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ABSTRACT

Introduction: Electric bicycles have become a common component of station-based bike-share systems, but multi-year, system-level
evidence on their share of trips, distance and speed remains scarce. Methods: We analyzed 19,851,054 trip records published monthly by
Capital Bikeshare, Washington, DC, between January 2018 and December 2023. Electric share, trip distance and speed were computed
from April 2020 to December 2023, when the rideable_type field became available, while member and casual ridership covered the full
period. Results: Electric bicycles accounted for 21.7% of 12,372,553 trips recorded between April 2020 and December 2023. The monthly
electric share rose from 0% in April 2020 to 50.4% in December 2023. Electric trips were longer, with a median distance of 1.85 km versus
1.48 km (mean difference 0.49 km, 95% Cl 0.49-0.49), and faster, with a median speed of 11.99 km/h versus 8.96 km/h (mean difference 3.22
km/h, 95% Cl 3.21-3.23). The member share fell from 78.8% in 2018 to 58.8% in 2022 and recovered to 63.0% in 2023. Conclusions: Electric
bicycle trips expanded from a negligible share of ridership to half of monthly trips by December 2023 and consistently covered longer
distances at higher speeds than non-electric trips.

Keywords: bicycle sharing; electric bicycle; micromobility; travel behavior; trip distance; urban mobility.

RESUMEN

Introduccion: Las bicicletas eléctricas son un componente habitual de los sistemas de bicicletas compartidas con estaciones, pero falta
evidencia multianual a escala de sistema sobre su proporcion de viajes, distancia y velocidad. Métodos: Se analizaron 19 851 054 registros
mensuales de viaje de Capital Bikeshare, Washington DC, de enero de 2018 a diciembre de 2023. La proporcion de bicicletas eléctricas, la
distanciay la velocidad se calcularon de abril de 2020 a diciembre de 2023; el uso de abonados y usuarios ocasionales abarcé la totalidad
del periodo. Resultados: Las bicicletas eléctricas representaron el 21,7% de 12 372 553 viajes entre abril de 2020 y diciembre de 2023. La
proporcion mensual pasé del 0% en abril de 2020 al 50,4% en diciembre de 2023. Los viajes eléctricos fueron mas largos, con una dis-
tancia mediana de 1,85 km frente a 1,48 km (diferencia de medias 0,49 km, IC 95% 0,49-0,49), y mas rapidos, con una velocidad mediana
de 11,99 km/h frente a 8,96 km/h (diferencia de medias 3,22 km/h, IC 95% 3,21-3,23). La proporcién de abonados descendié del 78,8% en
2018 al 58,8% en 2022 y se recuperd hasta el 63,0% en 2023. Conclusiones: Los viajes en bicicleta eléctrica pasaron de una proporcion
insignificante a la mitad de los viajes mensuales en diciembre de 2023, con distancias mas largas y velocidades mayores que los viajes
en bicicleta no eléctrica.

Palabras clave: bicicletas compartidas; bicicleta eléctrica; micromovilidad; conducta de viaje; distancia de viaje; movilidad urbana.
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INTRODUCTION

Electric bicycles combine pedal power with electric assistance and reduce the effort required
for longer, faster or hillier journeys. Fishman and Cherry(1)reviewed the first decade of research on
the mode and documented its shift from a niche product toward a mainstream transport option,
a transition driven by falling battery costs and rising urban congestion.

Station-based bike-share operators began adding electric bicycles to their fleets during the
late 2010s, a change intended to widen the reach of shared cycling, to attract riders who would
otherwise drive, and to raise trip speeds and distances.(1,2)

Trip distance and speed matter for three reasons: they determine the energy and health be-
nefits of a ride, they shape how the mode substitutes for car travel, and they condition the design
of lanes and stations. Electrification has since become a central feature of shared micromobility
policy, because electric fleets promise larger carbon and car-replacement benefits than conven-
tional fleets.(3,4)

