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A B S T R A C T   

Increasing electric vehicle (EV) adoption poses serious concerns about the long-term adequacy of highway 
revenues. This paper addresses not only the fuel tax revenue loss across all vehicle classes but also proposes 
alternative funding mechanisms to recover the loss. Data on average vehicle miles travelled per vehicle, fuel 
taxes, vehicle registrations, fuel efficiency and consumption are used. The case study location is Indiana, U.S., 
and analysis period is 2021–2035. The optimal annual fees to recover the loss for each battery EV class range 
from $241 (in 2021) to $342 (in 2035) for automobiles, $344 to $435 for light-duty trucks, $1246 to $1488 for 
buses, $969 to $1243 for single-unit trucks, $6192 to $7321 for combination trucks, and $26 to $35 for mo
torcycles. For the most likely scenario (5% EV market penetration (EVMP) for light-duty vehicles and 30% EVMP 
for medium-/heavy-duty vehicles), the statewide fuel tax revenue decreases by 21% from 2030 to 2035. The 
paper also discusses a vehicle-miles-travelled fee and a pay-as-you-charge fee. The study framework is designed 
to facilitate replication in other states, and the results can provide useful information for assessing the adequacy 
of the existing revenue models and efficacy of prospective mitigation measures.   

1. Introduction 

In the United States (U.S.), there exists a wide variety of public and 
private revenue sources for highway funding. In particular, to fund 
highway spending, revenue is raised from user charges (motor fuel 
taxes, motor vehicle taxes and fees, and tolls), accounting for 44% of 
total federal, state and local revenue, as well as several other or non-user 
sources (General Fund appropriations, other taxes, investment income, 
and debt financing) (FHWA, 2014). Highway user charges constitute the 
largest part of revenue that state governments raise (around 56%), with 
motor fuel taxes accounting for 46% of the state revenue from user 
charges (FHWA, 2014). The importance of user charges for road infra
structure funding has been highlighted in numerous earlier studies 
(American Planning Association, 2010; Berg, 1990; Coussan & Hicks, 
2009; Varma & Sinha, 1990; Watts et al., 2012). The effectiveness of any 
revenue source can be influenced by factors including vehicle fuel effi
ciency, attractiveness of alternative fuels, price inflation, and shifts in 
federal-state cost shares on infrastructure spending (Varn et al., 2020). 
Of these factors, the promotion of alternative fuels and more specif
ically, battery electric vehicles (EVs) continues to pose significant 
concern to highway revenue administrators, as they cause reduced 

receipts from the fuel tax. This issue serves as the focus of this paper. 
The fast-growing market share of EVs (IEA, 2022) is being catalyzed 

by favorable government policy, falling EV purchase prices, and in
creases in the number and types of EV models available to customers 
(Bräunl et al., 2020; IEA, 2019). This exacerbates the disquiet among 
highway revenue managers regarding the falling fuel tax revenues and 
consequently, the growing funding inadequacy for highway infrastruc
ture improvements (Brown et al., 2020; Ford, 1995; Valenta, 2013; Varn 
et al., 2020). Clearly, as much as vehicle electrification is touted widely 
for its beneficial impact on the environment, EVs tend to be heavier 
compared to conventional vehicles, potentially affecting their contri
bution to road damage. It is also prudent for agencies to recognize the 
magnitude of the impact on highway revenues. As such, highway 
transportation agencies seek to ensure that the long-term transition to 
zero-emissions mobility can be achieved without compromising the 
adequacy of highway revenues. 

In efforts to enhance highway agencies’ preparedness for such un
certainty in the future of highway transportation funding, an important 
step is to identify the revenue “threat” posed by battery EV adoption and 
to measure their impacts. Another key step is to identify alternative 
mechanisms to recover the fuel tax revenue loss engendered by growing 
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vehicle electrification. The existing literature on highway revenue loss 
estimation due to EV adoption focuses mainly on light-duty EVs. Several 
vehicle manufacturers though have indicated plans to introduce me
dium- and heavy-duty EVs to the market soon (e.g., BYD, 2020; Daimler, 
2020, 2021; GM, 2021; Lambert, 2018; Lion Electric, 2021; Manthey, 
2021; Matousek, 2018; Peterbilt, 2021; SEA Electric, 2019; Stinson, 
2020; Tomlinson, 2020; Volvo, 2021). These vehicles, similar to 
light-duty EVs, are expected to have significant adverse impacts on 
highway revenue generation, since they contribute a large percentage of 
the total revenue from highway user charges. For instance, in 2019, 
trucks contributed around 53% of federal revenue and 41% (ATA, 2020) 
of state revenue raised from highway user charges (FHWA, 2019). 
Additionally, most past studies did not address alternative road-user 
pricing mechanisms to recover the lost revenue, such as electricity-use 
fees and/or vehicle-miles-travelled-based fees. This paper focuses on 
the impact of battery EV adoption on state fuel tax revenue, as 
fuel-related taxes account for, by far, the largest percentage of state 
highway revenue, and seeks to address the aforementioned gaps. In 
particular, it assesses the revenue loss for all vehicle classes and exam
ines alternative user fee mechanisms to recover the revenue loss. 

2. Existing literature on EV revenue recovery approaches and 
revenue impact assessment 

Most countries provide incentives to encourage EV adoption and 
consider alternative ways to pay for transportation infrastructure in 
response to the growing demand for EVs. In the U.S., to recover the 
revenue loss, most states apply a state-level separate registration fee for 
EVs which is supplemental to the standard vehicle registration fee 
(NCSL, 2022; Short & Crownover, 2021). The fees range from $50 per 
year in Colorado, South Dakota and Hawaii to $225 for a plug-in EV in 
Washington (NCSL, 2022) and are paid annually or every two years, 
depending on the state. In particular, South Carolina is the only state 
with a biennial fee for EVs. As an alternative to EV registration fee, 
certain states, such as Oregon and Utah, also provide the option of a 
vehicle-miles-travelled tax. Oregon’s OreGo program was launched as a 
pilot program in 2015 and vehicles which participate in the program can 
pay a road usage charge of 1.8 cents/mile (NCSL, 2022; Whitty, 2007). 
Utah’s road usage charge program involves a 1.52 cents/mile charge up 
to the additional flat fee amount. Moreover, in Pennsylvania, alternative 
fuel vehicles (including EVs), are subject to an alternative fuel tax which 
is imposed on these fuels at the same rate as gasoline and diesel on a 
gallon equivalent basis (Short & Crownover, 2021; Szybist & Harris, 
2019). User groups, such as alternative fuel dealers of electricity or EV 
drivers who charge their EVs at home, are required to remita monthly 
electricity tax ($0.0172 per kWh) to the Department of Revenue 
(Pennsylvania Department of Revenue, n.d.). 

In other countries, greater emphasis is placed on providing in
centives or policies for EV adoption, and EV fees meant to recover rev
enue loss have been suspended (Hauff et al., 2018; IEA, 2021; 
Macioszek, 2021). The interested reader may refer to IEA (2021) and 
Macioszek (2021) to learn more about the policies to promote EVs 
around the world. For example, Norway and England are among the 
countries that provide the highest number of financial incentives, and 
most incentives are associated with purchasing EVs. In China, examples 
of incentives include exemptions from fees for registering an EV, lower 
costs for or free parking, free chargers when buying an EV, and more. 
New Zealand focuses on strategically installing EV charging stations 
along main transport routes. 

