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ABSTRACT

We estimate the reduction in tax revenues that would result from the electrification of road transport in Great
Britain over the period 2025-2050 and a revenue-neutral distance-based charge to recoup these revenues. Our
model uses the assumptions and data from the Common Analytical Scenarios produced by the Department for
Transport (2023a, b). We find that under fast decarbonisation scenarios the revenues from fuel duty, VAT on the
pre-tax price of fuel and on fuel duty, practically disappear, and under slow decarbonisation scenarios, they
decrease substantially by 2050. The decrease is between 40% and 50%. Our revenue-neutral distance-based
charge is designed to vary with vehicle type and trip purpose (work/non-work), and ranges from 0.4-3.8 pence
per km in 2025, to 2.2-34.6 pence per km in 2050, depending on the vehicle type/trip purpose combination, the
scenario, and the elasticity assumed. Importantly, although it applies on top of the fuel duties and is payable by

Kilometre tax
Mileage tax
Road user charging

both electric vehicles and fossil fuel vehicles, electric vehicles continue to offer significant cost savings.

1. Introduction

Fuel duties averaged 4.2% of total tax revenues in the UK between
2014-15 and 2023-24 (HM Revenue & Customs, 2024a, Table 5)! and
1.2% of GDP in the same period (Department for Transport, 2024a; HM
Treasury, 2024a). Fuel duties are therefore important for government
finances. The problem is that the receipts from fuel duties as a per-
centage of total tax revenues and as a percentage of GDP are in decline
(Adam and Stroud, 2019; Corfe, 2022; Corlett and Marshall, 2023;
Santos and Cornford, 2024; Office for Budget Responsibility, 2022,
2023, 2024). For example, fuel duties as a percentage of total tax rev-
enues decreased from 5.3% in 2014-15 to 3% in 2023-24 (HM Revenue
and Customs, 2024a, Table 5), and as a percentage of GDP, they
decreased from 1.4% to 0.9% (Department for Transport, 2024a; HM
Treasury, 2024a).

Although this decline can be mainly attributed to improvements in
fuel economy and to the duties not having kept up with inflation,” it can
also be attributed, at least in part, to the electrification of the vehicle
fleet, which is slow but steady. The decline over 2022-2024 was exac-
erbated by the 5 pence temporary cut in fuel duties. In addition, zero-
emission cars accounted for 16% of all new car registrations in the UK

* Corresponding author.
E-mail address: SantosG@Cardiff.ac.uk (G. Santos).

in 2023 (Department for Transport and Driver and Vehicle Licensing
Agency, 2024). The sale of petrol and diesel is decreasing, along with
fuel duty revenues for the Treasury (Office for Budget Responsibility,
2023), and when electric vehicles become the dominant type of pro-
pulsion, fuel duty revenues will all but disappear (Adam and Stroud,
2019; Corfe, 2022; Corlett and Marshall, 2023; Santos and Cornford,
2024).

Fuel duty revenues go to the consolidated fund and are used to fund
public services, such as schools, hospitals and the armed forces (House of
Commons Transport Committee, 2022). Therefore, the declining reve-
nues from fuel duties pose an important problem for the Treasury in the
UK, which is likely to be replicated in other countries where fuel duties
are relatively high, as is the case in several European countries.

An obvious, quick, although, admittedly, blunt, way of getting
around the problem would be to express fuel duties in pence per mile
and use that value to determine the level of a distance-based charge. This
is what Corlett and Marshall (2023) do when they suggest a
distance-based charge for electric vehicles of 6 pence per mile plus VAT.
They argue that fossil fuel vehicles should continue to pay fuel duties, as
fuel duties would continue to target CO2 emissions and are simpler to
collect (Corlett and Marshall, 2023, p. 5). Regardless of whether the

! HM Revenue & Customs reports tax receipts for the whole of the UK, which includes England, Wales, Scotland, and Northern Ireland.
2 Ppetrol and diesel duties were frozen in 2011-2012 so they have decreased in real terms.
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same 6 pence per mile plus VAT were levied on fossil fuel vehicles
instead of the fuel duty or not, the policy would not be revenue-neutral,
but would imply an increase in revenues, as fossil fuel vehicles would
continue to pay roughly the same, and electric vehicles would now face
an equivalent charge. This, in turn, could potentially constitute a
disincentive to own an electric vehicle. That said, Corlett and Marshall
(2023, p. 5) argue that electric vehicles would still have lower operating
costs.

In the present paper, we use the Common Analytical Scenarios from
the UK Department for Transport (Department for Transport, 2023a) to
model fuel duty revenues and a distance-based charge from 2025 to
2050. Although there may be arguments in favour of revenue-needed
goals rather than revenue-neutral goals (Sin et al., 2021), we focus on
revenue neutrality, in line with Wang and Miao (2018), Corfe (2022),
Metcalf (2023), Nelson and Rowangould (2024), Noll et al. (2024),
Wood (2024), Cheon (2025), Rahman et al. (2025), and Wei et al.
(2025). Public and political acceptability in the UK is likely to prove an
important hurdle (Butcher and Davies, 2020, p. 8), but ensuring that
there is no change in the total amount of revenue collected by the
government may help increase support.

The distance-based charge in the present study is therefore revenue-
neutral, and is designed to recoup the fuel duty revenues that will be
lost. We make the following contributions. First, we provide a compar-
ative framework on a possible range of values for a distance-based
charge based on official government scenarios and projections, which
can serve as a starting point for policy design. Second, we show that the
revenue contribution from different vehicle types and trip purposes
varies with the assumptions made, including the elasticity. Third, we
propose a methodology to calculate the distance-based charge, which
can be replicated with updated data for Great Britain, and also for other
countries, if equivalent parameters can be sourced. Fourth, we provide
policy recommendations based on our methodology and results.
Although the study focuses on Great Britain, the methodology we
develop and the results we find have a much wider policy significance,
especially to governments of countries transitioning into decarbon-
isation of road transport, and in particular, to countries prioritising
electrification of road transport.

In Section 2 we critically review previous work. In Section 3 we
describe the Common Analytical Scenarios. In Section 4 we describe the
data we use and introduce our models. In Section 5 we discuss our re-
sults, and in Section 6 we conclude and provide policy
recommendations.

2. Previous work
2.1. A brief overview of petrol and diesel duties in the UK

Fuel duties were introduced in 1909 (Finance Act, 1910, Chapter 8,
Paragraph 84),% repealed in 1920 (Finance Act, 1920, Chapter 18,

3 “As from the thirtieth day of April nineteen hundred and nine, there shall be
charged, levied, and paid on motor spirit imported into Great Britain or Ireland
a duty of Customs at the rate of threepence per gallon. // As from the first day
of June nineteen hundred and nine, there shall be charged, levied, and paid on
motor spirit made in Great Britain or Ireland, an Excise duty at the rate of
threepence per gallon, and there shall be charged on a licence to be taken out
annually by a manufacturer of motor spirit and by a dealer in motor spirit an
Excise duty of one pound and an Excise duty of five shillings respectively. But a
person may sell motor spirit in a quantity not exceeding one pint at one time to
one person without taking out a licence as a dealer in motor spirit.” (Finance
Act, 1910, Chapter 8, Paragraph 84).
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Paragraph 12)* and reinstated in 1928 (Financial Statement, 24 April
1928, 216 cc861-3). They have never been earmarked, as the British
Treasury has always been reticent to earmarking (Newbery and Santos,
1999, p. 105), probably because this would restrict the government’s
freedom to decide how tax revenues should be spent each year, and
would prevent the funds from being spent in areas where there is greater
need (Santos, 2005, p. 13). The rates changed over the years, to keep up
with inflation,” and to facilitate the achievement of government objec-
tives. For example, the higher duty on leaded petrol increased the share
of drivers buying unleaded petrol from 5% in 1988 to 63% by 1993
(Newbery and Santos, 1999, p. 117).°

Revenues from fuel duties as a percentage of GDP and as a per-
centage of total tax revenues and social contributions have changed
(increasing and decreasing) over the years, reaching a maximum of
2.15% and 6.63%, respectively, in 1999.” Between 1993 and 1999 fuel
duties were automatically increased by a fixed percentage over inflation,
a mechanism known as the “escalator,” introduced by the Conservatives
and continued by the Labour government. This escalator increased from
3% in 1993 to 6% in 1997. In November 1999, the escalator was abol-
ished, and from then onwards, increases were decided on a budget-by-
budget basis (Santos and Catchesides, 2005, p. 103). After several in-
creases between October 2003 and January 2011, the fuel duty on petrol
and diesel was reduced to 57.95 pence per litre in March 2011 and
frozen until March 2022, when it was temporarily reduced by 5 pence, to
52.95 pence per litre, with that reduction still in place as of October
2025 (HM Revenue and Customs, 2025).

