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Abstract Small electric vehicles (SEVs) in commercial transportation have the
potential to reduce traffic and its impacts, especially in urban areas. Companies,
however, are still reluctant to implement SEVs. Therefore, the aim of this contri-
bution is to shed light on the acceptance of motives for and obstacles to the use of
SEVs in commercial transportation. Since the use of SEVs is often discussed in the
context of innovative city logistics concepts, such as micro-hubs, our aim is also, to
explore the acceptance, economic, and ecological potentials of SEVs in combina-
tion with micro-hubs. We use a multi-method approach and combine an online
survey with in-depth interviews as well as a total cost of ownership (TCO) and CO2

calculation. Analyzing 350 responses to an online survey revealed that around half
the companies surveyed have no knowledge of SEVs. This implies high unex-
ploited potential, since 25% of these companies can imagine using them. In-depth
interviews with logistics service providers (LSPs) or logistics departments from
different sectors revealed that six of the 13 interviewed LSPs would be willing to
implement this concept.
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1 Introduction

Urbanization, economic growth, and structural economic changes have led to a
steady increase in road transportation, especially in urban areas [1]. Approximately,
50% of urban traffic is caused by commercial vehicles [2]. This results in heavy
congestion, air pollution, and greenhouse gas emissions in urban areas [3, 4]. When
considering goods transport, it is striking that this only accounts for between 20 and
30% of total urban traffic, but is responsible for 80% of inner-city traffic jams
during rush hours, for example, due to the double parking of delivery vehicles [5].
This situation could worsen in the future. Between 2000 and 2017, the number of
courier, express, and parcel deliveries (CEP) in Germany doubled from 1.7 to
3.4 billion and, according to estimates, these are expected to increase further to 5
billion deliveries by 2025 [6]. In this context, the potential use of SEVs in com-
mercial transportation and in the CEP industry in particular is a subject of
increasing interest [5, 7]. SEVs are much smaller compared to conventional
delivery vans or trucks and require less space while in traffic or parking.
Furthermore, they are lighter, more agile and, when being powered electrically,
more energy efficient than conventional vehicles. Consequently, SEVs have the
potential to reduce traffic and its impact, especially in urban areas.

While there are already a number of SEVs on city streets in private transport,
they are still the exception for commercial transport services. The total user
potential for commercial transport in Germany has already been estimated, for
example, by Brost et al. [7], using data from the mobility survey “Mobility in
Germany (MiD) 2017”. However, this analysis based on so-called “regular pro-
fessional trips” only allows an estimation of the maximum technically possible
potential (such as driving range or load volume). Furthermore, it is important to
note that company-specific criteria have a decisive influence on the user potential
[7]. This contribution therefore focuses on a company-specific analysis of user
potential. For this purpose, the results of a survey of more than 350 companies and
14 company-specific interviews are combined. This combination of the survey and
the interviews allows for a cross-company view as well as a company-specific
perspective on acceptance, potentials and obstacles for the use of SEVs in various
commercial applications. This approach supports the aim of this contribution to
assess the acceptance and company-specific reasons for or against the use of SEVs
in commercial transport in general. In addition, due to the high relevance of CEP
service providers for efficient urban traffic, an in-depth analysis was conducted on
the acceptance and willingness of logistic service providers (LSPs) or logistics
departments to use innovative concepts such as SEVs in combination with
micro-hubs and on how this concept could contribute to the profitability and
environmental impact of innovative city logistics concepts.

SEV definition. In this study, we showed the companies different SEV classi-
fications in advance to give them an impression of the different characteristics of the
individual classes. This was done using the following exemplary models: KEP10
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(L1e) as a two-wheeled cargo bike, three- and four-wheeled cargo bikes such as the
Cargo Cruiser (L2e) or Loadster, the Paxter (L6e), and light electric vehicles such
as Twizy Cargo and Microlino (L7e).