A number of previous studies have investigated the revenue impact 
of alternative-fuel vehicles, in general, and EVs, in particular. This sec
tion presents, in a reverse chronological order, past studies that have 
explored this impact and/or funding mechanisms for revenue recovery. 
Short and Crownover (2021) explored options for charging electric 
automobile users for their use of public roadways in the U.S. and esti
mated the cumulative impact of electric automobiles on the Highway 

Trust Fund revenue from 2020 to 2029 as approximately $4.3B. The 
authors also discussed approaches to taxing EV users for road use, 
including state-level registration fees, vehicle-miles-travelled fees, and 
electric fuel taxes. With regard to the electric fuel tax, the authors 
estimated that a tax of $0.021/kWh is equivalent to what is paid through 
the existing federal fuel tax on gasoline ($0.184/gallon). Xu et al. (2020) 
developed a method to estimate appropriate annual registration fees for 
passenger electric and plug-in hybrid EVs in Alabama, and determined 
that an additional $181 registration fee per EV ($200 in total) will be 
sufficient to cover the gasoline tax revenue loss (due to EVs) per fiscal 
year, as the fee was expected to generate additional revenue of 
approximately $333Kfrom the 1840 EVs in that state, in 2019. 

A report by Plug In America included a qualitative discussion on the 
prospective efficacy of EV registration fees, mileage-based fees, and fees 
per unit use of electricity to fund road construction and repair (Plug In 
America, 2020). According to that report, EV registration fees are not an 
appropriate solution because they can slow not only EV adoption but 
also the pace of EV cost reductions. The authors also determined that 
road user fees based on electricity use could pose challenges associated 
with home charging due to the difficulty of quantifying EVs’ electricity 
consumption. As such, they recommended the use of dedicated meters or 
smart chargers. The authors argued that, of the revenue recovery ini
tiatives, the mileage-based fee has a greater potential and could also be 
sustainable even with more widespread ridesharing or carsharing. They 
stated that this initiative could include congestion pricing to manage 
demand and also could address potential concerns regarding equity from 
locational (rural vs. urban) and socio-economic perspectives. Ricciuti 
(2020) evaluated the impact of light-duty EV sales on lost gasoline tax 
revenue for the 50 U.S. states over a ten-year period (2019–2028) and 
provided recommendations for gasoline tax revenue recovery. The re
sults indicated that in all 50 states, the lost gasoline tax revenue could be 
overcome by imposing a yearly EV surcharge: from $80 (Alaska) to $320 
(Pennsylvania). Harto and Baker-Branstetter (2019) compared existing 
or proposed annual EV fees with the gasoline tax, across the states in the 
U.S. The authors used the ratio of existing/proposed EV fees to a 
maximum justifiable fee, which was calculated as the highest EV fee that 
could be established in a state and provides the same revenue as the 
average conventional/gasoline vehicle. 

Jia et al. (2019) evaluated the fuel tax revenue impact of EV adoption 
in Virginia, focusing on light-duty battery and plug-in hybrid EVs. The 
authors applied a county-level EV ownership model to predict EV counts 
in each county of the state from 2016 to 2025, created scenarios 
involving levels of fuel economy and adoption, and examined the spatial 
distribution of fuel tax revenue. Their results suggest a 5–19% drop in 
statewide fuel tax revenue in 2025 relative to 2016. From the spatial 
distribution of revenue, they showed that by 2025, vehicles in rural 
areas are likely to pay 28% more in fuel taxes compared to those in 
urban areas. Iowa Department of Transportation (DOT) (Iowa DOT, 
2018) sponsored a study that examined existing and potential funding 
mechanisms in order to develop recommendations to lower adminis
trative costs, promote equity, yield no net change in road use tax fund 
revenue and promote a constitutional provision that ensured the 
spending of some collected revenue on road and bridge maintenance and 
improvement only. The Iowa DOT report considered light- and 
medium-duty vehicles and the analysis was conducted for the 
2018–2040 analysis period. The results showed that lost road use tax 
fund collections would be approximately $317K in the base year (2018). 
For a high EV market growth scenario, the authors projected that there 
will be a twenty-fold increase in the reduction of the state road use tax 
fund in just five years (2020–2025). Based on these results, the Iowa 
DOT proposed and qualitatively described three mitigation strategies: a 
per kilowatt-hour excise tax for charging at non-residential charging 
locations, a supplemental registration fee for passenger EVs, and a 
hydrogen fuel excise tax. Chamberlin et al. (2016) estimated statewide 
fuel tax revenue from light-duty EVs in Utah by 2040. To estimate the 
vehicle miles travelled, the fuel consumption and fuel tax revenues, the 

T. Konstantinou et al.                                                                                                                                                                                                                          



Research in Transportation Economics 100 (2023) 101248

3

authors used FHWA’s Energy and Emissions Policy Analysis Tool and 
concluded that the fuel tax revenue will decline by 29% in 2040 
compared to 2010. 

Jenn et al. (2015) explored how different brands and models of EVs 
(light-duty EVs and automobile EV models (Toyota Camry, Honda Civic, 
Ford F-150, Nissan Leaf, Toyota Prius, Chevrolet Volt) could marginally 
impact the annual revenues at state and national levels. The study also 
attempted to estimate alternative policy options for EVs based on 
charging an annual registration fee, a use fee tax or a charging tax on 
electricity. The results suggested that the total annual revenue genera
tion will decrease by about $200M to $900M by 2025, depending on the 
level of EV adoption. To mitigate the shortfalls in revenue generated, the 
authors proposed a flat annual registration fee at 0.6% of the vehicle’s 
manufacturer suggested retail price, a 2 cents/mile fee, or a 4.5 
cents/kwh tax. Schleith (2015) investigated the impact of light-duty EVs 
on highway revenue sources and found that the average gas tax revenue 
loss associated with U.S. light-duty EV sales of 365K vehicles was 
$71.9M or 0.23% (as of August 2015). Although the authors focused on 
fuel tax revenue, they also discussed alternative mechanisms such as 
tolls, replacing or adding to the fuel tax, and a vehicle miles 
travelled-based tax that accounts for vehicle type, weight, location, and 
time of roadway use. 

Vasudevan and Nambisan (2014) examined the impacts of Corporate 
Average Fuel Economy (CAFE) regulations and variations in fleet 
adoption (for hybrid electric and alternative fuel light-duty vehicles and 
light trucks) on national transportation funding. The authors used the 
New Sales Survivability model and new vehicle sales and survivability 
data from 1980 to 2005 to estimate the fleet mix and vehicle miles 
travelled and make fuel tax revenue projections up to 2025. Different 
scenarios were considered to analyze the revenue impact implementa
tion of regulations and introduction of hybrid or alternative fuel vehi
cles. Based on the implementation of CAFE regulations and the premise 
that new hybrid or alternative fuel vehicle sales will increase by 20% 
annually from the base year (2009), the authors projected that the 
federal fuel tax revenues will decrease by more than 31% (by intro
ducing hybrid vehicles) and 37% (by introducing alternative fuel vehi
cles) in 2025. Also, the Oregon DOT conducted studies to explore 
various funding initiatives and examined potential implementation is
sues, including the case of “all-EVs”. In Whitty (2007), the Oregon 
Mileage Fee Concept was examined and charged all automobiles 
approximately 1.8 cents/mile with approximately 40% of the revenue 
being paid to third-party technology companies that facilitate the pro
gram and not to the state (Short & Crownover, 2021). The study did not 
calculate the impact of EVs on state revenue but mentioned options for 
all-EVs to pay a mileage-fee. In Jones and Bock (2017), the results of the 
Oregon Road Usage Charge Program were presented. Among other op
tions for conventional vehicles, ideas for EV fees, including flat fees, 
taxes on electricity for vehicle use, and fees based on distance travelled, 
were also examined. According to the authors, a key lesson from their 
pilot program is that charging road users per mile of travel is feasible, 
but they acknowledged the possibility of implementation challenges 
including communication difficulties between the mileage-reporting 
device and the EV. 

