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Abstract 
Light electrical commercial vehicles are a key for solving urban transport issues and to enable 
electromobility. A current challenge is the reduction of long-term polluted air conditions and especially [1] 
particulate matter. An obligatory city ban on vehicles will influence commercial vehicle transport 
dramatically.  
Consequently, the government of South-West Germany is promoting research on alternative commercial 
vehicle solutions. In this paper the results of a new testbed for Segway vehicles in commercial transport 
applications are described. Segway vehicles are two-wheelers with an electric drive for self-balancing, 
steering and propulsion. These vehicles are equipped with additional load containers.  
A mid-size Energy Supply Company unit with 190 employees and a University facility management unit for 
400 employees serve as a testbed for short-distance transport investigations. Both units have multiple 
locations and field maintenance sites that demand a transportation network of goods, tools and further 
supplies. Up to four Segways are integrated into the project to replace conventional combustion-engined 
transportation vehicles. All locations are distributed within a radius of 4200 m so that light electrical 
commercial vehicles can compete.  
Up to now, more than 860 Segway km were made in different transportation situations. The project shows a 
considerable reduction of travel time between service locations up to 4 times per day. Excellent street, 
sidewalk and building interoperability is value-added with minimal need of parking space. The Segway 
vehicles are appreciated by their users. To enlarge the cargo hold, new removable cargo containers were 
designed for flexible management of different cargo containers. Finally, the paper shows an electric vehicle 
cost comparison between Segway, Cargo E-trike and Van. 
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1 Introduction 
A considerable reduction of long-term polluted air conditions and especially of situations with particulate 
matter is one important goal of the German Environment Agency (UBA) and Baden-Württemberg Ministry 
of the Environment and Climate protection (UM). Consequently, more than 8 voluntary city bans on vehicles 
were imposed in the city of Stuttgart [1]. 
Alternative electrical vehicle solutions for private and commercial city traffic especially for “last-mile” 
transport are absolutely essential [2]. In this paper the results of a testbed for Segway vehicles in commercial 
transport applications are described, see also [3] and [4]. 
2 Testbeds 
Both testbeds are in the area of Heilbronn, a city with a population of approximately 110,000 located 50 km 
north from Stuttgart. The Heilbronn-Franken region is an important industrial center in Southwest Germany. 
Both testbed facilities concentrate within a circle of 4 km radius. 
2.1 Facility Management vehicle testbed  
The Segway testbed in a University Facility Management (FM) unit for 400 employees and more than 8000 
students serves to investigate short-distance transport. The aim is to replace combustion-engined FM vehicle 
traffic by frequent Segway usage. A Segway is an electrically propelled, self-balancing two-wheeler vehicle 
that uses single-wheel electrical drives for propulsion and balancing. The Segway vehicle is equipped with a 
GPS-Sensor to record velocity and track, the energy consumption is recorded separately. Test tracks between 
and in buildings range from 80 m to 4150 m. Typical FM tasks are maintenance and surveying of internal 
and external building installations, transport of parts, materials and tools, construction site control on foot or 
by light commercial vehicle to be replaced by Segway operation, see Fig. 1.  

 
figure 1: Segway with cargo containers (left) and in typical Facility Management operation 

(middle and right) 
Currently, 3 FM users were trained as personal Segway driving experts with one main user. Now, FM has 
covered more than 1200 Segway km since August 2015 in different transportation situations with an average 
energy consumption of 3.9 kWh/100km [5]. The recording of a typical FM operation day is shown in Fig.2. 
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figure 2: Typical FM Segway operation record, GPS print (upper left), day record (upper right) 
and velocity plot [5] 
The testbed evaluation shows a considerable reduction of travel time between service locations up to 4 times 
per day with excellent street, sidewalk and building interoperability. However, cargo container space is 
limited and additional containers reduce building interoperability of the vehicles [5].  
2.2 Local Energy Provider vehicle testbed  
Typical Energy Provider (EP) tasks to be replaced by Segway transport are pedestrian traffic between 
headquarters, warehouse and workshop, maintenance of waterworks and heat plant building installations as 
well as surveying and construction site control. Fig. 3 shows the corresponding company locations in 
Heilbronn. 

