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A B S T R A C T

As cities continue to grow and the online retailing business continues to boom, last-mile logistics is becoming
more and more of a challenge. This paper introduces Ducktrains, a new electric, automated, and compact
light vehicle logistic solution for dense urban areas. Moreover, we present first insights on the potential of
such a concept from a transport planning and social science perspective. Using a comparative transport analysis
focusing on the factors speed, payload, and range, we validated the vehicles’ suitability for urban delivery.
To explore social acceptance, we used an empirical mixed-method approach, conducting both a qualitative
interview study (N = 70) and an online survey (N = 1007). Results of both analyses reveal the general
suitability of the introduced concept for urban deliveries. The Ducktrains showed to be competitive for standard
delivery tours, and acceptance was generally high, with the main associated advantages being environmental
friendliness and quality of life improvements. However, some concerns, including negative impacts on the
overall traffic situation and safety, remain from the public’s perspective.
1. Introduction

To reduce carbon emissions and environmental pollution for public
health and climate crises, new mobility concepts are needed. As the
traffic infrastructure especially in urban area reaches its space limits,
not only traffic jams, noise and air pollution increase but due to the
enormous growth of e-commerce also the inner-city delivery traffic
grows — competing with individual and public transport for the scarce
infrastructure space. Current delivery solutions for the crucial last mile
with conventional delivery vehicles do not only lead to high emissions.
They also impede the flow of inner-city road traffic, e.g., through
second-row parking, and are currently used with overcapacity, prob-
lems that are not resolved by electrifying the delivery fleet. Instead,
new mobility concepts are needed that are focused on urban last-
mile delivery with zero local emissions, which are better adapted to
the existing urban infrastructure. Here, automated and electrified light
vehicles offer promising potential.

In this paper, a mobility concept for the urban last-mile delivery
is presented, which is comparable to other concepts in the sector
of automated micro-vehicles but also shows distinct advantages over
comparable solutions. In more detail, these are light electric vehicles
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that can be coupled with various lead objects (e.g., pedestrians or
cyclists) or drive autonomously. They offer usage advantages over
traditional delivery vehicles (e.g., electrified vans and cargo bikes) due
to their compact vehicle size and high payload. After detailing their
characteristics, the potential of this new mobility concept is analyzed
from two perspectives: A transport potential analysis compares the
automated light vehicles to conventional delivery concepts (by foot,
cargo bike, and delivery vans) and interviews and a survey provide
empirical results on the public acceptance of the concept by road users
and delivery customers. This research is a first step to analyze the
potential of these automated micro-vehicle solutions as an example for
this new type of vehicle.

2. Urban logistics and autonomous light vehicles

The need for new mobility concepts for urban logistics is related
to two global trends: Increasing urban population, online retailing as a
booming business, and, consequently, increasing (urban) freight traffic.
This results in, on the one hand, major traffic burdens, e.g., high
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traffic volumes, congestion, accident risks, and possible delays in deliv-
ery (Allen et al., 2017). On the other hand, using conventional delivery
vehicles, e.g., trucks and vans with internal combustion engines, leads
to increased environmental and noise pollution and, therefore, ac-
celerates climate change and poses threats to the public health and
well-being (Digiesi et al., 2017).

One promising approach to relieve burdens of urban and last mile
logistics is the use of electrified and automated delivery vehicles with
small size and light weight (Patella et al., 2021). While electric (con-
ventional) vehicles, i.e., electric cars or vans, have been discussed in
research for years, are successfully deployed in traffic (Patella et al.,
2021; de Oliveira et al., 2017; Melo et al., 2014), and their automation
has been discussed and tested (Cregger et al., 2020), novel vehicle
designs with smaller sizes may offer even more flexibility and benefits
for urban delivery solutions. Electric but not automated solutions often
come in the form of bicycles and tricycles (de Oliveira et al., 2017).
Also, various kinds of small or light automated delivery vehicles have
been proposed, with a rapid increase in recent years, however, to our
knowledge there is no agreed-on label or taxonomy yet (Cregger et al.,
2020; Baum et al., 2019).

For example, Baum et al. (2019) define automated micro-vehicles
as vehicles with 2 to 4 wheels, which reach a speed of up to 45 kph
and weigh up to 400 kg. They differentiate micro-vehicles based on the
required infrastructure (non-road vs. road), the vehicle type (automated
bikes vs. delivery robots), and whether a human reference is used, and
conclude that most proposed automated micro-vehicle solutions are
sidewalk delivery robots. Cregger et al. (2020) report on autonomous
delivery vehicles for the U.S. Department of Transportation. They
differentiate between wheeled and legged sidewalk delivery robots,
novel design automated delivery vehicles, as well as conventional
design automated delivery vehicle and combination automated delivery
vehicles models, with the latter two not fitting into the category of light
vehicles. Often, these light autonomous delivery vehicles operate with
a human reference that the vehicles follow or are remote-controlled
due to the early stage of the development and legal obligations (Baum
et al., 2019; Cregger et al., 2020).

