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could be fitted onto existing heavy-duty bicycle frames (9). Because
of improvements in battery technology, which was commercialized
in the 1990s (10), electric models now dominate the motorized
bicycle market. Although electric bicycles, or e-bikes, are growing
in popularity, they have received little attention from transportation researchers and policy makers. A recent review of e-bikes in
the context of urban transportation highlighted that little research
deals with demand, supply, and operational issues, particularly in
western countries (11). E-bikes have received the most attention
in China, where there is an estimated 120 million such bikes (12,
13). Two types of electric two-wheeled vehicles are available in
China: bicycle style, for which pedaling is supplemented by battery
power, and scooter style, for which electricity supplies nearly all the
power. The latter often come with pedals to satisfy the legal definition that differentiates bicycles from motorcycles (14). Combined,
these vehicles make up from less than 10% to more than 60% of
two-wheel vehicle traffic in some Chinese cities (13).
The reasons for rapid adoption of e-bikes in China are numerous,
including improvements in technology, rising incomes and falling
prices, national standards and policies, and changing travel patterns
(14), as well as bans or limits on gasoline-powered motorcycles
in some cities (12, 14). National law in China classifies e-bikes as
nonmotorized vehicles, giving owners the right to ride them in
bike lanes and without a driver’s license or helmet (14). Surveys
in Shanghai and Kunming, China, found that e-bike riders are more
educated and earn higher incomes than bicycle riders, but few lived
in households with cars or motorcycles. For most riders the e-bike
substitutes for taking the bus. Trips taken on e-bikes were longer than
those made on bicycles. The primary motivation for choosing an
e-bike was speed, and more than 70% of e-bike riders cited that
factor; fewer than 30% of respondents cited reduced level of effort,
lower cost than cars, and crowded public transit as motivations (15).
Researchers in Kunming found that e-bikes averaged nearly 22 km/h,
which is about 7 km/h faster than bicycles (16).
These findings from China, although enlightening, are not entirely
transferable to the North American context. Some motivations for
adoption, such as bans on motorcycles, are not on the near horizon,
although speed and travel time are clear motivations in choice of
travel mode nearly everywhere. China is not alone in its adoption
of e-bikes. E-bikes are a growing share of the new bicycle market
in the Netherlands (6), a country well known for supportive bicycle
policies and infrastructure and whose model many U.S. cities are
following. There is little research about e-bikes in North America
and Europe. A qualitative examination of blogs that discuss e-bikes
(17) identified topics for future research and found that e-bikes
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• Are used for utilitarian travel, including commuting to work
and shopping;
• Have replaced car trips on journeys of up to 24 km (15 mi);

Electric bikes (e-bikes) are increasingly common in China but are
relatively rare in the United States. The findings from interviews with
28 e-bike owners in the Portland, Oregon, region provide insight into
the potential market for and use of e-bikes in the United States. The
interviews revealed several possible demographic markets for e-bikes
that could expand the bicycling population: women, older adults, and
people with physical limitations. Owners of e-bikes noted their ability to travel longer distances and over hills with relative ease and to
arrive at a destination, such as work, less sweaty and less tired than a
regular bicycle would allow. These features may overcome some of the
common barriers to bicycling for all demographics. Most of the interviewed e-bike owners used their e-bikes to substitute for travel by either
human-powered bicycles or traditional motor vehicles. Therefore, the
e-bike can address concerns about health problems related to inactivity,
pollution, and other public policy problems to which private vehicles
contribute. Further research is needed to determine whether specific
policies are needed to increase adoption of e-bikes. The potential for
conflict between riders of e-bikes and of regular bikes because of speed
differentials is a concern. Whether speed differentials will pose a significant problem will depend not only on the extent of adoption of e-bikes
but the characteristics of the riders.