These previous studies examined the revenue impacts of EV adoption 
either in a qualitative manner, or where quantitative analysis was used, 
this was done for light-duty vehicles mostly. However, the reality is that 
(a) quantitative research of a wider scope (all vehicle classes) is essential 
to easily understand and describe the magnitude of the EV impact 
comprehensively to decision makers, and (b) advancements in EV 
technology are not limited to light-duty vehicles only. Additionally, a 
majority of the past studies had focused mainly on policies related to fuel 
tax while transportation funding is (or could be) based on additional 
sources. Most studies did not address adequately alternative mecha
nisms, such as user fees for electricity use and/or vehicle-miles- 
travelled-based fees, with the exception of Jenn et al. (2015) and 
Short and Crownover (2021) who provided some quantitative 

information of the impacts. The results of the literature review high
lighted the need to present more well-documented and practical models 
for developing highway revenue estimates to inform highway trans
portation agencies and state legislatures. 

3. Methods 

The methodology of this study is designed to estimate the annual 
supplemental fee to be charged per EV to break even, that is, to recover 
the state fuel tax revenue loss that is associated with the EV adoption 
(this is referred to as the “recovery EV fee”). Fig. 1 illustrates the study 
methodology. The first output is the revenue loss per vehicle class 
(revenue that would be generated from EVs if they run on gasoline or 
diesel fuel). To determine this revenue loss, the annual (average) vehicle 
miles travelled (VMT) of EVs were estimated as the product of the 
annual VMT per vehicle and the number of EV registrations. For each 
year, the number of EV registrations were estimated as the product of 
the EV market penetration (EVMP) and the total vehicle registrations at 
that year. Taking the ratio of the estimated annual VMT of EVs by the 
fuel efficiency per vehicle class produces the amount of fuel (in gallons) 
that is not consumed (or, lost) due to the growth of EVs in the market. 
Next, the fuel tax revenue loss is estimated as the product of the amount 
of fuel that is lost and the fuel tax. The recovery EV fee that could make 
up the decrease in revenue generation is calculated by distributing the 
revenue loss to the EV registrations. The results are provided per vehicle 
class, and for the 2021–2035 analysis period. The vehicle classes 
considered are: automobiles, light-duty trucks, motorcycles, buses, 
single-unit trucks, combination trucks. These six vehicle classes form the 
following two main vehicle groups: (a) light-duty vehicles (automobiles, 
light-duty trucks and motorcycles) and (b) medium- and heavy-duty 
vehicles (buses, single-unit trucks and combination trucks). Note that 
the research framework to estimate the recovery EV fee can be expanded 
to also consider federal taxes. 

Section 4 describes, in greater detail, the data needed to compute the 
annual loss in revenue. Projections for each future year are made based 
on available data sources or using predictive analysis of historical data, 
that is, trend analysis or an average (or flat) line. Scenario development 
related to future EVMP levels was also conducted and the impact on 
highway revenue was analyzed. The evolution of market penetration 
from 2021 to 2035 was based on the classic logistic S-curve. This 
methodology is in line with other studies that had used S-curves to 
predict market penetration of new technologies (e.g., Choi et al., 2013; 
Konstantinou, 2019; Trinko et al., 2022). The logistic curve is deter
mined by specifying two coordinates (year, market penetration level) on 
the curve. The equation of the S-curve is as follows (Equation (1)): 

f (t) =
L

1 + e− α(t− t0)
Equation 1  

where f(t) indicates the market penetration value, L indicates the 
curve’s maximum value or peak market share, t indicates the time 
(year), α is a parameter that stretches or compresses time and t0 is a 
parameter that shifts the curve’s timeline. 

For each scenario, the fuel tax revenue loss, recovery EV fee per 
vehicle for each vehicle class, and fuel tax revenue were calculated for 
each year of the analysis period. A conceptual causal loop diagram 
(Fig. 2) was also developed to demonstrate the dynamics of the overall 
system (Labi, 2014). This diagram uses arrows as links to show the 
causal relationships between each pair of parameters. The arrows are 
annotated as positive or negative depending on the direction of influ
ence of one parameter (the start of the arrow) relative to the other 
parameter (the end of the arrow). For example, an increase in the gallons 
lost due to the popularity of EVs is accompanied by an increase in the 
revenue loss. This figure also uses colors to follow the order of the cal
culations to estimate the final outcome. In particular, the first calculated 
parameter is the EV registrations that come from data on the EVMP 
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levels and the total vehicle registrations. As the EVMP rate or vehicle 
registration increase, EV registrations increase as indicated by the pos
itive sign of the specific arrows. When EV registrations increase, the 
VMT of EVs (e-VMT) increase and the gallons lost also increase. As the 
gallons lost increase, revenue loss increases. Revenue loss is also influ
enced by the forces of fuel tax and the percentage of vehicles that belong 
to each fuel type (diesel or gasoline). As the revenue loss increases, the 
recovery EV fee per vehicle also increases to cover this loss. It is expected 
that as EV registrations increase, revenue loss is distributed to more 
vehicles and thus, the recovery EV fee decreases. It is also expected that 
as revenue loss increases, the recovery EV fee increases. Due to the 
dynamics of the system and the way the recovery EV fee is calculated , 
the ratio of revenue loss to EV registrations always stays the same, even 
at different levels of EVMP. 

4. Case study and data 

A case study was developed to demonstrate the study methodology 

presented in Section 3 of this paper. The case study is associated with the 
state of Indiana. The methodology can be applied to case studies of other 
states. Indiana’s EV market share is relatively low compared to the 
average EV share in the U.S. and other states (Alliance of Automobile 
Innovation, 2022). As inferred in the Infrastructure Investment and Jobs 
Act (2021), planning for the widespread adoption of EVs is critical for 
effective long-term management of transportation systems. In the state 
of Indiana, this is a key component of the state’s strategy to increase its 
efforts to meet current and future emissions reduction targets and 
climate change goals (INDOT, 2019). In Indiana, the largest portion of 
the state revenues consists of motor fuel taxes (57%) that are used to 
fund state and local transportation systems (Cambridge Systematics, Inc. 
et al., 2015). According to data on state motor fuel taxes (EIA, 2022a), 
Indiana is currently ranked 10th in a decreasing order from states with 
high state tax rates on gasoline to states with low tax rates on gasoline. 
Additionally, Indiana’s (state) tax rate on gasoline is close to the na
tional average value (EIA, 2022b). In terms of the state tax on diesel, 
Indiana has the second highest tax rate, exceeding the national average 

Fig. 1. Methodology used to calculate recovery EV fee.  

Fig. 2. Causal loop diagram of system dynamics for calculating the recovery EV fee.  
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value (EIA, 2022a; 2022b). Consistent with its nickname as the cross
roads for the nation’s transportation systems (Cambridge Systematics, 
Inc. et al., 2018), Indiana possesses infrastructure that plays a key role in 
national and international commerce. Therefore, the state consistently 
seeks to ensure that its highway systems provide adequate capacity, 
improved road quality, and increased connectivity throughout the state 
for the benefit of state, regional, and international traffic, particularly, 
trucks. This can be done when investment amounts are adequate. 
Therefore, the state has a stake in identifying any threats (such as vehicle 
electrification) to its revenue stream. 

The following paragraphs discuss the data sources and forecasts for 
each data type used. 

4.1. Vehicle miles travelled (VMT) 

Data on historical average VMT per vehicle for each vehicle class 
were obtained from the Highway Statistics Series, for the 2010–2019 
period (FHWA, 2021a). Trend analysis was used to make projections to 
2035. It was observed that VMT per vehicle for all vehicle classes except 
automobiles has decreased over time; this was considered rather unre
alistic and impractical. Therefore, the average (or flat) line was chosen 
for forecasting the future VMT per vehicle, for light-duty trucks, mo
torcycles, buses, single-unit trucks, and combination trucks. It may be 
worthwhile to note that the COVID-19 pandemic has caused various 
social and economic changes that could change the VMT prediction in 
the future. For this study, the impact of COVID-19 was not taken into 
account because doing so would produce outlying data. Table A1 in 
Appendix shows the VMT per vehicle for each vehicle class, from 2021 
to 2035. 