Relevant usage benefits of electrification are the reduction of air
pollutants and traffic-related noise levels. Smaller sizes improve the
integration of the vehicles into the urban space and the traffic in-
frastructure, as, for instance, smaller vehicles create fewer parking
obstacles and can navigate on non-road infrastructure (including bike
lanes, sidewalks, and pedestrian zones). The automation of light vehi-
cles can even increase the opportunities for optimization, with ideas
ranging from moving micro-depots or moving pick-up stations to the
use of flexible platooning of autonomous delivery vehicles (Baum et al.,
2019; Arvidsson and Pazirandeh, 2017; de Oliveira et al., 2017).

In the following chapter, an innovative concept for such automated
electric light vehicles is presented, fitting the needs of urban last-mile
delivery.

3. Ducktrain: Electric and automated vehicles for urban logistics

Ducktrain is an electric and automated logistics solution for dense
urban areas (DroidDrive GmbH, 2022; Gringer, 2021). A Ducktrain
is a train or platoon consisting of automated light electric vehicles
(‘‘Ducks’’) following a leading reference person or vehicle (cf. Fig. 1).
The vehicle fits into the diverse category of ‘‘novel design automated
delivery vehicles’’ by Cregger et al. (2020) and could be described as
delivery robots with human reference that are able to operate on non-
road as well as road infrastructure according to Baum et al. (2019).
However, several characteristics distinguish Ducktrain from other au-
tomated light vehicle concepts, whereby the flexibility of the concept is
one of the key advantages, especially in last-mile delivery. (See Fig. 2).

The Ducks can either be operated with a pedestrian or a cyclist,
as the Duck drives at a maximum speed of 25 kph (15.53 miles
per hour), fitting to electrically assisted bicycles where the electrical
2

Fig. 1. A Ducktrain of three Follow-Me Ducks following a passenger micro vehicle
(front) and another Ducktrain of three parked at the side of the road (back).

support is limited to a maximum of 25 kph in Europe. The footprint
of the none-passenger vehicle is 1 m in width and 2.2 m in length,
allowing Ducks to use non-road infrastructure like bike lanes as well
as sidewalks, and with its steering angle of more than 70 degrees, the
Duck is very maneuverable. A single Duck has a payload of 300 kg
and a loading volume of 2 m3. When Ducks are operated in convoy,
a Ducktrain of five Ducks can transport up to 1.500 kg and 10 m3.
Thus, the Duck enables bike or pedestrian based transportation of
goods that, today, need to be transported in a transporter. Compared
to sidewalk delivery robots, the payload and loading volume and the
maximum delivery speed are considerably increased. However, as the
concept also offers operation via a pedestrian, more flexible delivery
concepts are possible in comparison to electric cargo bikes such as
the ono (Onomotion GmbH, 2022). Moreover, pedestrian zones can be
reached with the same comfort as with follow-me sidewalk robots such
as the postbot (Anna, 2018).

Thereby, three vehicle generations are distinguished regarding their
automation degree for a flexible use and a fast approval for the use in
traffic.

• The Trailer Duck
• The Follow-Me Duck
• The Auto Duck

The Trailer Duck, which is the enabling technology to prepare the
on-road drive approval for the more automated Duck generations, is
already tested in traffic and is anticipated to be approved for general
use in 2022. The Trailer Duck is connected to its leading object with
a physical, force-free drawbar, which can be pulled by a pedestrian or
connected to a bicycle or other light electric vehicle. The Follow-Me
Duck automatically follows the leading object with a digital connection
based on sensor technology and is expected to be approved for test rides
at the beginning of 2022 and thereafter to road traffic in general. The
Auto Duck, finally, can drive fully autonomously, allowing Ducktrains
or single Ducks to drive without any human involvement. The Auto
Duck has the ability to take its own driving decisions. However, as
an intermediate step, it might be remotely operated to comply with
legislation.

In order to demonstrate the potential of the Ducktrains, we consider
those concepts listed by Bogdanski (2019) to reduce urban delivery
traffic as well as the smart logistics framework by Bundesvereinigung
Logistik (2014).

Like all automated light vehicle concepts, Ducktrains can increase
the multimodality of existing logistic structures and may be used to
improve consolidation and pairing. A recent study has shown that
consolidation using conventional delivery vehicles alone will not suffi-
ciently reduce the number of transport vehicles needed to impact urban
traffic positively. The minimal positive logistical effects of consolida-

tion in the urban area are offset by the additional heavy-load traffic
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Fig. 2. A Trailer-Duck during a test ride in Aachen following a cargo bike.
generated between the depots. In addition, the parcel transit time is
extended, and transport costs rise. Furthermore, the tour duration, due
to the legally prescribed maximum working hours of the parcel delivery
company, has proved to be a restriction on consolidation (Bogdanski,
2019). Alternative concepts for traffic relief and emission reduction
include the use of loading zones to reduce traffic disruptions, micro
depots, and cargo bikes to replace classic delivery traffic and inter-
provider parcel stations (ibd.). Here, the flexibility of the Ducks can
offer several solutions. Ducks can either serve as a micro-depot for
cargo bikes or even follow the cargo bikes in their function as a micro-
depot to optimize urban delivery with cargo bikes. Ducks can also serve
as inter-provider micro-depots.

