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INTRODUCTION 

The bicycle has become a legitimate transportation option in many cities due to its many benefits. 

Lower transportation costs, health improvement, and lower emission rates are some critical benefits 

of a bike ride. In congested cities, cycling is an efficient mode of transportation. Global climate change 

and energy security concerns are also growing, reflected in the sustainable transport system. Bike 

sharing ð a service in which bikes are made available to the public, sometimes for a fee ð is growing 

worldwide to keep pace with these growing concerns. Public bike share programs offer a solution to 

short trips and, through integration with public transit, serve as a first- and last-mile solution. People 

consider bike share a greener and better way of life [1]. However, due to users' age and different health 

conditions, and local areas' infrastructure and terrain, some people cannot regularly use a bicycle. 

Electrically assisted bikes (e-bikes) are being introduced in many western countries to overcome these 

issues. The introduction of e-bikes has reduced traditional all-human powered cycling barriers, 

including the perception of fitness needed, age, terrain condition, and travel speed [2-5]. 

A large body of research exists on bicycle route choice and travel behavior. GPS data provides 

researchers with the opportunity to analyze route choice decisions as a function of built environment 

characteristics. Bicycle route choice involves the joint consideration of convenience, safety, and leisure 

[6]. Several studies have found that cyclists prefer facilities on flat, low-volume roads with slow traffic 

or separated bike infrastructure [6, 7] . This research has been used to develop level of traffic stress 

measurements [8-11], determine the location of bicycle infrastructure [12-15], and provide route 

guidance [11, 16, 17] as a function of traffic volumes, speeds and bike infrastructure provision. 

Currently research is lacking on mode shift and route choice changes with the introduction of e-bikes. 

As shown earlier, e-bikes remove some biking barriers associated with health and physical ability. 

Physical ability is linked to route choice factors, such as route length and terrain [18]. Additionally, e-

bikes may influence safety-related factors such as traffic speed and perceived safety at stops [19]. 

Studies have found that route choice varies by age and gender [12, 20, 21]. A study of Baltimoreõs bike 

share found that less-educated, lower-income, nonwhites and females were underrepresented in 

Baltimoreõs bike share. Of those underrepresented communities, gender was the only significant 

barrier. Females express concern over specific barriers to accessing and using bike share, including 

how to use the system, personal safety, helmet use, harassment, and hygiene [12]. By allowing quicker 

acceleration and reducing the speed differential between bikes and vehicles at upgrades, e-bikes may 

influence modal and route choice decisions. A comparative study of e-bikersõ route choice would 

explore the impact e-bikes have on cycling trip characteristics and route choice. In this study, we 

determine if the adoption of e-bikes changed the quantity and length of Richmond, Virginia, (RVA) 

bike share trips and how route choice decisions change with the introduction of e-bikes.  



E-bikesõ Effect on Mode and Route Choice: A Case Study of Richmond, VA Bike Share |8 
 

LITERATURE REVIEW 

Bike Share Programs 
Introduced by transportation planners and often called rental bikes or public use bicycle programs, 

bike share programs have been implemented worldwide [17]. There are many bike sharing systems, 

with public bicycle sharing and recreational bicycle-sharing systems being the most common. 

Universities have introduced bike share programs exclusive to their students for commuting on 

campus. The majority of public bicycle sharing systems in urban settings aim to give commuters an 

accessible and time-efficient transportation mode in congested areas. Different business groups 

(Bewegen, Copr, CycleHop, Citi Bike, Lime bike, and many more) operate bicycle rental programs. 

Users can rent both docked and dockless bicycles depending on their origin and destinations and bike 

share companiesõ systems. People can also rent for a few hours or for a few days, depending on their 

needs. Bike-sharing programs allow participants to use a bicycle as needed without bicycle ownership 

costs and responsibilities [23]. 

The first bike sharing program was introduced in Europe in 1965 when the òwhite bike planó was 

launched in Amsterdam, so named because its few bikes were painted white. In the first-generation 

bike share, the bikes were placed in various locations around the town for free use. The program 

suffered from stolen and damaged bike problems, and eventually the plan collapsed. The second-

generation bike share program was a coin-operated system first launched in Copenhagen, Denmark, 

in 1995. It was hoped that this system would resolve the theft problem that the first-generation bike 

share faced. In 1996, the cities of Minneapolis and St. Paul in Minnesota also started a bike share 

program. In this program, people put in a coin to unlock the bike from the bike rack to use it. 