The bicycle has a valuable role to play in addressing such urban
challenges as traffic congestion, injury and loss of life from road
crashes, local air quality, climate change, obesity and physical
inactivity, energy availability, and security. Many factors affect the
extent to which bicycling can be a viable urban transportation mode,
although research consistently highlights adequate infrastructure
and supportive policies (1–4). The performance of the bicycle, in
contrast to most other modes, is dependent on the physical ability
of the rider and the rider’s willingness to provide all the energy
needed to reach a destination. Because of this, bicycle trips tend to
be shorter than motor vehicle trips and cyclists tend to avoid hilly
locations (5). Power assistance could expand the role of the bicycle
in urban transport by addressing the limits of trip distance and terrain. In addition, power assistance could allow people with physical
limitations, including older adults, to bicycle more (6–8).
Power-assisted bicycles are not new. At the beginning of the
20th century, the Singer Company in Britain began manufacturing
motorized back wheels, powered by a small two-stroke engine, that
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• Help to overcome constraints imposed by geography, such as
long distances and hilly areas; and
• Could suit older riders or individuals who have a medical
condition such as arthritis that makes riding a bicycle difficult.
However, not all comments were positive. Nonusers expressed
concerns or negative opinions, such as the following:
• E-bikes are not “real” bikes.
• Costs and battery technology (specifically the battery’s weight
and its storage capacity, which limits the range for power assistance) may affect widespread adoption.
• Mixing of e-bikes and bicycles in bike lanes or paths is a
concern because of differences in speed.
• Use of electricity to power bicycles raises questions about
environmental impacts.
Technology diffusion is often characterized as following a somewhat predictable transition as the market grows from innovators, to
early adopters, to the early majority, to the late majority, and finally
to the laggards (18). Moore conceptualized that a chasm exists in the
early-adopter market that can be difficult for some products to cross
(19). Current North American users of e-bike can be considered early
adopters because U.S. consumers can purchase e-bikes through a
range of specialist bicycle stores and e-bike retail outlets (11).
An understanding of early adopters may help to identify issues of
relevance to transportation planners, modelers, and policy makers.
For example, a greater understanding is needed of the role that
e-bikes could play in household mobility decisions, particularly their
potential for substituting for bike, transit, or auto trips. E-bikes could
moderate growth in the demand for motor scooters and motorcycles,
which is a concern in many jurisdictions where strong growth in
motorcycle and motorbike registrations is translating into more and
more-severe crashes (20, 21). The growth of e-bikes in China has
raised safety concerns (22), because lack of enforcement means that
many vehicles in regular use in China are capable of much higher
speeds than specified in regulations (13). Because of similar fears,
some North American cities are considering limits on where e-bikes
may operate (6).
There is considerable uncertainty about the potential of e-bike
technology in the context of urban transportation. Will they cross
Moore’s chasm, remain a novelty, or carve out a niche market?
Garrison and Levinson argued that technologies may rise to prominence where they fill a “transport gap” (23, p. 8), noting that the
Segway personal transporter is marketed as filling a gap in the toofar-to-walk-and-too-close-to-drive market. Perhaps this is where
the e-bike will find a niche, although there is no evidence that the
Segway has crossed the chasm to win a larger share of the urban
mobility market. Shaheen et al. suggested that e-bikes could be a
feature of the next generation of city bike-sharing schemes (24).
The launch of the first fully automated e-bike sharing system on a
university campus in the United States will provide lessons in that
context (25).

Methods
Because e-bikes are still in the early adoption stage in the United
States, their limited penetration into the urban transportation system
presents a challenge to traditional quantitative research methods.
There is growing recognition that qualitative research techniques
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can play an important role in transportation research in general and
travel behavior research in particular (26). Qualitative research
techniques, for example, have provided insight into understanding the factors motivating early adoption of hybrid motor vehicles
in the United States (27). Qualitative techniques can be particularly insightful when little is known about a topic and can form the
basis of future quantitative work. The analysis of discussions about
e-bikes on popular blogs helped identify issues to explore further
through in-depth interviews of e-bike owners (17).
To further the understanding of the potential market for and use
of e-bikes in the United States, this paper presents findings from
interviews with e-bike owners in the Portland, Oregon, region. The
Oregon state code classifies electric assisted bikes as bicycles as
long as they have fully operative pedals for human propulsion, have
an electric motor with a power output no greater than 1,000 W, and
are capable of operating at a speed no greater than 20 mph on level
ground (28). Owners do not need to register or insure the vehicle (28).