4.2. Fuel taxes 

The estimation of the highway fuel tax revenue was based on the 
following types of taxes: sales tax on gasoline/gasoline use tax, gasoline 
excise tax, special fuel (diesel) tax and motor carrier fuel use tax. To 
calculate the sales tax on gasoline, the gasoline price was multiplied by 
7% (Agbelie et al., 2010). The Energy Information Administration (EIA) 
State Energy Data System (EIA, 2021b) was accessed to obtain the 
average annual gasoline prices for the transportation sector in Indiana 
from 1970 to 2018 in dollars per million British thermal units 
($/MMBtu). These prices were converted to approximate dollars per 
gallon ($/gallon) using the heat contents provided in the petroleum 
consumption and fuel ethanol table of EIA (EIA, 2021a). Historical data 
on the rates of gasoline and special fuel (including diesel) were collected 
from the Indiana Legislative Services Agency (2018) that contained state 
fuel tax rates for some years between 1943 and 2018. Additionally, 
according to the Indiana Transportation funding chart for the fiscal year 
2021 (INDOT Econometrics and Forecasting Division, personal 
communication, June 2021), the gasoline excise tax is 31 cents/gallon 
and the special fuel tax is 50 cents/gallon. In the years subsequent to the 
study, the state increased the gasoline tax to 33 cents/gallon and the 
special fuel tax to 55 cents/gallon (Indiana Department of Revenue, 
2022a). Note that these rates refer to state taxes; federal taxes on gas
oline or special fuel were not considered (the federal tax on gasoline and 
diesel fuel are 18.40 cents/gallon and 24.4 cents/gallon, respectively 
(EIA, 2022b). Additionally, diesel prices were not used in the revenue 
calculation, since, as of July 1, 2017, the sale of special fuel is exempt 
from the 7% gross retail tax (Indiana Department of Revenue, 2022b). 
Trend analysis was used to forecast gasoline prices, gasoline and diesel 
fuel taxes. The motor carrier fuel use tax (tax on fuel consumed by trucks 
in Indiana but purchased in other states) is taxed at the same rate as the 
special fuel tax since 1985 (Indiana Legislative Services Agency, 2018). 
Table A2 of Appendix shows the gasoline prices, gasoline and diesel fuel 
taxes from 2021 to 2035. 

4.3. Existing EV fee 

Data on existing EV supplemental “registration” fees were obtained 
to compare existing EV fees with the recovery EV fee. In Indiana, EV 
owners pay a supplemental fee of $150 (Bureau of Motor Vehicles, 2022; 
Indiana Legislative Services Agency, 2018). The fee is termed “EV 
registration” fee by the Bureau of Motor Vehicles (BMV), a term that 
could be described as a misnomer because it is intended to cover not 
only the registration but also the road use by EVs. It was assumed that 
this EV supplemental “registration” fee increases with a rate identical to 
the inflation rate. Therefore, historical data on the inflation rate 
(12-month percent change in CPI) from 2010 to 2020 were collected 
from the U.S. Bureau of Labor Statistics (n.d.) and an average (flat line) 
was used to project the fee level to 2035 (Knoema, n.d.). Figure A.1 of 
Appendix presents the existing/projected EV supplemental “registra
tion” fees. 

4.4. Vehicle registrations 

EV registrations are estimated as a percentage of total vehicle reg
istrations. Therefore, data on the latter were needed. This data were 
obtained from the Highway Statistics reports for 2010–2019 (FHWA, 
2021a). More specifically, this source included data for automobiles, 
buses, motorcycles and a general vehicle category referred to as 
“trucks”. To disaggregate the truck registrations to the categories of 
light-duty, single-unit and combination trucks, the following steps were 
taken: (i) distribution factors were applied using information from 
Agbelie et al. (2010) to first disaggregate truck registrations into 
different truck weight classes and (ii) the registrations for the different 
truck weight classes were grouped into light-duty, single-unit and 
combination trucks (Agbelie et al., 2010; Alternative Fuels Data Center, 
n.d.; FHWA, 2021b). Trend analysis was used to forecast the number of 
vehicle registrations up to 2035 (Table A3). 

4.5. Fuel efficiency 

Historical data for the 2010–2019 period related to the fuel effi
ciency (miles per gallon) of automobiles (“Light-duty short wheelbase”), 
light trucks (“Light-duty long wheelbase”), and single-unit trucks 
(“heavy-duty trucks”) were obtained from EIA (EIA, 2021c). To estimate 
the fuel efficiency for combination trucks, 2017 data from Alternative 
Fuels Data Center (2017) were used. The ratio of the reported fuel ef
ficiency of single-unit trucks to the fuel efficiency of combination trucks 
in 2017 was estimated. This ratio was used to determine the fuel effi
ciency of combination trucks from 2010 to 2019 based on the EIA data 
for single-unit trucks. For motorcycles and buses, historical data for the 
same period were obtained from the VMT table of Highway Statistics 
(FHWA, 2021a) that also reported the average miles travelled per gallon 
of fuel consumed. Trend analysis was used to make projections to 2035. 
The results are presented in Table A.4 of the Appendix of this paper. 

4.6. Fuel consumption percentages 

Data on the fuel-type split for each vehicle type were obtained from 
Agbelie et al. (2010). The fuel consumed by automobiles and motorcy
cles was considered to be 100% gasoline. 95% and 5% of light and 
single-unit trucks were considered to use gasoline and special fuel, 
respectively. The amount of fuel consumed by buses and combination 
trucks was considered 100% from special fuel. These percentages were 
assumed to remain the same during the analysis period. The motor 
carrier fuel use tax is imposed on fuel used in the state but bought at 
other states. This tax is also multiplied by a percentage of the (special 
fuel) gallons consumed by motor carriers (combination trucks). This 
percentage was obtained for 2021–2035 from Agbelie et al. (2010). 
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Fig. 3. Recovery EV fee for automobiles, motorcycles, light-duty trucks, single-unit trucks and buses.  

Fig. 4. Recovery EV fee for combination trucks.  

Fig. 5. Projections of total fuel tax revenue and revenue loss in Indiana (for the most likely EVMP scenario).  
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4.7. EV market penetration levels (EVMP levels) 

The EVMP was defined as the number of EV registrations relative to 
the total number of vehicle registrations. EVMP levels were considered 
equal across the vehicle classes within each of the main vehicle groups 
(light-, medium- and heavy-duty vehicles). Different scenarios for the 
EVMP levels were examined in the study. However, due to space limi
tations, this paper presents only the most likely scenario and an 
aggressive scenario; these are described in subsequent paragraphs. As 
mentioned in Section 3 of this paper, S-curves were created to project 
the EVMP. 2018 EVMP data were found based on FHWA (2021a) (total 
vehicle registrations) and Alternative Fuels Data Center (2018) (EV 
registrations) and each data point constituted a single observation on the 
S-curve. The data from the Alternative Fuels Data Center were for 
light-duty vehicles in Indiana (approximately0.05% EVMP level in 
2018). For medium- and heavy-duty vehicles, a 0% EVMP level was 
assumed for 2018. 