Through the automation and real-time connection to the vehicles,
autonomous delivery vehicles have the potential to increase the first
delivery rate via interaction with the recipients as well as to optimize
routes due to the integration of real-time traffic data. Increased con-
venience for the delivery person can be achieved through optimized
location selection depending on the delivery addresses of the loaded
shipments. Also, Ducks in particular can serve as mobile or fixed pick-
up stations, i.e., micro parcel stores, which is feasible due to their rather
large transport volume. Especially the automated Duck generation can
provide much convenience for the customers as the parcel stations can
move close to the location of the customer.

In comparison to other conventional or novel electric vehicle solu-
tions, one of the greatest advantages of the Ducks is the reduction of
space consumption during unloading times and thereby traffic disrup-
tions due to their small and narrow size with at the same time a large
increase in volumes and weight that can be transported in comparison
to only by foot or (cargo) bike transport. Delivery areas with high
delivery volumes can be approached on foot or by bicycle, which
minimizes dwell times because the Duck only stops when a delivery
is performed. In comparison to a conventional delivery vehicle, the
number of stops may increase as one stop is made for each delivery, but
this has the advantage for the delivery person of not having to transport
multiple deliveries at once. Furthermore, it is conceivable to reduce the
runtime of the delivery agent. Additionally, with the option to flexibly
use the number of Ducks needed, especially the Follow-Me and Auto
Ducks can effectively bundle delivery routes, further reducing the space
consumption in the urban area. Various interchangeable bodies are
conceivable with regard to the loading option. These can be designed
3

according to the respective requirements in order to ensure more
ergonomic working and to positively influence loading and unloading
times.

4. Transport potential analysis

As seen before, various use cases are possible with automated light
delivery vehicles and especially with Ducktrains. To analyze the poten-
tial of the Ducks, this chapter aims at comparing the Ducks to different
means of transport. For this comparison, we focus on the use case of
the Ducks serving as delivery vehicles for CEP services and the Follow-
Me Duck generation, as this case can be implemented in the near
future. The comparison is based on a systematic comparison of various
transport-specific characteristics of CEP services. At this point, it is a
theoretical and purely value-based comparison of the characteristics.
The following means of transport are juxtaposed:

• Duck
• Ducktrain (3 Ducks)
• by foot
• electrical assisted cargo bike
• station wagon
• transporter (VW Caddy/MB Vito)
• transporter (sprinter ≤ 3.5t)
• electric transporter (StreetScooter XL)

The following transport-specific characteristics are compared between
the different modes of transport:

• speed [kph]
• payload [kg; m3]
• range [km]

4.1. Speed

The maximum speed of the compared vehicles differs clearly
(cf. Fig. 3), with the conventional delivery vehicles limited to 130
kph by the recommended speed on German highways and (electric)
cargo bikes limited to 25 kph which is the maximum speed for electric
bicycles in Germany (StVZO, 2021). Nevertheless, the cargo bike can
go faster (e.g., downhill or through muscle power). This situation is
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Fig. 3. Maximum speed of the means of transport ([1] Duck, [2] Ducktrain of 3 Ducks, [3] pedestrian, [4] electric cargo bike, [5] station wagon, [6] transporter, [7] electric
transporter).
Fig. 4. Transport performance of the means of transport.
different for the considered Ducks. Their speed is strictly limited to 25
kph.

However, with the focus on urban logistics, the average speed in
cities becomes relevant, which varies in selected German cities between
36 kph and 43 kph (on main road maximum 27 kph) (BVL.digital,
2019). In addition, several cities (e.g., Paris, all Spanish cities) have
currently decided to introduce a 30 kph speed limit, which applies
to almost the entire city. Considering this context, the possible higher
speed of delivery vehicles becomes negligible, and the speed of (elec-
tric) cargo bikes and Ducks seems to be sufficient to be part of the
flowing traffic.

4.2. Payload

Two factors are relevant with regard to the payload: The maximum
weight and the maximum volume. Fig. 4 shows the transportable
weight on the 𝑦-axis and the available volume on the 𝑥-axis. With
approx. 300 kg the payload of a Duck is comparable to that of the
largest cargo bicycles and considerably more than sidewalk robots.
With 900 kg and 6 m3 volume, a Ducktrain of three Ducks has the
same payload possibilities as a conventional van. An advantage at this
point is the flexible possibility to extend the load by Ducks driving in
sequence. In this way, different transport volumes can be served.

The use of a Duck for delivery by foot is also conceivable similar to
follow-me sidewalk robot solutions like the PostBOT (Deutsche Post AG,
2017). The advantage is the electrical support and the rapid increase
in payload, which means that more end customers can be reached by
foot per delivery tour. Compared with the station wagon, two Ducks
4

traveling in succession can replace it in terms of transportable weight,
doubling the transportable volume and thus representing a substi-
tute for the station wagon or other automated conventional vehicle
concepts.