However, there was no system to identify the users, which led to a prevalence of stolen bikes [24]. 

Third-generation bike share programs have greatly minimized issues of theft. Bike-sharing applications 

now use different technologies, including smartphone use, GPS tracking, debit/credit card payment 

systems, real-time bike inventories, and many more to track the bike and userõs route to prevent theft, 

creating an incentive to bring the bikes back promptly [24]. More than 1,000 cities have a bike sharing 

program, and the numbers are increasing. In China, Hangzhou has the worldõs most extensive bike-

sharing program, well integrated with other public transport forms. In the USA, bike sharing is also 

increasing in popularity, with both docked and dockless bikes shares popular among rider groups. In 

2016, the total number of bike share bikes was 42,500, which doubled in 2017 to 100,000 bikes. In 

2017, dockless bike share companies added almost 44,000 bikes worldwide, while 14,000 station-based 

bikes were added to the system [25].  

Introduction of E-bikes 
An electric bike or e-bike is a bicycle that has an electric motor that provides power assistance up to 

speeds of 25 km/hour. This kind of bike is engaged with a throttle grip or pedaling and has a power 

output of 250 W, and power can only be engaged by pedaling, also called pedal-assist or pedelec [2]. 

E-bikes are an excellent addition to bike share programs since they reduce many barriers to pedal 
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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.  

Campbell et al. (2016) did a mode choice survey and used the data to develop a multinomial logit 

model for mode choice to evaluate the factors influencing the decision to switch from an existing 

transportation mode to bike share or e-bike share in Beijing. The modeling result shows e-bike share 

riders give less importance to the distance of the trip, temperature, and low air quality than do 

traditional bike riders, for whom precipitation plays a negative role. The result also shows that the e-

bike share provides an attractive alternative to the bus [34]. Khatri et al. (2016) used GPS data from 

1,866 bicycle users in Phoenix, Arizona, who were enrolled in a bike share program called Grid Bike 

share. This bike share system had a unique feature that allowed users to drop the bicycle away from 

the station for a small extra fee. This study compared two types of users: registered users and casual 

users. The researchers cleaned the GPS data and matched it to the road network. A path size logit 

model was used to understand route choice, and the result shows riders use a more bike-friendly 

environment rather than the shortest path. Most registered users preferred cycling on lower volume 

and lower speed roads than casual users. The magnitude of the coefficient also shows that registered 

users are more sensitive to route length than occasional users. Again, different facilities such as bike 

lanes, multi-use paths, or share paths have more acceptance. Travel on the bike-specific facilities was 

equivalent to a decrease in the distance by 44.9% compared to 53.9% for casual users [33].  

Hood, Sall, and Charlton (2013) tried to recognize cyclists' decision-making by using a route choice 

model. The model is run with GPS data of bicycle users' smartphones in San Francisco through a free 

application called CycleTracks. The path size logit route choice model result estimated that cyclists in 

San Francisco highly prefer bike lanes to other bicycle facilities. The result also showed that bicyclists 

avoid route that require climbing hills, turning, and deviating excessively from the minimum distance 

paths [35]. Stinson and Bhat (2003) analyzed 11 determinants of route choice decisions from a stated 

preference survey data by a discrete-choice modeling framework. The survey questionnaire, conducted 
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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 path size logit model, indicates that users are more concerned about total 

path length. Turns across heavily traveled arterials and high-traffic-volume through streets without 

separate bike facilities play a negative role in route choice [37].  Segadilha and Sanches (2014) did a 

survey study to understand bike usersõ route choices. The study was carried out in  

Brazil among 65 cyclists. Eighteen factors were grouped into five categories: characteristics of road, 

traffic, environment, trip, and route. The bicyclists also used a GPS device, and the result is obtained 

through GIS analysis. The results show that motor vehicle speed and the number of trucks on the 

road play a crucial factor in route choice. Other essential elements are the number of motor vehicles, 

street lighting, and security [38]. Using a web-based stated preference survey of Texas bicyclists, Sener, 

Eluru, and Bhat (2009) studied and evaluated the attributes that influence bicyclists' route choice 

decisions. The study evaluates a comprehensive set of characteristics, including bicyclistsõ factors, on-

street parking facilities, bicycle facilities, and roadway physical, functional and operational features. 