Regarding future projections, a literature review was conducted to 
identify the combination of parameters (EVMP levels and year at which 
these market penetration levels will occur) that would first form a 
baseline or most likely scenario for the future. It was found that rather 
limited data exist on Indiana’s EV market projections. Therefore, na
tional values were adopted in certain cases. With regard to projection 
periods, national studies often use a target year of 2030 for achieving 
various goals associated with alternative fuel vehicles. For example, in 
the U.S., it has been targeted that half of all new vehicles sold in the U.S. 
in 2030 should be zero-emissions vehicles (The White House, Office of 
the Press Secretary, 2021). Major automakers have endorsed this target 
and are planning for an EV share of 50% for all cars manufactured by 
2030 (The White House, Office of the Press Secretary, 2021). In the case 
of Indiana, information on market penetration rates of light-duty vehi
cles in 2030 were obtained from M.J. Bradley & Associates (2018). 
According to their “moderate” scenario for EVMP in Indiana, a 5% 
market penetration level seems more likely. This projection was vali
dated though direct communications with INDOT personnel. 

With regard to medium- and heavy-duty vehicles, there are even 
fewer publicly available sources to date regarding their future market 
shares. Most projections are presented mainly in the form of goals for 
electrification in the U.S. For example, a memorandum of understanding 
has been signed by a diverse mix of states that calls for 30% of new 
medium- and heavy-duty vehicles to be zero-emission by 2030 (NES
CAUM, 2021). In addition to these goals, the results of a stated prefer
ence survey of 200 medium-and heavy-duty fleet managers were used to 
inform this study. More specifically, this survey was conducted in the U. 
S. during May 2021 (Konstantinou, 2022). Descriptive statistics of the 

survey data included the percentages of the medium- and heavy-duty 
fleet that are targeted for electric propulsion by 2030. The survey pro
duced a pessimistic, average and optimistic scenario for the future 
adoption of electric medium- and heavy-duty vehicles according to the 
respondents. The pessimistic scenario projected approximately 30% 
electric medium-duty and 30% heavy-duty vehicle market penetration 
level in 2030 and this scenario was chosen as the most likely scenario. 
This is because Indiana is not considered an “early adopter” of EV 
technology compared to other states (Alliance of Automobile Innova
tion, 2022; M.J. Bradley & Associates, 2018). 

Therefore, assuming equal EVMP levels across the vehicle classes 
within each vehicle group, the most likely scenario is based on: 5% 
EVMP level for light-duty vehicles, 30% EVMP vehicles for medium- 
duty vehicles and 30% EVMP level for heavy-duty vehicles in 2030. 
Additionally, an aggressive scenario (100% EVMP) was considered and 
assumed to commence in 2030 for each vehicle class. This scenario was 
formed mainly to set an upper bound but it may be very unlikely to be 
achieved unless catalyzed by aggressive government policy (M.J. 
Bradley & Associates, 2018). The 2018 EVMP data, the projections for 
2030 as well as peak market shares were used to inform the S-curves. 
The peak market shares (refer to equation (1), Section 3) were assumed 
to be 90% and 95% for light-duty and medium-or heavy-duty vehicles, 
respectively, for the most likely scenario. For the aggressive scenario, 
the peak market shares were assumed 100%. 

4.8. Alternative funding mechanisms 

This study also estimated alternative ways to implement the recovery 
EV fee and help mitigate the decline in revenue generation. These op
tions included VMT fees and taxes on electricity. To calculate the VMT 
fee, the average VMT per vehicle was used which was described earlier 
(see VMT discussion in Section 4). To calculate the EV consumption per 
vehicle class (total kwh), it is needed to estimate the tax on electricity. 
This requires data on the VMT and efficiency or energy consumption 
rate (kwh/mile) of each vehicle class. It may be noted that there still 
exists rather limited information and uncertainty regarding EV effi
ciency (kwh/mile) for heavier vehicles. Therefore, to provide an esti
mation of this data, average or indicative values from publicly available 
data sources were used in this study. Table 1 presents the data sources 
used for all vehicle classes. It was assumed that the EV energy con
sumption rate decreases by 2% annually due to advancement in EV 
technology (Muratori et al., 2021). 

Fig. 6. Projections of revenue loss by vehicle class in Indiana (for the most likely EVMP scenario).  
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Fig. 7. Projections of total fuel tax revenue and revenue loss in Indiana (for the aggressive EVMP scenario).  

Fig. 8. Projections of the recovery EV fee converted to a VMT fee in $/mile.  

Fig. 9. Projections of the recovery EV fee converted to a pay-as-you-charge fee in $/kwh  
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5. Results 

This section contains the findings for the recovery EV fee and the 
impact on revenue, assuming continuation of existing taxation struc
tures. First, the recovery EV fee, calculated as the ratio of revenue loss to 
EV registrations, stays constant for different EVMP levels (also refer to 
Section 3). Fig. 3 presents the annual recovery EV fee from 2021 to 2035 
for each automobile, motorcycle, bus, light-duty truck and single-unit 
truck as well as Indiana’s existing (current) annual EV fee, for com
parison. Fig. 4 presents the annual recovery EV fee for each combination 
truck along with the existing EV fee in Indiana from 2021 to 2035. 

The figures show the recovery EV fee in dollars per year that should 
be charged annually to each vehicle for each vehicle class to recover the 
fuel tax revenue loss. Fuel tax revenue loss will keep increasing over the 
years as the EVMP increases; therefore, the recovery EV fee follows the 
same trend. As expected, the existing annual EV fee is significantly lower 
compared with the proposed EV fee (the recovery EV fee), except for the 
vehicle class of motorcycles. To maintain the same tax revenue per 
vehicle, annual fees ranging from $241 (in 2021) to $342 (in 2035) for 
automobiles, $344 to $435 for light-duty trucks, $1246 to $1488 for 
buses, $969 to $1243 for single-unit trucks, $6192 to $7321 for com
bination trucks and $26 to $35 for motorcycles would be needed over 
the analysis period. It can be observed that the recovery EV fee is high 
for heavier vehicles such as buses, single-unit trucks and combination 
trucks. This high amount can be considered appropriate because each 
heavier vehicle pays additional taxes and contributes more to the fuel 
tax revenue due to its vehicle class characteristics. Hence, to recover the 
revenue that is lost, a higher fee is necessary. Furthermore, this fee is an 
annual, direct, or one-time fee. The amount of money of this fee can be 
considered the same as the total amount that would be paid for fuel taxes 
for all the times these vehicles purchase fuel throughout the year. It is 
also important to note that the recovery EV fee for all EV classes is 
intended to cover both registration and road use and therefore, it is 
much higher than the registration fee of a traditional-fuel vehicle. 

The impact of EV adoption on highway revenue was also estimated 
based on the EVMP scenarios described in Section 4 (most likely sce
nario: 5% for light-duty vehicles and 30% for medium- or heavy-duty 
vehicles in 2030; aggressive scenario: 100% EVMP for each vehicle 
class in 2030). Fig. 5 presents the state fuel tax revenue and revenue loss 
for all vehicle classes combined, from 2021 to 2035, for the most likely 
scenario of EVMP. The fuel tax revenue (blue bars) refers to the revenue 
that would be generated from gasoline or diesel vehicles given the most 
likely EVMP levels. The graph also presents the fuel tax revenue loss due 
to EVs (red bars). For example, in 2035, the total fuel tax revenue will be 
approximately $3B due to the revenue loss associated with EVs ($2.1B). 
If there were no revenue loss, the total fuel tax revenue would be 
approximately $5.1B. The average annual fuel tax revenue loss is 
approximately $523M ($646.5 per vehicle on average or $0.047 per 
VMT on average). The average annual growth rate of the revenue loss is 
approximately 57%. The fuel tax revenue decreases by approximately 
21% from 2030 to 2035. Fig. 6 presents the fuel tax revenue loss by 

vehicle class. The average annual fuel tax revenue loss per vehicle for 
each vehicle class is around: $329 for automobiles, $425 for light-duty 
trucks, $1438 for buses, $1204 for single-unit trucks, $7096 for com
bination trucks and $34 for motorcycles. 

