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ABSTRACT 1 
This paper evaluates the effects of a hypothetical policy targeting internal combustion vehicles with high 2 
annual miles for replacement with electric vehicles (EVs). We first characterize the distribution of the 3 
fleet of light-duty vehicles owned by households in 2017 by annual vehicle miles traveled (VMT) and 4 
emissions per mile. We use the 2017 National Household Travel Survey (NHTS) data to estimate the 5 
relationship between average annual VMT and vehicle lifetime mileage. We then estimate emission 6 
reductions from converting different segments of the fleet to electric vehicles using Argonne National 7 
Lab’s Greenhouse gases, Regulated Emissions, and Energy use in Technologies (GREET) model. We 8 
find that a policy targeting electric vehicle conversion in the top mileage quintile of the existing vehicle 9 
fleet would generate more than four times the annual reduction in certain criteria pollutants and twice the 10 
lifetime reduction in greenhouse gases compared to a policy that converts vehicles in the bottom mileage 11 
quintile. The effect on lifetime emissions savings per vehicle depends on the relationship between annual 12 
mileage, scrappage probability, and lifetime mileage - a dependence we explore through sensitivity 13 
analysis. A review of 81 policies related to electric vehicles in California finds no instance of a policy that 14 
targets high-mileage vehicles. We conclude that reforming the public subsidies for electric vehicles to 15 
target high-mileage vehicles could improve economic efficiency as measured in emissions reductions per 16 
dollar of subsidy. Such a program could also target low- and moderate-income households to improve 17 
equity. 18 
 19 
Keywords: Electric Vehicles, Emissions, Lifetime, Annual Mileage, Subsidy Policy, Public Policy, 20 
Efficiency, Equity  21 
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INTRODUCTION 1 
Internal combustion engine vehicles (ICEVs) produce emissions that damage human health and 2 

contribute to global warming (1). As part of a suite of policies to reduce these harmful emissions, the U.S. 3 
federal government and the state of California offer tax credits and cash subsidies to lower the cost of 4 
electric vehicles (EVs) and electric vehicle supply equipment (EVSE) (2,3). In 2019, EV purchasers 5 
received $1.4 billion in federal tax credits, and in 2020, California appropriated $2.7 billion in revenue 6 
generated by the state’s cap and trade program for low carbon transportation and low carbon transit 7 
operations (4,5). 8 

Prior studies fault the federal tax credit on equity and efficiency. Borenstein and Davis found that 9 
90 percent of the credit went to households in the highest earning quintile (6). Xing et al. estimated 70 10 
percent of the credit went to households that would have purchased an EV without the subsidy and that 11 
EVs typically replace relatively fuel-efficient vehicles, which lowers the emissions benefit by 39 percent 12 
compared with EVs replacing vehicles of average fuel efficiency (7). Burlig et al. used data from home 13 
chargers in California to calculate EVs were driven just 5,300 miles per year, less than half of the U.S. 14 
fleet average (8). Davis analyzed the 2017 National Highway Travel Survey and found EVs were driven 15 
65 percent of the average for vehicles with gasoline engines (9). Both studies observe that lower annual 16 
mileage for EVs lowers the emissions benefits from vehicle electrification. 17 

Chakraborty et al. disagree, presenting survey data that shows the new generation of electric 18 
vehicles with greater range are driven as much or more than gasoline-powered vehicles and will deliver 19 
on EVs’ emissions benefits as the market grows (10). More generally, a static analysis of the efficiency of 20 
EV and EVSE subsidies at a single point in time will obscure the dynamics of how they accelerate 21 
learning by doing in manufacturing. Subsidies may allow the industry to scale faster and through 22 
innovation improve vehicle and equipment performance, lowering costs over time so EVs can compete 23 
with ICEVs without subsidy. Gerarden analyzed the impacts of consumer subsidies in the global market 24 
for solar panels and found they encouraged firms to innovate to reduce their costs. He also found that 25 
static analysis significantly underestimated the social benefits of the subsidy policies (11). 26 

In contrast to the federal tax credit for EVs, California has targeted 63 percent of the aggregate 27 
public investment from its cap-and-trade revenue to census tracts identified as disadvantaged or low-28 
income since 2017 (5). Notwithstanding these efforts to improve program equity with geographic 29 
targeting, most of the households that purchase new and used EVs in these target communities have high 30 
incomes (12). 31 

