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Findings 

This paper evaluates a strategy that would target sales of internal combustion 
vehicles driven at high annual mileage for displacement by electric vehicles at the 
time of initial sale. Using the 2017 National Household Travel Survey data, we 
observe that the top 20% of light duty vehicles by kilometers traveled generate 
46% of the annual greenhouse gas emissions. Displacing the sale of a combustion 
engine vehicle in the top mileage quintile with an electric vehicle would reduce 
annual greenhouse gas emissions and certain criteria pollutants by more than 15 
times as much as displacing a vehicle in the bottom mileage quintile. 

1. Questions 
As part of a suite of policies to reduce harmful emissions, the U.S. federal 
government and some state and local governments offer tax credits and cash 
subsidies to lower the cost of electric vehicles (EVs) and electric vehicle supply 
equipment (EVSE) (Department of Energy 2021, 2020). Prior studies fault 
the federal tax credit on equity and efficiency; pointing out that credits go to 
high-income households, and replace fuel efficient vehicles that are driven at far 
lower rates than the US fleet average (Borenstein and Davis 2016; Xing, Leard, 
and Li 2021; Burlig et al. 2021; Davis 2019). 

In this study we then ask: What are the potential emissions reductions from 
a strategy that targets EVs to displacing sales of internal combustion engine 
vehicles (ICEVs) in the highest emitting market segment? 

One factor complicating this analysis is that if an EV is driven the same number 
of lifetime kilometers before being scrapped, regardless of its annual vehicle 
kilometers traveled (VKT), its lifetime greenhouse gas (GHG) emissions will 
remain static and make the same contribution to keeping society within the 
global GHG budget (Jenn 2019; Rajagopal and Phadke 2019; Slowik, 
Pavlenko, and Lutsey 2019). However prior work shows the depreciation 
effects of different driver behaviors during the use-phase will impact the 
lifetime mileage of a given EV (Karabasoglu and Michalek 2013; Neubauer, 
Brooker, and Wood 2012; Plötz, Funke, and Jochem 2018; Weymar and 
Finkbeiner 2016). We hypothesize that a vehicle’s scrap rate is a function of its 
age and its mileage, rather than mileage alone. Depending on the magnitude 
of the effect of age on scrap rate, vehicles driven at higher annual VKT will 
achieve higher lifetime mileage, and thus greater reductions in GHG emissions 
if displaced with an EV at the time of initial sale. 
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Figure 1. Weighted distribution of vehicle annual VKT according to the NHTS (Mean=18,119, SD=18,178). 

The red line indicates the start of the uppermost quintile, above which electrification will achieve the largest emissions reductions. Upper 
bound for annual VKT is 320,000 kilometers per year. 

2. Methods 
The National Household Travel Survey (NHTS) provides data from 2017 
characterizing the emissions of 250,000 vehicles driven by US survey 
respondents, as well as their travel behavior. Using these data, we analyze the 
passenger vehicle fleet by annual VKT and note that the top quintile includes a 
long tail of vehicles with very high mileage. (Figure 1). 

To quantify the impact of annual mileage on total lifetime mileage, we estimate 
a linear relationship between annual VKT and lifetime mileage fit to the oldest 
vehicles in the NHTS vehicle dataset (model years 1985-2000), which are 
assumed to accumulate only a few additional kilometers before being scrapped. 
This gives an estimate for initial ( =42,600) and additional lifetime kilometers 
per average annual kilometer ( =17.2) (Equation 1). We treat this linear fit 
as an upper bound for the effect of annual VKT on lifetime mileage. For a 
more conservative base case, we assume a linear relationship with a slope equal 
to half this upper-bound value ( =123,600, =8.6). Additionally, we limit the 
analysis between the means of the first and fifth NHTS annual VKT quintiles. 