With regard to the aggressive EVMP scenario, the cumulative reve
nue loss from 2021 to 2035 is approximately $50B (Fig. 7), which is 
roughly $42B higher than the cumulative revenue loss of the most likely 
scenario. The average annual state fuel tax revenue loss is approximately 
$3.3B ($428 per vehicle on average or $0.033 per VMT on average). As 
expected, the total fuel tax revenue in this scenario would be zero from 
2030 to 2035 due to the 100% EVMP. In this scenario, the average 
annual fuel tax revenue loss per vehicle for each vehicle class was found 
to be around: $308 for automobiles, $408 for light-duty trucks, $1399 
for buses, $1173 for single-unit trucks, $6913 for combination trucks 
and $32 for motorcycles. 

6. Discussion 

As shown in Section 5 of this paper, it is evident that in Indiana, EV 
adoption will have profound impacts on fuel tax revenue. Imposing 
additional annual fees for EVs to recover the revenue loss can be adopted 
as a potential key initiative towards the sustainability of transportation 
revenue generation. On the other hand, such fees, notwithstanding the 
good intentions behind their administration, could negatively impact 
EVMP and consequently jeopardize the agency’s emissions goals. In 
addition, the proposed recovery EV fees could engender public opposi
tion due to their high levels, particularly in the case of heavy vehicle 
classes. Therefore, alternative ways to implement the recovery EV fee 
could be considered by the implementing agency to ensure sufficient 
revenue without jeopardizing EV adoption or public acceptance. A mix 
of alternative policy options to generate transportation revenues may 
include annual/monthly/quarterly EV fees, taxes on electricity or 
mileage-based fees implemented in a pay-as-you-charge manner similar 
to the case for traditional gasoline fuel. In the context of fees and taxes, 
the estimated recovery EV fee can be converted to a tax on electricity 
when charging an EV, measured in $/kwh, or to a user fee based on the 
miles driven by the vehicle, measured in $/mile. 

To calculate the appropriate VMT fee to charge road users, the re
covery EV fee was divided by the average VMT per vehicle (refer to 
Section 4 for the data sources). The recovery EV fee was also divided by 
the total EV consumption (refer to Section 4), resulting in a value that 
could be referred to as tax on electricity or “pay-as-you-charge” fee. 
Figs. 8 and 9 present the results regarding the VMT and pay-as-you- 
charge fees per vehicle class and per year to break even the fuel tax 
revenue loss. The calculated pay-as-you-charge fee represents the 
additional amount that should be charged on electricity consumed by 
EVs in the state to avoid the potential decrease in revenue due to EV 
adoption. 

As it can be seen, combination trucks, single-unit trucks and buses 
have higher VMT fees. Motorcycles, single-unit trucks and light-duty 
trucks have a higher fee on a per kwh basis (compared to other 
vehicle classes). This shows that heavy vehicles may pay more on a per 
mile basis, but this is not the case with the pay-as-you-charge fee. Hence, 
the trend (regarding which vehicle class will pay more or less) is not 
consistent across the alternative mechanisms nor is it always a reflection 
of vehicle weight trends, which indicates that a combination of alter
native mechanisms could be applied. This combination may depend on 
different factors such as EV market share or vehicle class characteristics 
(e.g., weight) or other policy or operational criteria. In the case where 
the charges are based on electricity consumption, then, similar to the 
revenue “problem” of increased fuel efficiency over time due to tech
nology or spurred by legislation, EV efficiency values are expected to 
increase in the future, and less charge will be needed to travel each mile, 
reducing revenues from EVs. If that happens, the same revenue gap that 
has bedeviled gasoline fuel revenues, will also be experienced for EVs. 
The gap could be decreased by raising the electricity price; however, this 

Table 1 
Data for EV efficiency.  

Vehicle class Value (kwh/ 
mile) 

Data source 

Automobiles 0.346 Average of eleven latest models from EPA 
(2021) 

Light-duty 
trucks 

0.421 Average of three Tesla Cybertruck models from  
Electric Vehicle Database (n.d.) 

Buses 1.820 Number reported by Johnson et al. (2020) 
Single-unit 

trucks 
0.940 Average of three models from CARB (2018) and  

Smith et al. (2019) 
Combination 

trucks 
2.100 Average of six models from CARB (2018) and  

Smith et al. (2019) 
Motorcycles 0.064 Number reported by Huang et al. (2018)  

T. Konstantinou et al.                                                                                                                                                                                                                          



ResearchinTransportationEconomics100(2023)101248

10

Table 2 
Alternative mechanisms to implement the recovery EV fee (including the annual EV fee).   

Annual EV fee EV fee broken into periodic payments Pay-as-you-charge fee VMT fee 

General description The total amount of EV recovery fee is paid once a 
year. 

The amount of EV recovery fee is paid 
periodically (e.g., monthly or quarterly). 

The EV recovery fee is converted to a tax on 
electricity when charging an EV, measured in $/kwh. 

The EV recovery fee is converted to a use fee on the 
mileage driven by the vehicle, measured in $/mile. 

Advantages Fees are associated with vehicle ownership and 
thus, constitute a reliable source of revenue 
compared to use-based taxes (given that vehicle 
ownership will not significantly decline). 
This system is in line with the existing registration 
funding system and would require less education, 
public outreach efforts, and would be lower in cost 
to implement. 

Costs are spread out over time, alleviating the 
financial impact of one-time registration fees. 
Fees are associated with vehicle ownership 
and thus, are more reliable sources of revenue. 

Costs are spread out over time. 
Fees are similar to the pay-at-the-pump nature of 
existing fuel taxes, facilitating their adoption by the 
public and implementation by the agencies. 

Costs are spread out over time. 
Fees can be easily adjusted based on different 
parameters (e.g., road type, vehicle weight, time of 
day) to account for the actual cost caused to the 
transportation network. 
This mechanism may lead to more strategic/targeted 
investments in transportation infrastructure, since it 
can provide accurate information about which roads 
have high EV traffic. 

Disadvantages Fees are too high to be paid upfront. 
Fees may hinder the promotion of EV adoption, 
especially from heavier vehicle classes that have 
higher costs. 
Fees do not consider mileage or usage. 
Fees may become unsustainable in a future with 
shared mobility. 

Fees may still hinder the promotion of EV 
adoption if the periodic payment is still high. 
Fees do not consider mileage or usage. 
Fees may become unsustainable in a future 
with shared mobility. 
Periodically collecting fees (e.g., every month 
or quarter) may add administrative burden. 

It may be complex to accurately measure the location 
and time of EV charging to estimate the fee/tax. 
Most charging occurs at home, and it would be 
difficult and costly to separate the EV electricity 
usage from the household usage. 
Fees may not be as accurate as a weight-based metric 
for assessing the impact of vehicles on the roads, even 
though heavier vehicles will generally use more kwh 
per mile. 
Imposing fees on charging infrastructure could 
discourage its use and purchase of EVs. 
There may be privacy-related concerns if energy 
usage/charging location data are shared (with power 
companies or third-party data aggregators). 
There may be concerns regarding experiencing the 
same revenue gap, since EV efficiency is expected to 
improve (less charge will be needed to travel each 
mile). 

There may be privacy-related concerns due to the fact 
that the distances travelled are monitored. 
Administrative burden can be high since tracking 
technology, account management and transaction 
charges may be needed. 
The imposition of this fee is associated with 
deadweight loss, since users may pay extra for the 
technology/equipment needed and this revenue is 
not distributed to the government. 

