions were calculated as quantifiable parameters of the trips. Trip
duration and energy costs were included because they are directly relevant to the user. They
can be considered as the price the user pays for this trip in terms of time and money.
Therefore, they have a significant impact on the choice of mobility option for a given use
case. Energy consumption and the resulting CO, emissions were included because they can
also be deciding criteria for environmentally sensitive users. This information can also be

important to assess the impact of a trip with a given vehicle for further studies.
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For the time estimations and the optimal routes, Google Maps® was used. Google Maps©
was chosen because it is a fast and free way to make these estimates, taking into account
the real time traffic situation, without the need for simulation or paid software. Furthermore,
it is @ navigation tool that is widely used by people in their daily lives for estimation of their
upcoming travel time and navigation. Therefore, it was appropriate for the analysis here in
this context. Google Maps© allows a direct estimation for a trip by car, bicycle or public
transport. For the estimation of e-scooters, pedelecs and LEVs, some correction factors were
implemented. According to [81], the average speed of a pedelec-rider is 2 km/h faster than
that of a cyclist, while the average speed of a cyclist is about 16 km/h. The average speed of
e-scooters is similar to that of bicycles [82, p. 4]. Based on these information, the estimated
times for the e-scooter trips were set to the same values as for the bicycle trips, and the times
for the pedelec trips were corrected by the factor of 0,89. For the L2e and L6e vehicles, the
estimates were based on a car trip. However, the parts of their roads where the speed limit
is higher than 50 km/h were examined separately and corrected to the maximum speed of
45 km/h. Since L5e and L7e vehicles have relatively comparable speeds to M1 vehicles, they

were given the same estimates as M1 vehicles.

The energy consumption was calculated from the length of the trips, again taken from
Google Maps©, and the average consumption of the vehicles. The energy costs were
calculated from the energy consumption and the average prices of fuel (1,405 EUR/I [83])
and electricity (0,304 EUR/kWh [84]) in year 2019. In order not to take into account the
extraordinary effects of the Corona pandemic and the Russian invasion of Ukraine on prices,
the average prices were taken from the year 2019. The CO,-equivalent emissions were
calculated from the energy consumption and either the constant of 2,370 kgCO/I for ICE
vehicles [85] or the average emitted CO,-emissions per kWh of electricity in Germany in the
year 2019 for electric vehicles, which was 0,473 kgCO,/kWh [86] (the reason for choosing
2019 was the same as for the prices). The CO,-emissions of public transport trips were taken

from the KVV.regiomove app [87].

In addition to the quantitative details, qualitative factors were also examined. Factors related
to driving, comfort, functionality and safety were identified as qualitative factors important

for the users during their trip with the given vehicles. Driving characteristics of the vehicle,
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ease of driving the vehicle through traffic and its agility, navigation during driving and
parking are the factors considered under the topic of driving. Weather protection and
temperature inside the vehicle, ergonomics, ride quality, interior size, noise, comfort in traffic
and entertainment are considered under ride comfort. Functionality refers to how well the
vehicle enables the user to meet the needs of the trip, such as having enough storage space
for the items being carried. Charging/refueling is also considered under this factor. Safety
includes the conceptual safety of the vehicle type as well as the passive and active safety
measures of the vehicles. The focus here is on the safety of the user and not on how safe
the vehicle is for other road users. This is because the focus of the analysis is placed on the

user's perspective.

In the following chapters, the results of this analysis are presented in tables for each persona.
The qualitative factors are presented under the titles positive subjective factors and negative
subjective factors. For LEVs, all identified qualitative relevant factors are listed for the given
use case and persona. For the other mobility options, their positive and negative subjective
points compared to LEVs are identified and listed. The reason for this separation is to focus
on where LEVs differ from the other mobility options. The e-scooters, bicycles and pedelecs
are compared to the L2e vehicle, while the M1 vehicles and public transport options are
compared to the L7e vehicle. The goal here is to identify how these options differ from the
closest LEV example to their category. In general, if a factor is not important for the given
use case, it's not explicitly listed in the table. For example, if the user doesn't carry anything,
a smaller or larger trunk capacity is not listed as a negative or positive factor. These factors

are also explained and discussed in the texts that follow the tables.

Among the qualitative factors of the vehicles, some factors apply only to specific use cases
or personas, while others apply generally. To make it easier to identify these, they are marked
accordingly in the tables. If a factor is generally applicable to this vehicle in the given use
case category, it is marked with a solid black square bullet. If a factor is specific to the
requirements of a persona in the given example, it is marked with a white circle bullet. In
addition, the plausibility of the vehicles for the given use cases is also marked. If the analysis
shows that a vehicle is not plausible for a given use case, the category and reason are marked

with a red lightning bolt in the table. If there is a factor that doesn't completely rule out a
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vehicle, but could still cause some users to not consider that vehicle as a viable option, those
vehicles and the corresponding reason are marked with an orange exclamation mark. Viable

vehicles are marked with a green check mark.

In the descriptive texts, to avoid repetition, points already explained in a previous chapter are

not repeated in the following use case chapters, and only their differences are pointed out.

This analysis is done in the form of a thought experiment, meaning: Each persona is imagined
as a character going through the trip with the given vehicles, and the predicted experiences
of the personas are noted. The results should not be directly related to the general
characteristics of the user groups to which the persona belongs, but should be seen as

specific to the persona itself.

4.4.1 Use case 1: Commuting

The first use case to be analyzed is commuting. In this study, commuting is considered as the
trips between a person's place of residence and his/her place of work, study, or the like,

which are made on a regular basis.

In the case of commuting trips, the importance of comfort and inconveniences becomes
more apparent, because the user experiences them on a regular basis. This regularity also
makes the duration of the trip a very important factor from the user's point of view in the
choice of the mobility option. Costs become more important because of the frequent
repetition of these trips. A secure availability of the vehicle and a reliable planning of the trip

are further important aspects of a commute trip due to the general purpose of these trips.
The three trips analyzed for the personas are as follows:

e Max goes to the university (Karlsruhe/Innenstadt-Ost) to attend a lecture at 8 o'clock in
the morning on a weekday. On his way to the lecture, he stops at his newly discovered
favorite café for coffee and a small breakfast (Karlsruhe/Innenstadt-West). Because of his
swim practice in the evening, he carries a gym bag in addition to his normal bag for the

lectures.
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e Anne goes to work (Stuttgart/Leinfelden-Echterdingen) on a weekday at 8 o'clock in the

morning. She carries a backpack.

e Vivienne goes to work (Ettlingen) on a weekday at about 8:30 in the morning. She carries

a laptop bag.

The results of the analysis for the three personas for each mobility option are shown below.
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Table 18: Analysis of use cases - Max/Commuting

Vehicle Public transport A Bike @  E-Scooter @  Pedelec (L]
Trip length [km] Not specified 4,3 4,3 4,3
Trip time [min] 26 min (19 min walk, tram every 7 A 15 15 13
mins)
Energy consumption - 0 0,039 0,017
Energy costs [€] - 0,00 0,01 0,01
COz-equivalent [gCO;] 323 0 18 8

Positive subjective
arguments

= no active driving, time can be used
for other activities

= no parking

can use bike roads

can go through traffic
quick to get on and off
no parking maneuvers

very easy to find a place to park, can
be parked directly at the destination

no charging/refueling

can use bike roads

can go through traffic
quick to get on and off
no parking maneuvers

many options for a place to park, can
be parked directly at the destination
can be charged at a charging point
without the need for a free parking
spot

can use bike roads

can go through traffic

quick to get on and off
no parking maneuvers

many options for a place to park, can
be parked directly at the destination
rider decides how much help he gets
from the electric motor (option for
using the ride as a chance for sport)

portable battery can be taken with
for charging

Negative subjective
arguments

= no freedom with timing, trip time
need adjustment to the schedule of
public transport, extra time need to
be planned to catch the tram

= exposed to weather conditions
before and after taking the tram

= shared space with other people
no seating guaranteed

parts of the trip require walking
carrying the bags

potentially louder environment

no motorized ride, rider uses his own
energy, resulting tiredness and
sweating

fully exposed to weather conditions

fully exposed to the noise of the
environment

no safety elements in case of an
accident

only limited space for the bags, the
rider might need to carry the bags by
himself, the bags can cause an
imbalance

rider experiences the deformities of
the road more directly

less comfortable seating and
ergonomics

susceptible to theft (light enough to

be carried away by a person unless
fixed to a place)

fully exposed to weather conditions

fully exposed to the noise of the
environment

no safety elements in case of an
accident

no space for the bags, so the bags
should be carried by the rider and
can cause imbalance by riding

rider experiences the deformities of
the road very directly

not very comfortable to ride, no
seating, the rider stands up the
whole ride

susceptible to theft (light enough to
be carried away by a person unless
fixed to a place)

fully exposed to weather conditions

fully exposed to the noise of the
environment

no safety elements in case of an
accident

only limited space for the bags, the
rider might need to carry the bags by
himself, the bags can cause an
imbalance

rider experiences the deformities of
the road more directly

less comfortable seating and
ergonomics

very susceptible to theft (light
enough to be carried away by a
person unless fixed to a place and
expensive), so extra effort is needed
to find a secure place to lock the bike
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Vehicle L2e o L5e o L6e (V] L7e (V]
Trip length [km] 7,0 7,0 7,0 7,0

Trip time [min] 17 17 17 17

Energy consumption 0,770 0,51 0,406 0,546

Energy costs [€] 0,23 0,16 0,12 0,17

COz-equivalent [gCO;] 364 242 192 258

Positive subjective
arguments

= effortless ride

= fun to drive with motorcycle-like
driving characteristic

low noise through fully enclosed
drivers cabin and electric drivetrain

full weather protection against rain
and wind, no jacket required

listening to music without
headphones possible

o easy to find a parking place thanks
to the possibility of vertical parking
and narrow width of the vehicle

(limited) space to leave personal
belongings in the vehicle

o bags can be placed to the back seat

effortless ride

low noise through fully enclosed
drivers cabin and electric drivetrain

full weather protection against rain
and wind, no jacket required

listening to music without
headphones possible

space to leave personal belongings in
the vehicle

bags can be placed in the trunk

optionally the ride time can be used
as a sport exercise time

= effortless ride

= protection against direct wind and
rain

o easy to find a parking place thanks
to the possibility of vertical parking

= bags can be placed to the back seat

effortless ride

low noise through fully enclosed
drivers cabin and electric drivetrain

full weather protection against rain
and wind, no jacket required

listening to music without
headphones possible

easy to find a parking place thanks
to the possibility of vertical parking

space to leave personal belongings in
the vehicle

bags can be placed in the trunk

Negative subjective
arguments

o no integrated navigation, no place to
fix smartphone to use it for
navigation

= narrow interior space

driver might feel uncomfortable near
bigger vehicles in the traffic

vulnerable against heavier vehicles in
case of a collision

o no designated space for the second
bag

if charging is wanted, a parking spot
next to a charging point is required

relatively low seating position

driver might feel uncomfortable near
bigger vehicles in the traffic

vulnerable against heavier vehicles in
case of a collision

if charging is wanted, a parking spot
next to a charging point is required

o no integrated navigation, no place to
fix smartphone to use it for
navigation

driver is exposed to the external
temperature and weather conditions,
additional clothing might be required

no voice isolation

listening to music without
headphones disturbs the
environment

personal items can't be left in the
vehicle securely

driver might feel uncomfortable near
bigger vehicles in the traffic

vulnerable against heavier vehicles in
case of a collision

o no designated space for second bag

if charging is wanted, a parking spot
next to a charging point is required

small interior space

driver might feel uncomfortable near
bigger vehicles in the traffic
vulnerable against heavier vehicles in
case of a collision

if charging is wanted, a parking spot
next to a charging point is required
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Vehicle M1-A BEV M1-A ICE M1-C BEV M1-C ICE o
Trip length [km] 7,0 7,0 7,0 7,0

Trip time [min] 17 17 17 17

Energy consumption 1,218 0,434 1,043 0,371

Energy costs [€] 0,37 0,61 0,32 0,52

COz-equivalent [gCO;] 576 1029 493 879

Positive subjective
arguments

= slightly improved ride comfort
= slightly bigger interior space
= improved safety

slightly improved ride comfort
slightly bigger interior space
improved safety

no charging

= improved ride comfort
= bigger interior space
= improved safety

= improved ride comfort
= bigger interior space
= improved safety

= no charging

Negative subjective
arguments

= vertical parking not possible

vertical parking not possible

engine noise

= vertical parking not possible

= vertical parking not possible
= engine noise

= factor applicable generally

P B 0o o

vehicle is plausible

factor specific to the persona’s trip

vehicle is not plausible

there are factors that bring the plausibility of the vehicle in question
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Table 19: Analysis of use cases - Anne/Commuting