Because these systems publish trip-level records openly, they offer a direct and complete
way to measure how electrification changed ridership at the scale of a whole network. Capital Bi-
keshare, the station-based system serving Washington, DC and its Virginia and Maryland suburbs,
is one of the largest such systems in the United States and has been examined as a benchmark
for utilization and demand dynamics.(5)

Comparisons between conventional and electric bike-share schemes in several cities show
that the two vehicle types tend to serve different trips, which makes the distinction between them
analytically relevant.(o)

The system spans a dense central city and lower-density suburban counties in Virginia and
Maryland, and its public files cover the conventional-only years and the electric years in one conti-
nuous series. The open monthly files therefore allow the electric share, the distance and the speed
of trips to be reconstructed year by year without sampling or survey instruments.

The evidence on how electric trips differ from conventional trips is growing but still fragmen-
tary. Li et al.(7)found that dockless shared e-bikes covered longer distances and reached higher
speeds than shared conventional bikes.

Xie et al.(8)reported that e-bike usage in New York City differed from regular bike usage in
distance, duration and speed, and Yang et al.(9)identified separate use patterns for e-bikes and
conventional bicycles in the Richmond, Virginia system.

Shared electric bicycles in Chicago also showed distinctive spatiotemporal patterns and car-
bon implications,(10)and field measurements confirm that electric bicycles operate at higher speeds
than conventional bicycles on the same infrastructure.(11)

In station-based systems specifically, the open question is whether electric assistance leng-
thens trips enough to justify the added cost and weight of the electric fleet, and whether it raises
the operating speed of the network as a whole.

What remains less documented is the multi-year trajectory of electrification within a single
station-based system. Most available studies are cross-sectional, cover dockless fleets, or observe
a single season or year, and meta-analytic work on shared micromobility has concentrated on the
determinants of ridership rather than on the trajectory of electric share over time.(12)

The introduction of e-bikes has been linked to changes in overall bike-share usage,(13) and
member and casual riders are known to respond differently to system changes and to disruptions
such as the pandemic.(14,15)

Mode interactions complicate the picture further, because the arrival of one micromobility
service can reshape demand for another.(16)

The Washington case is also well suited to separating the pandemic effect from the electri-
fication effect, because the electric ramp began in the same months as the pandemic disruption,
and both forces acted on the same trip records. The present analysis treats the trajectory descrip-
tively, without attempting to attribute each monthly change to a single cause.

The aim of this study was to describe the evolution of electric bicycle use, defined by the
share of trips, trip distance and speed, and of member versus casual ridership, in Capital Bikesha-
re between 2018 and 2023. We hypothesized that the electric share rose over the period and that
electric trips were longer and faster than non-electric trips.
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METHODS

Design and period

Retrospective longitudinal analysis of routine trip-level administrative records published by
Capital Bikeshare, a station-based bike-share system serving the Washington, DC metropolitan area.
Records covered January 2018 through December 2023. The proposed window was retained in full
for total ridership and for member versus casual use, and it was adjusted for the electric-specific
outcomes because the open data identify electric bicycles only from April 2020, when the ridea-
ble_type field replaced the legacy schema.

Electric share, trip distance and speed were therefore computed from April 2020 to December
2023. The study followed the STROBE recommendations for observational studies and the RECORD
extension for routinely collected data. The design is descriptive and observational, and no causal
interpretation of the association between vehicle type and trip characteristics is intended beyond
the descriptive comparison of two vehicle types within one system.

Data source

Monthly trip files were downloaded automatically, without login, from the Capital Bikeshare
system data repository.(17)Seventy-two files were retrieved, one per month from January 2018 to
December 2023, from the public Amazon S3 storage of the system, using the stable monthly na-
ming convention of the repository, and every file was validated as downloadable before analysis.

The compressed monthly archives ranged from about 3 to 18 megabytes and each contained
a single comma-separated trip table. Files from January 2018 to March 2020 follow a legacy sche-
ma with the fields duration, start and end date, start and end station, bike number and member
type. Files from April 2020 onward follow a modern schema with ride_id, rideable_type, started_at,
ended_at, station identifiers and coordinates, and member_casual.