Policy considerations Additional design is needed to account for the 
amount of driving and avoid potential disparity 
between EV miles driven and the amount paid for 
road usage. EV users with low mileage may be 
charged more per mile than EV users with higher 
mileage. 
Increased fees over time may work in opposition to 
purchase incentives for EVs given by state and 
federal governments. 
Fees can be combined with mileage-based or pay- 
as-you charge fees. 

The EV fee broken into periodic payments may 
apply only to the case of vehicle classes whose 
annual EV fee is significantly high. The 
threshold for considering an EV fee high 
should be investigated. 
Their implementation may require proper 
technology to make fee collection easier and 
without many resources (e.g., online). 
Additional design is also needed to account for 
the amount of driving and avoid potential 
disparity between EV miles driven and the 
amount paid for road usage. 

Their implementation may require both on-vehicle 
technology (e.g., vehicle telematics) and submetering 
or smart chargers to measure the electricity 
consumption coming from EVs. Any approach should 
be designed properly to protect the privacy of drivers. 
Fees can be indexed for inflation to maintain the 
purchasing power of revenue generated by the fees. 
Utilities should build new tariff structures to reward 
certain charging behaviors (e.g., off-peak charging) 
to decrease user cost and thus, increase adoption. 
A connection between utilities, the state departments 
of transportation and regulators should be developed 
(which is similar to the motor fuel industry) to 
effectively remit payments to revenue collection 
agencies, especially for the case of home charging. 

Proper technology is needed (e.g., VMT tracking 
dongles) to facilitate communication between the 
mileage-reporting device and the EV and thus, fee 
collection. 
The cost of such equipment could be subsidized fully 
or partially. 
This mechanism may need 
specific design to encourage 
fuel efficiency. From a user perspective, EVs could be 
made to have lower VMT fees. Any EV fee should be 
adjusted appropriately to generate enough funding 
for transportation. The combination of this 
mechanism with weight-based fees would create a 
fairer rate structure. 
Utilities can collect a portion of the fee to cover 
administrative costs. 
Their implementation may require mutli-state 
implementation and agreements.  
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will be difficult because transportation is not the only source of elec
tricity and raising electricity prices to close the transportation revenue 
gap will affect the residential and industrial markets unduly. 

Table 2 describes the alternative policy options to generate trans
portation revenues, including EV fees, taxes on electricity or mileage- 
based fees. The information shown in the table are based on the study 
findings and highway funding literature (refer to Section 2) and can 
serve as a useful resource for policymakers who will be seeking to 
evaluate alternative ways to close the gap between transportation 
infrastructure investment needs and available resources in the vehicle 
electrification era. From the information presented in Table 2, it is ex
pected that implementing the recovery EV fee as a flat fee for EVs may 
become unsustainable in a future of shared mobility, and may generate 
opposition from the public and road users, particularly, commercial 
vehicles. Furthermore, such flat fees do not consider mileage or usage. 
As a result, EV users with low mileage, for instance, may be charged 
more per mile than EV users with higher mileage or there may be created 
an incentive for increased driving. Thus, additional design is needed to 
scale these fees to account for the amount of driving and avoid potential 
disparity between EV miles driven and the amount paid for road usage. 
A VMT ($/mile) or pay-as-you-charge ($/kwh) fee may be more 
appropriate and equitable. In particular, a VMT fee could be easily 
adjusted or combined with weight-based fees to account for the actual 
cost caused to the transportation network, in which case the trans
portation agencies will need to develop appropriate technology solu
tions to address privacy-related concerns. Additionally, from a user 
perspective, EVs could be made to enjoy a discount on their VMT fees 
because they offer other societal benefits including emission reduction 
and energy security. However, any such discount will need to be 
designed appropriately in order not to threaten the adequacy of trans
portation funding. A pay-as-you-charge fee ($/kwh) is similar to the pay- 
at-the pump nature of existing fuel taxes, and such familiarity could 
encourage acceptance by the public. Nevertheless, it would be a rather 
complicated effort to separate EV electricity usage from household usage 
(for home charging) versus that from public charging facilities. There
fore, partnerships between utilities and transportation agencies will 
need to be developed in order to effectively remit payments associated 
with EV charging at home. It is also worth noting that, in the case where 
charges are based on electricity consumption or VMT, there exist stra
tegies to protect revenue from uncertainty factors such as price jumps 
and falls due to unexpected events. Fees could be adjusted in the future 
based on a collar strategy (Shan et al., 2010) so that agencies are pro
tected from low fees and highway users are protected from high fees. 

7. Conclusions 

The study sought to provide information that could enhance highway 
agency revenue sustainability by (i) assessing the impact of EV adoption 
on the state fuel tax revenue based on scenarios of EVMP levels, (ii) 
identifying the optimal EV fee, and (iii) examining the potential of 
funding mechanisms to recover the revenue loss. It was found that, in 
the most likely scenario (5% EVMP for light-duty vehicles and 30% 
EVMP for medium- and heavy-duty vehicles), the Indiana fuel tax rev
enue will decrease by 21% by 2035, relative to 2030. To maintain the 
same fuel tax revenue per vehicle, annual fees ranging from $241 (in 
2021) to $342 (in 2035) for automobiles, $344 to $435 for light trucks, 
$1246 to $1488 for buses, $969 to $1243 for single-unit trucks, $6192 to 
$7321 for combination trucks, and $26 to $35 for motorcycles would be 
needed over the analysis period (2021–2035). The recovery EV fee was 
converted to a VMT ($/mile) and pay-as-you-charge ($/kwh) fee per 
vehicle class and per year. Potential barriers to the implementation of 
these options (e.g., sustainability, costs, privacy concerns) and policy 
aspects (e.g., implementation process, partnerships, equity consider
ations) were examined. 

The methodology was applied using a case study of the state of 
Indiana, however, it can be easily replicated and applied in other states. 

Additionally, this study can help transportation agencies and state leg
islatures better understand the impact of EVs on the highway revenue 
and serve as a reference to support decision making regarding pre
paredness for prospective EV operations in the future. This can be ach
ieved through several ways. First, the well-documented framework of 
this study can be adopted by transportation agencies to inform or be part 
of their existing revenue model, estimating optimal EV fees. Next, the 
discussion of the alternative funding mechanisms can guide trans
portation agencies or other stakeholders involved in terms of which 
alternative funding mechanism to choose. As it has been discussed in 
this study, implementing the recovery EV fee as an annual flat fee for 
EVs may generate opposition from the public and road users, particu
larly, commercial vehicles, and such fees do not consider mileage or 
usage. Therefore, to offset the gasoline revenue loss, a VMT ($/mile) or 
pay-as-you-charge ($/kwh) fee may be more appropriate and equitable. 
While this paper does not advocate for a specific mechanism, it provides 
the necessary information or aspects to consider for the decision-making 
process (e.g., refer to Table 2). 

Additionally, the estimations of the recovery EV fee, the VMT fee and 
pay-as-you-charge fee (refer to Sections 5 and 6) can be used as a basis 
for survey public opinion to capture users’ perspectives and willingness- 
to-pay and to estimate appropriate fee rates and structures, such that 
sufficient revenue is raised and public acceptance is achieved. 
Depending on the users’ perspectives, the fees of this study can be then 
adjusted and used in pilot programs. Extensive public outreach and 
education should also be undertaken to inform users about the overall 
long-term cost savings associated with EV use. This can help earn public 
support. Further, the best combination of alternative policy options can 
be identified through pilot programs. This study highlights an oppor
tunity to prepare transportation agencies for participating in pilot pro
grams on alternative funding mechanisms so that EVs can contribute 
their fair share to roadway development and preservation. As described 
in Section 2, states have begun to explore either the potential of alter
native funding mechanisms to replace fuel taxes or the impact of EV 
adoption. These efforts, including the current study, are conducted at a 
state level and inform the initiatives at regional or federal levels. 