Vehicle Public transport A  Bike A  E-Scooter A  Pedelec A

Trip length [km] Not specified 10,9 10,9 10,9

Trip time [min] 44 min (9 min walk, tram every 20 A 18 A s A 43 A
mins, 1 transfer)

Energy consumption - 0 0,099 0,044

Energy costs [€] - 0,00 0,03 0,01

COz-equivalent [gCO;] 323 0 47 21

Positive subjective
arguments

= no active driving, time can be used
for other activities

= no parking

can use bike roads
can go through traffic
quick to get on and off

no parking maneuvers

very easy to find a place to park, can
be parked directly at the destination

no charging/refueling

= can use bike roads
= can go through traffic
quick to get on and off

no parking maneuvers

easy to find a place to park, can be
parked directly at the destination

can be folded and taken inside for
charging

can use bike roads
can go through traffic
quick to get on and off

no parking maneuvers

easy to find a place to park, can be
parked directly at the destination

rider decides how much help she
gets from the electric motor (option
for using the ride as a chance for
sport)

portable battery can be taken with
for charging

Negative subjective
arguments

= no freedom with timing, the trip
needs to be planned according to the
schedule of public transport, extra
time is needed as a buffer to catch
the tram

= transfer

= exposed to weather conditions at the
beginning and end of the trip

= shared space with other people

seating is not guaranteed

parts of the trip require walking

potentially louder environment

no motorized ride, rider uses her own
energy, resulting tiredness and
sweating. Intensified by the very long
trip duration and elevation changes

fully exposed to weather conditions

fully exposed to the noise of the
environment

not all roads are suitable for bikes
and pose a safety risk

no safety elements in case of an
accident

only limited space for the bags, the
rider might need to carry the bags by
himself, the bags can cause an
imbalance

rider experiences the deformities of
the road more directly

less comfortable seating and
ergonomics

susceptible to theft (light enough to

be carried away by a person unless
fixed to a place)

fully exposed to weather conditions

fully exposed to the noise of the
environment

not all roads are suitable for e-
scooters and pose a safety risk

no safety elements in case of an
accident

no space to transport goods, so the
bag should be carried by the rider

rider experiences the deformities of
the road very directly

not very comfortable to ride, no
seating, the rider stands up the
whole ride, intensified by the trip
duration

susceptible to theft (light enough to
be carried away by a person unless
fixed to a place)

fully exposed to weather conditions

fully exposed to the noise of the
environment

not all roads are suitable for bikes
and pose a safety risk

no safety elements in case of an
accident

only limited space for the bag, the
rider might need to carry the bag by
herself

rider experiences the deformities of
the road more directly

less comfortable seating and
ergonomics

very susceptible to theft (light
enough to be carried away by a
person unless fixed to a place and
expensive), so extra effort is needed
to find a secure place to lock the bike
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Vehicle L2e @  L5e @  Lee ] L7e ]
Trip length [km] 12,7 12,7 12,7 12,7

Trip time [min] 20 18 20 18

Energy consumption 1,397 0,927 0,737 0,991

Energy costs [€] 0,42 0,28 0,22 0,30

COz-equivalent [gCO;] 661 439 348 469

Positive subjective
arguments

= effortless ride

= fun to drive with motorcycle-like
driving characteristic

o agile and easy to navigate in the traffic
through very narrow and short body of
the vehicle

= low noise through fully enclosed
driver’s cabin and electric drivetrain

= full weather protection against rain
and wind, no jacket required

= |istening to music without headphones
possible

= (limited) space to leave personal
belongings in the vehicle

= bag can be placed to the back seat

effortless ride

low noise through fully enclosed
driver’s cabin and electric drivetrain
full weather protection against rain
and wind, no jacket required

listening to music without headphones
possible

space to leave personal belongings in
the vehicle

the bag can be placed in the trunk or
on the second seat

optionally the ride time can be used as
a sport exercise time

effortless ride

protection against direct wind and
rain

bag can be placed to the back seat

effortless ride

low noise through fully enclosed
drivers cabin and electric drivetrain

full weather protection against rain
and wind, no jacket required

listening to music without
headphones possible

space to leave personal belongings in
the vehicle

bags can be placed in the trunk

Negative subjective
arguments

= narrow interior space

= ride comfort not too high on bumpy
roads

= driver might feel uncomfortable near
bigger vehicles in the traffic and faster
moving vehicles

o driver might feel compelled to choose
the route with slower streets instead of
the main road

= vulnerable against heavier vehicles in
case of a collision

= if charging is wanted, a parking spot
next to a charging point is required

relatively low and unusual seating
position

ride comfort not too high on bumpy
roads

driver might feel uncomfortable near
bigger vehicles in the traffic

vulnerable against heavier vehicles in
case of a collision

if charging is wanted, a parking spot
next to a charging point is required

driver is exposed to the external
temperature and weather conditions,
additional clothing might be required

ride comfort not too high on bumpy
roads
no voice isolation

listening to music without
headphones disturbs the
environment

personal items can't be left in the
vehicle securely

driver might feel uncomfortable near
bigger vehicles in the traffic and
faster moving vehicles

vulnerable against heavier vehicles in
case of a collision

if charging is wanted, a parking spot
next to a charging point is required

= small interior space

= ride comfort not too high on bumpy
roads

= driver might feel uncomfortable near
bigger vehicles in the traffic

vulnerable against heavier vehicles in
case of a collision

if charging is wanted, a parking spot
next to a charging point is required
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Vehicle M1-A BEV M1-A ICE M1-C BEV (] M1-C ICE (]
Trip time [min] 22 22 22 22

Energy consumption 3,393 1,209 2,906 1,034

Energy costs [€] 1,03 1,70 0,88 1,45

COz-equivalent [gCO;] 1605 2865 1374 2449

Positive subjective
arguments

= slightly improved ride comfort
= slightly bigger interior space

o more space to leave personal
belongings in the vehicle

= improved safety

= slightly improved ride comfort
= slightly bigger interior space

o more space to leave personal
belongings in the vehicle

= improved safety
= no charging

= improved ride comfort
= bigger interior space

= driver feels more comfortable on the
main roads

o more space to leave personal
belongings in the vehicle

= improved safety

= improved ride comfort
= bigger interior space

= driver feels more comfortable on the
main roads

o more space to leave personal
belongings in the vehicle

= improved safety
= no charging

Negative subjective
arguments

= vertical parking not possible

= vertical parking not possible
= engine noise

= vertical parking not possible

= vertical parking not possible
= engine noise

= factor applicable generally

P B O o

vehicle is plausible

factor specific to the persona’s trip

vehicle is not plausible

there are factors that bring the plausibility of the vehicle in question
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Table 20: Analysis of use cases - Vivienne/Commuting

Vehicle Public transport A Bike A  E-Scooter A  Pedelec A
Trip length [km] not specified 18,7 A 187 A 187 A
Trip time [min] 60 min (11 min walking, 2 transfers) & 55 A 55 A 49 A
Energy consumption - 0 0,168 0,075

Energy costs [€] - 0, 00 0,05 0,02

COz-equivalent [gCO,] 1222 0 80 35

Positive subjective
arguments

= no active driving, time can be used
for other activities

= no parking

can use bike roads

can go through traffic
quick to get on and off
no parking maneuvers

very easy to find a place to park, can
be parked directly at the destination

no charging/refueling

= can use bike roads

= can go through traffic
quick to get on and off
no parking maneuvers

easy to find a place to park, can be
parked directly at the destination

can be folded and taken inside for
charging

can use bike roads

can go through traffic
quick to get on and off
no parking maneuvers

easy to find a place to park, can be
parked directly at the destination

rider decides how much help she
gets from the electric motor (option
for using the ride as a chance for
sport)

portable battery can be taken with
for charging

Negative subjective
arguments

no freedom with timing, the trip
needs to be planned according to the
schedule of public transport, extra
time is needed as a buffer to catch
the tram and the bus, busses are
prone to traffic and can cause delays
as well as missing of connections

transfers

exposed to weather conditions at the
beginning and end of the trip as well
as during the transfers

shared space with other people
seating is not guaranteed

parts of the trip require walking
potentially louder environment

no motorized ride, rider uses his own
energy, resulting tiredness and
sweating (intensified by the very
long trip duration and elevation
changes)

fully exposed to weather conditions

fully exposed to the noise of the
environment

not all roads are suitable for bikes A
and pose a safety risk

no safety elements in case of an
accident

only limited space for the bags, the
rider might need to carry the bags by
himself, the bags can cause an
imbalance

less comfortable seating and
ergonomics

rider experiences the deformities of
the road more directly

susceptible to theft (light enough to
be carried away by a person unless
fixed to a place)

fully exposed to weather conditions

fully exposed to the noise of the
environment

o not all roads are suitable fore- A
scooters and pose a safety risk

no safety elements in case of an
accident

no space for the bags, so the bags
should be carried by the rider and
can cause imbalance by riding

o

rider experiences the deformities of
the road very directly

not very comfortable to ride, no
seating, the rider stands up the
whole ride (intensified by the long
trip duration)

susceptible to theft (light enough to
be carried away by a person unless
fixed to a place)

o

fully exposed to weather conditions

fully exposed to the noise of the
environment

not all roads are suitable for bikes A
and pose a safety risk

no safety elements in case of an
accident

only limited space for the bags, the
rider might need to carry the bags by
himself, the bags can cause an
imbalance

less comfortable seating and
ergonomics

rider experiences the deformities of
the road more directly

very susceptible to theft (light
enough to be carried away by a
person unless fixed to a place and
expensive), so extra effort is needed
to find a secure place to lock the bike
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Vehicle L2e @ Lbe @ Lee @ L7e ()
Trip length [km] 19,5 19,5 19,5 19,5

Trip time [min] 27 22 27 22

Energy consumption 2,145 1,424 1,131 1,521

Energy costs [€] 0,65 0,43 0,34 0,46

COz-equivalent [gCO;] 1015 673 535 719

Positive subjective
arguments

= effortless ride

= low noise through fully enclosed
drivers cabin and electric drivetrain

= full weather protection against rain
and wind, no jacket required

= listening to music without
headphones possible

= (limited) space to leave personal
belongings in the vehicle

= bag can be placed to the back seat

= effortless ride

low noise through fully enclosed
drivers cabin and electric drivetrain

full weather protection against rain
and wind, no jacket required

listening to music without
headphones possible

space to leave personal belongings in
the vehicle

the bag can be placed in the trunk or
on the second seat

optionally the ride time can be used
as a sport exercise time

= effortless ride

= protection against direct wind and
rain

bag can be placed to the back seat

effortless ride

low noise through fully enclosed
drivers cabin and electric drivetrain

full weather protection against rain
and wind, no jacket required

listening to music without
headphones possible

space to leave personal belongings in
the vehicle

bags can be placed in the trunk

Negative subjective
arguments

= narrow interior space
= ride comfort not too high on bumpy
roads

= tilting might not feel comfortable for
the driver

o driver might feel uncomfortable near
bigger vehicles in the traffic and
faster moving vehicles

= vulnerable against heavier vehicles in
case of a collision

= if charging is wanted, a parking spot
next to charging point is required

relatively low and unusual seating
position

ride comfort not too high on bumpy
roads

driver might feel uncomfortable near
bigger vehicles in the traffic

vulnerable against heavier vehicles in
case of a collision

if charging is wanted, a parking spot
next to a charging point is required

driver is exposed to the external
temperature and weather conditions,
additional clothing might be required

ride comfort not too high on bumpy
roads

no voice isolation

personal items can't be left in the
vehicle securely

o driver might feel uncomfortable near
bigger vehicles in the traffic and
faster moving vehicles

vulnerable against heavier vehicles in
case of a collision

if charging is wanted, a parking spot
next to a charging point is required

small interior space

ride comfort not too high on bumpy
roads

o driver might feel uncomfortable near
bigger vehicles in the traffic

vulnerable against heavier vehicles in
case of a collision

if charging is wanted, a parking spot
next to a charging point is required
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Vehicle M1-A BEV M1-A ICE M1-C BEV (] M1-C ICE (]
Trip length [km] 19,5 19,5 19,5 19,5