One potential approach to improve the efficiency and equity of vehicle electrification policy 32 
would be to focus subsidies on replacing ICEVs with high-annual miles that are driven by moderate- and 33 
low-income drivers. Annual emissions reductions from converting to an EV scale with annual miles 34 
driven, so a high-mileage vehicle replacement program could deliver larger immediate annual emissions 35 
reductions per dollar of subsidy. Moreover, a program that targeted high-mileage vehicles could also 36 
include household income criteria to target moderate and low-income households. For the purposes of this 37 
paper, we define a shift in EV subsidies from high income households to moderate and low-income 38 
households as an improvement in equity. 39 

However, larger annual emissions reductions will not necessarily translate into lower total 40 
greenhouse gas emissions in the long run. If electric vehicles are driven a fixed number of miles before 41 
retirement, putting them into high-mileage service could reduce annual emissions, but those benefits 42 
would be sustained over a proportionally shorter number of years. Put another way, if EVs last 150,000 43 
miles regardless of whether they are driven 5,000 or 50,000 miles per year, then the lifetime greenhouse 44 
gas emissions would be the same for vehicles with low and high annual mileage. 45 

In this paper, we use the 2017 NHTS data to analyze the relationship between annual miles of 46 
driving and the total miles a vehicle is driven before being retired. We also use NHTS data to characterize 47 
annual emissions of the vehicle fleet along two dimensions: annual miles driven per year and the average 48 
emissions per vehicle mile. We observe that 20 percent of the household vehicle fleet with the highest 49 
mileage generate more than 45 percent of the annual emissions. The 20 percent of the fleet with the 50 
lowest mileage generate less than 4 percent of the annual emissions. 51 
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We use Argonne National Lab’s Greenhouse gases, Regulated Emissions, and Energy use in 1 
Technologies (GREET) model to estimate the annual emissions and lifetime emissions reductions from 2 
converting different segments of the existing fleet after accounting for different potential relationships 3 
between annual miles and vehicle lifetime miles. We find that a policy targeting EV conversion in the top 4 
mileage quintile of the 2017 vehicle fleet would generate more than four times the reduction in certain 5 
criteria pollutants and twice the reduction in lifetime greenhouse gases compared to a policy that converts 6 
vehicles in the bottom mileage quintile. 7 

We then undertake a comprehensive review of EV subsidy policies across federal, state, and local 8 
governments in California and find no instance of a policy that targets high-mileage vehicles. Given the 9 
potential efficiency and equity benefits of targeting high-mileage vehicles we discuss potential program 10 
design and areas for additional research. 11 
 12 
METHODS 13 
Characterizing Emissions from the U.S. Household Vehicle Fleet 14 

The NHTS provides data from 2017 characterizing the emissions of vehicles driven by survey 15 
respondents, as well as their travel behavior. Using this data, we analyzed the distribution of annual 16 
vehicle miles traveled (VMT) and emissions per mile of the US passenger vehicle fleet. These 17 
distributions were used to segment the fleet for evaluating reductions in emissions from ICEV 18 
replacement with a subsidized EV purchase in the emissions modeling section. This analysis allows us to 19 
1) characterize how each segment of the fleet contributes to the overall emissions, and 2) illustrate the 20 
potential benefits of targeting EV subsidies towards specific segments of the fleet. 21 

Determining annual VMT from the NHTS data can be done in several ways. It is provided by 22 
NHTS directly through the ANNMILES and BESTMILE variables. The first is self-reported annual VMT 23 
for the year of the study, and may be subject to perceptual errors. The second is the best estimate of 24 
annual VMT based on a set of NHTS decision rules, and also provides estimates in cases where annual 25 
VMT was not reported (13). Alternatively, the OD READ and VEHAGE variables can be used to 26 
determine the average annual VMT over the lifetime of each vehicle. This approach may overstate the 27 
VMT in 2017 of the fleet given that many older vehicles were driven at a higher annual mileage early in 28 
their lifetimes (14). In characterizing the household vehicle fleet, we use the BESTMILE variable to 29 
calculate annual VMT. 30 
 31 
Emissions Model 32 