4.3. Range

A comparison of the ranges must be made while taking into account
the different engine types. Conventional delivery vehicles with combus-
tion engines often have ranges of 500 to 600 km and can refuel within
a few minutes. Delivery vehicles with purely electric drive have ranges
of up to 330 km and, depending on the charging infrastructure and
charging capacity, require different amounts of time to fully charge the
batteries. However, according to a survey by the ADAC, the majority
of vehicles have a range of less than 250 km, and the StreetScooter
Work XL requires between 3 and 16 h for a full charge (StreetScooter
GmbH, 2019; ADAC, 2020) (cf. Fig. 5). Thereby, conventional electric
delivery vehicles have a range approximately five times higher than
that of Ducks or electric cargo bicycles, which have a range of about
50 km (which represents a hard limit in the case of the Ducks and may
be increased for cargo bicycles with muscle power, however only to a
limited extent, e.g., without a load or without an incline).

However, looking at typical distances for the (inner) urban logistics,
it can be seen that many use cases can be covered with a range of 50 km
(cf. Fig. 6). First, in combination with a micro hub, a delivery radius
of max. 2 km can be specified. Since delivery is already successful with
cargo bikes, the Ducks’ range of 50 km should be sufficient.
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Fig. 5. Range of the means of transport ([1] Duck, [2] Ducktrain of 3 Ducks, [3] pedestrian, [4] electric cargo bike, [5] station wagon, [6] transporter, [7] electric transporter).
Fig. 6. Range of the means of transport with different use cases ([1] Duck, [2] Ducktrain of 3 Ducks, [3] pedestrian, [4] electric cargo bike, [5] station wagon, [6] transporter,
[7] electric transporter).
Next, we look at the accessibility of medium-sized centers, meaning
cities that serve the supply of upscale needs beyond the basic sup-
ply (Greiving and Flex, 2016). The average time required to reach
a middle or upper center was 9.4 min (with a median of 9 min) as
indicated in the Indicators and Maps of Spatial and Urban Develop-
ment (INKAR, 2021). Assuming speeds of 50 and 70 kph, this results in
7.5 km as the minimum and 11 km as the maximum average distance to
a middle or upper center in Germany (INKAR, 2021). These distances
can be interesting for delivery from an out-of-town warehouse to the
city or further use cases, where the Ducks can be used as shared vehicles
in order to be able to transport larger loads by bicycle.

The ideal, typical tour lengths of two of the five largest CEP service
providers in Germany are 22 to 24 km in Nuremberg and Munich
and 31 km in Berlin (Bogdanski, 2019). Correspondingly, in Berlin,
Munich, and Hamburg, 50% of CEP tours are max. 50 km and 75%
of the tours are max. 80 km long. Therefore, in terms of their distance,
half of the conventional sprinter tours can be carried out by Ducks.
Another quarter of the tours can be covered with partial recharging
or replacement of the batteries. Also, the median distance traveled
across all days of the week, and motor vehicle types (cars and trucks
≤ 3.5t) is approximately 43 km for commercial transport in Germany
according to the KiD (Kraftfahrzeuge in Deutschland). It suggests that
the Ducks could be used for other purposes with regard to their range.
However, it should be noted at this point that the KiD data originates
from 2010 and can therefore only be assumed to be (still) correct to a
limited extent (Wermuth et al., 2012).
5

5. Road users’ perceptions and willingness to use

The introduction of new technologies, such as autonomous light
vehicles, is often accompanied by social skepticism. This is, among
other things, due to the novelty of the technology, for which users
cannot yet draw upon previous experiences. In particular, in the case
of socially controversial technology developments such as autonomous
driving, which has undeniable advantages but simultaneously raises
concerns among users about a loss of control and unclear liabili-
ties (Brell et al., 2019). At the same time, the public’s opinion on
and acceptance of mobility concepts is a crucial factor for successful
implementation. Thus, the users (i.e., operators & delivery customers)
and the perspective of other affected road users who encounter the light
vehicles incidentally should be included in the technology development
from the very beginning (Roberts, 2004).

Autonomous electric light delivery vehicles for delivery purposes
are a comparably recent concept. As such, the public’s perception
of it is relatively under-explored compared to the vast body of lit-
erature available on the acceptance of autonomous vehicle concepts
in other contexts (i.e., shared passenger shuttles, personally owned
vehicles) (Kapser and Abdelrahman, 2020). Moreover, most acceptance
research in the context of light vehicles and sustainable urban delivery
concepts focuses either on the user (Antonakopoulou et al., 2021;
Hyvönen et al., 2016; Javaid et al., 2020; Kapser and Abdelrahman,
2020), or involved stakeholders (de Oliveira et al., 2017; Amaya et al.,
2020; Matusiewicz et al., 2019). Antonakopoulou et al. (2021) found
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Fig. 7. Evaluation of the Ducks juxtaposed by evaluation of conventional delivery vans (error bars depict 95% BCA Confidence Intervals based on 1000 bootstrap samples; n =
1007).
that prospective users of light electric vehicles are concerned about
the need to use dedicated lanes as well as the charging and parking
infrastructure. Associated benefits were comfort, transportation speed,
affordability, and environmental friendliness.