Trip time [min] 22 22 22 22

Energy consumption 3,393 1,209 2,906 1,034

Energy costs [€] 1,03 1,70 0,88 1,45

COz-equivalent [gCO;] 1605 2865 1374 2449

Positive subjective
arguments

= slightly improved ride comfort
= slightly bigger interior space

o more space to leave personal
belongings in the vehicle

= improved safety

= slightly improved ride comfort
= slightly bigger interior space

o more space to leave personal
belongings in the vehicle

= improved safety
= no charging

= improved ride comfort
= bigger interior space

= driver feels more comfortable on the
main roads

o more space to leave personal
belongings in the vehicle

= improved safety

= improved ride comfort
= bigger interior space

= driver feels more comfortable on the
main roads

= more space to leave personal
belongings in the vehicle

improved safety
= no charging

Negative subjective
arguments

= vertical parking not possible

= vertical parking not possible
= engine noise

= vertical parking not possible

vertical parking not possible
= engine noise

= factor applicable generally

BB O o

vehicle is plausible

factor specific to the persona’s trip

vehicle is not plausible

there are factors that bring the plausibility of the vehicle in question
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Time:

Comparing the times in different examples shows different results. In Max's example, the
micromobiles (bike/pedelec/e-scooter) offer the fastest option. The advantage of the
micromobiles in this example comes from the fact that they are allowed to use the bike roads
and therefore have a more direct route. The LEVs and M1 vehicles are 2 minutes (13%)
slower than the bike/e-scooter and 4 minutes (30%) slower than the pedelec. On the other
hand, in the examples of Anne and Vivienne, the micromobiles' trip durations are much
longer than the trips with LEVs and M1 vehicles. In these examples, it is safe to say that these
40+ minute trip durations with the micromobiles fall outside the plausible window. The trip
durations of the L2e and L6e vehicles, despite their lower top speeds, remain similar to the
faster vehicles in Anne's example, as they are only 2 minutes (11%) slower than the faster
vehicles. However, in Vivienne's example, where most roads allow a higher top speed, the
difference increases to 5 minutes (23% slower). Public transport takes at least twice as long

as the fastest alternatives in all examples and shows a significant disadvantage in this topic.

When it comes to total trip duration, however, there are a couple of other things to pay
attention to that aren't accounted for in these trip duration estimates. The first is parking.
Both the search for a parking space and the parking maneuver take some additional time.
Finding a parking space is situation and vehicle dependent and can be different on each
occasion. In general, it can be said that if there isn't a designated parking space and the
vehicle must be parked on the streets, the smaller vehicles can find a parking space easier
and faster. Especially the vehicles that can park vertically get a bigger advantage, because
they can use the narrow spots that normally wouldn't be enough for the length of a
conventional car, and they can use the extra space for the necessary maneuvers to get the
vehicles in and out of that position. The distance from the parking spot to the actual
destination is also something to consider, as the additional walking distance adds to the total
time. The easier it is for a vehicle to find a parking space, the shorter this time can be.
Micromobiles have an advantage here because they can be parked directly at the destination
in most cases. Another factor to consider is the preparation time at the beginning and end
of a trip, which is slightly longer for an LEV and M1 vehicle than for a micromobile. If users

want to charge their electric vehicles, this is also an additional time to consider. In addition
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to connecting the vehicle to the charging station and the payment process, the location of
the charging station, which may be farther away from the final destination than a normal
parking spot, is another factor that adds time. For public transportation, an additional buffer
time should be factored in to ensure that the bus/train can be reached. There is also the
discrepancy between the traveler's desired time of departure and the available scheduled
times of public transport. Especially if the frequency of the used connections is not high, the
exact time of the traveler's departure may not be optimally in line with the schedule, and the
waiting time may increase. It is not easy to assign a specific duration to these mentioned
factors, as they can vary from situation to situation and from person to person, but they

should be considered in the total duration of the trip, even if only qualitatively.

When these points are taken into account, the advantage of micromobiles in Max's example
becomes even greater. They take less time to prepare, can be parked right at the coffee shop
and later at his lecture hall, and require almost no time for parking maneuvers. Parking at
the lecture hall doesn't make much of a difference between LEVs and M1s. However, the
LEVs (especially the L2e, L6e, and L7e examples) have an advantage over the M1 vehicles at
the coffee shop stop. Public transport has a high frequency on this route (every 3 minutes in
the first part and every 7 minutes in the second part), so its disadvantage is minimal. In the
examples of Anne and Vivienne, the effects of these qualitative advantages of the
micromobiles over the LEVs/M1 vehicles are minimal, and the LEVs don't bring any additional
advantage over the M1 vehicles because they are parked in parking garages at the
workplaces. For public transport, in the case of Anne, the frequencies are lower than Max
(every 20 minutes) and may therefore add some additional waiting time, but the effect is still
moderate. In the case of Vivienne, however, the buses on her route don't run on a regular
pattern, and the time between the two buses is close to 1 hour, which can either make the

waiting time much longer or force her to plan her travel time accordingly.

In summary, it can be said that LEVs don't provide much of a time advantage over
micromobiles if the commute is happening in the city or over short distances. However, for
longer commutes, they allow travel times similar to those of M1 vehicles. Public transport is

at a disadvantage in all three examples.

70



Energy consumption and costs:

When the energy consumption and the resulting energy costs are considered, the L5e, L6e
and L7e vehicles have a significant advantage over the M1 category vehicles. The L2e vehicle
has a closer energy consumption level to the M1 vehicles, but this can be seen as a result of
the older technology and the active leaning system of the vehicle. When it comes to the cost
of energy, a trip with the M1 C-class BEV vehicle costs 1,9 times as much as a trip with the
L7e vehicle. This factor increases to 4,1 times when comparing the M1 A-class ICE vehicle
with the L7e vehicle. Therefore, it can be said that the LEVs bring considerable savings in
terms of energy consumption and energy costs compared to the M1 vehicles. On the other
hand, the energy consumption and costs of the micromobiles are negligibly small and show
a great advantage over all other mobility options considered. The results of these
comparisons don't differ between personas because they are calculated with averages and
therefore their ratios don't change between personas. If these values were measured with
real-life tests, they could show slightly different results, but it's safe to assume that these

differences would not be too large to invalidate the statements made here.

CO, emissions:

Since CO, emissions are directly related to energy consumption, the same conclusions can
be drawn for electric vehicles. However, the disadvantage of ICE vehicles over electric vehicles
becomes even more apparent in this regard, as they produce about 80% more CO; emissions
than their comparable electric counterparts. This difference is also likely to increase in the
coming years, as countries continue to make the transition to more environmentally friendly
sources of energy and reduce the CO,-equivalent emissions of their electricity generation. In
a direct comparison, the L7e example vehicle produces only 23% and 26% of the CO;
emissions of the M1 examples in the A- and C-class, respectively. On the other hand, the
micromobiles again have negligible CO, emissions and show a great advantage in this area
as well. The emissions of public transport depend strongly on whether the trip is made by
tram or bus, as can be seen in the comparison of Anne and Vivienne, and on how direct the

route is compared to the individual mobility options, as in the comparison of Max and Anne.
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In general, it can be said that the emissions of public transport fall between those of LEVs

and M1 electric vehicles.

Driving:

By the driving characteristics aspect, the active leaning system of the [2e vehicle sets this
vehicle apart. With its motorcycle-like driving style and agility, this can be a positive aspect
for the younger users such as Max and Anne, but can also be a negative aspect for the older
users such as Vivienne due to the excessive movement. (Of course, this doesn't necessarily
apply to all younger users and vice versa). The L5e vehicle also has a unique steering system,
but it is assumed that users can get used to it once they own the vehicle. However, this
aspect would become an obstacle if the analysis were based on shared vehicles instead of
privately owned ones. The L6e and L7e vehicles have conventional steering and should
therefore not differ much from the M1 vehicles. Their smaller motors are compensated by
the agility of their electric drivetrains and their light weight, allowing them to keep up with
larger vehicles on urban roads. On the other hand, the lack of power and the limited top
speed in the case of L2e and L6e vehicles can still be felt as a negative point on non-urban

roads. This doesn't apply to Max, but may apply to Anne and especially to Vivienne.

In the case of the micromobiles, the bicycle is again not plausible for Anne and Vivienne
because of the long distance of their trips, as it relies on the rider's own power. Max's journey
has an optimal distance for a bicycle ride. However, on a windy or hot day, it can still be
exhausting for him. A pedelec offers more comfort in such conditions with its power-assisting
electric motor. In terms of driving characteristics, the more rigid and uncomfortable handling
of e-scooters (compared to bikes and pedelecs) could prove a negative point for Max when

it comes to using them for commuting.

The possibility to use the bicycle lanes and therefore the freedom to have a nicer and more
direct route is another positive point for the micromobiles in the example of Max. Taking a
greener route without the noise of car traffic can add a positive aspect to his morning

commute.
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All three examples have designated parking spaces at their destinations, so parking doesn't
play a big role at the destination. However, in the case of Max, parking during his short stop
for coffee could significantly affect his experience. This is where the micromobiles have the
biggest advantage, as they can be parked on the spot without any problems. The ability to
park vertically also gives the L2e, L6e, and L7e examples a noticeable advantage over the M1
vehicles, as such spots are much easier to find. The M1 vehicles may take longer to find a
suitable parking space, and require additional walking if the parking space found isn't very
close to the store. This walking and parking search add stress and time to Max's commute,

which is especially negative during a morning commute.

Comfort:

When it comes to ride comfort, weather protection is a topic that applies to all three
personas. The L2e, L5e and L7e vehicles, as well as the M1 vehicles, offer a fully enclosed
driver's cabin for full weather protection. This allows the drivers to dress up more to their
liking and comfort, as they will only be exposed to the outside weather for a short period of
time. This can be seen as a positive for comfort not only during the ride, but also for the rest
of the day. The partial weather protection of the L6e vehicle requires appropriate clothing
for the outside temperature. The longer waiting times and transfers by public transport also
expose all three personas more to the outside weather and may influence their choice of
clothing. Not only do the micromobiles provide no protection from the weather, but they
also expose the riders to additional wind during the ride. This may not only actively influence
their choice of clothing, such as picking up a windproof coat, but also require them to
purchase additional accessories, such as gloves. This situation is worst for bikes, where the
rider has to balance protection against cold and wind with lightness and breathability against
perspiration. Especially in the case of Vivienne, the effect on the choice of clothing can be
seen as a strong negative point, because she may want to give priority to dressing

appropriately for her managerial role at work.

In terms of ergonomics, the L2e, L6e and L7e vehicles offer similar driver seats to the
conventional M1 vehicles, and their feel can be considered comparable to those vehicles.

The L5e vehicle has a lower and more reclined seating position, which can take some time
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to adjust. This effect may be less for Max and more for Vivienne. The bicycle and pedelec
seats are less comfortable than a driver's seat in LEVs and M1 vehicles. On public transport,
passenger comfort depends on how crowded the tram or bus is. In a relatively empty vehicle,
the ride comfort may be similar to a car, but riders may have to sit on narrower seats next to
other passengers, or even stand if no seats are available. The e-scooter offers no seating and
is therefore the worst option in this topic. Standing while riding may be less of a problem for

Max, but may bother Anne and Vivienne more.

The relatively inferior ride quality of LEVs on bad roads compared to M1 vehicles may not
affect Max too much on his shorter urban route, but may become more important for Anne
and Vivienne. Bicycles and pedelecs offer even less comfort, and the e-scooter is the worst

in this comparison.

The interiors of the L2e, L5e and L7e vehicles can feel too small and therefore can give all 3
personas a feeling of being cramped. The L6e vehicle has a more positive feeling here thanks
to the only partially enclosed driver's cabin. The M1 C-class vehicles are more advantageous
with their more spacious interior. The micromobiles, on the other hand, leave the drivers out
in the open and are the most advantageous with the feeling of openness. Public transport
vehicles with their large interiors are also advantageous in this regard, as long as the vehicles

aren't overcrowded.