The transition between the two schemas is a change in the published data format rather than
a behavioral change, and it defines the earliest month in which electric bicycles can be separated
from conventional ones. The records are aggregated and anonymized at source and contain no
personal identifiers.

Variables and processing

The rideable_type field was classified into electric bicycles (electric_bike) and non-electric
bicycles, which combined the classic_bike and docked_bike labels used by the operator for con-
ventional pedal bicycles. The member_casual field and the legacy member type field were classi-
fied into members and casual riders. Trip distance in kilometers was computed as the haversine
distance between the start and end station coordinates, that is, the great-circle distance over the
mean Earth radius of 6371 km. Trip duration in minutes was computed as the difference between
the end and start timestamps, and trip speed in kilometers per hour was computed as distance
divided by duration.

Coordinates were required to fall within the service area bounds of 38.4 to 39.4 degrees
latitude and -77.7 to -76.6 degrees longitude. Records with missing coordinates or coordinates
outside those bounds were excluded from the distance and speed outcomes, and records with a
computed distance above 150 km, a duration of zero or above 1440 minutes, or a speed above 60
km/h were treated as data errors and excluded.

Speed was computed only for trips with a distance of at least 0.05 km, so that station round
trips with near-zero distance did not enter the speed distribution. A trip was defined as a single
rider record between a start and an end station, and the published files contain rider trips only,
not the operator rebalancing movements that relocate bicycles without a rider. The coordinate
precision of the modern schema is sufficient for station-level distance calculation, and no trip-level
geolocation beyond the start and end stations is available in the public files.

Data quality

Every record in the modern schema carried one of the three operator labels, so no trip was
lost to an unclassified bicycle type. Records with missing coordinates or implausible timestamps
were removed only from the affected distance and speed outcomes, while the counts reported for
trip volume and shares used the complete file contents.

The two schemas were handled with separate parsers, and the monthly series was checked
for continuity across the 72 files before aggregation; the two schema periods join without any
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gap between March 2020 and April 2020. No imputation was performed, and missing values were
handled by restriction to the relevant outcome. The exclusion thresholds and the definitions of the
analytic variables were fixed in a written protocol before the analysis and were not revised after the
results were examined, so the cleaning rules did not adapt to the observed distributions.

Statistical analysis

Trips were aggregated by calendar month and year. The electric share was defined as the
number of electric trips divided by the number of electric and non-electric trips, and the member
share as the number of member trips divided by the number of member and casual trips. The
annual electric share for 2020 refers to April through December 2020. Because trip distance and
speed are right-skewed, they were summarized with the median and interquartile range, and the
mean and standard deviation were added for comparability with previous studies.

The mean difference between electric and non-electric trips was estimated with its 95%
confidence interval using a normal approximation, which is appropriate for samples of this size.
Turning points were defined as the first month in which the monthly electric share reached 10%,
25% and 50%, so that the trajectory could be described with concrete calendar dates rather than
with vague qualifiers.

Monthly aggregation was used because it preserves the temporal resolution needed to iden-
tify turning points while smoothing day-to-day noise, and no seasonal adjustment was applied
because the aim was a descriptive trajectory rather than a causal decomposition. As a sensitivity
analysis, the pooled electric share was also computed for 2021 through 2023, excluding the first
partial year of electrification.

A significance level of 0.05 was used, and effect sizes with confidence intervals were reported
rather than p values alone. The RECORD checklist was applied to the routine data elements: the
source population, the period and the eligibility of records are stated, the code lists for the bicy-
cle-type and user-type variables are described, and the cleaning rules that transform raw records
into the analytic set are listed.

RESULTS

Trip volume and user mix from 2018 to 2023

Between January 2018 and December 2023 the system recorded 19,851,054 trips (Table 1).
Annual volume moved from 3,542,684 trips in 2018 to 3,398,417 in 2019, declined to 2,215,956 in 2020,
and then rose from 2,749,881 in 2021 through 3,476,782 in 2022 to 4,467,334 in 2023, the highest
annual volume of the period.