In first U.S. American surveys, the general public acceptance for
follow-me and autonomous mail delivery robots is relatively high (US
Postal Service, 2018) and the use of autonomous vehicles for deliveries
is more accepted than for passenger transport (Edmonds, 2019). How-
ever, especially the opinion of other road users – people who come
into contact with the vehicles only by chance – matters as the vehicles
are meant to drive on sidewalks and bike lanes and, thus, share the
limited traffic space with the more vulnerable road users. Additionally,
for delivery services, the attitudes of their customers are important,
especially in the competitive carrier domain. Therefore, we surveyed
citizens about their perception of autonomous electric light vehicles,
concerns, and associated benefits in their role as road users sharing
the traffic space with the Ducks, as potential customers of delivery
services using Ducks, as well as potential users of the Ducks for personal
transports.

5.1. Empirical approach

In order to get insights on the social acceptance of the Ducktrains,
a two-tier multi-method approach was chosen. Opinions of citizens
who have experienced the Ducktrains in real traffic situations were
collected in interviews during test rides. Additionally, a questionnaire
was used to collect information from a census-representative sample
of German citizens living in urban areas who evaluated the Ducktrains
after a detailed description of the concept. The combination of these
two methods ensures better validity of the results as the respective
advantages and disadvantages of both methods complement each other.
In the following, first, the interview study’s methodology, sample, and
key findings are presented before the survey is focused.

5.2. Procedure of the qualitative study

Because of the novelty of the mobility concept, many fundamental
aspects of the public’s opinion have not yet been analyzed. Therefore,
we started by conducting a short exploratory qualitative study with a
semi-standardized interview guideline.

In the interviews, the Duck Trains and their applications were ex-
plained, while the participants were encouraged to study the vehicle’s
prototype up close. Participants were asked about their first impressions
of the vehicle, the benefits and barriers they perceive, and they were
asked to grade the Duck Trains (using a six-point scale with max = 6
= insufficient). The interviewees’ demographics were collected at the
end of the interview.
6

5.3. Interview participants

Interviews were held in July 2021 in public places in Aachen,
Germany. In total, 70 laypeople, 40 men (57%) and 27 women (39%;
n = 3,4% not specified) between 11 and 79 years old (M = 38.8 yo, SD
= 15.61), voluntarily participated in the interviews.

5.4. Interview results

Overall, the participants’ opinion concerning autonomous light
vehicle-based delivery services was positive. Only seven (10%) stated
to have a negative first impression of the concept, and another six (9%)
were still undecided. The average assigned grade – on a scale from 1 to
6 with six being the worst – for the concept was M = 2.1 (SD = 0.88,
n = 63).

The participants perceived benefits of the Duck Trains especially
involved improvements of environment and quality of life in cities (air
quality, reduced noise, car free city centers). They also assumed posi-
tive effects on road traffic and comfort benefits for the users compared
to bicycles. Additional, safety benefits because of the small size and
lighter weight of the Duck Trains were mentioned as well as economic
advantages compared to car ownership.

However, the participants also remarked on several barriers that
militate against the introduction of light vehicles in densely populated
urban areas. A large proportion of the problems discussed were related
to sharing space-constrained urban infrastructure with other road users
(cars and vulnerable road users), resulting in safety concerns and
concerns about negative impacts on traffic conditions. Moreover, there
was concern about the use, production, and recycling of batteries,
which were considered as not environmentally friendly and potentially
hazardous. Other barriers regarded doubts of the general and economic
usefulness of the Ducktrains and the legal regulations and liabilities in
case of accidents.

5.5. The questionnaire

As a second step, an online survey was developed to gain insights
on perceptions and acceptance by a representative German sample.
In the questionnaire, the Follow-Me Ducks were introduced with a
detailed description and several pictures focusing on cyclists as the
reference object. The participants evaluated their first impression of
the Ducks as well as their impression of a conventional delivery van
on a semantic differential scale (items cf. Fig. 7). Thereafter, different
use cases ranging from delivery services over private use to passenger
transport were evaluated regarding their acceptance (‘‘In your opinion,
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Table 1
Percentage of the participants who have used electrified and micro-vehicles at all and
use them regularly (n = 1007).

Vehicle Have used it at all Thereof regular users

e-bike 28.0% 8.7%
e-cargo bike 5.7% 0.6%
e-scooter 15.7% 2.6%
e-skateboard 3.9% 0.8%
hoverboard, ninebot, and similar 5.4% 0.9%

what should Ducks be used for?’’) and regarding the willingness to use
(‘‘Personally, what would you use the Ducks for?’’). These two measures
were used to acquire not only the passive acceptability as citizens and
road users but also the active intention to use as customers, or private
users, respectively. Potential use cases were identified beforehand in
workshops.