Riders must be 16 or older and be eligible for driving privileges (28).
A person whose driving privileges have been suspended or revoked
could be cited for operating any motorized vehicle on public roads
(28). Because e-bikes are classified as bicycles, they may be ridden
in travel lanes as well as in bike lanes or on paths. However, Oregon
Statute Section 814.410 specifies that it is an offense to operate an
electric assisted bicycle on a sidewalk.
A total of 28 people were interviewed. They were solicited
through three primary methods: referrals by personnel of e-bike
stores (n = 3), personal contacts (n = 4), and an invitation to participate in the study posted on a popular website, Bikeportland.org
(n = 21). A structured interview script was used that covered information about the owner (demographics, housing characteristics,
travel patterns, use of green energy), motivations for purchasing an
e-bike, the purchase process (e.g., what options were considered),
use of the e-bike, e-bike features, and policy issues. Each interview
was conducted in person with one or two interviewers and lasted
approximately 45 min. The interviews were taped and transcribed
for analysis. The study was reviewed and approved by Portland State
University’s Human Subjects Research Review Committee. Because
the subjects were not a random sample, findings from the interviews
may not accurately represent the population of e-bike owners. All
subjects lived in the Portland region; the sample was chosen for some
gender balance and to focus on purchasers of bikes already equipped
with electric assist units or installed by e-bike stores, rather than
do-it-yourself owners. The latter may be considered innovators rather
than early adopters.

Results
Who Are E-Bike Owners?
The e-bike owners interviewed ranged in age from 24 to 64; the
median age was 48. Twelve were women. The owners appeared to
be concerned about the environment—about two-thirds purchased
green or renewable energy from their electric utility for their homes.
The owners lived in a range of terrains, five living in neighborhoods
with steep hills. All but five of the owners indicated that there was at
least one other motor vehicle (car, truck, SUV, etc.) in their household. Levels of bicycle ownership were high; 12 of the interviewees
owned at least two other bicycles (non e-bikes), and all had at least
one other bicycle (non e-bike) in their household.

Dill and Rose

Which E-Bikes Were Purchased and Why?
Only 10 of the e-bike owners converted an existing bike to an
e-bike; the majority purchased e-bikes. Twelve of the e-bikes had
a throttle, and most of these were conversions. Most bikes had
detachable batteries, and of those owners who worked outside the
home, more than half charged their batteries at work (as well as
home). More than half the e-bike owners had little experience riding
e-bikes, such as a single test ride, before their purchase. Knowledge
of e-bikes varied before purchase with about one-quarter of interviewees having no or very little knowledge and one-third having
extensive knowledge.
The top motivation for purchasing an e-bike was the capabilities it provided beyond a conventional bicycle (n = 20). This was
consistent with the next most popular motivation—an alternative
to a car (n = 15). Environmental concerns were mentioned by just
under one-third of the owners. A handful of the owners had limited
ability to ride a conventional bike, either because of age or because
of health factors. One long-time bicyclist said, “I probably wouldn’t
have given these things a moment’s thought 10 or 15 years ago.”
Another owner who had suffered serious injuries in a bike crash
found that the e-bike was the only option for continuing to ride,
given lasting health issues that also limited her ability to drive or use
transit comfortably. She said, “I’ve been on my bike every day since
I got it. I’ve been able to bike every day. . . . I felt like it, it kind of
changed my life back. . . . I got back something I’d lost.”
Several owners noted the potential for e-bikes to increase cycling
among some populations:
• “I think for women especially there are benefits since there are
less women on bikes than there are men.”
• “I feel like the electric bike has the potential to reach people
that wouldn’t normally ride and to make cycling more attractive.”
• “I think there’s growing acceptance to augmented bicycle riding. I mean in particular people of my age that, you know, can’t ride
like they used to.”

How Were E-Bikes Used?