 
figure 3: City map of company locations for Energy Provider Segway operation and travel 

distances 
The EP company favors a shared Segway approach: After a brief internal driving instruction from externally 
trained Segway representatives an interested employee is allowed to check out and return a Segway vehicle 
at designated spots where charging is also carried out. More than 15 different Segway employees have been 
internally advised since June 2016 with a total of 66 Segway business rides across more than 160 km. 
Moreover in this EP testbed, Segway vehicles are appreciated by their users which vary from managers to 
workmen. 
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3 Comparison of the Segway with other transportation 
To complete the testbed vehicle research further alternative 
transportation has been selected. The following vehicles are 
compared: 
• Segway 
• Bicycle 
• Cargo bike (electrically propelled two- or three wheeler load 
carrying vehicle with bicycle design and additional cargo container 
device), see figure 4 
• Pedelec (electrically assisted bicycle with different speed designs)  
• (electric) car  
3.1 Overview 
The following table 1 gives an overview of identified advantages and disadvantages of the Segway compared 
to the other vehicles. 
 
table 1: Overview of compared vehicles 

 
It becomes obvious that Pedelec and Segway vehicles are very similar in use. Concerning cargo bikes and 
cars there are wider differences.  
 
3.1.1 Pedelec and bicycle  
In the leisure sector, a Pedelec is probably the most obvious alternative to a Segway. Above all, the 
significantly lower acquisition costs attract a potential customer as well as the lower maintenance costs. 
However, when it comes to a commercial use, many of Segway's benefits gain importance.  
In the case of a frequent change of location, a remarkable advantage is the trafficability of buildings including 
elevators and building corridors as well as the elimination of the search for parking lot. This requirement is 
met best by Segways as explained in section 3.3. In a business use case it is an advantage that a Segway ride 
relates to only very small physical effort. Thus, for example, a ride uphill is less tiring and possible with 
business clothing.  

figure 4: Cargo bike of 
Heilbronn university 
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In addition, especially outdoors or in crowded and complex construction site situations, the elevated viewing 
position is an advantage in comparison to the bike. In the case of monitoring trips or the use by law 
enforcement or emergency responders, visibility and a better sight in crowds are very important.  
3.1.2 Cargo bike   
The use cases of a Cargo bike and a Segway differ greatly. The Segway is suitable for transporting people 
with light luggage. However, the transport of the person is the main purpose. Load bicycles are designed to 
transport heavy loads. Therefore, a user will hardly have to decide between these two devices. The application 
determines clearly which transport medium fits better.  
3.1.3 (Electric) car 
Currently, an electric car is far more expensive than a Segway. The purchase price of an electric small car 
without special equipment amounts from approx. 22000 € [6] to 23400 € [7] for a Nissan leaf or Renault 
ZOE Battery-Electric Vehicle (BEV). The use of the Segway also creates great potential for saving time and 
thus costs. The economic advantages are discussed in more detail in the Chapter 3.3. 
A disadvantage of a Segway in comparison to a car is, that it cannot be used in all year weather conditions. 
If it is too cold or if it rains, another means of transport must be taken into consideration or even different 
vehicles alternatives must be made available. 
In comparison to (combustion-engined) cars a Segway has the enormous advantages that it is possible to 
drive directly to the destinations in inner cities, without loss of time for searching a parking lot or walking 
from the car to the destination. Environmental driving bans do not apply for Segways, as they are electrically 
propelled.  
3.2 Economically viable range 
In general, the time needed from the starting point to the final destination is divided into several periods of 
time as follows: 

(1) Departure from individual starting point (e.g. office desk) 
(2) Walkway to the vehicle 
(3) Get ready to go 
(4) Driving time 
(5) Search for the possibility to park the vehicle 
(6) Vehicle parking period  
(7) Walkway to the intended destination 

These different phases of the travel time vary according to which transport means is used. The mere driving 
time is proportional to the distance covered, apart from disturbances by the environment. The duration of the 
other phases has no reference to the distance traveled, such as searching for a parking lot. Therefore, these 
related time periods (1) – (3) and (5) – (7) are defined as the overall set-up time of a transportation. 
The overall set-up time of a transportation should be kept as low as possible, especially if very short distances 
are required. However, these time periods are mostly long in urban areas, where the distances are short but 
the traffic volume is high or the accessibility and parking is restricted. The Segway has the most advantages 
in these areas, as the overall set-up time can be shortened or even eliminated. 
The time periods (1) and (2) can be minimized as the Segway can be parked right near or in the office, as it 
can drive in buildings. This eliminates the footpath to the vehicle. The time required to prepare the vehicle 
and fastening the seat belt is replaced by putting on a helmet and attaching a possible bag. There is no need 
for a search for the possibility to park the vehicle, since it is possible to drive in the building and since the 
Segway can be parked almost everywhere with very little parking space. The actual vehicle shutdown lasts 
only a few seconds. The way to the specific meeting place (7) is clearly shorter in comparison to the other 
means of transport. 
Furthermore, the influence of the travel distance is examined where the overall set up time isn’t considered 
more closely. For economical transportation, it is advised to determine a lower and upper limit distance, 
within which the use of a Segway is efficient. Therefore the traffic volume, available shortcuts, the influence 
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on the travel time by other traffic participants or traffic lights, as well as geographical features such as large 
inclines must be taken into consideration. The limit distances depend on the location or environment and can 
vary from city to city. This paper presents the limit distances in Heilbronn. 
3.2.1 Viable initial conditions 
A lower limit for the use of Segways in comparison to walking is estimated by empirical measurements from 
the Heilbronn university testbed, as seen in diagram 1. It is about 340 m.  