To describe the sample, the questionnaire included questions about
demographics (including age, gender, education level, income), the
residential area (including quality of the area Schulz et al., 2002),
mobility behavior (including experiences with micro-mobility), and
attitudes like the perception of the environmental impact of car traf-
fic (Hunecke et al., 1999) and the internal environmental responsibility
attribution (Hunecke et al., 2014).

For consistency and comprehensibility for the participants, all items
were assessed on a 6-point Likert scale ranging from 1 ‘‘I do not agree
at all’’ to 6 ‘‘I fully agree’’.

5.6. Survey participants

The participants were recruited in spring 2021 via an independent
market research company with quotas of age and gender to reach
a census-representative sample, including only German citizens from
urban areas. For a quality check, the questionnaire included questions
like ‘‘Please choose the option ‘I fully agree’’’ and participants were
directly excluded when failing to answer any of the three quality
questions. Additionally, speeders were excluded.

1007 participants were included into the analysis aged between 18
and 86 years (𝑀 = 48.6, 𝑆𝐷 = 17). 50.4% were women, and the
education level was rather well distributed (for details, see Table 2 in
Appendix).

Most participants live in the inner city (64.9%). The quality of the
individual residential area was evaluated to be rather positive with
𝑀 = 3.9 (𝑆𝐷 = 0.89). 42.0% of the sample are mainly pedestrians,
9.3% car drivers, and 14.0% cyclists. The participants agree on av-
rage to the environmental impact of car traffic (𝑀 = 4.2, 𝑆𝐷 =
.13) and to the self-attribution of environmental responsibility (𝑀 =
.3, 𝑆𝐷 = 1.02). Regarding micro-mobility and electrified vehicles, most
articipants are inexperienced (cf. Table 1).

.7. Survey results

Overall, the evaluation of the Ducks was quite positive and also
ostly more positive than the evaluation of conventional delivery vans

cf. Fig. 7). Among other attributes, Ducks are perceived as more
nvironmentally friendly, quiet, clean, and modern as well as relieving
or urban traffic. No differences to conventional delivery vans could
e observed regarding perceptions of practicality, usefulness, and risk.
he only attribute that is seen as more positive in conventional delivery
ans is the reliability which is not surprising given the novelty of the
ucks.

The general acceptance of various use cases for the Ducks is also
igh (cf. Fig. 8). Parcel deliveries (low value of goods) and delivery
f medicines are most accepted. Ducks as an emergency vehicle and
or passenger and animal transport are seen as rather neutral with a
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endency to not be acceptable. In the same vein, the willingness to use
elivery services is rather high, especially for parcel deliveries with a
ow value of goods. The sample is ambiguous regarding the willingness
o use parcel deliveries with high value of goods. Using the Ducks as
obile parcel pick-up stations is also quite accepted. Private use is
ot as well accepted as most delivery services. However, Ducks for
ransport of bulky items, on short ways, and for smaller errands are
lso seen rather positive. Rather no acceptance and willingness to use
xists for the use of Ducks for leisure day trips and transportation of
ets and children.

. Discussion and future research

This paper introduced the Ducktrains as a new mobility concept
or urban last-mile delivery. This concept from the emerging field
f electric and autonomous light vehicles caters to the needs in the
EP sector due to increasing delivery traffic, on the one hand, and

ncreasing urban traffic in general while being free of local emissions.
preliminary traffic potential analysis as well as empirical studies of

ocial acceptance were carried out to gain first insights on the potential
f these new vehicle concept.

.1. Results: The potential of the Ducktrains

Both analyses pointed out that the Ducks are suitable for urban
elivery and that the social acceptance and use intention is generally
ositive and particularly positive for parcel deliveries.

In detail, the traffic potential analysis looked at speed, payload, and
ange. The Ducks are limited in terms of speed by their hard limit of
5 kph. However, this does not make them uncompetitive. The speed
eems sufficient to be part of the flowing traffic against the background
f the speeds achieved in inner cities — especially as there are more
nd more initiatives in Germany and Europe to reduce the speed limit
n city centers to 30 kph (Appunn, 2021). With regard to the payload,
he flexibility of payload, weight, and volume is worth mentioning,
s it allows different transport volumes to be served. Bicycles can
e used to transport much larger volumes than would be the case
ith a conventional cargo bicycle. The comparison also showed that
Ducktrain consisting of three Ducks can replace a van in terms of

ayload. Compared to other autonomous light delivery vehicles, the
ayload and speed seem exceptional — while the narrow size and
orresponding ability to operate on non-road infrastructure and fewer
pace requirements in traffic and during parking are advantageous in
omparison to delivery vehicles in size of cars or vans. Also, the range
f the Ducks is sufficient to carry out half of the CEP tours considered. A
artial load or exchange of the battery can cover about another quarter
f the tours.

However, replacing a Sprinter with Ducks is considered difficult as
he dimensions of a convoy of ducks exceed those of a sprinter with
he same payload. From a purely technical point of view, any number
f Ducks can drive in convoy. However, it is questionable whether
uch a large group of Ducks can be used sensibly in urban areas.
his question will need to be investigated by means of microscopic
imulations, which is beyond the scope of this paper.