When it comes to noise, the L2e, L5e, L7e and M1 vehicles once again gain a positive point
against the L6e vehicle and the micromobiles with their fully enclosed driver's cabins. This
point is important for Max because of his personal preferences and for Anne and Vivienne
because of their longer trips. At the same time, it affects the topic of entertainment for each
persona through its effect on listening to music (or podcasts/audiobooks). While the
personas can freely listen to music in the vehicles with enclosed cabins, the other mobility
options only allow them to listen to music with headphones. Listening to music through
headphones is also a safety risk because it impairs the driver's perception of the environment
and is discouraged [88]. In the case of public transportation, the personas still need to listen

to music through headphones, but they can do so without worrying about the additional

74



safety risk. Since they are not driving, they also have more options for using this time other

than listening to music.

The discomfort of being in a smaller vehicle for LEVs may not be too noticeable for Max in
slow urban traffic, but it may be more noticeable on non-urban roads, as in the case of Anne
and Vivienne. For the L2e and L6e vehicles, this inconvenience may be even greater on non-
urban roads where the speed limit is over 50 km/h, as they will be slower than the other
vehicles around them and will be overtaken frequently. Micromobiles are even more

disadvantaged than LEVs in this regard.

Functionality:

All of the given LEVs meet most of the travel needs of the three personas. For Max, the L2e,
L6e, and L7e vehicles offer easy parking during his coffee stop with the ability to park
vertically, allowing him to plan his trip duration accurately. The L5e vehicle cannot park
vertically, but its compact size still allows him to find a parking space more easily than a
conventional car. They also all provide enough space for him to carry his two bags. However,
the LEVs don't offer a cup holder, so he can't comfortably drink coffee on the go. For Anne,
the L2e and L6e vehicles aren't allowed on the highway, so they cost her a possible route,
but she has a comparable alternative and doesn't lose much other than a few extra minutes
of driving time. All LEVs meet the requirements of Vivienne's commute. The M1 vehicles may
cause Max to spend extra time looking for parking, as explained above, so he needs to plan
for some buffer time. The micromobiles don't offer Max the space to carry his two bags, and
while they don't make his commute impossible, they do make it more difficult. The bike and
the pedelec can be fitted with a basket so that he can carry one of his bags in the basket
and the other on his back. With the e-scooter, he has to carry both bags on his back, which
can be uncomfortable and disturb his balance while riding. Because of the length of their
trips, the micromobiles aren't plausible for Anne and Vivienne. For Max, public transportation
requires him to arrive at stations on time, which may cause him stress or require him to arrive
a few minutes early as a buffer. In the case of Vivienne, arriving at work in an electric vehicle
can support the image of sustainability she wants to build. Arriving at work in an LEV instead

of a conventional M1 vehicle can further reinforce this image by promoting not only electric

75



vehicles, but also the importance of smaller cars for efficiency and saving space and

resources.

Charging is of moderate importance in this use case. Except for the e-scooter for Anne and
Vivienne and the L2e vehicle for Vivienne, all vehicles have enough range to make a round
trip if they start with a full charge. So the ability to charge the vehicle is not a necessity, but
can be seen as an optional opportunity. This should be the general case, as these vehicles
have the opportunity to charge overnight before the trip. However, if the vehicle is on a low
charge or the commute is to be continued with a longer chained trip, the long stay at the
university/office may provide a suitable opportunity for charging. The opportunity for free
charging, sometimes offered by companies or public institutions as an incentive to encourage
the electrification of vehicles, can also be an attractive point for the personas to charge their

vehicles at these places.

The bicycle has a clear advantage over other vehicles because it does not need to be charged
or refuelled. The e-scooter has the advantage of being small and foldable, allowing Anne
and Vivienne to take it into their offices and charge it at any power outlet. Because he
changes classrooms frequently during the day, this option isn't very practical for Max, and
he would have to find a place on campus to charge his e-scooter. On the other hand, his
commute is short enough to allow him to make a round trip without recharging, so this need
is unlikely to arise for him. The pedelec has a removable battery, so all three personas can
plug it into normal university/office outlets and charge it. The LEVs and BEVs face the
challenge of finding a free space at a charging station. This requires them to park where the
charging stations are, and because the number of charging stations is limited, there is a risk
that they will not be able to charge their vehicles. This can be an inconvenience for all three
personas if they have planned their trips with the idea of charging their vehicles at
school/work. The ability to charge from household outlets doesn't give LEVs much of an
advantage over conventional BEVs, because the only ways to charge outside at these
locations are likely to be charging stations and wallboxes. However, if there are stations
dedicated to micromobiles with conventional outlets, they can provide additional charging
stations for LEVs. ICE vehicles refuel at gas stations en route, so their users aren't restricted

in where they can park.
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Another issue to consider is how to secure the vehicle during stops or at the end of the trip.
In this regard, the micromobiles are generally at a slight disadvantage compared to the LEVs
and M1 vehicles. While the LEVs and M1 vehicles are simply locked with a key, the
micromobiles must be secured to a location by the user. In addition, the relatively easy
disassembly of expensive components such as batteries on pedelecs creates an additional
risk of theft. However, in these three examples, the importance of this issue is not too high
as all personas park their vehicles either for very short periods of time or in relatively safe
environments where the risk of theft is not too high, especially during the day. The L6e
vehicle has one negative point compared to other LEVs and M1 vehicles. Since the vehicle
doesn't have an enclosed driver's cabin, the personas have no way to safely leave their
personal belongings in the vehicle. The small locked box in the back seat allows some items
to be left in the vehicle, but due to the size of the box, it is relatively limited and not as

convenient as in the other LEV and M1 examples.

Safety:

In general, as explained in Chapter 3.3.1, the LEVs offer less safety to their occupants in a
collusion with a heavier vehicle. While this risk is lower for Max, it becomes more significant
for Anne and Vivienne as they travel on roads with higher speed limits. For L2e and L6e
vehicles, this risk becomes greater because they cannot exceed 45 km/h and are significantly
slower than the other vehicles on these roads. However, in the examples of Anne and
Vivienne, micromobiles are at an even greater disadvantage. In both cases, some of the roads
on their routes don't have dedicated bicycle infrastructure, and this poses a major safety risk
for riders because the other vehicles travel at much higher speeds than the micromobiles.
This is another reason why commuting by a micromobile is implausible for these two

personas.

4.4.2 Use case 2: Shopping

A shopping trip refers to a trip to any type of store for the purpose of purchasing goods.
Since the type and quantity of goods can vary greatly depending on the purpose of the trip,

it is not easy to make general statements that can be applied to all types of shopping trips.
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This study focuses on grocery shopping as an example because it is a common and recurring

type of shopping trip that applies to most user groups.

In the case of shopping trips, the focus lies on function, as it is a trip to fulfill a need. It is

important that the vehicle can carry the goods in a comfortable way and that the trip can be

made quickly and easily. Since the trip is often made to the nearest store that fulfills the

user's needs, the duration and length of the trip are usually short. This reduces the

importance of driving characteristics and ride comfort and puts more emphasis on

functionality. It can be said that the shopping trips have a semi-regular character, as they do

not take place every day, but are repeated when necessary.

The three trips analyzed for the personas are as follows:

Max goes to the discount store closest to his home to do his weekly shopping after
returning home from the university, at the beginning of the week. He carries a full
backpack and a large shopping bag because of his trip.

Anne goes around noon, after work, to her favorite supermarket where she can find
the vegan products she wants, which, thanks to living in the city, is still a plausible
distance from her house. Because she is shopping for a family of four, she has two
large bags of groceries to carry, plus a six-pack of bottled water.

Vivienne goes to the supermarket in the evening after returning from work and
leaving her things at home. After leaving the supermarket, she also stops at the
farmer's market and the bakery, which are close by. Because she often shops to cook
with fresh ingredients, she only has a medium-sized bag of groceries from the
supermarket. Afterwards, she picks up a few additional items from the farmer's

market and the bakery, which aren't too large in size either.

The results of the analysis for the three personas for each mobility option are shown below.

It should be noted that these results are not for one-way trips, but for round trips, unlike the

other two use cases.
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Table 21: Analysis of use cases - Max/Shopping

Vehicle Public transport o Bike A E-Scooter A Pedelec A
Trip length [km] not specified 1,1 11 1,1

Trip time [min] 6 (walk) 4 4 4

Energy consumption - 0 0,010 0,004

Energy costs [€] - 0,00 0,00 0,00

COz-equivalent [gCO;] 0 0 5 2

Positive subjective = not losing time with gettingonor =  quick to get on and off = quick to get on and off = quick to get on and off
arguments off a vehicle and parking = no parking maneuvers = no parking maneuvers = no parking maneuvers
= can be parked directly at the = can be parked directly at the = can be parked directly at the
destination destination destination
Negative subjective = actively carrying the bags = no motorized ride, rider uses his = fully exposed to weather = fully exposed to weather
arguments = fully exposed to weather own energy conditions conditions
conditions = fully exposed to weather = no safety elements in case of an = no safety elements in case of an
conditions accident accident

= no safety elements in case of an
accident

o only limited space for the bags, A
the rider needs to carry the second
bag either on his shoulder or hang
it to the handlebar, which causes
imbalance

o no space for the bags, the rider A
needs to carry the second bag
either on his shoulder or hang it to
the handlebar, which causes
imbalance

o only limited space for the bags, A
the rider needs to carry the second
bag either on his shoulder or hang
it to the handlebar, which causes
imbalance
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Vehicle L2e @ L5e @ Lee () L7e ()
Trip length [km] 1,20 1,20 1,20 1,20

Trip time [min] 5 5 5 5

Energy consumption 0,132 0,088 0,070 0,094

Energy costs [€] 0,04 0,03 0,02 0,03

COz-equivalent [gCO;] 62 41 33 44

Positive subjective
arguments

= effortless ride

= full weather protection against rain
and wind, no jacket required

= (limited) space to leave personal
belongings in the vehicle

o goods can be placed to the back
seat

= effortless ride

= full weather protection against rain
and wind, no jacket required

= space to leave personal belongings
in the vehicle

= goods can be placed in the trunk
comfortably

= effortless ride

= protection against direct wind and
rain

= goods can be placed to the back
seat

= effortless ride

= full weather protection against
rain and wind, no jacket required

= space to leave personal belongings
in the vehicle

= goods can be placed in the trunk
comfortably

Negative subjective
arguments

o notrunk, it is not comfortable
placing a bag and a second open
grocery bag to the back seat with
the cargo net

= driver is exposed to the external
temperature and weather
conditions, additional clothing
might be required

= personal items can't be left in the
vehicle securely

o notrunk, it is not comfortable
placing a bag and a second open
grocery bag to the back seat with
the cargo net
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Vehicle M1-A BEV M1-A ICE M1-C BEV M1-C ICE (]
Trip length [km] 1,20 1,20 1,20 1,20

Trip time [min] 5 5 5 5

Energy consumption 0,209 0,074 0,179 0,064

Energy costs [€] 0,06 0,10 0,05 0,09

COz-equivalent [gCO;] 99 176 85 151

Positive subjective -
arguments

Negative subjective -
arguments

P B O o

factor applicable generally
factor specific to the persona’s trip

vehicle is plausible

there are factors that bring the plausibility of the vehicle in question

vehicle is not plausible
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Table 22: Analysis of use cases - Anne/Shopping

Vehicle Public transport A Bike A  E-Scooter A  Pedelec A
Trip length [km] not specified 2,6 2,6 2,6
Trip time [min] 21. min (19 min walk, tram every 7 A 16 16 14
mins)
Energy consumption - 0 0,023 0,010
Energy costs [€] - 0,00 0,01 0,00
COz-equivalent [gCO;] 25 0 11 5

Positive subjective
arguments

= no active driving
= no parking

= quick to get on and off
= no parking maneuvers

= can be parked directly at the
destination

= quick to get on and off
= no parking maneuvers

= can be parked directly at the
destination

= quick to get on and off
= no parking maneuvers

= can be parked directly at the
destination

Negative subjective
arguments

= no freedom with timing, trip time
need adjustment to the schedule
of public transport

= parts of the trip require walking
= actively carrying the goods

= fully exposed to weather
conditions during walking

= no motorized ride, rider uses his
own energy

= fully exposed to weather
conditions

= not all roads are suitable for bikes

= no safety elements in case of an
accident

o the amount of goods are too A
much for carrying with a bike

= fully exposed to weather
conditions

= not all roads are suitable for e-
scooters

= no safety elements in case of an
accident

o the amount of goods are too A
much for carrying with an e-
scooter

= fully exposed to weather
conditions

= not all roads are suitable for bikes
= no safety elements in case of an
accident

o the amount of goods are too A
much for carrying with a bike
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Vehicle L2e A L5e [ L6e A L7e [
Trip length [km] 2,80 2,80 2,80 2,80