 
diagram 1: Economically viable range in comparison to walking 

3.2.2 Segway and bicycle 
In further test drives the Segway and bike drove the same route within a time interval of less than 5 minutes. 
The overall set-up time was not investigated. All results are affected by traffic conditions, such as waiting at 
traffic lights or at crossroads. Some measured values are shown in diagram 2. 

 
diagram 2: Economically viable distance of a Segway in comparison to a bicycle 

The drive evaluations yield that the Segway reached an average speed of 15.5 km/h. The Segway is not slower 
than a bicycle. The top speed of the vehicle is less important in urban areas, as it is hardly reached due to the 
high traffic volume. Looking at the overall set-up time, a Segway can significantly save time. For a 
transportation decision making help, the authors propose an economically viable distance limit.  
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3.2.3 Economically viable distance formula 
Looking at the static components, a Segway can significantly save time, which is why a limit distance formula 
is proposed as follows: 

݀௟௜௠௜௧ = ௔ݒ  ∙ ∙ ௌ௘௚ݒ ௔ݐ) − (ௌ௘௚ݐ
௔ݒ − ௌ௘௚ݒ

 (1) 

where ݒ௔ is the velocity of vehicle to be compared, ݒௌ௘௚ is the travel velocity of the Segway, ݐ௔ the overall 
set-up time for the vehicle a to be compared and ݐௌ௘௚ the overall set-up time for the Segway. 
The saved overall set-up time describes how much this period is reduced by using the Segway. For example, 
when driving by car takes 2 min to walk to the car and 3 min to park the car, the result is an overall set-up 
time of 5 minutes. With the Segway a walking period is no longer necessary or minimized and the overall 
set-up time is only 1 minute which leads to a saved setup time of 4. table 2 shows some examples that result 
from formula (1). 
table 2: Examples of calculated economically viable distance 

  comparative 
vehicle: 
overall set-up 
time  
[min] 

comparative 
vehicle: 
average speed 
 
[km/h]  

Segway: 
 
overall set-up 
time  
[min] 

Segway:  
 
average 
Speed  
[km/h] 

 
 
Economically 
viable distance  
[m] 

Pedelec (theoretically) 10 35 3 20 1556 
Pedelec (real)  4 25 1 15.7 2110 
Car (real)  5 35 1 15.7 4271 

 
The following assumptions were made for calculating in table 2:  

 The average speeds in European cities are shown in table 3. The limit distance is calculated with the 
value of 35 km / h.  The average speed of the Segway of 15.7 km / h (in Heilbronn city) results from the comparative 
journeys.  The average speed with a Pedelec is assumed to be 25 km / h. [8]  For Pedelecs with a top speed of 45 km / h, an authorization is necessary in Germany.  
 

table 3: Average speed in European cities [9] 
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The following diagram 3 shows the theoretical recommended limit distance (vertical axis) as a function of 
the saved set-up time (horizontal axis). The speeds of the two means of transport must be specified for this 
purpose. 

 
diagram 3: Calculated economically viable range 
3.2.4 Viable range conclusion 
The speed of a Pedelec will be approximately equal to that of a Segway, since the higher end speed is rarely 
possible in the inner city. Assuming a 5-minute timesaving by omitting the search for a parking spot and 
walking, the calculated economically viable distance for the use of a Segway is estimated to 2370 m in inner 
cities (Segway 15.7km/h, car 35km/h).  
3.3 Further economic assessment 
This chapter shows further perspectives on the economic use of Segways. 
The following chart shows the saved labor costs. Basis for the calculation is the consideration how much 
faster a certain distance is traveled. The saved time is then charged with the hourly wage. The respective 
speeds can be found in the legend of the diagram. 

 
diagram 4: Saved labour costs due to time saving related to covered distance  
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A first break even analysis is derived from the three consecutive diagrams, which show the costs saved by 
using the Segway. Thus, the break-even point is reached when the counts cut the line of the purchase price 
of the Segway.  