This first analysis confirms the Ducks’ and Ducktrains’ suitability
or urban last-mile delivery. Particularly, they can strengthen bicycle
elivery concepts, e.g., with cargo bikes. Looking at the concepts
ecommended by Bogdanski (2019) to reduce urban delivery traffic,
he Ducks also offer good solutions in multiple of these areas. The sci-
ntific literature proposes autonomous vehicles as the most promising
pproach for urban delivery (Patella et al., 2021; Bucsky, 2018). This is
lso the case for the Ducks, as the fully automated generation, the Auto
uck even increases the potential of the Follow-Me Duck for traffic

eduction as they can serve as (inter-provider) moving micro-depots,
arcel stations, or mobile pick-up stations.

To gain first insights on the acceptance of the Ducks by the general
ublic in their roles as road users sharing the infrastructure and as



Transportation Research Interdisciplinary Perspectives 14 (2022) 100579E.-M. Schomakers et al.
Fig. 8. General acceptance of use cases and willingness to use delivery services and private use (error bars depict standard deviation; n = 1007).
potential delivery customers or even private users of the Ducks, we
used interviews and an online questionnaire study. All in all, most
participants in both studies showed positive perceptions of the Ducks,
which corresponds to high acceptance in the prior U.S. American
surveys (US Postal Service, 2018; Edmonds, 2019).

Perceived barriers and benefits were identified in the interviews.
As main barriers for acceptance, effects on safety and road traffic are
mentioned by the participants, again showing that there is a need for
in-depth traffic analysis to determine these effects as well as good
communication strategies to broadcast these results. Also, participants
pointed to the disadvantages of battery usage, including concerns about
life-cycle sustainability and social aspects of production and disposal.
These barriers need to be taken into account for all electric vehicles.
There is a large need for transparency and legal obligations regarding
the production and disposal process of these batteries. Moreover, the
reduction of CO2 emissions in electric vehicle only reaches its full
potential if they use electricity from renewable energy sources. This
emphasizes the need to advance the expansion of renewable energies
in order for electric vehicles and new mobility concepts to counteract
the climate crisis.

Besides these barriers, the participants perceived various benefits
from the use of the Ducks for themselves as citizens and road users. The
main benefit regarded the positive effect on the environment, climate,
and the quality of life in the city as a result of the reduction of delivery
vans and positive effects of the Ducks on road traffic. These benefits
and barriers only partly mirror the results found by Antonakopoulou
et al. (2021), who identified mostly personal benefits like comfort and
transportation speed as well as personal barriers like the charging and
parking infrastructure when questioning light electric vehicle users.
However, the focus of our study being other road users as well as
delivery customers and a delivery vehicle in contrast to private use may
explain that most identified benefits and barriers regard advantages for
the public.

This positive view of the Ducks could be validated in the quanti-
tative results. The acceptance of and willingness to use the Ducks was
high, particularly regarding delivery services, e.g., parcels, medicines,
food. Additionally, the private use of the Ducks is also rather positive,
widening the use cases, e.g., to the shared use of the Ducks for the
transport of bulky items. Participants perceived the transport of animals
8

and passengers as rather less acceptable, which mirrors results of Ed-
monds (2019). This hints that the trust in these autonomous vehicles is
not yet developed. However, risk analyses towards autonomous driving
technologies show that the perception of risk regarding autonomous
vehicles increases with experience (Brell et al., 2019).

Another advantage of the Ducks are the different Duck generations.
Due to the high legal hurdles for admission of autonomous vehicles,
especially in Germany, the development of the Trailer Duck as the first
generation makes it possible for other road users to get used to the
new vehicles and gain trust. This may also have an effect on traffic
safety because, at the time that autonomous Ducks are operated in
traffic, other road users may have adjusted to the presence of the
previous generations vehicles, e.g., made experiences with overtaking
and generally sharing space on the streets, bike lanes, and or sidewalks.

6.2. Limitations and future research

The traffic potential analysis confirmed the general suitability of
the Ducks for urban last-mile delivery. However, further research is
needed to critically examine whether and to what extent the Ducks
can help to counteract the current problems of delivery traffic. The
share of electrically powered delivery vehicles in the CEP sector is
increasing. The goal to reduce local emissions can also be reached by
using these electric delivery vans. Therefore, microscopic investigations
are needed to examine whether the smaller width of the Ducks com-
pared to conventional delivery vehicles has less of a negative effect
on the obstruction of traffic, giving it again an advantage over electric
delivery vans. Furthermore, traffic and safety-related effects resulting
from the shift of delivery traffic to the cycling infrastructure need
to be investigated. To do this, it is first necessary to investigate the
specific problems caused by stopping conventional delivery vehicles in
the second row and how serious these effects are for the rest of the
traffic.