Figure 1. Monthly trip volume and member share, Capital Bikeshare, January 2018 to December 2023.
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Note: Solid line shows total trips on the left axis; dashed line shows member share on the right axis.
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The year 2020 was the only year below 3 million trips. The 2018 volume of 3,542,684 trips
remained the highest single-year volume until 2023 surpassed it. Monthly volume ranged from
74,513 trips in April 2020 to 491,084 trips in October 2023. The member share rose from 78.8% in
2018 to 87.0% in 2019, declined to 62.6% in 2020, reached its lowest annual value of 58.8% in 2022,
and recovered to 63.0% in 2023.

The member share fell below 50% in June 2020, reaching 45.7%, and it peaked at 94.6% in
January 2020. Over the whole period 13,629,548 trips were made by members and 6,221,506 by
casual riders. Monthly volume followed a seasonal pattern with summer peaks in most years, a
pattern that was interrupted in 2020 and re-established from 2021 onward. The monthly pattern of
trip volume and member share moved together with the pandemic disruption and its aftermath
(Figure1).

Electric bicycle share from April 2020 to December 2023

Between April 2020 and December 2023 the system recorded 12,372,553 trips, of which
2,683,227 were made on electric bicycles, an overall electric share of 21.7% (Table 2). The first elec-
tric trips appeared in June 2020. The monthly electric share rose from 0% in April 2020 to 50.4% in
December 2023, passing 10% in August 2020, 25% in December 2020 and 50% in December 2023
(Figure 2).

The annual electric share rose from 14.2% in 2020 to 19.0% in 2021, declined to 15.0% in 2022,
and accelerated to 31.3% in 2023 (Table 1). Electric trip counts moved in the same direction, from
239,076 in 2020 to 522,810 in 2021, then 520,965 in 2022, before rising to 1,400,376 in 2023. The
1,400,376 electric trips recorded in 2023 exceeded the 1,282,851 electric trips recorded across 2020,
2021 and 2022 combined. When the partial first year was excluded, the pooled electric share for
2021 through 2023 was 22.9%, based on 2,444,151 electric trips. The monthly series was not monoto-
nic: the share moved within a narrower band through 2021 and 2022 before the 2023 acceleration.

Figure 2. Monthly share of electric bicycle trips, Capital Bikeshare, April 2020 to December 2023.
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Note: Share computed as electric trips divided by electric and non-electric trips per month.

Trip distance and speed by bicycle type from 2020 to 2023

Electric trips were longer than non-electric trips between April 2020 and December 2023
(Table 2). The median distance was 1.85 km for electric bicycles and 1.48 km for non-electric bicy-
cles, with interquartile ranges of 0.99 to 3.09 km and 0.85 to 2.38 km. The mean distance was 2.26
km versus 1.77 km, with standard deviations of 1.88 km and 1.40 km, a mean difference of 0.49 km
(95% CI 0.49-0.49).

Electric trips were also faster: the median speed was 11.99 km/h versus 8.96 km/h, with in-
terquartile ranges of 8.64 to 15.17 km/h and 6.49 to 11.14 km/h, and the mean speed was 11.92 km/h
versus 8.70 km/h, a mean difference of 3.22 km/h (95% Cl 3.21-3.23). Between 2020 and 2023 the
median distance of electric trips declined from 2.12 km to 1.73 km, while the median distance of
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non-electric trips moved from 1.53 km to 1.43 km, and the median speed of electric trips rose from
11.35 km/h to 12.14 km/h (Figure 3). The median speed of non-electric trips changed little over the
same years, moving from 8.84 km/h to 9.05 km/h (Table 1).

Figure 3. Monthly median trip distance by bicycle type, Capital Bikeshare, April 2020 to December 2023.
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Note: Median haversine distance between start and end station for electric and non-electric trips.

Electric bicycle use by membership status from 2020 to 2023

The member share of electric trips was 59.4%, close to the 59.7% recorded for non-electric
trips (Table 2). Of the 2,683,227 electric trips, 1,592,561 were made by members and 1,090,666 by
casual riders, so members supplied the larger part of electric ridership.