2 Materials and Methods

For the analyses of the general potential, an online survey was conducted of 4,000
companies on the distribution and applicability of SEVs in companies. The geo-
graphical focus is the “Technologieregion Karlsruhe”.1 Companies of varying size
from different sectors of industry were surveyed. The analysis covers the responses
of more than 350 companies (return rate of *7.5%).

In addition, interviews were conducted with 14 companies from industries that
are considered the most suitable for SEVs in the literature. This involves installation
service (1 company interviewed), painting trade (3), chimney sweeps (2), cleaning
service (1), nursing service (1), CEP service (1), pharmacy (2), internal factory
traffic (1), and delivery service (2). In some sectors, several companies were
interviewed to find out whether and how the situation differs between companies in
the same sector.

To answer the question about the acceptance of SEVs in combination with
micro-hubs and how this concept could contribute to the profitability of innovative
city logistics concepts, 13 semi-structured interviews were conducted with experts
from different LSPs or logistics departments, supplemented by a total cost of
ownership (TCO) calculation, an environmental analysis of CO2-emissions and a
processing time analysis. In the interviews, besides evaluating the acceptance of
LSPs to use innovative city logistics concepts, we derived logistics and economic
data regarding the current transportations structures of the LSPs. The interview
consisted of almost 50 questions. The data derived were used to calculate the TCO,
processing times, and environmental impact (CO2 emissions) of combining SEVs
with micro-hubs.

When applying the TCO method, all relevant processes and procedures of a
current and a future scenario or concept has to be analyzed and respective costs
have to be specified. Since our interviews showed, that the CEP service industry is
most likely to implement micro-hubs with cargo bicycles, we assumed that the
original distribution structure is transformed to a micro-hub concept. In the status
quo, a conventional delivery van starts the distribution of parcels to customers from
a regional distribution center outside of an urban center. In the new concept, a
battery-electric heavy-duty truck (HDT) transports two swap bodies (see Fig. 1),
used as micro-hubs, from the regional distribution center to an urban center, while

1The region around the city of Karlsruhe, which is an industrial and technological center in the
southern part of Germany, comprising approximately 3,240 km² and 1.3 million inhabitants.
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battery-electric three-wheeled cargo bicycles distribute the parcels from the swap
bodies (micro-hubs) to the end-customers.

We considered the following costs, associated with the two logistics concepts:
vehicle costs (fixed costs: annual depreciation, insurance costs and taxes; variable
costs: fuel or electricity costs and costs for repair, maintenance, and tires), driver
personnel costs, equipment and location costs for the micro-hubs and charging
infrastructure costs for electrically powered vehicles. The calculations are based
on the data collected in the semi-structured interviews. Missing data was collected
through further literature and desk research. The logistics parameters used can be
found in Table 1 and the techno-economic parameters in. Tables 2 and 3. Based
on these data, we set up an average use case for each of the two logistics
concepts and we retrieved average vehicle types, route lengths, break and working
times, number of parcels to be delivered, etc. All costs, annually-fixed or variable,
kilometer/usage-dependent costs, were broken down to a single parcel. For the
calculation of the processing times, time for loading, unloading, delivering,
transshipping and parking was considered. Regarding CO2-emissions, only
emissions from energy consumption and thus, driving were considered, by
employing respective emission factors.

3 Results

The following section presents the results of the online survey and key insights
from the company interviews, followed by an in-depth analysis of combining SEVs
with micro-hubs in the CEP industry.