One salient yet often overlooked point of estimating EV emissions benefits is that if an electric 33 
vehicle is driven the same number of lifetime miles before being scrapped, regardless of its annual VMT, 34 
its lifetime greenhouse gas (GHG) emissions will remain static and make the same contribution to 35 
keeping society within the global GHG budget (15–17). Prior research has explored the depreciation 36 
effects of driver behavior that are indirectly related to annual mileage such as city and highway mileage, 37 
class of vehicle, depth of battery discharge and style of driving (18–21). We did not find any published 38 
work that directly quantifies the effects of annual VMT on lifetime mileage for ICEVs or EVs. 39 

For this analysis, we allow for the possibility that a vehicle’s lifetime is a function of its age and 40 
its annual mileage, not mileage alone. This could mean that vehicles driven at higher average annual 41 
VMT will achieve higher lifetime mileage, and thus greater lifetime reductions in GHG emissions if 42 
replaced with an EV. We estimate a linear relationship between annual VMT and lifetime mileage using 43 
data from the US vehicle fleet gathered by the NHTS. Although the relationship may differ between 44 
ICEVs and EVs, for our baseline and upper bound cases, we assume the impact of age on vehicle lifetime 45 
is the same between the two vehicle types. This relationship is shown in Equation 1 below, where (β) 46 
indicates the magnitude of the effect of annual VMT on lifetime mileage. We apply this equation only 47 
between the mean of the first and fifth annual VMT quintiles constructed from the NHTS fleet data, given 48 
that it is unlikely to extend to extreme cases (e.g. a vehicle driven infinite miles will not obtain an infinite 49 
lifetime mileage): 50 
 51 
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𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑀𝑖𝑙𝑒𝑎𝑔𝑒 = 𝛼 + 𝛽 × 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑉𝑀𝑇 ∋ 2,100 ≤ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑉𝑀𝑇 ≤ 25,800, (1) 1 
 2 

To determine the constant for this relationship (α), we selected the oldest vehicles in the NHTS 3 
vehicle dataset (model years 1985-2000) that were on average driven less than 5,000 miles per year. This 4 
set of vehicles has an average cumulative mileage of 73,000 which is unlikely to increase significantly 5 
before they are scrapped. The National Highway Transportation Safety Administration (NHTSA) 6 
estimates the survival rate for vehicles older than 20 years at less than 2 percent (22). We use this mean 7 
cumulative mileage of 73,000 miles as an estimate for the constant term (α). 8 

Then, to calculate a baseline magnitude for the effect of annual VMT on lifetime mileage in an 9 
average vehicle (β), we use NHTSA’s estimates for average passenger car lifetime mileage (127,000 10 
miles) and average annual VMT (6,400 miles/yr) across 20 years to solve Equation 1 for (β), giving 11 
(127,000 - 73,000) / (6,400) = 8.4 additional lifetime miles per additional mile of annual VMT, or 8,400 12 
additional lifetime miles per additional thousand miles annual VMT. The underlying data for the NHTSA 13 
estimates is also the NHTS vehicle data (22). Our baseline assumption therefore assumes the relationship 14 
in Equation 1, and that this relationship holds similarly for ICEVs and EVs. 15 

For the lower bound of our sensitivity analysis, we assume the effect of age on lifetime mileage is 16 
zero. Therefore, all EVs that replace ICEVs have lifetime miles of 127,000 regardless of their annual 17 
miles. To determine a reasonable upper bound, we selected the vehicles from the NHTS vehicle dataset 18 
that have high cumulative mileage (more than 180,000 miles, or the 95th percentile). The average 19 
cumulative mileage and annual VMT for these vehicles were again used to solve Equation 1 for (β), 20 
giving (224,000 - 73,000) / (14,700) = 10.3 additional lifetime miles per additional mile of annual VMT. 21 
Together, these two assumptions reasonably bound the potential magnitude of the effect of annual VMT 22 
on lifetime mileage for a typical vehicle. 23 

For the emissions calculations, we used Argonne National Laboratory’s GREET database, which 24 
provides well-to-wheel data on emissions rates per mile for various vehicle classes and fuels, to model 25 
changes in emissions from converting ICEVs to EVs (23). For determining the expected GHG and criteria 26 
pollutant emissions for an electric vehicle, we use the GREET data for a typical battery electric vehicle 27 
(BEV). Electricity generation fuel mix was taken at the national level (U.S. mix), and a target year of 28 
2019 (latest available pre-pandemic energy consumption). The base assumptions for electricity mix in the 29 
GREET model rely on data from the Energy Information Administration’s Annual Energy Outlook. Key 30 
assumptions related to vehicle manufacturing include the assumption of passenger cars (as opposed to 31 
SUVs or pick-up trucks), and conventional construction materials (as opposed to lightweight). For EVs, 32 
Li-Ion batteries were assumed. This data also incorporates the manufacturing costs of EVs and ICEVs, as 33 
estimated by prior research, vehicle tear-downs, and other automotive models. This allows the calculation 34 
of total lifetime emissions for a given vehicle based on the sum of its lifetime emissions and 35 
manufacturing costs, shown in Equation 2 below: 36 
 37 

𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝑀𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 + (𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑀𝑖𝑙𝑒𝑎𝑔𝑒 ×
𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠

𝑀𝑖𝑙𝑒
), (2) 38 

 39 
To determine the net lifetime savings of replacing an ICEV purchase with an EV purchase, the 40 

lifetime emissions of the EV are subtracted from those of an ICEV driven the same annual VMT as 41 
shown in Equation 3: 42 
 43 
𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝐺𝐻𝐺 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝐼𝐶𝐸𝑉 − 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝐸𝑉, (3) 44 
 45 

Criteria pollutants are quantified in terms of annual emissions as their social harm is related to 46 
their concentration at a specific place and point in time in contrast to greenhouse gas emissions where the 47 
total stock of GHGs in the earth’s atmosphere determines the amount of global warming. To determine 48 
the annual emission rate each vehicle’s total emissions are divided by its expected lifespan calculated 49 
from its annual VMT and expected lifetime mileage. This is shown in Equation 4 below: 50 
 51 
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𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 ×
𝐴𝑛𝑛𝑢𝑎𝑙 𝑉𝑀𝑇

𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑀𝑖𝑙𝑒𝑎𝑔𝑒
, (4) 1 

 2 
Policy Review 3 

We evaluated the US Department of Energy’s Alternative Fuels Data Center list of laws and 4 
incentives for California as of June 2021 to determine if any of the existing 156 programs included targets 5 
for high-mileage vehicles (2). We scored public and private utility EV and EVSE subsidy programs as to 6 
whether the program served four groups: households; private business; private non-profits; and local 7 
governments, school districts, tribes, and public transit agencies. We also evaluated whether the program 8 
had elements that favored or increased incentives for: low-income households, disadvantaged and low-9 
income communities, school children, and high-mileage vehicles. 10 
 11 
RESULTS 12 
Annual Mileage and Emissions Characteristics of Household Vehicle Fleet 13 

Analysis of the NHTS vehicle data revealed a right-skewed distribution of annual VMT and an 14 
approximately normal distribution of emissions per mile (Figures 1-2). In terms of annual VMT, 80 15 
percent of vehicles are driven less than 16,000 miles per year with outliers up to 200,000 miles per year. 16 
With respect to emissions per mile, most vehicles emit between 300 and 600 grams of CO2 per mile. In 17 
each figure, the red line indicates the top quintile of the distribution, above which an ICEV replaced with 18 
an EV would create the largest reduction in immediate and lifetime emissions. 19 
 20 

 21 
 22 
Figure 1 Weighted distribution of vehicle annual VMT according to the NHTS (Mean=11,131, 23 
SD=11,196). The red line indicates the start of the uppermost quintile, where electrification will 24 
achieve the largest emissions reductions. Upper bound for annual VMT is 200,000 miles per year. 25 
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 1 
  2 
Figure 2 Weighted distribution of vehicle emissions per mile according to the NHTS (Mean=433, 3 
SD=120). The red line indicates the start of the uppermost quintile, where electrification will 4 
achieve the highest returns. Upper bound for emissions per mile is 1,400 g-CO2 per mile. 5 
 6 

The joint distribution of annual VMT and emissions per mile in the NHTS data is shown in 7 
Figure 3. In general, most of the fleet tends to fall in the center of the emissions per mile range, spread 8 
across 0-20,000 miles per year. One noteworthy component of this distribution is the spike of vehicles 9 
belonging to the lower left portion of the distribution, where emissions per mile is good, and annual VMT 10 
is extremely low. Although EVs are highly concentrated in this section of the market, it is difficult to say 11 
whether they are driven less than the highly efficient ICEVs that are also found in this part of the 12 
distribution. 13 
 14 
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 1 
 2 
Figure 3 Density distribution of all vehicles in NHTS across annual VMT and emissions per mile 3 
with average emissions per mile shown for different classes of vehicles. EVs make up a very small 4 
portion of the dataset (~2 percent). 5 
 6 

