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cycling such as age issues, health issues, steep terrain, lack of time, and end-of-tour facilities [2-5]. 

Most e-bikes look similar to conventional pedal bicycles and have their battery pack fitted in a different 

location such as the seat post, bike frame, or rear rack [26]. Though the power assistance makes the 

riding more comfortable, users still need to pedal, which provides physical activity benefits [27]. E-

bikes are attractive to people with injuries, or those who are less fit or older. 

Due to the many benefits, e-bikes are becoming more common in different countries. In Europe, 

many countries' e-bikes account for 12% to 15% of total bicycle sales [28, 29]. Europe has also seen 

a significant increase in e-bikes sales [30]. Different studies show that e-bike access increases the 

number and distance of bike trips [31, 32]. E-bikes are also energy efficient and environmentally 

preferred modes compared to other motorized transportation modes [33]. An e-bike is also quicker 

than a traditional bicycle and enables users to take longer trips, even on hilly routes. E-bikes also can 

replace many car or bus trips and avoid rush hour traffic by offering competitive travel speeds.  

Factors affecting Route Choice for Bicycle and E-bike Users 
The route choice decision of any bicyclist is a difficult and challenging issue. Many factors influence 

the attractiveness of different routes, and different studies have been conducted to understand the 

attributes that affect route choice decisions.  
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online, is designed using a series of hypothetical route choice questions to understand the user's route 

choice. The evaluation of route level and link level factors revealed that travel time is a significant 

factor behind choosing any route. Other highly essential elements are bicycle facilities along any road 

or bridge, riding surface quality, and automobile traffic level [36].   

Broach, Gliebe, and Dill (2009) did a survey evaluation study in Portland, Oregon. They used detailed 

survey data of 150 bicyclists using GPS tracking devices to reveal the actual paths. The authors used 

GIS mapping of the street network and off-street way with all the attribute information regarding 

facility types, daily vehicular traffic volumes, and elevations. The result of the route choice model, 

which was formulated as a 

[36]
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DATA COLLECTION AND STUDY DESIGN 

Study Site: RVA Bike Share 
In 2017, Richmond, Virginia, launched the RVA Bike Share. At its launch, the system offered only 
traditional pedal bikes. Beginning in March 2019, RVA Bike Share began converting the traditional 
bikes to e-bikes. Currently, a total of 220 bikes (both traditional and pedelec) are available across 19 
stations throughout central Richmond, Virginia. At the time of the study the Downtown YMCA 
station was open and Main Street Station was not yet in operation. 
 
There are six general pricing structures for the RVA Bike Share. Bike share trips can be charged per 
trip (Go Pass and One-way Trip Pass) or people can pay to take an unlimited number of trips within 
a year, month, week, or day. Trips over 45 minutes are subject to overage fees of $3 per 30 minutes. 
Figure 1 shows the locations of the RVA Bike Share stations in relation to the bicycle facilities. During 
the study period two special memberships 
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Trip Data 
RVA Bike Share data was received from the bike share operator Bewegen. The dataset contained a 

total of 4,075 trips collected during the first week of each month from April 2019 to December 2019.  

The data contained the following information: 

 Bike unlock date 

 Bike unlock time  

 Bike lock date 

 Bike lock time 

 Membership type 

 Distance (in miles) 

 Duration (in minutes) 

 Bike ID 

 Type of Bike (bike or pedelec) 

 Cost of trip  

 Start station 

 End station 

 Route ID  

 User ID 

 

Trips shorter than 30 seconds, longer than 3 hours and trips that covered more than 100 km (62 mi) 

were filtered out to eliminate outliers from the dataset that could be related to incorrect system 

performance or to people simply trying out the bicycles but not traveling. The total final number of 

trips was 3,519 with 2,257 pedelec trips and 1,262 traditional bicycle trips. Figure 2 shows the total 

number of trips that started and ended at each station, and Table 2 presents the number of trips which 

started and ended at each station during the study period. 

Table 2: Number of Trips Orginating and Destined to Each Station 

Station Origin Destination Total 

Abner Clay Park 120 111 231 
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Figure 2: Total Number of Trips to and From Station (min = 3 trips, max = 1208) 

Data Summary 
RVA Bike Share began to transition pedelecs into the system in March 2019. As more e-bikes were 

introduced into the fleet, the percentage of trips by pedelec increased (Figure 3). By December 2020 

the fleet of pedelec bikes was roughly 65%, but over 90% of trips were taken on a pedelec bike.  