The e-bikes were primarily used for utilitarian travel. Of the owners
who worked outside the home, nearly all used their e-bike for commuting at least part of the time. About two-thirds rode their e-bikes
for errands or shopping.
E-bikes appear to change owners’ bicycling behavior and substitute for driving a motor vehicle to some extent. Most of the owners
(23 of 28) indicated that they had increased their overall amount
of cycling since purchasing their e-bikes. The increase in cycling
was usually for commuting or other utilitarian purposes with only
six owners saying that they increased their recreational cycling. In
some cases, owning an e-bike was a reason to change from driving a car to bicycling to work. One owner said, “I was able to turn
the worst part of the day, which is getting in the car and driving to
work, into the best part of the day by bicycle commuting.” Another
was able to get rid of a car after the e-bike purchase. One owner
had been an avid recreational cyclist before her e-bike purchase
but lived in a very hilly area, which kept her from cycling from her
home to any destination (or for recreation); the e-bike allowed her
to commute by bike. A few owners said they ride their e-bikes in
the rain more than they would a regular bicycle: “I’m more apt to
ride in the rain. . . . Because I feel like it’s safer. It’s not as messy.
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Because I can go a little faster, I’m just not absorbing quite as many
raindrops.”
About half indicated that they ride to different destinations, and
a similar share take different routes with the e-bike. In some cases,
the e-bike allowed them to take more direct routes with more hills,
compared with a regular bicycle, or to take a route with higher-speed
traffic, where the e-bike helped them keep up and feel more confident.

What Are Positive and Negative
Aspects of E-Bikes?
Positive Owner Experiences, Some Reservations
Owners noted several positive aspects of their e-bikes. The following
characteristics were volunteered by a majority of the owners:
• Riders arrive at their destinations less sweaty or more energized: “I decided to use the electric bike because I didn’t want to
feel tired the rest of the day.”
• Climbing hills is easier: “The e-bike just really helps flatten out
the hills between my house and work.”
• E-bikes can accelerate up to the speed of cars or go faster than
conventional bikes: “I find I can actually ride the bike faster than
the bus.”
• E-bikes allow riders to carry more or heavier items.
Some owners tried to promote e-bike use by letting others test
ride their e-bike:
• “Everyone that I’ve let try the bike has thought it was really
fun. I don’t know that I’ve ever actually sold anyone on getting
their own.”
• “I love letting people ride my e-bike, because whatever negative
feeling they have about e-bikes is gone once they get on it.”
Four of the owners said that allowing others to ride their e-bike lead
to an e-bike purchase.
About half the owners said that the additional weight of an e-bike
is a problem, making the bike difficult to lift generally, difficult to
fit on a car rack, or difficult to lift or fit onto the bike racks on transit
vehicles. Eight of the owners were concerned about an increased risk
of theft. Five noted increased difficulty in fixing a flat tire or making
other minor repairs. Several noted a need for a longer battery range.

Speed Benefits and Safety Implications
E-bike riders regarded increased speed as a positive factor for a variety of reasons. For example, one owner said that the e-bike made
riding with her male partner a more positive experience: “What I love
about it is he’s a stronger biker than me, and it used to be with regular
bikes that he’d periodically have to wait for me. . . . Now, you know,
I let him get a little bit ahead, and then I just flip on the e-bike, and
then I catch up with him.” Another woman said, “As a woman, it just
seems like that was the extra little oomph of power that put me at an
advantage, or put me in line with some of the other zippier cyclists.”
One-third of the owners said that the e-bike allowed them to travel
more like they travel with a motor vehicle (“vehicular cyclist”).
In addition, about one-quarter of the owners said that the additional weight or size of the e-bike, compared with a conventional
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bike, made them feel safer or more stable. Only three of the owners
were worried about going too fast, and only two of the owners said
that they wanted more power.
Several owners raised concerns related to public policy and e-bikes.
One owner feared that potential conflict caused by differences in
speeds could lead to government bans on use of e-bikes in bike lanes,
so she tried to “tone it down” while riding. The fear of more regulation came up in a few interviews. One owner said, “When e-bikes
become mainstream, there will be lots of laws controlling them,” and
another advocated for regulations that would prevent e-bikes from
“getting to be too much like motorcycles.”