In contrast to this subset of efficient, low-mileage vehicles, the fleet also contains highly 7 
inefficient vehicles which are driven at high annual VMT. Table 1 summarizes how the total annual GHG 8 
emissions of the fleet are distributed across market segments of annual VMT and emissions per mile. The 9 
4 percent of the fleet in the cell in the lower right corner with the highest emissions per mile and highest 10 
annual VMT, generate nearly 14 percent of annual emissions. The top 20 percent of the fleet by annual 11 
VMT generate 45.9 percent of the emissions whereas the twenty percent of vehicles with the highest 12 
emissions per mile generate 29.9 percent of the emissions. The large share of emissions generated by high 13 
mileage vehicles means a program that targets the fifth quintile in annual VMT could deliver 50 percent 14 
more emissions reductions than a program that targets the fifth quintile in emissions per mile. 15 
 16 
  17 
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TABLE 1 Share of Annual GHG Emissions by 2017 Household Fleet Segment  1 

 2 
 3 
Greenhouse Gas Emissions Model 4 

To determine the effects of replacing a given ICEV with an EV across the spectrum of annual 5 
VMT, we used the assumption that higher annual VMT results in higher lifetime mileage as described in 6 
Equation 1. Under this assumption, EVs with a higher annual VMT accumulate more emissions savings 7 
and higher returns on their initial manufacturing emissions investment. Table 2 summarizes the results of 8 
this analysis on a per-vehicle basis. Each value provides the reduction from replacing a single ICEV with 9 
an EV, as calculated according to Equations 2-4. Results show that replacing an ICEV purchase with an 10 
EV creates a net decrease in lifetime GHG, annual CO, NOx, and PM2.5. It also creates an annual 11 
increase in SOx and PM10. In all cases, the magnitude of the effect is increased by replacing a vehicle 12 
with a higher annual VMT. 13 
 14 
TABLE 2 Per-Vehicle Reduction in Emissions from Replacing an ICEV with an EV  15 

 16 
 17 

We tested the sensitivity of these results to changing the assumptions about how annual miles 18 
affect lifetime miles in Figure 4. As the effect of annual VMT on lifetime mileage decreases, the net 19 
emissions benefits of electrifying a high annual mileage vehicle drop to zero. In the limiting case, where 20 
the effect of annual mileage is not present and each EV has a fixed number of lifetime miles, we see no 21 
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difference in lifetime GHG reductions between electrifying high annual mileage or low annual mileage 1 
vehicles. 2 
 3 

 4 
 5 
Figure 4 The effect of annual VMT on vehicle lifetime is represented as a coefficient determining 6 
the additional amount of miles added to a vehicle’s lifetime mileage per 1,000 miles of additional 7 
annual VMT. This figure shows the effects of varying this coefficient relative to our baseline 8 
assumption. 9 
 10 
Criteria Pollutants Emissions Model 11 

Annual emissions across a vehicle’s lifetime were calculated using Equation 4 and the GREET 12 
data, and findings are summarized for the replacement of an ICEV with an EV in Figure 5 below. 13 
Emissions of certain criteria pollutants (CO, NOx, PM2.5) are reduced through the replacement of ICEVs 14 
with EVs, while others (SOx, PM10) are increased. This is shown through the downward trend of the line 15 
for SOx emissions savings; as a vehicle with higher annual VMT is replaced, the net reduction increases 16 
in magnitude. Each pollutant is shown according to its potential annual emissions reduction across each 17 
annual VMT bin, to show how replacing an ICEV with an EV might vary depending on the annual VMT 18 
of the vehicle. Given that the benefits of criteria pollutant reduction scale directly with daily/annual VMT, 19 
reductions in these pollutants among high annual VMT vehicles would have an immediate effect on the 20 
well-being of society, as opposed to the GHG emissions benefits, which accumulate over the lifetime of 21 
the vehicle. 22 
 23 
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 1 
 2 
Figure 5 Criteria pollutant percent reductions for a single EV purchase relative to ICEV by annual 3 
VMT.  4 
 5 