Figure 4 shows the number of trips made each month. The busiest days were Sunday (represented by 

=1) and Saturday (=7). More trips were made on Friday than other weekdays. Figure 5 shows the total 

number of trips made by hour of the day by on the weekday and weekend. The busiest time period 

for RVA bike share on the weekend is between 2 pm and 7 pm, and on the weekdays itõs 4 pm to 6 
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Figure 6: Percentage of Trips by Time of Day: Touring vs. O-D 

 
Figure 7: Total Number of Trips Originating from Each Station: O-D vs. Touring Trips





E-bikesõ Effect on Mode and Route Choice: A Case Study of Richmond, VA Bike Share |19 
 

Table 3
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RQ1. DIFFERENCES IN PEDELEC AND BIKE TRIPS 

Using all trips, we gathered the number of unique bikes used in a given month to estimate the number 

of bikes and pedelecs available. In April, about 25% of the fleet was pedelec bikes and by December 

approximately 65%; see Figure 13. Figure 12 shows the rate of trips made per available bike. T-tests 

results showed that the mean number of trips made per bike available was significantly more (~3.2x) 

for pedelecs compared to bikes (p-value=0.004). 

 

Table 4: Use Differences between Pedelecs and Bikes Considering All Trips 

Variable 
Pedelec Mean 
(N=2259) 

Bicycle Mean 
(N=1263) 

p-value 

Total Distance (mile) 2.91 2.39 6.51E-11 

Rate of Elevation Change (ft/ft) 0.00762 0.00876 6.81E-08 

Trip Time (min)  30.7  35.3 2.12E-05 ) 

) )    

333

33 3

0 G

 0.012 T29511
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In an attempt to better understand the types of locations visited, we also grouped trips by the type of 

origin and destination zoning code. We considered business, mixed use, residential and other uses. 

Figure 16 and Figure 17 show the volumes of trips for each zoning code pair for pedelecs and bicycles, 

respectively. We can observe that the plots show extremely similar trends with a large number of trips 

staying within either business or residential locations. We also observe considerable volumes of trips 

between mixed use and residential zoning codes, followed by business and residential. We posit that 

while the òotheró trips might be representing exercise-type trips, the ones related to business and 

mixed use might reflect either shopping or other recreational activities, as discussed earlier. 

 

Roadway Use
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Table 8: T-test for Mean Percentage of Trips by Pedelec or Bike on Select Roadway Types  
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To better understand potential reasons behind these findings, we analyzed other trip characteristics 

such as the proportion of weekend trips, average trip duration and average trip distance by 

membership category. The main hypothesis would be to test if longer-term memberships might be 

associated with certain types of trips that are more likely to be made on pedelecs than traditional 

bicycles. Figure 21 shows that longer-term memberships are associated with a lower proportion of 

weekend trips than shorter-term memberships, and that these differences are statistically significantly 

different for both monthly and annual passes. This might reflect that short-term passes are individuals 

using the bike share system for recreation and as a result they might prefer to use normal bicycles 

rather than pedelecs while longer-term membership riders might use the system more for weekly 

commuting or errands, favoring convenience and speed.  

Figure 22 and Figure 23 show that trip duration and trip distance are longer for short-term passes, 

respectively. This result shows that recreational trips associated with short-term passes tend to be 

longer trips that cover longer distances. Putting it all together, we highlight that longer-term 

membership users favor pedelecs more than do those with shorter-term memberships, potentially due 

to the nature of the trips they make, with short-term membership holders favoring longer weekend 

trips that use normal bicycles more than pedelecs. 

 

 
Figure 21: Statistical Analysis of Fraction of Weekend Trips by Membership Type 
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Figure 22: Statistical Analysis of Mean Trip Duration (in minutes) by Membership Type 

 
Figure 23: Statistical Analysis of Mean Trip Distance (in miles) by Membership Type 
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User Cluster Analysis 
We conducted a user cluster analysis on the trip data. Specifically, for each user we considered the 

following variables: mean trip duration, mean trip distance, percentage of trips on the weekend, 

percentage of touring trips, mean starting trip hour and percentage of trips by pedelec. We used the 

K-means algorithm together with a measure of the inertia (within clusters sum of squares) to identify 

the final number of clusters [46]. Figure 24 shows the inertia for the various numbers of clusters 

considered in the analysis. We selected K=5 since that is where the òelbowó is located.  

 
Figure 24: K-Means User Cluster Analysis Inertia Graph 

  
Table 10: Summary of User Cluster Characteristics 
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Table 4 shows a summary of the main characteristics for each of the groups identified. Trip counts is 

the number of trips in the cluster; unique members represent the unique users in this group; average total 

trip time is the average trip time in seconds; average total trip distance is the average distance in meters; 

weekend percentage  is the percentage of trips in the cluster that are made during weekends; round trip 

percentage is the percentage of trips that are round trip; average starting hour  is the average starting hour 

of the trip during the day; pedelec percentage trip is the percentage of trips in this group that are pedelec 

trips; and membership type represents the percentage of trips associated with each membership type in 

that cluster.  