Trip time [min] 9 9 9 9

Energy consumption 0,308 0,204 0,162 0,218

Energy costs [€] 0,09 0,06 0,05 0,07

COz-equivalent [gCO;] 146 97 77 103

Positive subjective
arguments

= effortless ride

= full weather protection against rain
and wind, no jacket required

= (limited) space to leave personal
belongings in the vehicle

o goods can be placed to the back
seat

= effortless ride

= full weather protection against rain
and wind, no jacket required

= space to leave personal belongings
in the vehicle

= goods can be placed in the trunk
comfortably

= effortless ride

= protection against direct wind and
rain

goods can be placed to the back
seat

= effortless ride

= full weather protection against
rain and wind, no jacket required

= space to leave personal belongings
in the vehicle

= goods can be placed in the trunk
comfortably

Negative subjective
arguments

=  the space on the back seat not A
enough for all the goods, creative
placements might be needed

= driver is exposed to the external
temperature and weather
conditions, additional clothing
might be required

= personal items can't be left in the
vehicle securely

= the space on the back seat not A
enough for all the goods, creative
placements might be needed. In
addition, not enclosed space
requires a fixed placement of the
goods
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Vehicle M1-A BEV M1-A ICE M1-C BEV M1-C ICE
Trip length [km] 2,80 2,80 2,80 2,80
Trip time [min] 9 9 9 9

Energy consumption 0,487 0,174 0,417 0,148
Energy costs [€] 0,15 0,24 0,13 0,21
COz-equivalent [gCO;] 230 411 197 352

Positive subjective -
arguments

Negative subjective -
arguments

P B O o

factor applicable generally
factor specific to the persona’s trip

vehicle is plausible

there are factors that bring the plausibility of the vehicle in question

vehicle is not plausible
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Table 23: Analysis of use cases - Vivienne/Shopping

Vehicle Public transport A Bike A E-Scooter A Pedelec A
Trip length [km] not specified 10,3 10,3 10,3

Trip time [min] 56 min (25 min walk, with 5 buses) A 48 A 48 A 43 A
Energy consumption - 0 0,093 0,041

Energy costs [€] - 0,00 0,03 0,01

COz-equivalent [gCO;] 113 0 44 19

Positive subjective
arguments

= no active driving
= no parking

= quick to get on and off
= no parking maneuvers

= very easy to find a place to park,
can be parked directly at the
destination

= quick to get on and off
= no parking maneuvers

= many options for a place to park,

can be parked directly at the
destination

= quick to get on and off
= no parking maneuvers

=  many options for a place to park,
can be parked directly at the
destination

Negative subjective
arguments

= no freedom with timing, trip time
need adjustment to the schedule
of public transport, busses prone
to traffic and can cause delays,
missing of connections

= transfers

= exposed to weather conditions at
the beginning and end of the trip
and also during the transfers

= parts of the trip require walking
= actively carrying the goods

o  no motorized ride, rider uses his
own energy, resulting tiredness
and sweating. Intensified by the
very long trip duration and
elevation changes

= fully exposed to weather
conditions

o not all roads are suitable for bikes
and pose a safety risk

= no safety elements in case of an
accident

= carrying the goods in the bike-
basket not as comfortable as by
the LEVs or cars

= fully exposed to weather
conditions

o not all roads are suitable for e-
scooters and pose a safety risk

= no safety elements in case of an
accident

= no place for carrying the goods,
the rider needs to carry them by
herself

= fully exposed to weather
conditions

o not all roads are suitable for bikes
and pose a safety risk

= no safety elements in case of an
accident

= carrying the goods in the bike-
basket not as comfortable as by
the LEVs or cars
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Vehicle L2e (] L5e (L] L6e (L] L7e (L]
Trip length [km] 10,40 10,40 10,40 10,40

Trip time [min] 19 19 19 19

Energy consumption 1,144 0,759 0,603 0,811

Energy costs [€] 0,35 0,23 0,18 0,25

COz-equivalent [gCO;] 541 359 285 384

Positive subjective
arguments

= effortless ride

= full weather protection against rain
and wind, no jacket required

= (limited) space to leave personal
belongings and the previously
bought goods in the vehicle

= easy to find a parking place thanks
to the possibility of vertical parking
and narrow width of the vehicle

= goods can be placed to the back
seat

= effortless ride

= full weather protection against rain
and wind, no jacket required

= space to leave personal belongings
and the previously bought goods
in the vehicle

= goods can be placed in the trunk

= effortless ride

= protection against direct wind and
rain

= easy to find a parking place thanks
to the possibility of vertical parking

= goods can be placed to the back
seat

= effortless ride

= full weather protection against
rain and wind, no jacket required

= space to leave personal belongings
and the previously bought goods
in the vehicle

= easy to find a parking place thanks
to the possibility of vertical parking

= goods can be placed in the trunk

Negative subjective
arguments

= if cannot be parked directly at the
destination, extra walking while
carrying the goods

o  driver might feel uncomfortable
near bigger vehicles in the traffic
and faster moving vehicles

= vulnerable against heavier vehicles
in case of a collision

= if cannot be parked directly at the
destination, extra walking while
carrying the goods

= driver might feel uncomfortable
near bigger vehicles in the traffic

= vulnerable against heavier vehicles
in case of a collision

= driver is exposed to the external
temperature and weather
conditions, additional clothing
might be required

= personal items and previously
bought goods can't be left in the
vehicle securely

= if cannot be parked directly at the
destination, extra walking while
carrying the goods

o  driver might feel uncomfortable
near bigger vehicles in the traffic
and faster moving vehicles

= vulnerable against heavier vehicles
in case of a collision

= if cannot be parked directly at the
destination, extra walking while
carrying the goods

o driver might feel uncomfortable
near bigger vehicles in the traffic

= vulnerable against heavier vehicles
in case of a collision
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Vehicle M1-A BEV o M1-A ICE (] M1-C BEV (7 M1-C ICE (]
Trip length [km] 10,40 10,40 10,40 10,40
Trip time [min] 19 19 19 19
Energy consumption 1,810 0,645 1,550 0,551
Energy costs [€] 0,55 0,91 0,47 0,77
COz-equivalent [gCO;] 856 1528 733 1306
Positive subjective = driver feels slightly more = driver feels slightly more = driver feels more comfortable on = driver feels more comfortable on
arguments comfortable on the main roads comfortable on the main roads the main roads the main roads
= improved safety = improved safety = improved safety = improved safety
Negative subjective = finding a suitable parking spot = finding a suitable parking spot = finding a suitable parking spot = finding a suitable parking spot
arguments slightly harder slightly harder harder harder

if cannot be parked directly at the
destination, extra walking while
carrying the goods

= if cannot be parked directly at the
destination, extra walking while
carrying the goods

= if cannot be parked directly at the
destination, extra walking while
carrying the goods

= if cannot be parked directly at the
destination, extra walking while
carrying the goods

= factor applicable generally

vehicle is plausible

P B O o

vehicle is not plausible

factor specific to the persona’s trip

there are factors that bring the plausibility of the vehicle in question
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Time:

Comparing the three examples again shows different results in terms of trip duration. In
Max's example, the distance to get where he wants to go is so short that the time difference
between the modes is negligible. In Anne's example, the LEVs and M1 vehicles have a 5 to
7 minute advantage over the micromobiles, which is not a large difference considering that
this is a round trip. Moreover, some of this difference is negated by the additional time
required to park the LEVs and M1 vehicles. In these two examples, the public transport option
consists mostly or entirely of walking. In the Vivienne example, however, the situation
changes due to the longer distance to the shops as a result of the rural nature of the
persona's residence. While the LEVs and cars make the round trip in 19 minutes, the
micromobiles take over 40 minutes. This shows a significant travel time advantage for the
LEVs and M1 vehicles over the micromobiles in this example. In addition, the LEVs gain an
advantage over the M1 vehicles due to easier parking, especially at the second stop of this
trip, and thus can result in the shortest trip duration. Public transit requires four transfers on
this trip and takes a total of 56 minutes, with 25 minutes of walking, which is implausible

when compared to the alternatives.

Energy consumption, energy costs and CO, emissions:

Since these results depend on the trip distance and not on the details of the trips, the same
conclusions from the commuter trips can be applied here. The only additional point worth
mentioning is the relatively low total energy cost of the trips. While the energy costs of an
LEV and an M1 ICE still differ by a factor of 3-4, even the most expensive trip has an energy
cost of 24 cents in Anne's example and 91 cents in Vivienne's example. Since these trips
don't occur as often as the commute trips, it can be said that energy cost differences of this

magnitude may play a smaller role in the choice of mobility option.

Driving:

On the driving side, most of the outtakes explained in the commuting examples apply here
as well. As explained above, due to the shorter trip duration and the less regular nature of

the trips, the importance of these items is lower in these examples. However, one part that
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plays an important role here is parking. While the destinations in Max's and Anne's examples
have parking for their customers, the second stop in Vivienne's example doesn't have this
option. As a result, Vivienne may have to search longer for a parking spot and end up parking
farther away from her destination with the M1 vehicles. LEV vehicles may have the same
need, but their ability to park vertically and their compact size give them a better chance of
finding a suitable parking space than M1 vehicles. Parking far away when shopping causes
an additional inconvenience compared to commuting, because the user has to carry what
they bought for that extra distance. How big and significant this inconvenience is depends

on the weight/size of the goods carried and how far the vehicle is parked.

Ride comfort:

In terms of ride comfort, as in the case of driving, the findings from commuting can be
applied here to a lesser extent due to the shorter trip duration and the less regular nature of

the trips.

Functionality:

In this use case, the storage spaces of the vehicles gain a major importance. The volume,
geometry, and ease of use of the storage space affect how well and comfortable the trip is
for the user. In the examples given, how well the LEVs meet the needs of the trips varies.
The L2e vehicle offers the back seat as storage with a cargo net. This doesn't provide ideal
geometry for open grocery bags, especially considering the vehicle's tilt, but it may be
sufficient for Max and Vivienne's trips. For Anne, however, the L2e vehicle's storage space
may prove too small, unless she can creatively arrange the goods to fit into the vehicle's
available spaces. This is doable, but not a comfortable solution for the persona. The same
can be said for the L6e vehicle. In this vehicle, the non-enclosed driver's cab actually limits
the amount of goods that can be carried even more, because the poorly secured items can
fall off the vehicle. Therefore, it's not possible to "stuff" the excess items into the empty
spaces in the interior in the same way as in the L2e vehicle. This vehicle provides enough
storage for Vivienne, but may be problematic for Max and not enough for Anne. The L5e
and L7e vehicles, on the other hand, offer dedicated storage for all three personas and are
suitable. The same can be said for the M1 vehicles, as they all have enough storage space
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for these examples as well. The micromobiles are the most disadvantaged of the three
examples. Max can carry his backpack on his back, but the basket on the bike (if there is
one) may be too small to hold a large grocery bag, so he may have to hang it on the
handlebar of the bike or carry it himself on his shoulder. Although the trip isn't very long
and this may be acceptable to him, the resulting imbalance is still uncomfortable and poses
a certain safety risk. The e-scooter doesn't have a basket, so the same also applies here. For
Anne, the amount of goods is too much to carry with the micromobiles without creating a
major inconvenience and safety risk. For Vivienne, the amount of goods can be carried more
comfortably on a bicycle/pedelec with a basket. However, the length of the trip also makes

this implausible.

Charging is only a minor factor in this use case. Some supermarkets offer charging stations
for BEVs and additional sockets for micromobiles, making it possible to charge while
shopping. However, the generally short distances for this use case mean that these trips
don't create a need for charging. So if there's an opportunity to charge while shopping, that
can be seen as a positive, but the lack of that opportunity shouldn't be seen as a negative.
Also, the short duration of stay means that only partial charging is possible. Taking these
points into account, the pedelec and e-scooter again have an advantage because they can
always be parked near the charging points and charged as long as there are free outlets. The
LEVs can only use these outlets if they find a free parking space next to them. The BEVs have
the least chance of using the charging opportunities because they need the charging stations

to be unoccupied (if there are any).

For vehicle security, the general conclusions from the commuting use case also apply to this
use case, but are less important here because of the relatively short duration of stays at the

destinations.