The net effect of replacing an ICEV with an EV is a reduction in three out of five criteria 6 
pollutants. This is true regardless of the annual VMT of the vehicle, but the annual emissions consistently 7 
decrease with the annual VMT of the vehicle being replaced. In the case of SOx and PM10 emissions, an 8 
increase in annual emissions is observed when replacing an ICEV with an EV due to emissions during 9 
lithium-ion battery production and electricity generation (24,25). This leads to increasingly higher annual 10 
emissions of SOx over the lifetime of the vehicle when a higher annual VMT vehicle is replaced. 11 
Depending on the relative damage per ton of each pollutant, this could create a net benefit to society. 12 
Should all pollutants create similar damages, the magnitude of the reductions in CO, PM2.5, and NOx 13 
will far outweigh the increases in SOx and PM10. 14 
 15 
Policy Review 16 

We used the US DOE Alternative Fuels Database for the state of California to identify 81 17 
programs that subsize EVs and EVSE. These programs are operated by state agencies, counties, cities, air 18 
quality districts and electric utilities. They include EV and EVSE subsidies, access to HOV lanes, lower 19 
electric rates, low-cost financing, and sales tax exemptions. As shown in Table 3, none of the programs 20 
target high-mileage vehicles. 21 
 22 
  23 
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TABLE 3 Attributes of EV and EVSE Incentive Programs in California 1 

Program targets or favors Number of programs 

Replacing high-mileage ICE vehicles 0 

Disadvantaged & low-income communities 20 

Low-income households 28 

Residential households 35 

Local government, transit, schools, & tribes 46 

Commercial businesses 48 

 2 
While 28 programs target low-income households and 20 target disadvantaged and low-income 3 

communities, we did not evaluate whether those intended groups actually made use of the subsidies. 4 
Indeed, recent studies suggest that programs targeting subsidies for vehicle electrification in 5 
disadvantaged census tracts have mostly gone to their higher income residents (12). 6 
 7 
DISCUSSION 8 

Current federal and state EV policy in California offer subsidies for vehicles and electric supply 9 
equipment without regard to the vehicle’s prospective annual VMT. To increase the return on dollars 10 
spent per EV subsidy as measured in emissions reductions, federal or state policy could target the share of 11 
the market with high annual VMT. In Figures 1-2, this would be the segment of the vehicle fleet falling 12 
to the right of the red lines, making up the highest quintile of polluters. This portion of the population is 13 
found in the right side of the results in Table 1. Davis showed that a large portion of EVs in 2017 landed 14 
squarely among vehicles in the lowest portion of annual VMT distribution (9). Given the potential near-15 
term benefits to human health of reducing CO and NOx as well as the potential long-term benefits of 16 
reducing the planet’s stock of greenhouse gases, policymakers should consider new subsidy program 17 
designs that target high-mileage vehicles. 18 

 In 2021, the U.S government updated its central estimate of the social cost of carbon in 2020 to 19 
$51 per ton of CO2 with a discount rate of 3 percent (26). Applying this estimate to the GHG reductions 20 
in Table 2, shows the dollar value of the reduction in emissions from replacing an ICEV with an EV. In 21 
2016, Silva et al. analyzed changes in mortality between a baseline forecast and a “clean transportation” 22 
forecast for 2030 for the U.S. from both the reduction in GHGs and criteria pollutants. Considering both 23 
the global warming and air pollution effects, their analysis yielded a central estimate of benefits at a 3% 24 
discount rate that was approximately three times the U.S. social cost of carbon (27). In Table 4 we apply 25 
this scaler from Silva et al. as a rough estimate of the benefit of the emissions reductions with the 26 
understanding that magnitude of the benefits from reducing criteria pollutants vary with an area’s 27 
population density, proximity to roadways, meteorological conditions, and other environmental factors 28 
(28). 29 
 30 
  31 
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TABLE 4 Per-Vehicle Value of Reduction in Emissions from Replacing an ICEV with an EV 1 

 2 
 3 

Using this estimate of climate and air pollution benefits, the value to society of converting ICEVs 4 
in the top quintile of annual mileage approximately equals the federal EV subsidy of $7,500. This number 5 
does not include the potential benefits of EV subsidies accelerating learning by doing and driving 6 
innovation in the EV supply chain for lower costs and better performance. These results point towards 7 
some ways to improve EV subsidy program design: 8 
 9 