In 2023, revenues from fuel duties as a percentage of GDP and as a
percentage of total tax revenues and social contributions were 0.93%
and 2.57%, respectively.® This is less than half of what they were in
1999, when the “escalator” was stopped. Since fuel duties have not
increased since 2011, they have decreased in real terms. This decrease in
real terms became more pronounced with the temporary reduction of 5
pence. In addition, fuel economy has improved over the years, and the
share of alternative fuel vehicles has increased, so the tax base has
shrunk.

The problem of a shrinking tax base is not exclusive to the UK. Many
countries face similar challenges, especially those attempting to reduce
GHG emissions from road transport. The section that follows concen-
trates on the work that has been conducted for the UK and other
countries in this area.

2.2. Approach to the literature

To ensure that we did not miss any important piece of academic work
or grey literature insight in the area of declining fuel tax revenues and
distance-based charges, we organised the literature search systemati-
cally. This is not a systematic literature review because it is not aimed at
synthesising the literature in the field or answering any research ques-
tion; it is simply aimed at providing a solid background to the present
study, with a focus on declining fuel tax revenues and distance-based
charges, and identifying the gap in knowledge that the present study
addresses (Paré and Kitsiou, 2017). We explain the process we followed

4 “Repeal of customs duties on motor spirit and motor spirit dealers’ licence
duties: As from the first day of January nineteen hundred and twenty-one the
customs duties on motor spirit imported into Great Britain or Ireland and the
excise duty on licences to be taken out annually by dealers in motor spirit shall
cease to be chargeable” (Finance Act, 1920, Chapter 18, Paragraph 12).

5 As explained further down, fuel duties have not been increased to keep up
with inflation since 2011.

® Leaded petrol was eventually banned in the UK at the end of 1999 (Santos
et al., 2010, p. 10).

7 Numbers calculated by the authors based on data from the Office for Na-
tional Statistics (2024a, b).

8 Numbers also calculated by the authors based on data from the Office for
National Statistics (2024a, b).
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in Appendix 1.

2.3. Declining fuel tax revenues and the idea of a distance-based charge

Fuel tax revenues are in decline in many countries, partly due to the
increase in fuel efficiency and partly due to the market penetration of
alternative fuel vehicles, especially electric vehicles. Hajiamiri and
Wachs (2010), Jenn et al. (2015) and Davis and Sallee (2020) estimate
the loss in fuel tax revenues that would result from an increase in the
share of electric vehicles in the United States. Jia et al. (2019) do the
same for the state of Virginia, Kolpakov and Sipiora (2020) for the state
of Florida, Konstantinou et al. (2023) for the state of Indiana, and Nelson
and Rowangould (2024) for the state of Vermont. Meloche et al. (2025)
concentrate on Quebec and Ontario in Canada, and Wood (2024), on
Canada as a whole. Hensher et al. (2021) focus on the Greater Sydney
Metropolitan Area in Australia. Bonilla et al. (2022) concentrate on
Mexico, Bakirtas et al., (2024) on Turkey, and Santos and Cornford
(2024), on the UK. The percentage reduction in fuel tax revenues
calculated for these countries and regions within countries varies
depending on the assumptions on electric vehicle market penetration,
the baseline and the time-period considered, amongst many factors.

Globally, in 2023, electric vehicles were responsible for a reduction
of US$12 billion in petrol and diesel tax revenues, whilst they generated
around US$2 billion in electricity tax revenues, yielding a net loss of
US$10 billion (International Energy Agency, 2024, p. 152). These losses
could reach between US$105 billion and US$110 billion by 2035,
depending on the increase in the share of electric vehicles globally
(International Energy Agency, 2024, p. 152).

Given this problem, several countries are introducing or considering
the introduction of tax changes or charges on electric vehicles, including
annual vehicle tax, registration fees, and distance-based charges,
amongst others (Smyth and Chu, 2024).

Many states in the US have special registration fees for electric ve-
hicles, often in addition to the traditional vehicle registration fees
(Igleheart, 2023; Minnesota Department of Transportation, 2024). Most
of the revenues are allocated to the state transportation fund, with a few
states also allocating part to support other priorities, including electric
vehicle infrastructure (Igleheart, 2023; Jaros and Hoffer, 2023; Minne-
sota Department of Transportation, 2024).

There have also been academic discussions proposing revenue
recoup via congestion charges combined with car ownership taxes
(Borjesson et al., 2023), or a tax on electric vehicle battery charging
(Keford, 2023; Chang and Woo, 2024); or a purchase tax or an annual
tax (Noll et al., 2024). Indeed, several states in the US have already
implemented or are about to implement electric vehicle charging fees at
public stations (Jaros and Hoffer, 2023; Minnesota Department of
Transportation, 2024).

A distance-based charge/fee/toll/tax (DbC), also known as Vehicle
Miles Travelled (VMT) charge/fee/toll/tax, Mileage-Based User Fee
(MBUF), Kilometre tax, or Mileage tax, is a charge levied on the distance
driven by a vehicle.” These types of charges have also recently become
the subject of much attention. The idea is not new and has been under
discussion for years, as shown by Forkenbrock (2005), Lindsey (2010),
Greene (2011), Robitaille et al. (2011), Weatherford (2011), Larsen
et al. (2012), Moradi and Al-Deek (2012), Zhang and Lu (2012, 2013),
Bergeron (2013), Meurs et al. (2013), Munnich et al. (2013), and
Hensher and Mulley (2014), to cite just a few. There have also been
several pilots and experiments, such as those reported in Evans and Firth
(2007), Kim et al. (2008), Sjostrom and Larsson (2010), and Buckeye

° This type of charge is sometimes also called Road User Charge, but strictly
speaking, a Road User Charge can be based on factors other than distance. For
example, a Road User Charge can be based on vehicle weight, vehicle emis-
sions, time of day, (prevailing) congestion levels, type of road used (urban road,
rural road, or major road, minor road), amongst others.
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et al. (2023), amongst others. Distance-based charging has typically
been proposed in the name of efficient road use and the replacement of
fuel taxes (Lindsey, 2010; Wang and Miao, 2018).

This renewed interest in DbC stems from the erosion of fuel tax
revenues (Bose et al., 2021; Metcalf, 2023; Ji et al., 2024; Noll et al.,
2024; Smyth and Chu, 2024; Todts, 2024; Wood, 2024; Cheon, 2025;
Hridoy et al., 2025; Levis et al., 2025; Meloche et al., 2025; Muresianu
and Hoffer, 2025; Rahman et al., 2025).