Physical Activity Implications
Despite the electric assistance, several owners said that the e-bike
provided a satisfactory level of physical activity:
• “It doesn’t do it for you. You still have to work.”
• “I personally feel that even riding an e-bike is healthier than
not riding a bike at all. People with e-bikes are obviously people
that are not in cars.”
• “I lost about 12 pounds, I think, during the summer when I was
riding. You get the physical fitness benefit from it.”
However, one owner with a throttle-style e-bike said he switched
back to a regular bike when he felt out of shape.
Legitimacy
There is some conflict in opinions about the legitimacy of e-bikes
and their value relative to human-powered bikes, particularly from
other bicyclists. For example, in response to the request for interview
subjects on a local website, one reader said, “E-bikes are for overweight and lazy people.” Of the interviewees who mentioned reactions from peers about their e-bikes, a slight majority noted positive
feedback, whereas the others said that their peers expressed negative
feelings toward e-bikes. One owner said, “I do hear a lot of snarky
comments about it, like, oh that’s cheating,” and another said that
cyclists he passed on a street with a bike lane “got bent out of shape.”
Another noted more negative reactions from other cyclists than
from car drivers. Some of the owners themselves were conflicted or
self-conscious:
• “Now, I do worry a little bit about people relying on them a
little bit too much instead of pedaling, but I think it’s a lesser evil
than cars.”
• “I feel like I’m cheating when I’m on the road with other bikers; I feel very self-conscious.”
• “I haven’t told a whole lot of people, because I think they’re
gonna go, Oh my gosh, she got old, she got an electric bike.”
• “You know, I guess there is a little bit of feeling apologetic
about it since you’re out biking and everyone else is working hard
and you’re having an easy time.”
Conclusions and Research Needs
In the United States, e-bike owners should be considered early
adopters. In Rogers’ theory of diffusion, an innovation might transition from the stage of early adopters to an early majority (18).
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Whether e-bikes will follow that pattern is open to debate. The
research presented in this paper offers insights about early adopters
to help identify potential policy issues and areas for future research.
The interviews revealed several possible demographic markets
for e-bikes that could expand the population that uses bicycles for
transportation: women, older adults, and people with physical limitations. Most of the interviewed owners used their e-bikes to substitute for travel by either human-powered bicycles or traditional
motor vehicles (cars, pickup trucks, etc.). The e-bikes were not
viewed as an alternative to or substitute for motorcycles or scooters.
When the e-bike substituted for a regular bike, the owner often had
experienced some change (e.g., aging, injury, or change in travel
distances) that would have reduced their bicycle travel if not for
the e-bike.
E-bike features may overcome some of the common barriers to
bicycling for all types of riders. Owners noted the ability to travel
with relative ease for longer distances and over hills and to arrive
at a destination, such as work, less sweaty or tired than with a regular bicycle. Although none of the owners specifically noted so, an
e-bike could allow parents to transport small children who cannot
yet ride a bike.
Even with the electric assist, e-bike riders get some physical
activity while riding. Therefore, the e-bike can address concerns
about how the reliance on private motor vehicles contributes to health
problems through inactivity. However, further research is needed
to consider the implications of e-bikes for physical activity. Future
studies could examine how, when, and to what extent power assistance provided by the e-bike is used in conjunction with pedaling.
More insight is needed into the extent to which e-bikes replace trips by
conventional bike, transit, or car, because these modes have different
implications for changes in physical activity levels associated with
choice of an e-bike.
Whether specific policies are needed to increase adoption of
e-bikes is unclear. Just as electric cars are more expensive than
gasoline-powered cars, e-bikes are generally more expensive than
regular bikes. Whereas e-bike conversion kits start at around $500,
purpose-built e-bikes range from about $1,500 for a base model to
more than $5,000 for a premium brand fitted with extended-range
batteries. Purchases of electric cars are promoted through federal
and state tax incentives and feebate schemes (29), and some of the
interviewed e-bike owners suggested something similar for e-bikes.