• Target programs to buyers who would have purchased an ICEV but for the EV subsidy. 10 
• Increase EV subsidies for vehicles with high annual VMT. 11 
• Consider regional variation in EV subsidies to account for local air quality conditions and 12 

population densities. 13 
 14 

One way to structure a subsidy program to target vehicles with high utilization would be for 15 
federal or state government to partner with companies that offer financing for EV purchases. So long as 16 
the vehicle was in high use, say more than 16,000 miles per year, subsidy dollars would go to reduce the 17 
monthly payment on the vehicle loan. Should the vehicle move out of the top quintile for VMT, then the 18 
subsidy could be reduced. A program built around EV financing could also target low- and moderate-19 
income households since credit applications for vehicle financing would include information on income.  20 

Although creating a financial incentive to maintain high mileage could encourage more driving, 21 
the policy’s very purpose would be to encourage high utilization of zero emission vehicles rather than 22 
have them sit idle and deliver less mobility relative to their lifetime emissions. The magnitude of any 23 
incentive to increase driving will depend on program design and may be small given the low price 24 
elasticity of demand for auto travel (29). 25 

Policymakers may also choose to target subsidies towards vehicle purchases in the highest 26 
pollutants per mile market segment. One challenge in program design is how best to validate that the 27 
buyer would have purchased a high emissions vehicle absent the incentive. In certain settings like 28 
commercial or public fleets, policymakers may develop high confidence that a new subsidy design could 29 
motivate a shift from ICEV to EV. For example, a program could target commercial fleets that operate 30 
pickup trucks with V8 engines. Our purpose here is not to flesh out comprehensive program designs but 31 
rather to show that more efficient and equitable EV subsidy programs are possible and deserve further 32 
consideration by researchers, policy analysts, and policymakers. 33 

Our analysis shows a compelling case for targeting high-mileage vehicles to reduce the emissions 34 
of carbon monoxide and nitrogen oxides. Replacing vehicles in the top quintile of VMT with EVs will 35 
deliver four times the reduction in these emissions as replacing vehicles in the lowest quintile of VMT. 36 
The reported increases in sulfur oxides and larger particulates from the GREET model associated with 37 
electrification would be lower in those parts of the country with a cleaner electric grid, and should 38 
diminish over time as electricity production increasingly shifts away from coal and natural gas toward 39 
renewables and other low-carbon electricity sources. 40 
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While our base case shows that replacing ICEVs in the top quintile for VMT would deliver twice 1 
the lifetime GHG savings as replacing ICEVs from the bottom quintile, uncertainty remains about how 2 
average annual VMT affects lifetime mileage, and therefore the lifetime GHG emissions of an electric 3 
vehicle. The controlling factors behind vehicle scrappage may differ between ICEVs and EVs. In the case 4 
of an ICEV, the lifespan of the drivetrain may be the largest contributor, in which case stop-and-go 5 
conditions, or frequent cold starts may contribute to a decrease in lifespan. In the case of an EV, the 6 
battery lifespan may be the largest contributor, in which case the average depth of discharge, or ambient 7 
operating temperature may decrease lifespan of the vehicle (18,30). Each of these factors may correlate 8 
with a different driving environment (e.g. short city miles with frequent stops, readily accessible charging, 9 
vs. long highway commutes at high speeds with overnight recharging). Given the nascent state of electric 10 
vehicle production and the rapid improvement in batteries and other vehicle technologies, it will take time 11 
and more research before we can reach firm conclusions about how driver behavior and vehicle use will 12 
affect the lifetime mileage of EVs. A better understanding of the relationship between annual VMT and 13 
lifetime mileage for EVs will provide more confidence about the magnitude of greenhouse gas reductions 14 
from electrifying high annual mileage vehicles. 15 
 16 
CONCLUSIONS 17 

Our analysis of the NHTS vehicle and driving data, and application of the GREET model to 18 
different segments of the U.S. household vehicle fleet, indicate that federal and state policymakers could 19 
improve the equity and efficiency of EV subsidy programs by reforming them to target low- and 20 
moderate-income households that drive vehicles over 16,000 miles per year. Such a policy could increase 21 
the per vehicle reductions in annual carbon monoxide and oxides of nitrogen emissions by a factor of 22 
four. There is more uncertainty about the magnitude of GHG savings from such a policy, but plausible 23 
theories on the relationship between annual miles and lifetime mileage show a potential doubling in GHG 24 
emissions reductions by shifting EV conversions from the lowest annual VMT quintile to the highest. 25 
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