Noll et al. (2024) estimate and compare three taxes on electric ve-
hicles: a revenue-neutral acquisition tax (which can take, for example,
the shape of a registration fee or a purchase tax), a revenue-neutral
annual tax, and a revenue-neutral DbC (all of which would raise the
equivalent revenues that the fuel tax on fossil fuel cars would have
raised) in California, Denmark, Germany, Japan, and Switzerland. They
find that taxing electric vehicles can delay the transition, and that the
delay would be higher with an acquisition tax. They conclude that a DbC
is often perceived as an optimal instrument because it is in line with the
“user pays” principle.

Langer et al. (2017) compare a fuel tax and a DbC at federal level,
both designed to raise a given amount of revenue in the US. They
conclude that the DbC has the potential to be more efficient. The effi-
ciency they suggest is linked to the possibility of varying the DbC with
traffic volume, type of road, time of day, pollution levels, driver riski-
ness, and any other external cost. They also find that an urban-rural
differentiated DbC charge would be more progressive as urban drivers
impose higher externalities and would therefore pay a higher DbC,
provided the DbC was linked to the external costs of driving. Muresianu
et al. (2024) estimate a nationwide DbC in the US that would produce
more than enough revenue to replace federal and state fuel taxes. Met-
calf (2023) models the replacement of federal (not state) fuel taxes with
a revenue-neutral DbC in the US and also finds that it would be slightly
progressive for household incomes below US$200,000. He also finds
that the DbC would benefit rural drivers and would have virtually no
impact on Black and Hispanic households. Knittel et al. (2025) conduct a
similar exercise and also find that the DbC would be modestly pro-
gressive. They also find that rural areas and the centre of the country,
which tend to have lower average fuel efficiency, would pay less, and
urban areas and coastal regions, where EV adoption is highest, would
pay more.

Wang and Miao (2018) simulate a revenue-neutral flat DbC for the
US, with a rate estimated for each state. They find that a DbC would
yield more stable revenues relative to fuel taxes, as these are set to
decrease. In contrast with Langer et al. (2017) and with Metcalf (2023),
they find that a DbC would be slightly more regressive than a fuel tax,
although the difference would be negligible. The reason for the differ-
ence between Langer et al. (2017) and Wang and Miao (2018) is that the
former assume that the DbC would be higher for urban drivers, who
impose higher external costs, whereas the latter do not differentiate
between urban and rural driving, or their respective externalities. In
addition, both Wang and Miao (2018) and Metcalf (2023) report the
distributional impacts of a revenue-neutral flat DbC as “slightly”
regressive and “mildly” progressive, respectively, indicating that the
differences are negligible.

Rahman et al. (2025) compare the distributional impacts of fuel taxes
and a revenue-neutral DbC for different income segments and two
geographic groups (urban and rural), in California, lowa, New York, and
Texas. They find that with fuel taxes and with a flat DbC that does not
differentiate by fuel efficiency, rural households pay more than urban
households, and higher-income groups pay more than lower-income
groups. They also find that the gap narrows with a DbC, with rural
households paying less because, typically, vehicles in rural households
drive longer distances but also have lower fuel efficiency than vehicles
in urban households, in line with Wang and Miao (2018) and Metcalf
(2023). They conclude that households in California, lowa, New York,
and Texas would pay less on average with a DbC than with the current
fuel tax system, but this is only because electric vehicles would also be



A. Penafiel-Mera and G. Santos

contributing to raise the same amount of revenues and households
owning electric vehicles are still a minority in the US.

Glaeser et al. (2023), on the other hand, highlight that fuel taxes are
regressive and have become more regressive over the years because
higher-income households tend to use less fuel as they are the ones that
can afford electric vehicles. For this very reason, they find that replacing
fuel taxes with a household-level DbC would increase the average
burden on households in the top income deciles. This progressive shift
would become larger with time, as electric vehicles become more
common amongst higher than lower-income groups in the US, an intu-
itive conclusion in line with the findings by Todts (2024) for the UK.
Cheon (2025), on the other hand, finds that whilst less fuel-efficient
vehicles would benefit from the petrol tax being replaced with a DbC,
and more efficient vehicles, such as electric vehicles, would incur losses,
results by income level suggest that the DbC would be more regressive
than the petrol tax, in line with Wang and Miao (2018). That said, he
concludes that replacing fuel taxes in the US with a revenue-neutral DbC
would slightly increase consumer surplus, and that a uniform federal
DbC would lead to varying outcomes across states largely due to dif-
ferences in vehicle fuel efficiency.

Not surprisingly, Kastrouni et al. (2015) find that households with
higher fuel-efficiency vehicles or on higher incomes would increase their
payments if a DbC were to replace fuel taxes in the US, and Welch and
Mishra (2014) find that replacing the state fuel tax with a DbC in the
state of Maryland would increase travellers’ welfare, especially the
welfare of those in lower-income groups and those in rural areas. Ju
et al. (2024) find that replacing the fuel tax in the state of Texas with a
DbC would decrease the distance travelled by lower-income households.
They also find that it would decrease average rural household payments
and increase average urban household payments. On similar lines,
Nelson and Rowangould (2024) conclude that replacing the state fuel
tax with a revenue-neutral DbC in the state of Vermont would yield, on
average, lower tax burdens for rural and low-income households than
for urban and high-income households.

Ji et al. (2024) explore how state-level DbC pilots and programs in
the US could be integrated with tolling systems. They find that the
tolling industry and the DbC implementations could reduce their
administrative costs and benefit from the increased scale of operations.

Wood (2024) presents preliminary estimates of a revenue-neutral
DbC for Canada using 2021 data, allowing for a reduction in distance
travelled by drivers in response to the DbC. He highlights that DbC rates
in each province and territory differ because of differences in provin-
cial/territorial fuel tax rates and differences in fuel efficiency, and
concludes that it would be important to estimate a DbC that internalised
all distance-based externalities, which brings the problem of efficiency
into the discussion. Indeed, a DbC designed to recover the declining
revenues from fuel taxes, is not necessarily an instrument that will
achieve efficiency. Borjesson et al. (2023), for example, find that the
differences in congestion and other external costs across Malardalen, a
country-like very urbanised region in Sweden, are so large that they
would be better internalised with a congestion tax combined with
another instrument, such as a vehicle ownership tax. This is an intuitive
conclusion, although the DbC could be differentiated to approximate
different marginal external costs, such as congestion, air pollution'® and
accidents (Wood, 2024). The problem is that a fine-tuned DbC to match
external costs would be associated with higher administrative costs
(Borjesson et al., 2023, p. 59) as it would need to be differentiated by
vehicle type, time and place (Todts, 2024), an issue that a DbC linked to
external costs as suggested by Langer et al. (2017) would also face.

It should be borne in mind, however, that a uniform DbC on electric
vehicles designed to recover tax revenues may not internalise external
costs perfectly but it may help reduce congestion to some extent, which

10 Electric vehicles produce particulate matter resulting from tyre and brake
wear and road abrasion (Quarmby et al., 2019; Wood, 2024).
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would result from the lower mileage costs of electric vehicles relative to
petrol and diesel vehicles (Sallnow and Plowden, 2022). Hensher et al.
(2021), for example, model a DbC on electric vehicles focusing on the
Greater Sydney Metropolitan Area in Australia for a period post-2040,
when electric cars are expected to exceed 20% of the total fleet. They
find that a carefully designed charge on electric vehicles would reinstate
the lost fuel duty revenues and would help contain an increase in car use
that would otherwise come as a result of the switch to electric vehicles.