Safety:

While the general advantages and disadvantages of vehicles in terms of safety apply to all
use cases and persona examples, their importance changes (to some extent) depending on
the situation. As mentioned in the section on functionality, the imbalance created by non-

optimal ways of transporting goods with the micromobiles creates an additional safety risk
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due to the reduced control of the rider, and is especially true for the examples of Max and
Anne. On the other hand, Max and Anne drive on relatively calm urban roads with good
infrastructure and low speed limits, so the safety risks on these roads aren't too high, which
is true for all types of vehicles. Vivienne, on the other hand, rides part of her trip on non-
urban roads with higher speed limits and no dedicated bike lanes, so the risks are higher for

her while riding the micromobiles.

4.4.3 Use case 3: First-/last-mile vehicle

First/last mile refers to the parts of trips between the traveler's starting point and the point
where the traveler's first intended primary mode of transportation is taken (first mile), and
between the point where the traveler's last intended primary mode of transportation is left
and the traveler's final destination (last mile). While these terms are most often used to refer
to the trip between the closest public transportation station and the starting point/end
destination, they can also refer to the trip from a traveler's home to the location of a sharing

vehicle, for example.

In some cases, when public transportation connections are not optimal (because of indirect
routes, bad connection times, etc.), a vehicle can be used to go directly to a particular mode
of transportation (and vice versa) to bypass the non-ideal intermediate steps. An example of
this would be using a bicycle instead of a tram or bus to reach the main train station when
traveling from home to another city. In this study, this type of use is also considered a first/last

mile trip.

The main focus of first/last mile trips is to reach the main mode of transport conveniently.
The assurance of arriving at the destination at a certain time to catch the connection is
especially important for first mile trips (if it is a connection to public transport). Ease of
transfer and short travel time are also important criteria for these trips. Due to the relatively
short distance and duration of these trips and their primary function, driving characteristics
and ride comfort may play a lesser role in the choice of mobility options compared to the
criteria mentioned above. However, if the trip is made on a regular basis (for example, as

part of a commute), these criteria may also gain more importance.
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The three trips analyzed for the personas are as follows:

e Max goes to Basel on Saturday morning and has to go to Karlsruhe main station to catch
a train. He has a small suitcase with him because he plans to stay there for the weekend.
The first mile is the trip between his house and the main station instead of the tram
station at YorkstraBe, because the tram takes an indirect route from this station to the
main station.

e Anne goes to Vaihingen to visit a friend after she comes home from working. She carries
a cake with her that needs to be held straight to stay intact. She wants to take the subway
from SchwabstraBe station, because the bus and train from the station near her home
take an indirect route and have transfers.

e Vivienne goes to Ettlingen on Saturday morning to meet friends for brunch. To do so,
she goes from her home to the Bad Herrenalb train station to take the tram. She carries

only a small purse and is dressed up for the occasion.

The results of the analysis for the three personas for each mobility option are shown below.
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Table 24: Analysis of use cases - Max/First mile vehicle

Vehicle Public transport A Bike A E-Scooter A Pedelec A
Trip length [km] not specified 3 3 3
Trip time [min] 21 min (6 min walk, tram every 8 mins)A 12 12 11
Energy consumption - 0 0,027 0,012
Energy costs [€] - 0,00 0,01 0,00
COz-equivalent [gCO,] 207 0 13 6
Positive subjective = no active driving = quick to get on and off = quick to get on and off = quick to get on and off
arguments = no parking = no parking maneuvers = no parking maneuvers = no parking maneuvers
= can be parked directly at the = fee for the bike-parking station = fee for the bike-parking station
destination for free cheaper than a parking garage for cheaper than a parking garage for
cars cars
Negative subjective = no freedom with timing, trip time = no motorized ride, rider uses his = fully exposed to weather = fully exposed to weather
arguments need adjustment to the schedule own energy conditions conditions
of public transport, extra time need  w f,]ly exposed to weather = no safety elements in case of an = no safety elements in case of an
to be planned to catch the tram conditions accident accident
*  exposed to weather conditions = no safety elements in case of an o aluggage cannot be carried with o aluggage cannot be carried with a
before and after taking the tram accident an e-scooter A pedelec A
*  parts of the trip require walking o aluggage cannot be carried witha = susceptible to theft (light enough = very susceptible to theft (light

= carrying the luggage

bike A

susceptible to theft (light enough
to be carried away by a person
unless fixed to a place)

to be carried away by a person
unless fixed to a place)

enough to be carried away by a
person unless fixed to a place and
expensive), so extra effort is
needed to find a secure place to
lock the bike
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Vehicle L2e ) L5e ] L6e ] L7e ]
Trip length [km] 3,90 3,90 3,90 3,90

Trip time [min] 10 10 10 10

Energy consumption 0,429 0,285 0,226 0,304

Energy costs [€] 0,13 0,09 0,07 0,09

COz-equivalent [gCO;] 203 135 107 144

Positive subjective
arguments

= effortless ride

= full weather protection against rain
and wind, no jacket required

= (limited) space to leave personal
belongings in the vehicle

=  the luggage can be placed to the
back seat

= effortless ride

= full weather protection against rain
and wind, no jacket required

= space to leave personal belongings
in the vehicle

= the luggage be placed in the trunk
comfortably

= effortless ride

= protection against direct wind and
rain

= the luggage can be placed to the
back seat

= effortless ride

= full weather protection against rain
and wind, no jacket required

= space to leave personal belongings
in the vehicle

= the luggage can be placed in the
trunk comfortably

Negative subjective
arguments

= fee for parking

= fee for parking

= driver is exposed to the external
temperature and weather
conditions, additional clothing
might be required

= personal items can't be left in the
vehicle securely

= fee for parking

= fee for parking
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Vehicle M1-A BEV M1-A ICE M1-C BEV M1-C ICE
Trip length [km] 3,90 3,90 3,90 3,90
Trip time [min] 10 10 10 10
Energy consumption 0,679 0,242 0,581 0,207
Energy costs [€] 0,21 0,34 0,18 0,29
COz-equivalent [gCO;] 321 573 275 490

Positive subjective -
arguments

Negative subjective -
arguments

P B O o

factor applicable generally
factor specific to the persona’s trip

vehicle is plausible

there are factors that bring the plausibility of the vehicle in question

vehicle is not plausible
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Table 25: Analysis of use cases - Anne/First mile vehicle

Vehicle

Public transport A

E-Scooter A

Pedelec A

Trip length [km]

not specified

Trip time [min]

16 min (walk) A

Energy consumption

0,012

0,005

Energy costs [€]

COz-equivalent [gCO;]

0

Positive subjective
arguments

planning an extra time for parking
not necessary

quick to get on and off
no parking maneuvers

very easy to find a place to park,
can be parked directly at the
destination, planning an extra time
for parking not necessary

quick to get on and off
no parking maneuvers

many options for a place to park,
can be parked directly at the
destination, planning an extra time
for parking not necessary

quick to get on and off
no parking maneuvers

many options for a place to park,
can be parked directly at the
destination, planning an extra time
for parking not necessary

Negative subjective
arguments

exposed to weather conditions

no motorized ride, rider uses his
own energy

fully exposed to weather
conditions

no safety elements in case of an
accident

the cake cannot be carried with a
bike properly A

fully exposed to weather
conditions

no safety elements in case of an
accident

the cake cannot be carried with an
e-scooter properly A

fully exposed to weather
conditions

no safety elements in case of an
accident

the cake cannot be carried with a
pedelec properly A
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Vehicle () L5e () L6e () L7e ()
Trip length [km] 1,40 1,40 1,40

Trip time [min] 5 5 5

Energy consumption 0,154 0,102 0,081 0,109

Energy costs [€] 0,03 0,02 0,03

CO:-equivalent [gCO;] 48 38 52

Positive subjective
arguments

effortless ride

full weather protection against
rain and wind, no jacket required
(limited) space to leave personal
belongings in the vehicle

easy to find a parking place thanks
to the possibility of vertical parking
and narrow width of the vehicle

free to park on the streets in
Stuttgart

= effortless ride

= full weather protection against
rain and wind, no jacket required

= space to leave personal belongings
in the vehicle

= the luggage be placed in the trunk
comfortably

= free to park on the streets in
Stuttgart

= the cake can be carried in the
trunk

= effortless ride

= protection against direct wind and
rain

= the luggage can be placed to the
back seat

= easy to find a parking place thanks
to the possibility of vertical parking

= free to park on the streets in
Stuttgart

= effortless ride

= full weather protection against
rain and wind, no jacket required

= space to leave personal belongings
in the vehicle

= easy to find a parking place thanks
to the possibility of vertical parking

= free to park on the streets in
Stuttgart

= The cake can be carried in the
trunk

Negative subjective
arguments

securing a space to carry the cake
properly

need to plan an extra time for the
search of a parking spot and
walking

= need to plan an extra time for the
search of a parking spot and
walking

= driver is exposed to the external
temperature and weather
conditions, additional clothing
might be required

= personal items can't be left in the
vehicle securely

= securing a space to carry the cake
properly

= need to plan an extra time for the
search of a parking spot and
walking

= need to plan an extra time for the
search of a parking spot and
walking
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Vehicle M1-A BEV M1-A ICE M1-C BEV M1-C ICE (]
Trip length [km] 1,40 1,40 1,40 1,40

Trip time [min] 5 5 5 5

Energy consumption 0,244 0,087 0,209 0,074

Energy costs [€] 0,07 0,12 0,06 0,10

COz-equivalent [gCO;] 115 206 99 176

Positive subjective
arguments

Negative subjective
arguments

= slightly harder to find a parking
space on the streets

= slightly harder to find a parking
space on the streets

= parking fee

= slightly harder to find a parking
space on the streets

= slightly harder to find a parking
space on the streets

= parking fee

= factor applicable generally
factor specific to the persona’s trip
vehicle is plausible

there are factors that bring the plausibility of the vehicle in question

P B O o

vehicle is not plausible
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Table 26: Analysis of use cases - ViviennelFirst mile vehicle

Vehicle Public transport A Bike o E-Scooter o Pedelec o
Trip length [km] not specified 4,4 4,4 4,4
Trip time [min] 16 min (with bus, 6 min walk) A 13 13 12
Energy consumption - 0 0,040 0,018
Energy costs [€] - 0,00 0,01 0,01
142 0 19 8

COz-equivalent [gCO;]

Positive subjective
arguments

= no active driving
= no parking

= quick to get on and off
= no parking maneuver

= quick to get on and off
= no parking maneuver

quick to get on and off
= no parking maneuver

Negative subjective
arguments

= no freedom with timing, trip time
need adjustment to the schedule
of public transport, busses prone
to traffic and can cause delays

= exposed to weather conditions
while waiting at the station

= parts of the trip require walking

= no motorized ride, rider uses his
own energy

= fully exposed to weather
conditions

= not all roads are suitable for bikes
and pose a safety risk

= no safety elements in case of an
accident

= fully exposed to weather
conditions

= ot all roads are suitable for e-
scooters and pose a safety risk

= no safety elements in case of an
accident

= fully exposed to weather
conditions

= not all roads are suitable for bikes
and pose a safety risk

= no safety elements in case of an
accident
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Vehicle L2e ) L5e ] L6e ] L7e ]
Trip length [km] 4,70 4,70 4,70 4,70

Trip time [min] 8 8 8 8

Energy consumption 0,517 0,343 0,273 0,367

Energy costs [€] 0,16 0,10 0,08 0,1

COz-equivalent [gCO;] 245 162 129 173

Positive subjective
arguments

= effortless ride
= full weather protection against rain
and wind, no jacket required

= (limited) space to leave personal
belongings in the vehicle

= effortless ride

= full weather protection against rain
and wind, no jacket required

= space to leave personal belongings
in the vehicle

= effortless ride

= protection against direct wind and
rain

= effortless ride

= full weather protection against rain
and wind, no jacket required

= space to leave personal belongings
in the vehicle

Negative subjective
arguments

= driver might feel uncomfortable
near bigger vehicles in the traffic
and faster moving vehicles

= vulnerable against heavier vehicles
in case of a collision

= if charging is wanted, a parking
spot next to a charging point is
required

= driver might feel uncomfortable
near bigger vehicles in the traffic

= vulnerable against heavier vehicles
in case of a collision

= if charging is wanted, a parking
spot next to a charging point is
required

= driver is exposed to the external
temperature and weather
conditions, additional clothing
might be required