Fig. 1 Exemplary representation of swap bodies used as micro-hubs. Source Dachser Neuss
Swap Bodies. Licensed under CC BY-SA3.0 (https://creativecommons.org/licenses/by-sa/3.0/
deed.de). Cut out. Original version: https://de.wikipedia.org/wiki/Datei:Dachser_Neuss_Swap_
Bodies.JPG
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Table 1 Logistics parameters

Parameter Unit Van HDT Cargo
bicycle

Source

Total number of stops/trip # 87.5 2 16 Own calculation based
on interviewsTotal numbers of parcels/vehicle # 175 1,120 32

Number of parcels/swap bodies per
stop

# 2 1 2 Interview data

Available vehicle volume m3 12 69.1 2 Own calculation based
on interviews [6, 8–
11]

Capacity utilization % 90 90 100 Interview data

Used vehicle volume m3 10.8 62.2 2 Own calculation based
on interviews

Loading time per parcel/swap body min 0.5 16 0.5 Own assumption

Loading time per trip min 87.5 32 16 Own calculation based
on interviews

Unloading time per stop (with two
parcels/one swap body)

min 3 10 2 [12, 13]

Time loss per stop (parking) min 1 0 0 Own assumption

Un-/loading time per tour min 350 52 32 Own calculation based
on [14]

Duration of stop between tours min 16 Own calculation based
on Interviews

usable for charging min 16 Interview data

Duration of warehouse stop h 14 14 14

usable for charging h 12 12 13

Length of trip km 80 20.78 12 Own assumption
based on interviews

in town km 66 6.78 12 Own assumption

out of town km 14 14

Number of trips per vehicle and day # 1 4 7 Interview data

Distance between two stops (in
town)

km 0.74 Own assumption

Distance to first stop km 8

in town km 1

out of town km 7

Average speed in town km/h 30 22 Expert knowledge

Average speed daytime out of town km/h 50 Expert knowledge,
own assumption
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3.1 Results of the Online Survey: Diffusion of, Motives
for and Barriers to the Use of SEVs

In a first step, the results from the survey were analyzed to determine the extent to
which SEVs are known or are already in use. Based on these findings, the
company-specific reasons for or against the use of SEVs were then determined in a
second step.

Table 2 Techno-economic parameters of vehicles

Parameter Unit Van HDT Cargo
bicycle

Source

Number of trips #/d 1 4 7 Own
calculations,
[15]

Operating life y 8 10 6

Vehicle price EUR 40,000 280,886 15,000 Following [16–
18]

Fuel consumption l/100 km kWh/
100 km

11 158 1.6 Following [15,
17]

Fuel price EUR/l
EUR/kWh

1.066 0.184 [19–21]

Maintenance, repair,
and tire costs

EUR/km 0.11864 0.3976 900 p.a. [15, 17, 22, 23]

Tax EUR/y 211 1,336 [17]

Insurance costs EUR/y 4,400 7,105 900 [17, 23]

List price charging point EUR 10,000 2,000 [24, 25]

Operating life
infrastructure

y 15 15 [26]

List price batter EUR 719 [27]

Operating life battery Y 6 [15]

Table 3 Further techno-economic parameters

Parameter Unit Value Source

Driver wage daytime EUR/h 25 [28]

Driver wage nighttime EUR/h 28.8 [16]

Working days per year d/y 300 [14]

Area of swap body m2 18 Own calculation

Rent EUR/(month*m2) 11.76 Research on rental portal

Annual rent EUR/y 2,545 Own calculation

Emission factor WTW diesel kg CO2/l 2.964 [16]

Emission factor electricity kg CO2/kWh 0.303
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The general knowledge about SEVs in the companies surveyed is evenly split
between those who know about SEVs and those who do not. Accordingly, 50% of the
respondents have not yet heard of SEVs. 41% of respondents were familiar with
two-wheeled cargo bikes. 26% were aware of light electric vehicles, slightly more
than the 25% familiar with three- or four-wheeled cargo bikes (see left-hand part of
Fig. 2). Once the current state of knowledge about SEVs had been identified, the next
stepwas to askwhether the use of SEVswas generally conceivable from the viewpoint
of the companies. For this purpose, all the companies were surveyed, i.e. those already
familiar with SEVs and those not familiar with them. The results were that 3% of the
companies said they already use SEVs and another 25% can imagine doing so. 71%
cannot imagine using SEVs in their company at all (see pie chart in Fig. 2). Thismeans
that more than a quarter of all the surveyed companies can imagine using SEVs.