The state of Victoria in Australia introduced a zero and low-emission
vehicles DbC in 2021, but in 2023, the High Court deemed the charge
unconstitutional (Byrne, 2023). As of 2025, the state of New South
Wales (NSW) is planning to implement an almost identical DbC in 2027
or when electric vehicles reach 30% of all new vehicle sales, whichever
comes first (NSW Government, 2025). They are also working to assess
the implications that the High Court decision regarding the DbC in
Victoria could have on the DbC in NSW (NSW Government, 2025).
Interestingly, the Federal Government is advancing plans for electric
vehicle owners to pay a new road-user charge, which would be a DbC,
with some claiming it could be expanded to all vehicles, like in New
Zealand (Collis, 2025), a case we discuss below.

Corfe (2022) estimates a revenue-neutral DbC for the UK. He models
different free mileage allowances, which impact the value of the DbC. To
keep revenues constant, he proposes a DbC of 8 pence per mile if a 1,
000-mile allowance were introduced, 10 pence if a 2,500-mile allow-
ance were introduced, and 16 pence if a 5,000-mile allowance were
introduced.

Corlett and Marshall (2023) calculate a DbC for the UK by simply
expressing the fuel duty not as pence per litre but pence per kilometre,
with the help of data on fuel consumption per distance travelled, and
arrive at a figure of 6 pence per mile plus VAT. They argue that this DbC
could apply to electric vehicles, with fossil fuel vehicles continuing to
pay the fuel tax for as long as they continue to be on the roads. The
policy would therefore not be revenue-neutral and could potentially act
as a disincentive to own an electric vehicle, although Corlett and
Marshall (2023, p. 5) highlight that electric vehicles would still be
cheaper to run.

Al-Deek and Moradi (2015) design four variants of a DbC to replace
the total fuel tax (which is composed of a federal, a state, and a local tax)
in the state of Florida in the US. The variants are: (a) a DbC equivalent to
the current tax, i.e., the current fuel tax is expressed in cents per mile, on
similar lines of what Corlett and Marshall (2023) do, (b) a DbC based on
area type, making it higher for urban areas, (c) a DbC based on time of
day, making it higher for peak periods, and (d) a DbC based on
congestion, making it higher for urban areas during peak periods. They
find that revenues from different DbC designs can be higher than reve-
nues from fuel taxes, with the highest of all being a higher DbC for urban
areas during peak periods, as would have been expected.

Rodriguez and Pulugurtha (2021) estimate a DbC for the city of
Charlotte, North Carolina, in the US to replace or complement the fuel
tax and reduce the local transport finance deficit. They develop several
variants, including factors accounting for vehicles’ weight, and find that
the DbC would be capable of reducing the transport finance deficit.
Hridoy et al. (2025) also focus on North Carolina. They conduct a survey
amongst car users to understand if they would change their car use if a
DbC were introduced, and find that they would if the rate were high,
although the sensitivity varies with socio-demographic characteristics
and trip purpose.

Sin et al. (2021) estimate a DbC for Pennsylvania in the US and
demonstrate the difference and importance of revenue-neutral versus
revenue-needed as goals, and conclude that a DbC should be based on
revenue-needed. This is a contentious issue, once public and political
acceptability come into the discussion.

Wei et al. (2025) explore the impacts of a DbC on commercial ve-
hicles in California relative to state fuel and weight fees and find that for
revenue-neutral scenarios, the burden would be shifted from larger to
smaller commercial vehicles, relative to the fuel tax, there would be
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little economy-wide impacts, and the distributional impact on con-
sumers would be negligible.

As pointed out above, these ideas have gone beyond academic ex-
ercises and have started to take shape in the real world. Norway is
contemplating the introduction of a national DbC (Norwegian Tax
Administration and Norwegian Public Roads Administration, 2022, p.
119) in steps, with light Norwegian zero-emission vehicles in Step 1,
paying a flat DbC, followed by heavy vehicles and foreign vehicles over
7.5 tonnes in Step 2, which will also need to pay the DbC, differentiated
by area (sprawled built-up, conurbation, big city) and time of day
(Norwegian Tax Administration and Norwegian Public Roads Adminis-
tration, 2022, p. 5).

In 2018, the state of Utah in the US passed legislation on an alter-
native fuel vehicle fee in addition to the annual registration fee that all
vehicles pay (Utah Department of Transportation, 2022) and in 2022
they introduced the option of a DbC, known as the Utah’s Road Usage
Charge (National Conference of State Legislatures, 2022). Alternative
fuel vehicle owners have the choice to pay per distance driven instead of
paying the alternative fuel vehicle fee (Utah Department of Trans-
portation, 2022).

On similar lines, the state of Hawaii, passed legislation in 2023,
creating a DbC for electric vehicles from July 2025, and eliminating the
annual state vehicle registration surcharge they pay, although electric
vehicle owners will be able to choose between paying a registration
surcharge or the DbC until June 2028 (Hawai’i State Legislature, 2023).

In Iceland, a DbC for electric vehicles is in place (Iceland Govern-
ment, 2024). It was introduced in January 2024 (Adam, 2024) as fuel
tax revenues were decreasing (Iceland Government, 2023), and will be
expanded to all vehicles, including petrol and diesel vehicles in 2025
(European Commission, 2025). Similarly, in New Zealand, a DbC for
electric vehicles was introduced in April 2024 (New Zealand Transport
Agency, 2024a) or better say, the exemption they had enjoyed since
2009 was terminated because they reached around 2% of New Zealand’s
light vehicle fleet (New Zealand Transport Agency, 2024b). Importantly,
the government agreed in 2025 to a series of legislative changes that will
enable the replacement of petrol taxes with electronic road user charges
based on distance and weight (Bishop, 2025). As of 2025, petrol vehicles
pay a tax on petrol, whereas diesel, electric, and heavy vehicles pay a
road user charge based on distance (Bishop, 2025). However, the road
user charge system is paper-based, and requires drivers to monitor their
odometers and pay the road user charge in 1000 km chunks (Bishop,
2025). That is why the government of New Zealand plans to reform the
rules and move to a user-friendly electronic system (Bishop, 2025).

Despite some pro-motorist voices that argue that “these are still early
days” and that “losing a few billion pounds in fuel duty is a price worth
paying to save the planet” (RAC Foundation, 2023), it is clear that the
reduction in fuel duty revenues is an important problem not just in the
UK but in countries transitioning to road transport electrification. A DbC
is clearly a feasible and viable option in the UK to recoup fuel tax rev-
enues. The government needs to rethink how it taxes motoring as a
matter of urgency, before revenues are eroded and expectations of
electric vehicles not paying taxes become ingrained (Adam and Stroud,
2019; Corfe, 2022).

The idea of national road pricing in the UK, supported by a feasibility
study on road pricing (Department for Transport, 2004) and the
Eddington Report (Eddington, 2006) was abandoned in 2007 following
an e-petition on the official No. 10 Downing Street website with 1.8
million signatures asking the government to scrap the plans (Glaister,
2018; Butcher and Davies, 2020). Almost 20 years on, there is more
public and political awareness of the importance of road transport
electrification in the fight against climate change and the inevitable
reduction of fuel tax revenues. Offering a minimum number of free miles
per year (King and King, 2017; House of Commons Transport Commit-
tee, 2022; Corfe, 2022; Smith and Clougherty, 2023), could help to ease
equity concerns (Bose et al., 2021; House of Commons Transport Com-
mittee, 2022).
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3. Common analytical scenarios

All our estimates pertain to the future, and for this, we use scenarios.
The scenarios we use are the Common Analytical Scenarios (CAS) pro-
duced by the Department for Transport (2023a, b). Scenarios are rep-
resentations of possible futures, and this approach is especially useful in
the present study because it is not possible to predict the future of
transport with any certainty (Department for Transport, 2023b, point
3.36). Areas of uncertainty include population growth, economic
growth, economic activity distribution across regions, technological
advances and uptake, social and behavioural change, and vehicle fleet
decarbonisation (Department for Transport, 2023b, point 3.45).