= personal items can't be left in the
vehicle securely

= driver might feel uncomfortable
near bigger vehicles in the traffic
and faster moving vehicles

= vulnerable against heavier vehicles
in case of a collision

= if charging is wanted, a parking
spot next to a charging point is
required

= driver might feel uncomfortable
near bigger vehicles in the traffic

= vulnerable against heavier vehicles
in case of a collision

= if charging is wanted, a parking
spot next to a charging point is
required
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Vehicle M1-A BEV M1-A ICE () M1-C BEV () M1-C ICE ()
Trip length [km] 4,70 4,70 4,70 4,70

Trip time [min] 8 8 8 8

Energy consumption 0,818 0,291 0,700 0,249

Energy costs [€] 0,25 0,41 0,21 0,35

COz-equivalent [gCO;] 387 691 331 590

Positive subjective
arguments

= driver feels slightly more

comfortable on the main roads

= improved safety

= driver feels slightly more
comfortable on the main roads

= improved safety
= no charging

= driver feels more comfortable on

the main roads

= improved safety

= driver feels more comfortable on

the main roads

= improved safety
= no charging

Negative subjective
arguments

= factor applicable generally
factor specific to the persona’s trip
vehicle is plausible

there are factors that bring the plausibility of the vehicle in question

P B O o

vehicle is not plausible
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Time:

Comparing the times in these examples gives a more consistent result than the commuting
and shopping examples: The LEVs and M1 vehicles are slightly faster than the micromobiles,
but the differences are not too large. While the differences in the cases of Max and Anne in
the urban environments are only 1-2 minutes and therefore negligible (especially when the
additional preparation and parking times for the LEVs and M1 vehicles are considered), the
difference in the case of Vivienne goes up to 5 minutes due to the non-urban roads and the
longer trip distance. All examples show a time advantage over walking/public transport for
the same trips (in Vivienne's example, the time difference between cycling and public
transport is also only 3 minutes, which looks small. However, when waiting times and the
need to plan for a buffer time are taken into account, it becomes clear that all of these

mobility options offer a clear time advantage over public transport in these examples).

Energy consumption, costs and CO, emissions:

The same outtakes from shopping can also be applied here.

Driving and ride comfort:

As in the case of shopping, the outtakes from commuting can also be applied here, but with
less importance for the reasons explained above. One point to mention again is the possibly
higher importance of weather protection for Vivienne as in the case of commuting. In this
example, since she may want to dress up for the meeting with her friends, the vehicles that
don't offer full weather protection, such as the micromobiles and the L6e vehicle, have a

more obvious disadvantage over other options.
Parking is covered in the functionality section below, along with the topic of transfer.

Functionality:

As mentioned above, easy transfer is an important part of a first/last mile trip. Therefore,
those vehicles that can be parked (or picked up) as close to the destination as possible, and

require the least amount of extra effort to drop off/pick up, are more advantageous for these
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trips. In Max's example, the LEVs and M1 vehicles can be parked for a fee in the lots around
the main train station. Since there are no dedicated parking spaces for the LEVs and no on-
street parking, the LEVs do not have a significant advantage over the M1 vehicles in this
regard. With both types of vehicles, Max must find a parking spot, perform a parking
maneuver, retrieve his belongings from the vehicle, and lock the vehicle. The micromobiles
can either be parked in the secured bike park for a (smaller) fee, or they can be locked up at
a free place around the station. While it is much easier to find a place to park a micromobile
than a LEV/car, Max needs to pay attention to locking his micromobile in a safe place
(preferably to a fixed post or something similar) because of the increased risk of theft around
such stations. For this reason, especially the pedelec should preferably be parked in the
secured bike park. It should also be noted that bike parking around such stations is usually
much more crowded than regular parking, so finding a space may still take a little longer
than parking a micromobile normally. " Get off the micromobile, lock it in a safe place, start
walking to the destination" is a slightly shorter and more streamlined process than parking
an LEV/car. In Anne's example, the parking experience changes because a normal subway
station in the city doesn't offer designated parking spaces. Therefore, she has to find a spot
on the street (and pay a fee for ICE vehicles) or use the nearby parking garage for a (higher)
fee (if it's not full). LEVs (especially the L2e, L6e and L7e vehicles) have an advantage here
because they can more easily find street parking. LEVs and battery electric M1 vehicles also
don't have to pay for on-street parking in Stuttgart. Micromobiles can be parked even more
easily than in Max's example, because the bike racks aren't likely to be as full as they would
be at a train station. In Vivienne's example, Park&Ride facilities at the station make it easy to
park LEVs and M1 vehicles. Parking the micromobiles is also convenient with the bike parking

at the station.

When it comes to carrying personal belongings, all LEVs and M1 vehicles provide enough
space for Max to carry his luggage. On the other hand, it is not possible to carry a piece of
luggage with the micromobiles, and therefore this trip becomes implausible. For Anne; L5e,
L7e and M1 vehicles offer the necessary space to carry her cake safely. She might also be
able to find a suitable place in the L2e and L6e vehicles. However, this becomes a more

difficult task in these vehicles and may cause her more stress. With the micromobiles, carrying
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the cake becomes even more difficult and can be considered implausible. All vehicles meet

Vivienne's storage requirements.

Similar to the shopping use case, these first/last mile trips do not generate a need for
charging due to the short distances of the trips. Therefore, the lack of such an opportunity
should not be seen as a negative. In addition, the additional steps and imprecise time needed
to prepare the vehicle for charging are points against the desired simple transfer process.
Thus, it can be argued that the user may not want to use these trips to charge their vehicles.
In the case of Max, the long stay time makes it unfavorable to leave his vehicle at a public
charging station. In the case of Anne, the station where she leaves her vehicle doesn't offer
public charging. Vivienne can take advantage of the charging opportunities during her trip,
and if she chooses to do so, the same advantages and disadvantages of the vehicles in the

shopping use case can be applied here.

Safety:

The general conclusions from commuting and shopping can be applied here as well. While
Max's and Anne's examples provide the appropriate infrastructure, such as bike lanes and
speed limits below 50 km/h, Vivienne's route lacks these, creating a higher risk for the

micromobiles.
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4.5 Results of expert interviews

As mentioned in Chapter 4.1, expert interviews were conducted to compare and validate
the results of the analysis in Chapter 4.4. These interviews were conducted and evaluated as
part of a separate thesis [89]. In this chapter, the structure of the interviews is briefly
introduced and their results regarding the use cases are discussed in relation with the results
of Chapter 4.4. The detailed description of the interview methodology and the complete
results, including further inputs of the experts regarding the chances of LEVs as well as the

acceptance criteria of the users, can be found in [89].

The interviews conducted followed the characteristics of two of the three categories
according to the categorization of [90, pp. 28-29]: Guideline-based interviews and
exploratory interviews. The aim was to have a main structure for these interviews so that
they could be evaluated methodically, while leaving room for additional information and
being flexible enough to make best use of interviewees' expertise. The interviews followed
a guideline based on the questions that emerged from a previous literature review. This
guideline was divided into the main topics of application areas, user acceptance criteria, and
challenges of LEVs. The questions were open-ended in order to obtain a wider range of
statements and not to suggest answers. Neither the wording of the questions nor their order
was mandatory. Due to the chosen survey instrument and the limited number of
interviewees, a quantitative evaluation was not possible. Instead, the sum of the information

gathered through the interviews represents the outcome of these interviews.

In total, 6 experts were interviewed. Two of these experts were from industry and the other

four were researchers. The experts' work roles are shown in the Table 27 below:
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Table 27: List of expert interview participants

Expert No. Current Role

Expert 1 Managing partner of a platform for electromobility and electric micro vehicles

Expert 2 Researcher at a university in the field of "sociological mobility research” with the focus on mobility
futures

Expert 3 Co-founder and chief marketing officer of a LEV start-up

Expert 4 Professor at a university in the field of "infrastructure management" and director of a mobility lab

Expert 5 Team leader of the vehicle concepts research group at the institute of automotive engineering at a
university

Expert 6 Project manager at the institute for vehicle concepts at a research institute

Expert 1 is the managing partner of a platform that advises and informs users about electric
mobility and electric micro vehicles. Expert 2's publications deal, among other things, with
social acceptance of new forms of mobility and urban planning measures. Expert 3 is a co-
founder of a start-up company that produces an LEV vehicle, and he deals with LEVs and
their marketing or customer requirements in his daily work. Expert 4 is a professor of
infrastructure management at a university and runs the university's mobility lab, which
focuses on efficient transportation and innovative mobility concepts, with an emphasis on
small electric vehicles. Expert 5's team has developed a concept car with the goal of efficiency
in cities. During the registration process, they dealt with the question of whether their vehicle
should be registered as an L7e vehicle or as a conventional passenger car. Expert 6's
publications focus specifically on three- and four-wheeled LEVs and their user acceptance

and potential.

In addition to their different fields of work and backgrounds, the interviewees also came
from different German cities and German-speaking countries, which allowed for more

perspectives to be incorporated into the results of these interviews.
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Commuting:

According to the experts, the suitability of LEVs for commuting depends heavily on the type
of road and the distance. If these two things are right, the experts see LEVs as very suitable
for this purpose. Expert 6 cited 70 km as a guideline value for maximum commuting
distances for LEVs in her studies. According to Expert 1, distances over 20 km on highways
and country roads are not suitable for LEVs. At this point, Expert 2 also emphasized the role

of safety.

In terms of the benefits of LEVs for this use case, weather protection played an important
role in the responses. Expert 1 added not having to wear a helmet as an additional attraction
for some users. Expert 3 mentioned not needing a wall box or charging station at the
workplace (as LEVs can be charged from conventional sockets) as an additional advantage

over conventional battery electric vehicles.

In addition to these benefits, two experts also mentioned the cost advantage compared to
conventional cars, which they said is important because commuting makes up a large part
of daily travel. At the same time, however, they warned that this advantage depends on
whether the person is replacing his or her conventional car or still needs one. Expert 2
mentioned that the suitability of public transport and bicycles also plays an important role in

this context, as they can be an even cheaper alternative.

Comparing the experts' statements with the analysis results of the examples in Chapter 4.4
shows that they are consistent in most areas. Max and Anne's examples were less than 20
km, and the analysis showed that LEVs are appropriate for these commutes. Vivienne's
commute was close to 20km, and since her route was mostly on non-urban roads, it was
considered less appropriate. Weather protection was also discussed in detail in this analysis
for all personas. However, the helmet topic was an element that didn't come up in the
analysis. This shows that even if the analysis was to examine the given examples in detail and
document the relevant aspects of the trips with the given vehicles, an analysis through a
thought experiment may fail to consider all elements of a trip and there may be other

relevant aspects for these trips beyond the documented points.
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The experts’ statements on costs also seem to be in line with the results of Chapter 4.4, but
it should be noted that the results of Chapter 4.4 were limited to energy costs, while the

experts’ statements considered this topic in a broader aspect.

Daily shopping:

Since "shopping" can mean a wide range of different types of shopping trips, this use case
was specifically named "daily shopping" in the relevant questions. The experts found this
use case to be very suitable for LEVs, as it mostly takes place close to the users, and the users

need a place to store their goods in order to carry them.

However, two of the experts cautioned at this point that they were skeptical as to whether
LEVs would provide any significant benefits in urban areas. They cited the very short distances
to shops due to the high density of cities and the fact that most of these trips can actually
be done on foot. They say that if LEVs are used for these trips, they will cause additional
traffic and therefore active modes are more preferable from a sustainability perspective. For

this reason, Expert 5 sees the benefits of LEVs stronger in the "belt" regions of the cities.

The most frequently cited advantage of LEVs was their storage space, which is often much
larger than that of two-wheeled vehicles. They are also seen as suitable for chain routes and
spontaneous shopping along the way. The ability to take a second person or a child was also
mentioned as relevant. The ability to lock up and leave personal belongings in the vehicle

was mentioned as an additional advantage by Expert 6.

Parking is another topic that was commented on. Here, LEVs were cited as being at a
disadvantage compared to micromobiles. The experts pointed out that LEVs don't have an
advantage if they are only parked in parking spaces for passenger cars. However, if the
parking spaces are designed appropriately, LEVs could benefit. They also noted that in city
centers, LEVs have a parking advantage over conventional passenger cars because of their

smaller size.

Again, most of these statements are largely consistent with the findings in Chapter 4.4.