Annual members generally only fell into user groups 0 and 4; see Table 11. User group 0 was 

characterized by longer trips (42.3 min vs 15.6 min) that were more likely to start and end at the same 

station (touring trips). As shown in Figure 25a and Figure 25e, more roadways were used in user group 

0 versus group 4. Additionally, user group 0 frequented Belle Isle and the bike trail that runs south 

along the riverfront. User group 4 were annual members who largely took O-D trips in central 

Richmond. 

User groups 2 and 5 are characterized by trips with a long duration (116 min and 134 min, respectively). 

User group 2 had an average trip length of 12.5 miles whereas group 5 only 4.6 miles. Group 5 had 

the lowest pedelec use (30%) out of any other group; about 70% of group 2 trips were by pedelec. 

Group 2 had the largest percent of touring trips (87%). Both categories only contained riders who 

were short-term or paid by the ride. As shown in Error! Reference source not found.c, user group 

2 trips were the farthest outside of the city compared to the other groups, with the most frequently 

used roads containing bicycle facilities. Group 5 trips were concentrated along the recreational areas 

(Belle Isle and Riverfront Trails). Group 5 had the least proportion of trips in central Richmond 

(Figure 25f). 

Like group 2, group 3 has a high percentage of touring trips (71%); however fewer trips occur on the 

weekend (47% vs. 74%). Both group 2 and 3 have a similar membership makeup. Reflective of the 

trips taking place during the weekday, group 2 trips are shorter in length (6.7 mi vs. 12. 5 mi) and 

duration (69 min vs. 116 min). Compared to group 2, user group 3 (Figure 25d) trips were more 

centralized; however, the most frequently used roads were to the recreational areas of Belle Isle and 

along the riverfront trail. While the roadway use of group 3 (Figure 25

and 
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Figure 25: Normalized Roadway Use for User Clusters                        

User Group 0 
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CONCLUSIONS 

This work has presented a comprehensive analysis of the similarities and differences between pedelec 

and normal bicycle use in Richmond, Virginia, and an evaluation of how membership type and other 

user characteristics might influence bike share use. Our results have shown that pedelecs are generally 

associated with longer trip distances, shorter trips times, higher speeds and lower elevations. These 

results were similar across types of trips: touring, O-D and commuting, with the exception of 

commuting trips where elevations were higher, possibly pointing to convenience and speed when 

going to work. The study area is relatively flat; thus, future work should consider the impact of 

elevation in an area with hillier terrain.  

Pedelecs were also found to be associated with higher average numbers of trips on major roads than 

bikes, and with lower volumes of trips on minor roads than bikes. Origin-destination analysis on pairs 

of stations has shown two popular pairs mostly associated with recreational activities both for pedelec 

and normal bicycles. In terms of memberships, longer-term memberships (annual, monthly) were 

found to be associated with significantly higher use of pedelecs than shorter-term memberships, 

potentially pointing to a lack of knowledge on the part of individuals who use the system with less 

frequency, or to a preference for normal bicycles. Finally, the user cluster analysis identified six diverse 

types of behaviors that varied by geographical region (e.g. central Richmond vs.  recreational areas), 

as well as by trip distance, trip duration, and bike type.  

 



BIBLIOGRAPHY 

1. Yan, S., et al., Rental bike location and allocation under stochastic demands. Computers & Industrial 
Engineering, 2017. 107: p. 1-11. 

2. Rose, G., E-bikes and urban transportation: emerging issues and unresolved questions. 

http://www.richmondgov.com/BikePed/documents/RichmondBicycleMasterPlan.pdf


https://nacto.org/bike-share-statistics-2017/
https://nacto.org/bike-share-statistics-2017/
https://www.bike-eu.com/market/nieuws/2020/06/e-bikes-continue-to-penetrate-the-french-market-10137975?_ga=2.43052192.446457194.1614796868-704837888.1614796868
https://www.bike-eu.com/market/nieuws/2020/06/e-bikes-continue-to-penetrate-the-french-market-10137975?_ga=2.43052192.446457194.1614796868-704837888.1614796868
https://www.bike-eu.com/market/nieuws/2020/06/e-bikes-continue-to-penetrate-the-french-market-10137975?_ga=2.43052192.446457194.1614796868-704837888.1614796868


https://docs.mapbox.com/api/overview/