The mixed multinominal logit model analysis shows that the motorized vehicle's travel time and 

volume are the most crucial attributes in route choice decisions. Other relevant factors are cross 

streets, red lights, speed limit, and bicycle facilities [39]. 

Impacts on Travel Behavior and Mode Choice 
Introducing e-bikes in any city influences the travel behavior of the e-bike riders. One Norwegian 

study had 66 individual e-bike users compared with a control group of 160 individuals. The results 

show that due to the e-bike introduction, the cycling trip increased from 0.9 days to 1.4 days. The 

riding distance also increased from 4.8 km to 10.5 km while the control group showed no increase. 

The proportion of trips by e-bike also increased from 28% to 48% [32].  A study done by MacArthur 

et al. (2014) tried to answer two questions: Will e-bikes get more people to ride and will e-bikes increase 

riding frequency? They found that e-bikes may increase cycling participation, and almost 55% of 

people start riding daily after getting e-bikes while 93% ride weekly [3]. Langford et al. (2013), used e-

bike share data from North America's first e-bikesharing system (cycleUshare), at the University of 

Tennessee, Knoxville. The study found that 22% of users accounted for almost 81% of bike trips. 

Speed and comfort play a vital role in selecting an e-bike instead of a regular bicycle. The bike share 

expanded user mobility and reasons of trip purposes. E-bike riders rode 13% farther than their 

conventional bike share counterparts [40]. Some other studies also show that e-bike users travel a 

greater distance than traditional bicycle users. Another study by Cherry et al. found that the distance 

traveled by e-bike increased 4 km between 2006 to 2012 [41]. One study in two Chinese cities showed 

that the increased use of e-bikes also improved the vehicle kilometer traveled (VKT), by 9% and 22% 
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in Shanghai and Kumming, respectively. The travel speed is even higher for e-bikes than traditional 

bikes, 15% in Shanghai and 10% in Kumming [42]. Different studies also figured out riders' mode 

choice behavior with the increased use of e-bikes. Cherry et al. (2014) show in their research that 

almost 25% of e-bike riders alter their car-based rides and 60% replace their bus trips with an e-bike 

[41]. Another study by Langford et al. (2013) also showed that the e-bike displaced 11% of car trips 

in the respected study area [40]. In Macartur et al.'s (2014) study, 65% of respondents want to use e-

bikes to replace car rides [3]. Johnson and Rose (2013) studied Australia via an online survey to 

understand the e-bike owners' decision-making process. The study found that 60% of the respondents' 

motivation for purchasing an e-bike was to cut out some car trips [43].  

Previous studies focused on the factors behind using e-bikes and their influence on mode choices. 

Several studies relied heavily on surveys to determine differences between bike and e-bike use. This 

study will utilize GPS data for a docked bike-share system in Richmond, Virginia, to determine if the 

adoption of e-bikes changed the quantity and length of bike share trips and how route choice decisions 

change with the introduction of e-bikes. 
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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 were offered. The Fall Offer Pass was offered from 
October to December and the RVA Mural Bike Tour occurred in August. 
 
 

Table 1: RVA Bike Share Membership Categories 

Membership Description Price 

Annual Unlimited 45-min rides for 1 year. 1 bike per membership. $96 

Monthly 
Unlimited 45-min rides for 1 month. 1 bike per 
membership. 

$18 

Weekly Pass 
Unlimited 45-min rides for 7 days. One bike per pass, 
possible to purchase up to 4 passes at the kiosk. 

$12 

Day Pass 
Unlimited 45-min rides for 24 hours. One bike per pass, 
possible to purchase up to 4 passes at the kiosk. 

$6 

Go Pass 
Receive a pass to unlock bikes but pay per 45-min ride. 
Not available at kiosk. 

$1.75 per ride 

One-way Trip Pass 
One 45-min ride. A pass is dispensed at the kiosk to 
unlock the bike. May rent up 4 bikes at once. 

$1.75 per ride  
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Figure 1: RVA Bike Share System  

      










