Table 1. Annual trip volume, member share, electric bicycle share and median distance and speed, 2018-

2023.
Year Total trips Member Electric Median.distance Median di§tance Media.n speed Median _speed non-
(n) share (%) | share (%) electric (km) non-electric (km) electric (km/h) electric (km/h)
2018 3,542,684 78.8 NR NR NR NR NR
2019 3,398,417 87.0 NR NR NR NR NR
2020 2,215,956 62.6 14.2 2] 1.5 1.3 8.8
2021 2,749,881 59.4 19.0 21 1.5 1.7 89
2022 3,476,782 58.8 15.0 1.9 1.5 121 89
2023 4,467,334 63.0 31.3 1.7 1.4 121 91

Note: NR = not recorded; the rideable_type field was introduced in April 2020. Electric share and median distance and speed for 2020 refer
to April to December 2020. Medians computed from geolocated trips.

Table 2. Trip characteristics by bicycle type, Capital Bikeshare, April 2020 to December 2023.

Characteristic Electric bicycle Non-electric bicycle All trips
Trips (n) 2,683,227 9,689,326 12,372,553
Share of trips (%) 217 783 100.0
Median distance (P25-P75), km | 1.85 (0.99-3.09) 148 (0.85-2.38) 154 (0.87-2.52)
Mean distance + SD, km 226 +1.88 1.77 +1.40 1.88 +1.53
Median speed (P25-P75), km/h | 11.99 (8.64-1517) 896 (6.49-11.14) 9.41 (6.80-11.92)
Mean speed + SD, km/h 1.92 + 5.42 8.70 + 3.64 9.39 + 4.30
Member share (%) 59.4 59.7 59.7

Note: SD = standard deviation; P25-P75 = interquartile range. Distance and speed computed for trips with valid start and end coordinates;
speed additionally excludes trips shorter than 0.05 km or longer than 24 hours.
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DISCUSSION

The aim of this study was to trace how electric bicycle use evolved within a single station-ba-
sed bike-share system over six years. The results describe a three-phase trajectory: a negligible
electric share through the first half of 2020, a rapid ramp to about a quarter of trips by December
2020, and a slower phase that dipped in 2022 before accelerating to half of monthly trips by De-
cember 2023.

Electric trips were consistently longer and faster than non-electric trips, and the user mix
shifted toward casual riders after the pandemic onset. Taken together, the trajectory indicates that
electrification changed the geometry of shared cycling, and that its pace was set by fleet, pricing
and external disruptions as much as by the technology itself.

The contribution is empirical rather than theoretical: the study quantifies the full trajectory
with a reproducible pipeline and situates it against the estimates available for other systems. Each
of the three objectives, the electric share, the distance and speed contrast, and the member-ca-
sual evolution, is addressed below in turn and then compared with the corresponding literature.

The expansion of the electric share is consistent with reports from other systems, although the
pace and the baseline differ. Li et al.(13)associated the introduction of e-bike sharing with a rise in
overall bike-share usage, and Julio and Monzon(18)described a successful long-term e-bike-sharing
system in which electrification became a key driver of ridership. In Chicago, shared electric bike
trips formed a large and growing share of micromobility activity,(10)and in New York City e-bikes
changed the distance and duration profile of the fleet.(8)

The Washington pattern differed in one respect: the electric share declined between 2021
and 2022 even as total trips grew, a dip that reflects a stable electric trip count alongside a growing
conventional fleet rather than a retreat of electrification itself.

National evidence from the Netherlands shows strong e-bike growth from a different base-
line,(4)and comparative studies likewise find that the spatiotemporal patterns of e-bike sharing
diverge from those of conventional bike sharing.(19,20)

Dockless e-bike-share in Sacramento expanded partly through substitution from other modes
rather than through new demand alone.(21)

This body of evidence suggests that the saturation point of the electric share depends on
the local fleet, geography and market rather than on a universal ceiling. The contrast between the
annual electric share and the December 2023 peak also shows that point-in-time snapshots can
overstate the average level of electrification across a whole year, which is a useful caution when
single-month estimates are compared between cities.