There are seven CAS plus a Core Scenario. The Core Scenario is the
scenario used in the Transport Analysis Guidance (TAG) Databook
(Department for Transport, 2024b), which was first launched in 2013,
and has been and will continue to be regularly updated. The seven CAS
are described in the TAG Uncertainty Toolkit (Department for Transport,
2023b), and are summarised in Table 1, which also includes a descrip-
tion of the Core scenario.

We use these scenarios and their assumed mode and energy shifts,
but we do not model the mode and/or energy shift that would likely
result from the introduction of a DbC, and this constitutes a limitation of
our study.

4. Data and models
4.1. Data

4.1.1. Indices

To ease the understanding of the formulae used in the present study,
some of which include variables with up to six indices, we present all the
indices we use in Table 2.

4.1.2. Shares of distance travelled by energy and trip purpose

The data for the share of distance travelled by different vehicle types
running on petrol, diesel and electricity, &, was extracted from the
CAS Databook (Department for Transport, 2023a) for the TC, VL and MB
scenarios, and from the TAG Databook for all the other scenarios. We
combined this data with the shares of distance travelled for work and
non-work purposes, 7,,, which we took from TAG Table Al.3.4
(Department for Transport, 2024b).1!

The shares of distance travelled by different vehicle types running on
energy e, &ume, follow two different projections: one applies to the CO,
HE, LE, RE and BC scenarios, and the other, to the TC, VL and MB sce-
narios. The source of each dataset is presented in Table 3 and the values
are displayed in Fig. 1.

Under the slowest electrification scenarios (CO, HE, LE, RE and BC),
although the distance travelled by cars using electricity grows over time,
it does not exceed 70% of the total distance, and for LGVs it does not
exceed 45% by 2050. HGVs continue to drive on diesel, with zero
electrification. Under the fastest electrification scenarios (TC, VL and
MB), on the other hand, 100% of the distance travelled by cars and
almost 100% of the distance travelled by LGVs and HGVs is travelled on
electricity by 2050.

4.1.3. Travel distances and speeds

Fig. 1 shows the projections of &, which are the shares of distance
travelled by different vehicle types running on petrol, diesel and elec-
tricity under the different scenarios over the modelled period,
2025-2050.

The datasets of distance travelled, and average speed were extracted
from the National Road Traffic Projections (NRTP) Workbook

1 We assumed the shares of work and non-work trips were the same for all
scenarios and remained constant over the modelled period.



A. Penafiel-Mera and G. Santos

Table 1
Description of the Core Scenario and the seven Common Analytical Scenarios.
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Table 2
Indices, descriptions and values.

Scenario Narrative

Index and description Index values (Code)

Core This scenario projects current trends into the future, and
assumes there are no fundamental shocks or changes.
GDP, population and employment trends are assumed to
be those in the Annual Parameters Table of the TAG
Databook (Department for Transport, 2024b).

People become richer than we currently expect. The
increase in immigration and population exceeds official
forecasts. In 2050, the population in Great Britain reaches
77.7 million, and the GDP is 10% higher and employment
is 12% higher relative to core assumptions.

There is low immigration and low population growth. In

High Economy

Low Economy
2050, the population in Great Britain reaches 64.6 million,
and the GDP is 31% lower and employment is 7% lower
relative to core assumptions.

People migrate from London, the South East and the East
of England looking for more affordable housing. This
causes lower employment and population growth in these
regions relative to the rest of the country. Productivity and

Regional

relative competitiveness increase in regions outside
London, the South East and the East of England.
Population and employment in regions outside London,
the South East and the East of England grow at the same
rate as in the whole country or more, and population and
employment in London, the South East and the East of
England grow at a lower rate than before, so the whole
country’s growth rate remains the same.

There are changes in the travel behaviour of young people,
and increased flexible working and online shopping.
Overall trip rates fall. Fewer young people hold a driving
licence. There is an increase in Light Goods Vehicle trips
reflecting an increase in deliveries from online shopping.
Connected autonomous vehicles enter the fleet in the
2020s and represent up to 50% of it by 2047. This makes
road travel extremely attractive and accessible. Trip rates
by the elderly increase after 2031. The nature of a driving
licence changes due to connected autonomous vehicles,
and this means that there is a drastic increase in licence
holders after 2031, reaching 92% by 2061. There is a high
uptake of electric vehicles. The perceived costs of travel
time falls. Car occupancy can be zero for empty running
trips by connected autonomous vehicles.

Behavioural change

Technology

Vehicle-led
Decarbonisation

There is no intervention by the government to increase
electric vehicle costs (no distance-based charge, for
example). As a result, there is a high uptake of electric and
other zero-emission vehicles, and in this scenario, the
uptake is higher than in the Core. There is no adjustment
made to current costs of public transport. In this scenario
and in the Core scenario, electric vehicles are relatively
cheaper to run thanks to the lack of fuel duty, so transport
users switch to electric cars and electric light good
vehicles, away from petrol and diesel and also from other
modes, including public transport. This leads to increased
road traffic on the network.

An unspecified intervention and/or market forces equalise
the operating costs of electric vehicles with the operating
costs of petrol and diesel vehicles. There is still a high
uptake of electric and other zero-emission vehicles mainly
due to the ban on the sale of new petrol and diesel
vehicles, not because of a cost advantage. Since operating
costs are equalised, the costs of car travel are not cheaper
than the costs of public transport travel. The share of
public transport is higher than in the Core scenario
because it is a more competitive choice.

Mode-balanced
Decarbonisation

Note 1: The core scenario is not described on the TAG Uncertainty ToolKkit, but
consists of central projections and assumptions made in the TAG Databook
(Department for Transport, 2024b).

Note 2: The fleet assumptions from the TAG Databook (Department for Trans-
port, 2024b) used in the Core scenario do not include the 2030 ban on the sale of
new petrol and diesel vehicles or the removal of the exception from vehicle
excise duty on zero-emission vehicles. The sale of new petrol and diesel vehicles
will be banned from 2030, with all new cars and vans being fully zero emission
by 2035 (Department for Transport, 2025). The exception from vehicle excise
duty on zero-emission vehicles was removed in 2025 (UK Government, 2025).

Source: TAG Uncertainty Toolkit (Department for Transport, 2023b, pp. 50-51).

s denotes the CAS Core (CO)

High Economy (HE)

Low Economy (LE)

Regional (RE)

Behavioural Change (BC)

Technology (TC)

Vehicle-led Decarbonisation (VL)

Mode-balanced Decarbonisation (MB)

2025, 2026, ..., 2050

Work trips (W)

Non-Work trips (NW)

m denotes vehicle type” Car
Light Goods Vehicle (LGV)
Rigid or Other Goods Vehicle 1 (OGV1)
Articulated or Other Goods Vehicle 2 (OGV2)
Public Service Vehicle (PSV)

t denotes the year
u denotes the trip purpose”

e denotes the energy used by Petrol
the vehicle Diesel
Electricity

[ denotes the elasticity High elasticity

Low elasticity

 Both value of time and vehicle operating costs are different for work and
non-work trips. The difference in vehicle operating costs is relevant in the pre-
sent study because vehicles travelling for work purposes can reclaim the VAT
paid on fuel, fuel duty or electricity.

b In the UK, OGV1 is a 2 or 3-axle rigid vehicle and OGV2 is a 4-axle rigid
vehicle or articulated vehicle with any number of axles. According to those
definitions, the sets of OGV1 and Rigid vehicles are not identical, and the sets of
OGV2 and Articulated vehicles are not identical either. Some of the datasets
needed for the present study use the OGV1 and OGV2 classification, whilst
others use the Rigid and Articulated vehicles classification. To standardise those
differing datasets, we made the simplifying assumption that OGV1 equals Rigid
and OGV2 equals Articulated.