To calculate life cycle emissions for EVs and ICEVs from the passenger vehicle 
fleet, we apply Argonne National Laboratory’s GREET model, which provides 
well-to-wheel estimates of emissions rates per kilometer for various vehicle 
classes and fuels including emissions from vehicle manufacturing (Argonne 
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Table 1. Share of Annual GHG Emissions by 2017 Household Fleet Segment 

Emissions 
(g/km) 

Annual VKT (thousand km/yr) 

Quintile 
Mean 3.4 9.3 14.8 21.6 41.5 

Quintile 
Bin 0-6.0 6.0-11.6 11.6-17.4 17.4-25.7 25.7-320 

Quintile 1 2 3 4 5 Total 

128 44-212 1 0.6% 1.3% 2.3% 3.5% 7.3% 15.0% 

232 212-251 2 0.3% 1.3% 2.3% 3.4% 6.3% 13.6% 

264 251-276 3 0.5% 1.6% 2.5% 3.9% 6.9% 15.4% 

300 276-324 4 0.8% 2.7% 4.4% 6.3% 11.9% 26.1% 

623 324-920 5 1.2% 3.6% 5.1% 6.5% 13.5% 29.9% 

Total 3.4% 10.5% 16.6% 23.6% 45.9% 100.0% 

National Laboratory 2006). In the GREET model we use the proportion of 
passenger cars, SUVs and pickup-trucks belonging to each mileage quintile 
to weight emission reductions between an ICEV and a BEV. We use the US 
electric grid mix to examine prototypical results for an ICEV replacement. 

3. Findings 
Table 1 summarizes how the total annual GHG emissions of the US passenger 
vehicle fleet are distributed across market segments of annual VKT and 
emissions per mile. Vehicles in the lower right corner have the highest emissions 
per mile and highest annual VKT; these represent 4 percent of the fleet but 
generate nearly 14 percent of annual emissions. 

The large share of emissions generated by high mileage vehicles means a 
program that targets the top quintile in annual VKT could potentially deliver 
50 percent more annual emissions reductions than a program that targets the 
top quintile in emissions per kilometer. 

Using Equation 1, EVs replacing ICEVs with higher annual VKT accumulate 
higher lifetime mileage and thus generate greater emissions savings than 
replacing ICEVs that are driven fewer kilometers per year as shown in Table 
2. Displacing combustion engine vehicle sales in the top mileage quintile with 
EVs would reduce annual tailpipe greenhouse gas emissions and certain criteria 
pollutants by more than 15 times as much as displacing vehicles in the bottom 
mileage quintile. As noted earlier, the greenhouse gas emissions reductions 
are sensitive to the assumptions about the relationship between annual and 
lifetime kilometers for electric vehicles. 

We find that policymakers could improve the efficiency of EV subsidy 
programs by designing them to target high annual mileage drivers. Such an 
approach could increase the per vehicle reductions in three out of five criteria 
pollutants by up to a factor of 10 compared to the lowest mileage quintile. 
There is more uncertainty about the magnitude of GHG savings from such an 
approach, given that lifetime emission reductions depend on the effects of age 
and mileage on EV and ICEV scrap rate (an area for potential future research). 
However, reasonable bounds on the relationship between annual kilometers 
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Table 2. Per-Vehicle Reduction in Annual Emissions from Replacing an ICEV with an EV 

Annual VKT (thousand km/yr) 

Quintile Mean 3.4 9.3 14.8 21.6 41.5 

Quintile Bin 0-6.0 6.0-11.6 11.6-17.4 17.4-25.7 25.7-320 

Quintile 1 2 3 4 5 

GHG Emissions (Annual metric tons/yr) -0.5 -1.5 -2.5 -3.7 -7.5 

CO (Annual kg/yr) -9.0 -23.6 -35.8 -51.4 -96.4 

NOx (Annual kg/yr) -0.9 -2.1 -3.1 -4.3 -7.5 

SOx (Annual kg/yr) 1.6 3.5 4.8 6.1 9.1 

PM10 (Annual kg/yr) -0.1 -0.2 -0.3 -0.3 -0.5 

PM2.5 (Annual kg/yr) -0.1 -0.1 -0.2 -0.2 -0.3 

and lifetime mileage show a potential reduction in GHG emissions by up to a 
factor of 15 by shifting EV conversions from the lowest annual VKT quintile 
to the highest. 
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