In this context, the question arises about the size of the companies that consider
SEVs a potential solution. Are these mainly large companies or is the potential use
independent of company size? Looking at the applicability of SEVs by company
size as depicted in Fig. 3, it is noticeable that 2.5–5% of all sized companies already
use SEVs (although it should be noted here that the absolute figures are very low
and range between one and six). In addition, parallel patterns emerge when looking
at company size. With the exception of companies with more than 250 employees,
22–27% can imagine using SEVs, while 68–76% cannot in each size group. For
companies with more than 250 employees, the use of SEVs appears considerably
more feasible. Here, 55% of the companies state that they can imagine using SEVs.
Thus, although there were only a few large companies in the sample, they seem to
offer high potential for the use of SEVs. All in all 102 companies can imagine using
SEVs or are already using them. This willingness seems to exist across all company
sizes, although it is particularly marked in large companies (see Fig. 3).

Moreover, this willingness seems also to exist across all sectors. It should be
noted that the number of companies that replied is in some sectors quite small.
However, with the exception of “Transport and storage” and “Financial and
insurance services”, companies from all sectors consider SEVs to be applicable in
principle (see Fig. 4).
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In this context, it is of interest to find out what advantages companies hope to
gain from using SEVs and the 102 companies were questioned about their motives
(see Fig. 5). Environmental protection seems to be the most important factor for
using SEVs for micro, small and large companies. Reducing fuel costs is also cited
as a strong motive. Furthermore, it is noteworthy that micro and small enterprises
often have similar motives. In addition, being perceived as innovative is signifi-
cantly more important for large companies than for other company sizes.

While the company-specific aspects that motivate a company to use SEVs are of
interest, it is also essential to know which company-specific factors hinder the use
of SEVs. An analysis was therefore conducted using the data from the companies
that had previously stated that the use of SEVs was out of the question. Of the 254
respondents who could not imagine using SEVs in their company, 129 said the
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reason is that they have no problems with their existing logistics that SEVs could
solve. Seventy-seven mentioned that the range of SEVs was considered too limited,
followed by insufficient transport volume and too small payload capacity with 64
and 63 mentions, respectively. Eighteen responses mentioned the lack of
micro-depots as hindering the use of SEVs. It should be noted, however, that the
lack of micro-depots may not be relevant in every economic sector. Examining the
obstacles to use SEVs according to company size, it is noticeable that companies
with up to 249 employees do not name logistics problems as the main reason. In the
case of large companies, the aspect of insufficient range is mentioned most fre-
quently. Figure 6 illustrates the results depending on the company size.
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3.2 Supplementary Findings from Interviews
with Companies from Potentially SEV-Relevant Sectors

In order to gain a better understanding of the results of the online survey and why
SEVs are considered or not considered by companies in a particular sector, sup-
portive in-depth interviews were conducted with companies from sectors where
SEVs might be a relevant option. A brief summary of the most important results of
the interviews is presented below.

The statements of the interviewed companies showed that especially nursing
services, CEP services, pharmacies, and internal factory traffic seem to be suitable
for SEVs. The installation and chimney-sweeping sectors could integrate and use
SEVs to some extent in their everyday work. Delivery services are, in principle,
also suitable for SEVs in urban areas. Delivery speed is of enormous importance
here, especially in the gastronomic sector, and SEVs are not always the fastest
option.

It must be emphasized that it is difficult to make a general statement about the
suitability of SEVs for an entire sector, as the requirements of companies in the
same sector can already be very diverse and therefore a company-specific evalua-
tion should always be made. For example, in the painting business, there are quite
different requirements for the range and cargo weight of vehicles. Furthermore,
interview partners from the chimney-sweep sector stated that the structure of their
working districts varies widely. For example, one district has a diameter of 5.5 km
and can be easily covered on foot. In contrast, other districts, which include
single-family houses, for example, can be up to 17 km wide and would be suitable
for SEVs.