Table 3
Groups of scenarios by energy shares.
CAS Estme
Core Slower electrification of the fleet.

High Economy

Low Economy
Regional
Behavioural Change

According to the CAS Databook (Department for
Transport, 2023a), for these scenarios, the mileage split
matches the shares of vehicle kilometres by fuel type
from TAG Table A1.3.9 (Department for Transport,

2024b).
Technology Faster electrification of the fleet.
Vehicle-led This option corresponds to the information provided in
Decarbonisation Tables MB1, VL1, and T4 of the CAS Databook
Mode-balanced (Department for Transport, 2023a).
Decarbonisation

(Department for Transport, 2022). Several simple manipulations had to
be performed, as follows. First, since the NRTP Workbook (Department
for Transport, 2022) does not include any data for Scotland, distance
travelled from the NRTP Workbook was increased to include Scotland,
assuming that the share of total distance travelled by mode in Scotland
relative to total distance travelled by mode in Great Britain would stay
constant, which is a reasonable assumption bearing in mind that these
shares stayed constant over the period 1993-2021.'% Fig. 2 shows the
resulting total distance. Second, the NRTP Workbook (Department for
Transport, 2022) provides data for the years 2015 and 2025, and then in

12 These shares have stayed virtually constant, as can be seen in Appendix 2,
which shows the share of distance travelled in England, Wales and Scotland
over 1993-2023, on the basis of data from Table Regional Traffic: by vehicle
type (Department for Transport, 2024d).
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Fig. 1. Projections of the shares of distance travelled by different vehicle types running on petrol, diesel and electricity under the different scenarios, Great Britain,
2025 to 2050. Note: The corresponding scenarios are shown on the left. Source: TAG Table A1.3.9 (Department for Transport, 2024b) for CO, HE, LE, RE and BC, and

Tables MB1, VL1, and T4 of the CAS Databook (Department for Transport, 2023a) for TC, VL and MB.
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Fig. 2. Total projected distance driven under the different scenarios, Great Britain, 2025-2050. Source: Department for Transport (2022).

five-year intervals (e.g., 2030, 2035, through to 2060). The values for
the intermediate years were calculated using linear interpolation be-
tween the years for which there was data. Third, all values in miles (for
distance and speed) were converted to kilometres. Fourth, the pro-
jections of distance travelled in the NRTP Workbook (Department for
Transport, 2022) are provided for HGV, which combine OGV1 and
OGV2. We used data from the road freight statistics (Table RFS0110,
Department for Transport, 2024c), which differentiates between dis-
tance travelled by Rigid goods vehicles and Articulated goods vehicles,
to divide HGV into OGV1 (i.e., rigid) and OGV2 (i.e., articulated). '
Fifth, average speeds by mode were calculated as a weighted average of
the speeds on different types of roads (A road, Minor Road, Motorway
and Trunk). The weights correspond to the shares of the distance trav-
elled on each road type according to the NRTP Workbook (Department

13 As explained in footnote b of Table 2, we made the simplifying assumptions
that (a) all OGV1 are rigid, even though in reality, a small percentage are ar-
ticulated, and (b) all OGV2 are articulated, even though in reality, a small
percentage are rigid. We had to make these assumptions because Table
RFS0110 (Department for Transport, 2024c) does not differentiate between
OGV1 and OGV2 but between rigid and articulated.

for Transport, 2022). Finally, average speeds in Scotland were assumed
to be the same as average speeds in England and Wales.

The models introduced in the following sections require the distance
to be disaggregated, either by energy (petrol, diesel, electricity) or by
trip purpose (work, non-work), or sometimes by both. We disaggregate
distance travelled, denoted M, by energy and trip purpose, using Eq. (1);
by trip purpose only, using Eq. (2), and by energy only, using Eq. (3).

Mstume = stmfumgsme (1)
Mstum = MstmTum (2)
Mstme = stmé;cmg (3)

We distinguish between modelled and historical distance travelled
by using a dot on top of the variable: Mj,,. Hereafter, variables including
a dot on top will be used to describe recorded data. In the case of M, the
dataset is historical road traffic data (Department for Transport, 2024d).
The data is provided by vehicle type (car, LGV, OGV1, OGV2, and PSV).
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Fig. 3. Total distance travelled by all vehicles in Great Britain, 1993-2023. Source: Department for Transport (2024d).

Fig. 3 shows the total distance travelled (M), including all vehicle
types in Great Britain, from 1993 to 2023.'*

4.1.4. Parameters for unitary fuel and electricity cost, fuel duty and VAT

Following TAG Tables A1.3.12 and A1.3.13 of the TAG Databook
(Department for Transport, 2024b),15 we use Eq. (4) to forecast fuel (and
electricity) costs, where @ denotes unitary fuel (or electricity) cost,
expressed in £/km, s denotes average travel speed, and a, b, ¢, d
are cost parameters. Several sets of cost parameters are provided in the
TAG Databook (Department for Transport, 2024b), one for each com-
bination of vehicle type (car, LGV, OGV1, OGV2, PSV), trip purpose
(work, non-work) and energy (petrol, diesel, electric). The parameters
for work trips are contained in TAG Table A1.3.12, and those for
non-work trips, in TAG Table A1.3.13 (Department for Transport,
2024b). The difference between them is that the former excludes VAT, as
VAT can be reclaimed for work trips.

Oaame = (%) 4 () + CameSan) + (damen’) @

Each of the cost parameters is obtained using Eq. (5)'° (TAG Table
A1.3.11, Department for Transport, 2024b), where p,, denotes fuel price,
S, fuel duty, and ¢,,, VAT. Fuel price and fuel duty are expressed in
£/litre, while VAT is a percentage. These three inputs were obtained
from TAG Table 1.3.7 of the TAG Databook (Department for Transport,
2024b).

Gorume = @pe (Pre + te) (1 + i) ()

We use two sets of consumption parameters (a”, b”, ¢ and d”), one
for each group of scenarios in Table 3. The dataset for the first group is
calculated in TAG Table A1.3.11 of the TAG Databook (Department for
Transport, 2024b), using TAG Tables “VoC Efficiency” and “Fuel

14 The marked reduction in distance travelled in 2020 is the result of travel
restrictions imposed during the COVID19 pandemic, and this is followed by a
recovery which, as of 2023, had not reached pre-pandemic levels.

15 The TAG tables assume that the 5 pence cut in fuel duty is stopped and the
fuel duty returns to 57.95 pence per litre and grows with the Retail Price Index
from calendar year 2024. This is not in line with the Autumn Budget 2024 (HM
Treasury, 2024b), but it is not likely to affect the model results substantially.

16 The example shows the formula for parameter a, however, the same for-
mula applies to parameters b, ¢, and d.

consumption.” The dataset for the second group is given in Tables T5,
VL2, and MB2 of the CAS Databook (Department for Transport, 2023a)
as values, without formulae.

We now disaggregate each of the terms of the cost parameters into
sub-parameters that are specific to fuel price (a”), fuel duty (a®) and fuel
VAT (a%), as shown in Eq. (6).

Astume = Islllmep te + azltmeéfe + alsl/tme (ﬂ te + 6te)gteu (6)
—_—— Y—— —-
ome Boume Cume

For the case of work trips (i.e., u = W), ¢, is 0%. This results in a,
b¢, c¢ and d¢ also being 0. In addition, since electric vehicles pay zero fuel
duty in all the projected years, a’, b’, ¢’ and d° are also 0.