Also, the Ducktrain concept focuses on urban delivery where the
need for new solutions is plain and where the narrow size offers usage
benefits (cf. Section 2). Because of its range limits it offers no solutions
for deliveries in less densely populated and rural areas. Moreover, for
the private transport of bulky items, people living in more remote
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Table 2
Detailed characteristics of the sample (n = 1007).
Age 18–30 years 196 19.4%

31–40 years 165 16.4%
41–50 years 177 17.6%
51–60 years 178 17.7%
61–70 years 194 19.3%
71–80 years 97 9.6%

Gender Women 508 50.4%
man 499 49.6%

Education No certificate 2 0.2%
Certificate of secondary education 108 10.7%
General certificate of secondary education 302 30.0%
General qualification for university entrance 259 25.7%
University degree 312 31.0%
Other 24 2.4%

Household income < 1000e 141 14.0%
1000e–2000e 277 27.5%
2000e–3000e 335 33.3%
4000e–5000e 198 19.7%
> 5000e 56 5.6%

Residential area Suburbs 28 2.8%
City outskirts 325 32.3%
Inner city 654 64.9%

Preferred role in traffic Pedestrian 423 42.0%
Cyclist 141 14.0%
Car driver 396 39.3%
Other 47 4.7%
locations may use alternatives like (electric) cargo bikes to reduce car
trips.

For first impressions on the acceptance of the Ducks, the two em-
pirical studies gave valuable insights. However, their meaningfulness is
limited by the early development stage of the Ducks. The interviewees
experienced a Trailer Duck in traffic during a test ride; the survey
participants only had a detailed description. This two-tiered approach
combines the advantages of the hands-on experience with the large
census-representative sample. However, the effects of the operation of
multiple Ducks in real traffic could only be anticipated in both studies.
This is also pointed out by the fact that some participants perceived the
effects of the Ducks on road traffic and traffic safety as positive, others
as negative.

The diverging opinions on the effects of the Ducks on traffic also
depended on the perspective, meaning the role in traffic as either car
driver, cyclist, or pedestrian. Here, further research from social sciences
but also from traffic engineering is needed to determine the effects
for the different traffic participants. And eventually, politics need to
regulate traffic and invest in infrastructure based on their views of
which traffic participants should be supported, e.g., to promote cycling
— be it for private mobility or delivery services.

Furthermore, managerial and organizational implications of this
vehicle concept for existing systems need to be analyzed further. From
the point of view of logistics planning, the Duck Trains’ great potential
is to bring more flexibility. This is, among other factors, through the
possibility to flexibly adapt the number of vehicles in convoy to the
current transportation need, the option to follow any leading vehicle
(besides bikes, cargo bikes, and pedestrians, other micro-vehicles are
a feasible option), and to use Ducks as mobile micro-hubs. Therefore,
an increase in efficiency of city logistics is expected, but needs to be
confirmed in future research. Another important aspect is that the need
for conventional micro-hubs – which take up valuable space in the inner
cities – is reduced. Due to their range of 50 km and the option to quickly
replace the battery, the Duck Trains can start their delivery tours at the
city outskirts, where there is more space for micro-hubs. The replace-
able batteries also reduce the need for dense charging infrastructure,
as they make the Duck Trains independent for most typical delivery
tours (the traffic potential analysis showed that the range of 50 km is
sufficient for half of CEP tours in typical German cities, another quarter
9

of tours can be carried out with a replacement of batteries). However,
besides an analysis of the expected efficiency gains, economic analyses,
including the purchase and operation of Ducks in comparison to other
means of transport (including other ‘‘green vehicles’’) are needed, as
the logistics market is very competitive.

This paper examined the important perspective of other road users
and delivery customers, which is very important when introducing
new technologies (Roberts, 2004; Brell et al., 2021). This view needs
to be expanded regarding social, ethical, and legal aspects of such
autonomous vehicles (Borenstein et al., 2019).

Another limitation of the generalizability of the results in this paper
is the focus on Germany. The traffic potential analysis as well as
the acceptance analysis relied on data from Germany, as this is the
development and current test environment of the Ducks. Whether these
results can be transferred to other countries and continents needs to
be confirmed in future studies as not only the traffic laws and norms
differ between countries but also perceptions of mobility concepts vary
culturally (Jing et al., 2020; Müller, 2019).

7. Conclusion

Duck Trains are automated electric light/micro vehicles which offer
much flexibility for urban last-mile delivery. This preliminary potential
analysis from transport planning and social science perspectives reveals
a high potential, especially for dense urban areas. Duck Trains (of
several Ducks) are competitive regarding their payload to conventional
delivery vehicles, like vans or station wagons; and, at the same time,
their range and speed are comparable to (electric) cargo bikes, which
seems sufficient for urban last-mile delivery. In comparison to other
(automated) micro-vehicles solutions, their combined high payload,
speed, and flexibility stand out. However, future research and micro-
scopic simulations are needed to further study the Duck Trains’ and
other light vehicles’ impacts on traffic and other road users as well as
sustainability and (economic) efficiency of delivery. Public acceptance
is high, especially for delivery services. However, concerns regarding
the impact on traffic and traffic safety as well as the sustainability
of the batteries remain. Here, future research should focus on what
drives the acceptance of such ‘‘green’’ vehicle technologies and how
customers, delivery companies, and private users may be persuaded to

more sustainable, ecologically friendly transport behavior.
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