The station-based comparators in New York, Chicago and Richmond reached different elec-
tric shares under different fleet policies, which supports the same reading: electrification is a local
operating decision before it is a global trend.(8-10)

The distance and speed findings agree with comparisons made in dockless and station-based
settings. Li et al.(7)reported that shared e-bikes covered longer distances than shared conventional
bikes, and Yang et al.(9)found that e-bike users in Richmond concentrated their trips differently
from conventional users.

The higher speed of electric trips is consistent with field measurements of operating speed,
in which e-bikes run faster than conventional bicycles on the same infrastructure.(11)

The observed decline in the median electric trip distance between 2020 and 2023 is plausible
as the mode generalized from early adopters, who may have used it for longer cross-city trips, to
a broader ridership, a pattern that mirrors the maturation described for e-bike-sharing demand.
(22,23)

Spatial and efficiency analyses likewise show that electric and conventional link flows respond
to different urban determinants and that electric fleet utilization follows its own spatial logic.(24,25)

Because the station network, the pricing and the fleet were common to both vehicle types,
the residual difference in distance and speed can be attributed to the electric assistance itself rather
than to the service context. The higher operating speed of electric bicycles also has infrastructure
implications, since faster shared riders share lanes and paths with slower conventional cyclists.(11)

The difference in distance was modest in absolute terms but large relative to the short me-
dian trip of the network, which is consistent with the view that electric assistance is most valuable
for trips at the upper end of the bike-share distance range.

The station-based setting may also explain why the distance advantage was more modest
than the differences reported for dockless fleets. Dockless shared e-bikes operate in larger service
zones and are often used for longer point-to-point trips, whereas station-based trips are constrai-
ned by the spacing of stations and by the need to dock.(7)
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The presence of competing micromobility services matters as well: the arrival of e-scooters
reshaped conventional bike-share demand in Chicago,(16)and similar competition could have
moderated electric ridership in Washington during the study period. Comparisons of conventional
and electric schemes in other cities likewise caution that the vehicle-type contrast is entangled
with the service model and the local market.(6)

The shift in the user mix followed the pandemic rather than electrification itself. The member
share fell from 87.0% in 2019 to 58.8% in 2022 and recovered only partially by 2023, and electric and
non-electric trips had nearly identical member shares.

Wang et al.(15)documented that members and casual users in New York City follow different
usage patterns, and membership status moderated the pandemic response of bike-share systems
across US cities.(14)

Subscription and casual customers also differ in their sensitivity to weather and pricing.
(26,27)For Washington specifically, Kalambay and Pulugurtha(28)described a before-after change
in ridership after the outbreak, and the pandemic reshaped the monthly pattern of usage in the
region.(29)

The near-identical member share of electric and non-electric trips is notable because it im-
plies that electrification did not, by itself, tilt the system toward one user group; the user composi-
tion changed because of the pandemic and only later stabilized. Differences between subscribers
and casual riders in Boston, where the two groups responded to the same service conditions with
different trip frequencies, reinforce the point that user type is a distinct axis of behavior from ve-
hicle type.(27)

The pre-2020 baseline shows a heavily subscription-based system, with member shares of
78.8% in 2018 and 87.0% in 2019. Because the decline in that share unfolded in the same months
as the pandemic and the electric ramp, the trip data alone cannot separate the two influences; the
near-identical member share of electric and non-electric trips is the cleaner evidence that vehicle
type was not the driver of the user-mix change. The similarity of the two member shares also ma-
tters for equity assessments, because it implies that electrification did not create a distinct, more
privileged user profile within the system.

Several mechanisms can explain the trajectory. Fleet decisions by the operator, including the
share of electric bicycles deployed and their battery range, set the ceiling for electric ridership.(2,13)

Pricing and membership rules influence who uses electric bicycles, and Fukushige et al.(21)
showed that e-bike-share can draw trips from walking, transit and private bicycles rather than only
adding new demand.

