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Issue
California is paving the way for widespread
consumer adoption of battery electric vehicles
(BEVs) through a suite of policies designed to
both support the consumer market and compel
automakers to introduce new vehicle models with
varied performance attributes. As policy makers
consider electric vehicle miles traveled (eVMT) as
a policy metric, it is important to place eVMT in
the context of measurable vehicle attributes such
as electric range. However, because most BEVs
are used in conjunction with gasoline vehicles for
household travel, understanding the household
context is also necessary, in order to get a
complete picture of how policies that encourage
BEVs affect the state’s ability to achieve its
climate goals.
Intuitively, we expect that increasing the range of
BEVs will increase eVMT on a per-household and
per-vehicle basis. However, new research from
the PH&EV Research Center demonstrates that
electric range is just one factor that influences
how much electric driving actually occurs on an
annual basis.

Policy Implications
We analyzed eVMT for BEVs on both an

individual vehicle and a household basis.
Although vehicle range plays a role in eVMT,
factors other than range affect how much a driver
travels each year. On an individual BEV basis, a
vehicle with a range of 113 miles appears to have
comparable eVMT to that of a BEV with 265 miles
of range. In order to achieve these equal electric
miles, however, household usage strategies must
be different. This research project will continue
to explore the impact of vehicle switching,
charging infrastructure and trip distributions on
eVMT. For example, encouraging public charging
stations can increase eVMT, and encouraging
workplace charging might incentivize more BEV
adoption, but overcrowded charging stations are
a major deterrent. Understanding how drivers use
and charge their BEVs can help policymakers
determine the best policies for BEV adoption,
and provides a basis for comparison with plug-in
hybrid electric vehicles (PHEVs) as well.

Research Findings
We compared self-reported BEV and PHEV
annual miles to understand how range plays a
role in household VMT (for further detail see the
Research Methods section, below). The results
show that some BEVs and PHEVs have similar
mileage distributions despite the range limitation
on BEVs. This finding leads us to believe that the
VMT for BEVs and PHEVs are derived from widely
varying trip frequencies and durations. Because
our data for this analysis are on a self-reported
annual basis for households, we do not delve into
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vehicle-specific trips. The BEVs that have similar
annual miles to the PHEVs may simply be due to
an increased number of trips in the household,
but vehicle switching, daily commute length, or
infrastructure use are potential factors. Table 1
lists factors that can affect eVMT.
When comparing plug-in electric vehicles (PEVs)
with internal combustion engine cars (ICEs),
the median total household miles is lower for
BEV households than for PHEV households. We
cannot be certain, however, if the BEV caused
the lower median household miles or if that
household simply had lower travel needs.

Table 1: Attributes and behaviors that affect eVMT

Households with Level 2 home charging stations
do not correlate with higher eVMT for BEVs
versus households that rely on Level 1 charging.
However, self-selection for those whose travel
pattern matches Level 1 may explain the lack of
statistical difference, rather than Level 2 having
no effect on eVMT.
Practically speaking, range does limit the number
of miles that can be traveled in a BEV. Table 2
lists electric range by vehicle model. To explore
the limit of miles in a BEV we examine eVMT as a
function of battery size in Figure 1.

Figure 1: The median and 90th percentile eVMT for BEVs
in the household with conceptual trend line.

The median value shows that BEVs with a range
of 76 to 87 miles travel similar numbers of miles
annually, and battery size does not appear to
directly correlate with eVMT. Factors other than
electric range appear to govern annual eVMT.
The BEVs with the longest ranges, the Toyota
RAV4 EV with 113 miles and the Tesla Model S
with 265 miles, do indeed get the most eVMT.
However, the marginal increase in electric range
does not scale linearly with eVMT; just because
they can travel farther, nothing demands that
they utilize the available range. There appears
to be a point of diminishing returns for eVMT
after 113 miles, although self-selection, vehicle
body type and vehicle switching likely play a
role in achieving high eVMT with a relatively
modest range. Achieving high eVMT in different
household contexts will require longer all-electric
range in many cases. Comparing a BEV 113 to
a BEV 265, the BEV 113 is shared much more
intensively, allowing for many small and medium
distance trips to be shifted to the smaller BEV
and hence achieve a high eVMT.
By examining the 90th percentiles of household
eVMT we start to see what appear to be limits
of eVMT as a function of vehicle range. Only the
compact Fiat 500e does not follow this trend –
and its eVMT is not as high as might be predicted.
Our analysis further categorized different groups
of vehicles, these categories are shown with
varying colors in Table 2, although there is
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some overlap between neighboring groupings.
It identified that households with very different
vehicles (e.g. Tesla Model S, Toyota RAV4 EV,
Honda Fit EV, Chevrolet Volt, and Ford C-Max
Energi) achieve similar annual eVMT. If we
assume that the Volt and the C-Max Energi are
not limited by range (because they are PHEVs)
does this by extension imply that the BEVs in the
same category are not limited by range? The
answer is much more nuanced. Indications are
that eVMT in a BEV is affected by many factors,
as previously shown in Table 1.

Table 2: Comparison of means on annual miles as well
as rated electric range for each vehicle. A * indicates the
vehicle is a BEV.

Electric range is just one factor that influences
how much eVMT a PEV can perform. Ongoing
research will continue to evaluate the impacts of
other contributing factors, including household
use patterns, vehicle size, and the role of public
and workplace charging infrastructure.

Research Method
The data used in this analysis was obtained

through an online survey of PEV owners in
California; we received about 5,000 complete
responses comprised of 2,529 BEV drivers and
2,457 PHEV drivers. While PHEV drivers are
included in this survey, for this analysis, only the
total household miles of PHEV households was
used for comparison to BEV households, since
eVMT of a PHEV is difficult to ascertain through a
survey.
Respondents reported on travel and charging
in their PEV, and travel in their ICE. Additionally,
they described their household context in terms
of number of vehicles per driver, commute,
vehicle switching, long trips, age, income, lease
mileage limits, frequency of plugging in, the level
of charging (Level 1, Level 2, DC fast), and the
charging location type (home, work, public).
This project explored eVMT in households with
both a BEV and an ICE. It also explored eVMT in
the context of vehicle range and other household
factors such as number of drivers, number of
vehicles, other gasoline vehicle efficiency,
commute distance, home infrastructure type,
willingness to share the PEV, and access to
infrastructure. These vehicles exist in a variety
contexts including differences in travel needs,
number of drivers, number of household vehicles
available, infrastructure availability, electricity
price, and motivation to plug in. These differences
result in vastly different eVMT even within
the same model of vehicle. By studying the
differences and explaining the reasons, we can
better understand the potential for eVMT across
battery sizes and household contexts.

Further Reading
This policy brief is drawn from the full paper: Michael
Nicholas and Gil Tal (2016), “eVMT in the Household
Fleet: Integrating Battery Electric Vehicles into
Household Travel.” Transportation Research Board,
January 2016. Paper #16-6994
Uses estimated range in extended mode. EPA sticker values are 92
miles in standard mode. Extended mode is user optional, but available
to the driver if he/she would like more range than standard mode.
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