While the LEVs with the more limited storage areas (L2e and L6e vehicles) fell short in the
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example of Anne’s large grocery shopping, the L5e and L7e vehicles still provided enough
storage space for her trip and were suitable. In the other two examples, all LEVs provided
enough space. The statement about urban areas can also be applied to Max's example,
where the trip times for the vehicles and walking were almost the same. On the other hand,
Anne's example showed two use cases where LEVs might still have a notable advantage over
active modes: first, when the user is making a large purchase that would be difficult to carry
without a vehicle; and second, when the user wants the freedom to go to a store of their
choice that isn't the closest alternative to where they live. The benefits of chain routes and
the ability to lock the vehicle are consistent with the points made in Vivienne's example. The
statements about parking are also consistent with the analysis of all three personas'

examples.

First-/ Last Mile:

In contrast to the other two use cases examined, the experts were not very positive about

the suitability of LEVs for the first/last mile use case.

Five of the experts were in agreement that there are many other alternatives in urban areas
that people can use for this need. They mentioned e-scooters, bicycles, and even walking for
short distances as examples. The mentioned advantages of these alternatives over LEVs were
that they can be taken on public transport and don't need dedicated parking spaces. Their
wide availability for sharing was also mentioned as an advantage. On the other hand, the

experts saw the disadvantages of LEVs as being in traffic and having to find a parking space.

While they were not seen as viable in urban areas, the experts saw LEVs as suitable for this
use case in suburban areas, where travel distances are longer and public transit connections
are not optimal. Experts 3 and 5 mentioned that under these conditions, LEVs also provide
a time advantage in addition to their usual benefits. Experts 1 and 5 also added that the
benefits of LEVs will increase with the installation of mobility hubs, park-and-ride facilities,

and more practical parking solutions.

Once again, the experts' statements here are largely consistent with the arguments in

Chapter 4.4. However, because the examples were more specific, the final conclusions about
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which options fit the given examples show discrepancies from the general statements of the
experts here. In both Max's and Anne's examples, the micromobiles appeared to be
implausible solutions, while the experts' statements considered the micromobiles to be more
suitable for first/last mile connections in urban areas. However, the main reasons for the
inappropriateness of the micromobiles in these examples were the things that the personas
had to carry. Since these things to carry do not apply to the generality of these trips, this
discrepancy in responses does not show a discrepancy between the experts' opinions and
the results of this study. Rather, it shows that while the general arguments put the other
alternatives in a more advantageous position over LEVs in the first/last mile use case, specific
needs such as carrying a large item like luggage can still make LEVs the most appropriate

alternative in these examples. Vivienne's example aligns well with the experts' statements.
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5 Discussion and outlook

The results of the analysis show that LEVs meet user needs in a similar way to conventional
passenger cars in most of the use cases studied. This is particularly true in urban areas. In
rural areas, the differences between LEVs and these vehicles start to become more significant
in favor of conventional cars. On the other side, the results show that LEVs have more
pronounced advantages over micromobiles and public transport, and can meet user needs

in some cases where these other alternatives are insufficient.

Weather protection, the ability to carry goods, and shorter travel times over longer distances
are all advantages of LEVs over micromobiles that have a direct impact on the practicality
and suitability of the vehicle for a given trip. Weather protection carries a high importance
because it is relevant for all types of trips and also affects the comfort of the user outside of
the trip, since it influences the choice of clothing of the user. The examples studied show
that for trip distances around 10 km, trips with micromobiles take more than twice as long
as those with LEVs (about 20 minutes versus more than 40 minutes). This can be a significant
factor in users' choice of vehicle, and becomes even more important for regular trips such as
commutes. Providing a space to carry goods without affecting the driver becomes very
important for daily shopping trips and other occasions where the user needs to carry

something medium size such as a piece of luggage, or multiple items.

In addition to these points, there are other factors that don't necessarily rule out
micromobiles as a viable option, but do put them at a disadvantage. Safety is one of them,
especially on routes where the bicycle infrastructure isn't sufficient. On regular routes,

comfort differences can also play a role.

Public transport is very often at a significant time disadvantage compared to individual
mobility options, as can be seen in the vast majority of the examples analyzed. These
examples also show that schedule dependency, not starting and ending at the user's real
destinations, transfers and comfort are some of the other points where public transport

cannot always offer an ideal solution for users.
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All of these points show that there are various occasions where micromobiles and public
transport are insufficient and users may lean towards using a passenger car instead. The LEVs
show a good potential to offer an alternative to these users. Through this aspect, the
availability of LEVs can reduce the number of trips made with conventional cars and also

allow some users to replace their passenger cars with LEVs.

On the other hand, when micromobiles can meet the user's needs, they have important
advantages, such as being more convenient at the beginning and end of the trip (especially
when parking) and giving the user more freedom. They also produce zero or almost zero
emissions and cost much less (both to purchase and to use). Therefore, it should be
considered unlikely that LEVs will cause a large modal split shift from active modes of

transportation to LEVs.

In terms of advantages over conventional passenger cars, however, LEVs don't currently offer
many distinctive or significant advantages from the users' perspective other than parking.
Their agility in traffic and easier maneuverability in confined spaces are only an advantage in
specific situations. The differences in emissions are considerable, but this is not a directly
observable advantage during use, and the user needs to be informed and environmentally
sensitive in order for this topic to gain importance as a selection criterion. Energy costs are
another advantage, but unless it is a regular trip such as commuting, the total amount of
cost difference is not too high to be significant enough. Furthermore, this point allows users
to have an advantage only if these vehicles replace a car and are not purchased as an
additional vehicle. The importance of the benefits in terms of parking is also situational. In
countries like Germany, where the cities have a good infrastructure for cars and the density
is not too high, the parking problem is usually not as critical as in metropoles. Also,
supermarkets and workplaces (locations relevant for the two use cases with high potential
for LEVs) usually provide parking, so the occasions when this benefit becomes important are

limited.

These show that if a user shift from conventional passenger cars to LEVs is desired, the LEVs
must provide further significant user benefits over conventional passenger cars. These could

be time advantages, cost advantages, or the ability to enter areas where conventional
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vehicles are not allowed; and can be achieved through a mix of push-pull measures. Some

recommendations for achieving these are given below:

Citywide streetlight charging points: One potential application for LEVs not
addressed in this study is free-floating carsharing. Short, one-way trips in urban areas
are well suited to LEVs, and the efficiency, lower cost, and ease of finding a parking
space of LEVs can make them attractive to both carsharing providers and users.
However, the issue of charging poses a problem for the implementation of LEVs in
free-floating carsharing, because the need to find a place to charge the vehicle at the
end of a trip conflicts with the main appeal of free-floating carsharing, which is the
ability to leave the vehicle at any desired location. A clear way to eliminate this would
be to create a system where users can find a place to charge the vehicle near their
destination, wherever that destination would be (in the given operational area). This
could be a reality if every street had a charging opportunity for LEVs. While installing
charging stations on every street in a city is a costly task, there is one piece of street
furniture that can be found on almost every street in cities that is also connected to
the electrical grid and can enable a lower-cost solution: Street lights. The idea of using
street lights to install new charging stations without digging up the streets is not new,
and has already been implemented in several countries [91, 92]. According to reports,
the cost of these charging stations is already 30 to 50% lower than conventional
charging stations [93, 94]. As mentioned in this study in Chapter 3.3.2, one
advantage of LEVs over conventional BEVs is the plausible charging times using
household outlets and low-power charging. If these streetlight charging stations can
be designed with LEVs in mind, even cheaper charging stations may be possible and
can be implemented throughout a city at relatively low cost. One or two low-power
street-light charging stations with a dedicated LEV parking space on each street can
give LEVs a unique advantage over conventional passenger cars. This solution would
support not only three- and four-wheeled LEVs, but also two-wheeled LEVs and
micromobiles, as these vehicles would also be able to use this infrastructure. Enabling
one or more free-floating LEV car-sharing services in a city can bring visibility to this

category of vehicles and further encourage their widespread adoption.
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Restricted streets and areas in the cities: Specific areas in city centers, as well as
selected small streets that don't carry the majority of traffic, can be restricted to
conventional passenger cars (except for residents' vehicles) while being open to LEVs.
Restricting conventional cars on these streets while allowing LEVs would mean that
LEVs would have shortcuts compared to conventional cars, which are forced to take
longer routes through arterials. Such restrictions can also allow these streets to
reallocate some of the road space to more social uses, as in the example of
Barcelona's "superblocks" [95]. The city of Ljubljana, where the city center has been
closed to traffic with an exception for small electric buses since 2008, is a good
example of the success potential of such an application and how such measures can
have a positive impact on the cities [96].

Introducing subsidies for LEVs: As mentioned earlier in this study, LEVs are
currently at a disadvantage compared to BEVs in Germany because their price gap is
narrowed by subsidies for BEVs that LEVs do not receive. Introducing subsidies for
LEVs until these vehicles reach a similar level of momentum and market share can
help make this category of vehicles a more attractive option for customers and help
this sector grow. However, this is a complex issue that needs to be studied in more
detail, as unbalanced subsidies may also bring the price of LEVs too close to that of
active mobility modes and encourage an undesirable modal shift. It may also
encourage some people to buy these vehicles who didn't want to buy an additional
car, increasing the total number of vehicles and negating the space-saving benefits.
This increase in the total number of vehicles can also negate their use-phase emissions
benefits over conventional vehicle travel through their additional CO, emissions
during production.

Including the LEVs in CO; regulations: Another way to improve the cost advantage
of LEVs may be to include them in CO, fleet emission regulations and allow LEV
manufacturers to participate in CO, pools. Under EU Regulation 2019/631, new
passenger cars and light commercial vehicles are subject to CO, emission performance
requirements and their manufacturers have fleet-wide targets in the EU [97, 98]. To
meet these fleet targets, manufacturers are allowed to form pools where their fleet

emissions are considered as a single entity. In this way, manufacturers with higher
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than permitted fleet CO, emissions can team up with manufacturers with lower fleet
CO; emissions in exchange for commercial benefits and achieve a lower fleet average.
Currently, L-class vehicles are not included in these regulations. However, as this study
shows, LEVs have the potential to play the same role as conventional passenger cars
in certain use cases. And since these vehicles have the potential to be used in the
same way as cars and to replace car trips, they can also be included in these CO;
regulations. This idea, mentioned by Expert 3 during the expert interviews, may allow
LEV manufacturers to offset some of their development costs through this alternative
revenue and indirectly lower the sales prices of these vehicles. The inclusion of LEVs
in the CO; pools may also motivate major OEMs to develop their own LEV models,
thus increasing the variety of choices on the market for users. Not being included in
these regulations currently removes a financial advantage of having an electric
powertrain for the LEVs and puts them at a disadvantage to the conventional BEVs.

Parking fees in city centers: In city centers and other high-density areas, LEVs may
be exempt from parking fees while conventional passenger cars are charged. Thus,
LEVs can have an apparent cost advantage per trip over cars, while encouraging a
shift from cars to LEVs in areas where this shift is most needed. Similar applications
to encourage BEVs are already in place in many cities, such as Stuttgart, Germany.
This can be taken further by introducing reduced fees for LEVs in parking garages and

similar facilities, where dedicated parking spaces can also be introduced.

It is also recommended that the maximum design speed for L2e and L6e vehicles be increased

from 45 km/h to 50 km/h to allow these vehicles to keep up with other vehicles in urban

Due to the size of the study, the cost aspect in terms of total cost of ownership, as well as

the acquisition types and second-hand vehicles are not covered in detail in this work.

However, they play an important role in the choice of mobility options for users. A detailed

examination of these topics can complement the findings of this study and provide a more

comprehensive understanding of the user's perspective on the choice of mobility options.
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An examination of the given use cases with real-world tests can validate the results of the
analysis in this study and provide a more in-depth understanding of the trip details with the
different vehicle types. This can be especially important to detail the subjective points such
as driving characteristics and comfort, which could only be analyzed in a limited scope in this
study. User interviews and surveys, coupled with real-life tests with these vehicles focusing
on specific use cases, as in this study, can also provide more insight into this topic and
possibly also show the perspective of further user groups. Further analysis of the remaining
use cases not covered in this study is recommended to broaden the understanding of the
subject and provide a more complete picture. Future work on the given recommendations is
encouraged to quantify the potential benefits of these measures and to support local

governments and policymakers in translating these into practice.
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