Weather sensitivity and transit disruptions also modulate demand in this system,(30,31)which
may explain part of the 2022 dip independently of fleet composition. Optimizing the placement
and rebalancing of electric fleets is itself a determinant of realized demand,(32)and adoption and
segmentation studies identify cost, infrastructure and user profiles as the barriers and levers that
operators control.(33,34)

The timing of the first electric trips in June 2020 also means that the ramp coincided with
the pandemic recovery, so part of the early electric growth may have absorbed trips that would
otherwise have been taken on conventional bicycles or on transit.

Battery range and the reliability of charging further constrain how many electric trips a fleet
can serve in a day, and operators that expand charging or battery-swapping capacity raise the
effective ceiling on electric ridership.(2,32)The 2022 dip is therefore best read as an operational
plateau in the electric fleet rather than as a fall in rider preference for electric bicycles.

This study has strengths that follow from its design. It used the complete trip history of a
large station-based system over six years, with a reproducible open-data pipeline and no sampling,
which gives exact counts and narrow confidence intervals for the distance and speed differences.
The station-based setting also keeps the comparison between electric and non-electric trips wi-
thin one network and one pricing structure, and the sensitivity analysis showed that excluding the
partial first year did not change the overall picture.

The six-year window also spans both data schemas, which allowed the member-share tra-
jectory to be anchored to the conventional-only years before electrification. The use of published
system data makes the estimates independently reproducible by other researchers, and the mon-
thly indicators computed here, electric share, trip distance and speed, can be produced for any
station-based system that publishes equivalent open files.

The main limitation is that electric bicycles cannot be identified before April 2020 because
the legacy schema lacks a bicycle-type field, so the pre-2020 electric era is not captured and the
trajectory begins after the first electric deployment. Second, distance is the straight-line separa-
tion between stations, which underestimates the traveled route and cannot distinguish detours,
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and speed inherits that same approximation; the values are therefore lower bounds for traveled
distance and route speed.

Third, the records contain no rider-level covariates, so age, income and trip purpose cannot
be examined, and causal claims are not warranted. Fourth, the findings describe a single US sys-
tem and may not transfer to dockless fleets or to cities with different topography and pricing. Each
limitation suggests a remedy: earlier operator records or other systems could extend the series
backward, GPS-based traces would refine route distance and speed, and linked surveys would
add rider characteristics to the trip-level evidence. Replicating the same monthly indicators in
other station-based systems with open data would show how much of the Washington trajectory
reflects local conditions.

For operators and public agencies, the results support three practical points. Electrification
can raise both the share of trips on shared bicycles and their average speed, which strengthens
the case for electric fleets in hilly or spread-out networks. The member-casual mix and the 2022
dip also show that fleet composition alone does not determine ridership, so capacity, pricing and
reliability decisions should accompany any electric expansion.

Because electric trips are longer and faster, the equity, health and carbon benefits of electri-
fication concentrate in the networks where those trips replace motorized travel and extend active
travel distance.(35-38)

Monitoring the electric share month by month, as this study does, gives operators a simple
leading indicator of whether their electrification strategy is translating into use. For researchers, the
same indicators provide a common yardstick for comparing electrification across systems, which
would otherwise be measured with incompatible definitions and time windows. Because the
electric and non-electric user profiles were similar, policies that subsidize access or membership
are unlikely to redistribute electric benefits toward a single user group by themselves.

CONCLUSIONS

Electric bicycle use in Capital Bikeshare grew from a negligible share in early 2020 to half of
monthly trips by December 2023, with an early ramp, a 2022 dip and a 2023 acceleration. Electric
trips were longer and faster than non-electric trips throughout the period, although the distance
advantage narrowed as electrification generalized. The annual electric share remained below the
December peak, which indicates that the growth was concentrated in the later months of the series.

Member and casual ridership shifted during the pandemic and recovered only partially, while
electric and non-electric trips attracted similar member shares. The trajectory shows that elec-
trification changed the geometry of shared cycling, and that its pace depended on fleet, pricing
and external disruptions as much as on the technology itself. Operators that monitor the monthly
electric share can use the same indicators to judge whether their electrification decisions are
translating into use.
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