 The saved labor costs (solid line) are calculated from the saved time using the Segway multiplied 
with the labor costs per hour.   The dashed line assumes that an existing car is not moved and therefore no fuel costs are incurred. 
The operating costs of the Segway are also considered. The consumption costs can be neglected in 
comparison to the labor costs due to the short distances.   The dotted line represents the scenario that a Segway is procured instead of a car. The leasing rate 
of the car can therefore be added to the saved costs.

 
diagram 5: Break even analysis 
For the assumptions made for the calculation, see table 4 and table 5. 
table 4: Assumptions made for break even analysis 
    unit      
Time saving of the employee per trip 10 min    freely selectabable value 
Number of stations per day 5     preselected Value, adjustable  
Number of trips per day 6     Calculated value  
Distance traveled per trip 2.5 km     
          
previous Time per station (without 
Segway) 1.42 h 85 min 
Time saving per employee per day 60 min     
Number of kilometers traveled per day 15 km     
          
Labor costs employee per hour 72 €     
Working time per day 7.72 h     
Working days per week 5 d     
contingency allowance  7 %     
Saved labor costs per day 66.96 €     
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table 5: Costs caused by the chosen car VW Passat 
 

Diesel 
Con-
sumption 
(combined) 
[l/100km] 

diesel fuel 
price [€/l] 

consuption 
costs 
[€/100km] 

Leasing 
rate/ month 
incl. Service 
[€/month] 

total costs 
of leasing 
over 
period [€] 

period of 
leasing 
contract 
[months] 

cost/week: 
consumption 
+ leasing 
[€/week] 

VW Passat 4.1 1.05 4.31 396 19020 48 99.1 
 
A Segway procurement is reasonable for a vehicle fleet manager if short distances must be covered frequently, 
and by using a Segway labor costs can be saved to a high degree, for example, in the case of monitoring tasks 
such as patrols by the police, regulatory office , construction site control or rescue forces.  
4 New Cargo Container adaption design 
With a total of 0.05 m3, see left in figure 4 the overall volume of potential Segway cargo containers is limited. 
Consequently, an easy-to-clip-and-fold cargo mechanism has been developed that allows versatile Segway 
usage even in narrow elevators, see figure 4. 

 
figure 4: New easy-to-clip-and-fold cargo adapter (left two images) and full 3D collision 

analysis (right) 
The project team has decided to evaluate only cargo container solutions that will match the government 
Segway vehicle regulations. The maximum vehicle width of 0.73 m can only be exceeded by removable 
cargo containers. Moreover, these containers must match standard sizes e.g. for document folders and load 
carriers. The paper also explains which cargo container design alternatives were taken into consideration and 
finally tested in daily Segway operation [10].  
5 Conclusion and further work 
All Segway project vehicles in operation are appreciated by their users in the testbeds. The Segways are in 
frequent usage without accidents also in transitional weather seasons.  
Also in America (e.g. Albuquerque, New Mexico) the Segway approach is used for policemen and first 
responders and accepted as a great help [11]. Since 2015, the facility manager at Heilbronn University has 
traveled a total of more than 1200 km. The ordinance of Heilbronn owns two Segways and has covered 3900 
km and 4245 km since 2012. 
It becomes obvious that one priceless advantage of a Segway operation is the reduction of travel time between 
service locations. Here, a time reduction of up to factor 4 was observed. For transportation decision-making 
help, an economically viable distance formula is proposed. Also, an economic assessment template to 
compare a potential Segway purchasing to other transportation means is provided. To enhance the load 
capacities of the Segway, a new cargo container adaption mechanism has been developed and tested. In 
comparison to the equipment variant with one normal cargo container (able to use elevators) an increase of 
165% can be achieved 
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The use of Segways within the economically viable range greatly increases productivity. Unfortunately, the 
purchase price of the Segway is still very high. Nowadays, significantly more reasonable alternatives working 
with the same principle are available, which indicates that the price will fall in the future. 
Pedelecs and Segways can be many times faster in the city center than cars, as they can use shortcuts and the 
traffic affects them less than a car. The Segway in comparison to a Pedelec is especially well-suited for certain 
applications where the following aspects are particularly important: 

 The building trafficability e.g. on company premises  The increased viewing position (especially in the case of monitoring tasks such as patrols by the 
police, construction site control or rescue forces)  Carrying small devices to the workplace / destination 

 
Under these conditions a Segway is the preferred choice to travel short distances, as it reduces the overall 
set-up time. The possibility of carrying light luggage increases the usability further and makes the use of 
Segways for companies appealing. 
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