This research could not address whether a subsidy would increase
adoption or the magnitude of a resulting sales increase, because
the people interviewed had made their purchases without subsidies.
Further focus group or survey research of potential owners could
answer that question.
Other policy responses could perhaps promote e-bike adoption.
Range anxiety has long been considered a factor that negatively
affects consumer interest in electric vehicles. However, there is evidence that such anxiety affects participants in field trials of electric vehicles substantially less, because their experience using the
vehicles results in improved understanding of vehicle capabilities,
appropriate driving techniques, and journey planning (30). Public
charging or battery swap stations could help overcome range limitations of e-bike, although the interviews did not reveal a clear need
for these. Battery swapping has been deployed in Switzerland to
support bicycle touring by e-bike (31). Many e-bike owners charged
their bike batteries at work without problem. The ability to take
their bikes on transit, as in Portland, also eased fears of dead batteries among some of the owners interviewed. However, other e-bike
owners noted that bike racks on transit vehicles did not accom-
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modate the weight or design (longer wheelbase) of their e-bikes.
Design changes could address this problem. Therefore, the issues
of range limitations and range anxiety that drive the need to install
public charging stations and battery swap facilities for electric cars
(32) may not be analogous to e-bikes. However, these interview participants were early adopters who may be more willing to take risks
by trying a new technology. Accessible charging stations for e-bikes
could appeal to later adopters. Further research could address this
question. Rather than adopting policies or facilities specific to
e-bikes, several e-bike owners suggested policies that would promote all bicycle use, including bike infrastructure and disincentives
for car use (e.g., higher gasoline taxes).
The potential for conflict between e-bike riders and riders of
regular bike should be a concern for planners and policy makers.
About half the interviewed e-bike owners noted negative feedback
from other cyclists, sometimes because of the speed differential.
However, some negative feedback was related to perceptions of
level of effort, that is, e-bike riders were seen as not working as
hard, as cheating. The latter perceptions may be addressed only as
the technology is more widely adopted and social networks increase
awareness and acceptance. From a sociological perspective, e-bikes
can be considered in the context of a city’s underlying cycling
culture because of increased awareness of the e-bike’s role in promoting and sustaining increased levels of cycling (33, 34). Many
current e-bike owners have acted as goodwill ambassadors for e-bikes,
letting people test ride their bikes and answering questions.
However, managing speed differentials may require other
approaches. Oregon’s (and other states’) vehicle code limits the performance speed of e-bikes, which can help reduce the differential.
Wider bike lanes would allow faster cyclists to pass slower cyclists.
Speed limits on bicycle facilities are another option. The extent of
the potential problem is unclear, and the need for or type of policy
intervention requires more research. Several of the e-bike owners
interviewed, particularly women, noted that the e-bike allowed
them to travel at speeds comparable to, not necessarily faster than,
other cyclists. Others noted that they avoided riding too fast out of
courtesy or fear of conflict. As with any mode of transportation,
some road users will operate in a manner that annoys other users
and poses potential safety risks. The appropriate policy response
may need to target the particular behavior, regardless of mode of
technology. Moreover, whether the speed differential will be a significant problem in the future will depend on not only the extent of
adoption of e-bikes but also the characteristics of the riders. E-bikes
may appeal more to riders who do not necessarily want to go significantly faster than other cyclists. More extensive quantitative
research could be used to further assess this issue.
This study focused on e-bike users in one U.S. city; it would be
useful to consider geographically diverse locations in such research.
As the number of e-bike users grows, a broader range of quantitative data will be needed. Future research could include measuring
travel behavior before and after the purchase of an e-bike to gain
understanding of the impact on the use of other modes and on physical activity levels. It would be possible to monitor An e-bike rider’s
travel activity could be monitored with the Global Positioning System so their speed profiles and use of bicycle facilities (off-road
paths versus bicycle lanes versus travel lanes) could be studied.
Also valuable would be information about e-bike user experiences
when sharing facilities with conventional bicycles and pedestrians, including details of interactions and cases of near misses and
collisions.
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