4.1.5. Historical and projected GDP and fuel duty revenues

The GDP series, denoted by Iy, consist of three datasets: one that
corresponds to the HE scenario, one that corresponds to the LE scenario,
and one that corresponds to the CO scenario and all the other scenarios,
RE, BC, TC, VL, MB. The HE and LE GDP projections were taken from
Tables HE4 and LE4 of the CAS Databook (Department for Transport,
2023a). The GDP projection for the CO scenario and all the other sce-
narios was obtained from TAG Table “Annual Parameters” of the TAG
Databook (Department for Transport, 2024b), following the assump-
tions from Table SG of the CAS Databook (Department for Transport,
2023a). These projections are displayed in Fig. 4.

The GDP for the years prior to 2025 was also sourced from TAG Table
“Annual Parameters” of the TAG Databook (Department for Transport,
2024b). Historical fuel duty revenues were obtained from Table
TSGB1310 (Department for Transport, 2024a). All monetary values in
this paper are expressed in 2019 prices.

4.2. Models

4.2.1. Expected fuel duty and VAT revenues

Fuel duty is levied per unit of petrol and diesel purchased and VAT is
applied after fuel duty, so, the pump price of a litre of petrol or diesel
includes the pre-tax price plus the fuel duty plus 20% VAT both on the
pre-tax price and on fuel duty (Office for Budget Responsibility, 2024).

4.2.1.1. Projections using the shares of energy according to the common
analytical scenarios. In this section, Eq. (4) and the corresponding pa-
rameters resulting from Eq. (6), are used to disaggregate fuel (or
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Fig. 4. GDP projections under the HE, LE and CO scenarios, Great Britain, 2025-2050. Note: Following the assumptions from Table SG of the CAS Databook
(Department for Transport, 2023a), the GDP projection for the RE, BC, TC, VL and MB scenarios is the same as for the CO scenario. Source: CAS Databook

(Department for Transport, 2023a).

electricity) costs into three components: fuel/energy price («”), fuel
duty (@°) and VAT (). All three components are expressed in £/km and
are calculated using Egs. (7), (8) and (9).

v
stume

V- » PR o< 2
wslume - s - + bstume + CsmmeSSEm + dsmmesstm (7)
s
a 5
S __ _stume S 5 < 5 <
Dspyme = < + bxmme + CstumeSstm + dstumesstm (8)
Sstm
agtume 2
S — S 3 S g S
Dsyme = Sem + bstume + CstumeSstm + dstumesSfm (9)
s

For every year and every scenario, the aggregate revenue, Ry, is the
sum of fuel duty revenues, R’, and VAT revenues, R;,. Those values are

calculated using Eqgs. (10), (11) and (12).

Ry =R’ +R;, 10)

Rgt = ZZZMsmmewftume (€8]
Yu Ym Ve

R =3 Mumeiym, (12)
Yu VYm Ve

We validated this model using historical data of the parameters
involved (mileage and cost parameters) for the period 2015-2022.'” The
results predict 86.5% of the actual revenue collected over that period.
Despite being 13.5% lower, the modelled revenues follow a similar
pattern to that of the actual revenues, as can be seen on Fig. 5.
Furthermore, this difference decreases in relative terms as the share of
distance travelled on petrol and diesel decreases. For example, under the
scenarios where by 2050 99% of the distance travelled is travelled on
electricity, the difference between modelled and actual fuel duty reve-
nues only applies to the remaining 1% of the distance travelled.

17 Since we model Great Britain (i.e., England, Wales and Scotland), we
excluded Northern Ireland from the validation, using its percentage contribu-
tion to total fuel duty revenues, which we calculated on the basis of data from
the Office for National Statistics (2024c).

Since our model starts with revenues which are 13.5% lower than the
actual revenues, but, as we explain in Section 4.2.2 we require the ratio
of revenues to GDP to stay constant throughout the modelling period,
and the ratio is estimated on the basis of past actual rather than
modelled revenues, the gap between projected revenues and the revenue
goal is larger than it would be if there were no difference between actual
and modelled revenues. As a result, the set of DbC estimated in the
present study may be larger than the DbC that might be required to close
the gap between revenues and the revenue goal.'® That said, the dif-
ference between our modelled revenues and the revenues that may
actually be collected decreases over the modelling period as the share of
distance travelled on electricity increases. The larger the share of dis-
tance travelled on electricity is, the smaller the size of the error and the
more accurate the estimate of the DbC are.

The 13.5% difference between actual and modelled revenues could
be eliminated by introducing a correction factor in Egs. (7), (8) and (9).
However, this would impose additional constraints related to the reve-
nue targets assigned to each vehicle type, and this would require further
ad-hoc adjustments. We chose not to introduce any correction factor,
mainly to stop the model from becoming too complex.

4.2.1.2. Projection using the initial energy shares. This model can be
interpreted as an instance of the model presented in Section 4.2.1.1.
Here, instead of using the shares &, we assume that all the distance
driven is driven by vehicles running on petrol or diesel (with none
running on electricity). The purpose of this model is to project revenues
over time assuming that the distance driven increases in line with the
CAS assumptions, but all vehicles run on petrol or diesel and therefore
pay fuel duty. We use 2022 as the reference year.'® In 2022, 51.83% of
the total distance driven by cars was driven on petrol, 43.44% was

8 In addition to this, the fuel duty revenues lost from PSV in our model are
recouped from other vehicle types, as detailed in Section 4.2.1.2, and this
makes the DbC payable by these other vehicle types higher than if PSV were to
pay a DbC.

19 Choosing a different year as the reference year for the share of distance
driven by petrol and diesel vehicles would have made virtually no difference, as
shown in Appendix 3.
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Fig. 5. Actual fuel duty revenues versus modelled fuel duty revenues, 2015-2022. Note: All values are expressed in 2019 prices. Source for actual fuel duty revenues:

Table TSGB1310 (Department for Transport, 2024a).

driven on diesel, and 4.73% was driven on electricity; 1.96% of the total
distance driven by LGV was driven on petrol, 96.93% on diesel, and
1.10% on electricity; 100% of the distance driven by OGV1 and OGV2
was driven on diesel; and 94% of the distance driven by PSV was driven
on diesel, and 6%, on electricity (TAG Table A1.3.9, Department for
Transport, 2024b). Since in this exercise we assume that all the distance
was driven by petrol and diesel vehicles, the shares become 54.40% and
45.60% for cars, and 1.98% and 98.02% for LGV. No conversion is
needed for OGV1 or OGV2, as all the distance was driven on diesel, or for
PSV, as they will not pay the DbC and therefore there is no need to
calculate a revenue sub-goal for them. The rationale behind PSV not
being required to pay a DbC is that public transport should be considered
the backbone of a sustainable transport system,zo and policies should be
designed to attract, rather than deter, passengers.

Let &ga022ime De the energy shares in 2022, assuming that the dis-
tances driven on electricity were instead driven on petrol or diesel, as
assumed above. Then, M,,,,.. is the distance travelled under scenario s, in
year t, for trip purpose u (work or non-work), by vehicle type m (car,
LGV, OGV1, OGV2, PSV), running on energy e (petrol, diesel, electricity)
as given by Eq. (13).

M,

stume

13)

stmwumgs[zozz]me

The resulting total revenues, R, , the fuel duty revenues, R ., and

the VAT revenues, RS, are obtained using Eqs. (14), (15) and (16).
a4

/ D i
Rstum - Rstum + Rstum

R,s(ium = le’xmmewgtume (15)
e

20 pSV are essential in a sustainable transport system because they can carry
more people than cars, so fewer vehicles are needed to move the same number
of people. The obvious environmental benefits of PSV relative to the private car
when most road transport depends on fossil fuels can be ignored in a world
where road transport has been electrified, but the benefits from reduced traffic
congestion cannot. Traffic congestion will not disappear with the electrification
of road transport. Furthermore, electric vehicles still produce particulate matter
from tyre and brake wear and road abrasion (Quarmby et al., 2019; Wood,
2024), as already highlighted in footnote 10, so PSV have an environmental
advantage even assuming full electrification.