This study has certain limitations that can constitute ideas for future 
research and methodological refinement. The analysis focused on five 
main vehicle classes and on estimating the impacts of battery EVs. 
Future research could expand the analysis by not only disaggregating 
the results by weight class, which would be particularly revealing from 
the trucks’ perspective, but also considering other alternative fuel ve
hicles. Another avenue for future research can be to account for varia
tions in VMT based on different factors, such as age cohort within each 
vehicle category, drivetrain type, demographic/household characteris
tics, geographic distribution, land-use and others. Furthermore, the 
scope of this paper focuses on fuel tax revenue or fuel taxes. Neverthe
less, there are additional revenue sources associated with the vehicle 
operation and maintenance expenditures. The revenue from these 
sources may be different between traditional vehicles and EVs and may 
need to be considered in future work. Future work can also focus on 
identifying ways to “correct” existing taxes to account for the true cost of 
driving or costs that are not currently incorporated into the market 
price, including costs on society such as emission damages, and other 
externalities, such as military and related political costs of keeping oil 
prices low. 

Moreover, this analysis calculated the optimal EV fee to recover the 
fuel tax revenue loss without explicitly accounting for the equity of 
funding mechanisms across the different vehicle classes. Future research 
can work on developing effective metrics to capture this aspect and 
ascertain an equitable fee structure (e.g., Burris et al., 2015). The 
research framework used to estimate the impact of EV adoption on fuel 
tax revenue and to estimate the optimal EV fee can also be expanded and 
consider how transportation revenue sources can align with available 
funds and broader state emission and electrification goals. Additionally, 
the research framework can be modified to consider federal taxes in 
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addition to state taxes. In this case, the estimated recovery EV fees would 
be higher, depending on whether a state is a donor state or not. More
over, the actual implementation of the options proposed will need 
in-depth studies to examine both the user perspective and the necessary 
procedures for the implementation of EV fees, such as their collection 
process, appropriate technologies, administrative costs and more. For 
instance, a study of urban and rural areas can be conducted (e.g., public 
opinion survey, pilot projects) in the future to answer any concerns 
about road usage charging policy. This paper is based on user-focused 
pricing concepts. Future work can explore facility-focused pricing such 
as toll roads and potential complexities generated by double taxation 
due to paying both motor fuel taxes/fees and tolls. Lastly, the analysis 
did not consider unexpected events affecting prices/taxes and the results 
are contingent on the best available information for the parameters 
involved. As more information impacting the assumptions becomes 
available (e.g., efficiency of EVs), it will be easy to modify the as
sumptions and replicate the analysis in the future. 
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APPENDIX  

Table A.1 
VMT (in thousands) per vehicle for each vehicle class (2021–2035) in Indiana  

Year Automobiles Light-Duty Trucks Buses Single Unit Trucks Combination Trucks Motorcycles 

2021 11.88 12.39 18.12 12.81 64.73 2.34 
2022 11.99 12.39 18.12 12.81 64.73 2.34 
2023 12.09 12.39 18.12 12.81 64.73 2.34 
2024 12.19 12.39 18.12 12.81 64.73 2.34 
2025 12.29 12.39 18.12 12.81 64.73 2.34 
2026 12.40 12.39 18.12 12.81 64.73 2.34 
2027 12.50 12.39 18.12 12.81 64.73 2.34 
2028 12.60 12.39 18.12 12.81 64.73 2.34 
2029 12.71 12.39 18.12 12.81 64.73 2.34 
2030 12.81 12.39 18.12 12.81 64.73 2.34 
2031 12.91 12.39 18.12 12.81 64.73 2.34 
2032 13.01 12.39 18.12 12.81 64.73 2.34 
2033 13.12 12.39 18.12 12.81 64.73 2.34 
2034 13.22 12.39 18.12 12.81 64.73 2.34 
2035 13.32 12.39 18.12 12.81 64.73 2.34   

Table A.2 
Fuel tax rates (2021–2035) in Indiana  

Year Gasoline Price ($/gallon) Gasoline Fuel Tax (cents/gallon) Special Fuel Fuel Tax (cents/gallon) Special Fuel for MCFUT 

Fuel Tax (cents/gallon) 

2021 2.71 31.00 50.00 50.00 
2022 3.30 31.21 51.34 51.34 
2023 3.37 31.35 51.65 51.65 
2024 3.45 31.92 52.68 52.68 
2025 3.52 32.49 53.72 53.72 
2026 3.59 33.06 54.75 54.75 
2027 3.67 33.63 55.78 55.78 
2028 3.74 34.19 56.81 56.81 
2029 3.82 34.76 57.84 57.84 
2030 3.89 35.33 58.88 58.88 
2031 3.96 35.90 59.91 59.91 
2032 4.04 36.47 60.94 60.94 

(continued on next page) 
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Table A.2 (continued ) 

Year Gasoline Price ($/gallon) Gasoline Fuel Tax (cents/gallon) Special Fuel Fuel Tax (cents/gallon) Special Fuel for MCFUT 

Fuel Tax (cents/gallon) 

2033 4.11 37.04 61.97 61.97 
2034 4.19 37.61 63.01 63.01 
2035 4.26 38.18 64.04 64.04  

Fig. A.1. Existing/projected (battery) EV supplemental “registration” fees (2021–2035) in Indiana   

Table A.3 
Vehicle registration frequencies (in millions) per vehicle class (2021–2035) in Indiana  

Year Automobiles Light-Duty Trucks Buses Single Unit Trucks Combination Trucks Motorcycles 

2021 3.31 3.84 0.02 0.29 0.06 0.27 
2022 3.44 3.94 0.02 0.29 0.06 0.28 
2023 3.57 4.04 0.02 0.30 0.06 0.29 
2024 3.70 4.14 0.02 0.31 0.06 0.30 
2025 3.84 4.23 0.02 0.31 0.07 0.30 
2026 3.97 4.33 0.02 0.32 0.07 0.31 
2027 4.10 4.43 0.02 0.33 0.07 0.32 
2028 4.23 4.53 0.02 0.34 0.07 0.33 
2029 4.36 4.62 0.02 0.34 0.07 0.33 
2030 4.49 4.72 0.02 0.35 0.07 0.34 
2031 4.62 4.82 0.02 0.36 0.07 0.35 
2032 4.75 4.91 0.02 0.36 0.07 0.35 
2033 4.88 5.01 0.02 0.37 0.08 0.36 
2034 5.01 5.11 0.02 0.38 0.08 0.37 
2035 5.14 5.21 0.02 0.39 0.08 0.38   

Table A.4 
Fuel efficiency (in miles per gallon) per vehicle class (2021–2035) in Indiana  

Year Automobiles Light-Duty Trucks Buses Single Unit Trucks Combination Trucks Motorcycles 

2021 24.59 17.99 7.42 6.61 5.36 44.22 
2022 24.73 18.09 7.45 6.63 5.39 44.30 
2023 24.86 18.18 7.47 6.66 5.41 44.37 
2024 25.00 18.28 7.50 6.69 5.43 44.45 
2025 25.14 18.37 7.53 6.72 5.45 44.53 
2026 25.28 18.47 7.55 6.74 5.48 44.61 
2027 25.41 18.56 7.58 6.77 5.50 44.69 
2028 25.55 18.66 7.61 6.80 5.52 44.77 
2029 25.69 18.75 7.64 6.83 5.54 44.84 
2030 25.82 18.85 7.66 6.85 5.56 44.92 
2031 25.96 18.94 7.69 6.88 5.59 45.00 
2032 26.10 19.03 7.72 6.91 5.61 45.08 
2033 26.23 19.13 7.74 6.93 5.63 45.16 
2034 26.37 19.22 7.77 6.96 5.65 45.23 
2035 26.51 19.32 7.80 6.99 5.67 45.31  
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