An application of SEVs in the field of nursing services is quite conceivable. The
advantages mentioned were more efficient and faster trips as well as reduced time
needed to find a parking lot. Another major advantage is that employees without a
category B driver’s license could also use them if necessary. Using SEVs could
therefore enlarge the pool of potential job applicants, as possession of a category B
driving license would no longer be essential. This may also be an issue for other
sectors.

In the installation sector, SEVs seem to be particularly suitable for customer
services, while their loading volume is considered too small for cleaning services.
They cannot transport ladders and larger machines, for example. In addition, other
obstacles were also mentioned that are independent of the sector, such as the fact
that company cars are sometimes also used privately and SEVs do not meet these
requirements, and the lack of charging infrastructure at home. The potential lack of
weather protection and lower performance in winter were also criticized. It should
be mentioned that the results of the interviews are to be regarded as exemplary and
not representative due to the different framework conditions of companies, even
within the same sector.
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3.3 Results from the In-Depth Interviews and Quantitative
Analyses: Acceptance and Impact of SEVs
for Micro-Hubs in the CEP Industry

Using SEVs, such as three- or four-wheeled cargo bicycles, in commercial trans-
portation is being increasingly discussed in combination with innovative city
logistics concepts. In the logistics literature, one of the most promising solutions is
to use SEVs for last-mile distribution from urban micro-hubs or depots [29, 30]. We
therefore shed more light on the acceptance of combining electric cargo bicycles
with urban micro-hubs and their economic and environmental impacts.

We interviewed CEP LSPs (5), logistics departments of wholesalers for gro-
ceries, paintings or other goods (3), transport companies (2), a distributor of a
bakery chain (1), a distributor of a trading company (1) and a distributor of
newspapers (1). The expert interviews revealed that six out of the thirteen inter-
viewed LSPs would be willing to implement micro-hubs with cargo bicycles.
Another LSP would probably implement that concept, while six LSPs would not
implement it all (see Fig. 7).

The main reasons given for rejecting the concept of cargo bicycles with
micro-hubs were very diverse. Most of the interviewees mentioned too low trans-
portation capacities or the weight restrictions of cargo bicycles as the main reason.
These LSPs tend to transport large and/or heavy goods, which are not suitable for
cargo bicycles or SEVs in general. Another reason was missing cooling capabilities
and difficulties with adhering to hygiene standards. Large quantities of goods that
cannot be distributed efficiently with that concept and increased transportation
lead-times due to transshipping at the micro-hubs were further reasons for rejecting
this concept. Finally, the lack of profitability and a limited number of personnel or
difficulties in recruiting new drivers were mentioned. In contrast, other companies
responded that they had already implemented cargo bicycles with micro-hubs, at
least in first pilot projects. Advantages were mentioned such as improved trans-
portation cost efficiencies for the last mile and circumventing urban access regu-
lations, especially in the morning, in the evening or during the night.

The logistics departments of wholesalers for painting or groceries were mostly
reluctant to implement cargo-bicycles with micro-hubs, as were bakeries and
pharmacies. Transport companies and general cargo carriers also rejected the

yes probably no

0 1 2 3 4 5 6 7 8 9 10 11 12 13
Number of responses

Willingness to implement cargo bicycles with micro-hubs

Fig. 7 Willingness of LSPs to implement cargo bicycles in combination with micro-hubs
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concept, mostly because their transported goods are too big and too heavy. Finally,
one CEP LSP also rejected the implementation of micro-hubs. Distributors of
newspapers, however, as well as other CEPs were willing to implement cargo
bicycles with micro-hubs. One distributor of textiles could imagine using cargo
bicycles with micro-hubs to distribute textiles ordered online to end-customers,
while micro-hubs would not be an option for deliveries to retail stores.

In summary, acceptance of SEVs depends heavily on the logistics structures and
general framework conditions, as well as on the type of transported goods. This is
very industry-specific and the results show that the highest potential for cargo
bicycles with micro-hubs is in the distribution of smaller goods, mainly to
end-customers, which primarily concerns the CEP industry.

Based on these results, and considering the high acceptance of this concept
among CEP LSPs, a quantitative analysis of the economic and environmental
impacts was then carried out.

Figure 8 shows the results of calculating the TCO, CO2 emissions and pro-
cessing time. Shifting from the status quo to cargo bicycles with micro-hubs would
decrease transportation costs per parcel by 25%. The main reason for this is that one
cargo bicycle can actually replace one delivery van and cargo bicycles are much
cheaper in terms of investments, as well as variable costs. We assumed that one van
distributes 175 parcels on average on a standard tour lasting 9.7 h. The loading
capacity of a cargo bicycle was assumed to be 32 parcels and its distribution tours
only take around 1.3 h. In order to distribute the same number of parcels as a van,
six bike tours are required, adding up to 9.4 h and including transshipping time at
the micro-hub.

Cargo bicycles with micro-hubs can reduce the CO2 emissions per parcel by
almost 80% (see Fig. 8). It has to be mentioned here that we only included the
emissions from driving and excluded the emissions from the production of the
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vehicles. Nevertheless, this represents a huge reduction. This is because electric
drivetrains are much more energy-efficient than conventional internal combustion
engines and electricity has a much lower CO2 emission factor than diesel. Reducing
the emissions to zero would only be possible using 100% renewable electricity,
which is currently not the case (calculations are based on Germany’s power mix).
Finally, average processing times would increase by almost 60%. The processing
time starts when a parcel leaves the regional distribution center and ends when it is
delivered to the recipient. Thus, for the status quo, the parcel in the van is more or
less directly on its way or at least on its final distribution tour to the recipient. For
the micro-hub case, however, we assume that the micro-depots have to be dis-
tributed by the HDT (2 per HDT-tour), which takes extra time, as does trans-
shipping at the micro-hub and only then can the cargo bicycle tour start from the
micro-hub.

To sum up, from an economic and environmental perspective, electric cargo
bicycles in combination with micro-hubs offer major benefits. Costs can be reduced
by 25%, while CO2 emissions can be reduced by 79%. The only drawback is the
higher processing time involved, which increases by 58%.

4 Summary and Conclusions

SEVs can contribute to more sustainable commercial transportation due to their
reduced size, lower noise emissions, and lower CO2 emissions. However, so far,
only half of the companies surveyed know about them. Nevertheless, a quarter of
these companies can imagine using SEVs, so there is a large user potential for SEVs
in commercial transport. This potential is found in all sizes of companies, but
especially in large ones. The main reasons for potentially using SEVs are not
primarily monetary. Environmental protection and employee satisfaction are ranked
first and second here. Thus, policy makers could use this intrinsic motivation to
promote the diffusion of SEVs and thus reduce THG emissions. The reasons given
for not using an SEV include no logistical advantage for the company and
construction-related criteria such as transport weight, range or load volume. In order
to activate the as yet unexploited potential, it is therefore advisable for SEV sellers
to further inform companies about the existence and advantages of SEVs. In
addition, the trial use of SEVs could offer the opportunity to show potential areas of
application in companies that have not yet considered them.

The acceptance of electric cargo bikes in combination with innovative city
logistics concepts, such as micro-hubs, is very high. Almost half of the interviewed
LSPs would be willing to implement such a concept. However, acceptance depends
to a large extent on the characteristics of the transported goods and thus, on the type
and sector of the LSP. Bearing in mind, that electric cargo bikes would not be able
to transport the bulk goods of many of the interviewees, the acceptance is high.
The CEP industry, in particular, shows high acceptance of this concept, which
offers economic and environmental benefits, but increased average processing
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times. The necessity of fast deliveries, however, is arguable. Consequently, for
LSPs, electric cargo bicycles in a micro-hub concept represent an economically and
environmentally beneficial solution with the potential to decrease urban traffic and
make our cities greener.
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