10

R,sium = ZM;tumewgtume (16)
e

The next step is to obtain the shares 6,,,, which represent the
contribution of each combination of vehicle type (car, LGV, OGV1,
OGV2, PSV) and trip purpose (work, non-work) to the overall total
revenue. The calculation of this share is given by Eq. (17). Revenues
from PSV were excluded from the calculation because we assume that
they will not pay any DbC, should one be introduced, as explained
above. Essentially, a DbC on PSV would almost certainly be passed on to
users, and therefore act as a disincentive to use public transport. The
share of revenue expected from each combination of vehicle type and
trip purpose excluding PSV (car work, car non-work, LGV work, LGV
non-work, OGV1, and OGV2) is given by #. As explained above, OGV1
and OGV2 are assumed to make work trips only.
Ry
R,
Vm#PSV

0,

stum

Vm # PSV

- a7

tmu

4.2.2. Revenue goal

We designed the DbC to be revenue-neutral. This is in line with most
of the work that has been conducted in this area, including Wang and
Miao (2018), Corfe (2022), Metcalf (2023), Nelson and Rowangould
(2024), Noll et al. (2024), Wood (2024), Cheon (2025), Rahman et al.
(2025), and Wei et al. (2025). Gaining public and political support for a
DbC may present a significant challenge in the UK (Butcher and Davies,
2020, p. 8). The condition of revenue neutrality, however, may go some
way towards enhancing political feasibility and public acceptability, as
it conveys that the purpose of the policy is not to increase tax revenues
but to simply not lose any more than has been lost already.

To achieve this, the ratio of combined revenues from the DbC, fuel
duty and VAT on the pre-tax price of fuel, on fuel duty, and on the pre-
tax price of electricity to GDP was required to stay constant throughout
the modelling period, and equal to the value that the ratio of revenues
from fuel duty and VAT on the pre-tax price of fuel, and on fuel duty®' to
GDP had in 2022.

There are two important caveats that need to be highlighted. First,

21 Revenues from VAT on the pre-tax price of electricity should have also been
included, but they were not, as we explain further down.
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the year 2022 was an arbitrary choice. As explained in Section 2.1, the
ratio has changed over time.”” It reached a peak in 1999 and has
decreased since then, except for 2008-2009, when the GDP in the UK fell
due to the global economic downturn (Santos and Cornford, 2024). The
greater the value chosen as a revenue goal, the more controversial it will
be politically because the DbC will need to be higher, which is likely to
trigger public backlash. An average of the ratios over the last five years,
or the last ten years, or the last 20 years could have been used, but these
averages would have been higher than the most recent ratios.”® The ratio
for the year 2022 seems a good compromise — it is higher than in later
years, yet still low enough to possibly attract some public and political
support. Second, data on revenues from VAT on the pre-tax price of fuel
and on fuel duty do not exist.”* Due to this lack of information, we had to
estimate past VAT revenues.

We estimated revenues from VAT on the pre-tax price of fuel and on
fuel duty based on historical fuel duty revenues. To do this, we used Eqs.
(11) and (12), but with historical (Myy,) instead of projected distance
travelled, for the period 2015-2022. We also used the work/non-work
shares of distance travelled, 7,n,, to refine the amount of fuel duty rev-
enues upon which the VAT would be estimated. This allowed us to es-
timate historical revenues from VAT on the pre-tax price of fuel and on

fuel duty, R°, based on historical fuel duty revenues, R’. We were unable,
however, to estimate past revenues from VAT on electricity, as there
were no values to base these on. For this reason, past revenues from VAT
on electricity did not enter the calculation of the revenue goal. This is
not too problematic as we would expect these revenues to have been
very small because the share of electric vehicles in 2022 was only 4.73%
(Department for Transport, 2024b) and many electric vehicles are
charged at home, where the VAT on electricity is only 5%. Omitting
revenues from VAT on the pre-tax price of electricity slightly reduces the
error in the gap between the revenue goal and the modelled revenues
that results from the 13.5% underestimate of modelled fuel duty
revenues.

Fig. 6 shows the historical ratio of revenues from fuel duties and

estimated VAT on the pre-tax price of fuel and on fuel duty to GDP, @.

The ratio for the year 2022, which was used as the revenue goal, is
1.15%. In other words, all the revenues from the DbC, fuel duty and VAT
on the pre-tax price of fuel, on fuel duty, and on the pre-tax price of
electricity for each year between 2025 and 2050 should represent 1.15%
of the GDP for that year.

The revenue goal projections, R, formulated in Eq. (18), vary by
scenario because there are three different GDP projections, as explained
in Section 4.1.5.

R, =00115 Ty, (18)

The overall revenue goal was then divided into sub-goals: a sub-goal
was defined for each combination of vehicle type (car, LGV, OGV1,
OGV2, PSV) and trip purpose (work, non-work). The relevant combi-
nations were car work, car non-work, LGV work, LGV non-work, OGV1
and OGV2. All OGV1 and OGV2 were assumed to make work trips only,
as already explained. As mentioned above, PSV were excluded from the
calculation as they will not be expected to pay the DbC. The total dis-
tance driven by all vehicles excluded the distance driven by PSV because

22 The values discussed in Section 2.1 include revenues from fuel duty and
VAT on fuel duty but not on the pre-tax price of fuel.

23 To get an idea of the impact of the year chosen (and its associated ratio of
revenues to GDP) on the results of the model, we calculated the DbC using
2015-2021 as the reference year. As expected, the DbC gets higher when a
higher ratio (earlier year) is used to set the revenue goal. The results of this
exercise are presented and discussed in Appendix 3.

24 The HMRC does not hold information on VAT revenues relating to specific
products or services. Businesses are not required to provide details at a product
level on their VAT returns (HM Revenues and Customs, 2024b).
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our model expects other vehicle types to cover the fuel duty revenues
that will be lost once the entire fleet of PSV is electrified. Also, as dis-
cussed in Section 4.2.1.2, all vehicles were assumed to run on petrol or
diesel in order to calculate these revenue sub-goals.

The revenue sub-goals, ﬁsmm, were calculated using Eq. (19).

ﬁstum = ﬁstglsmm (19)

The revenue sub-goal for each vehicle type and trip purpose was
indifferent to whether the revenue came fully from a DbC and VAT on
the pre-tax price of electricity or from a combination of DbC and fuel
duty, plus VAT on the pre-tax price of fuel and on fuel duty.

4.2.3. Distance-based charge

The DbC we model is assumed to apply on top of the fuel duties
already in place, which still benefits electric vehicle owners as they
continue to pay less than fossil fuel vehicle owners, as shown in Section
5.6.

w, initially formulated in Eq. (4) as the aggregate unitary fuel-related
cost, can alternatively be expressed as the sum of the components (price,
fuel duty and VAT), as shown in Eq. (20).

5
Dstume = a)ﬁtume + Dstme + wgtume (20)

The introduction of the DbC, w*, alters the cost structure in Eq. (20),
which becomes Eq. (21), with w? defined as the new aggregate cost
structure.

( _ 5 c x
Dspmel = wgmme + Dstyme + a);tume + Dstimel (21)

Note that @” includes the index L This is because it can reasonably be
expected that the distance driven when a DbC is introduced will
decrease. Since there are no estimates of the elasticity of distance driven
with respect to DbC,%> we assumed that drivers would perceive the
introduction of a DbC or an increase in the DbC in the same way in which
they would perceive an increase in the price of fuel. Thus, we used fuel
cost elasticities (¢) in the calculations of the DbC. The elasticity values
we used are —0.15 (I = Low) and —0.35 (I = High) to give a lower and
upper bound of plausible values, following TAG Unit M2.1: Variable
Demand Modelling (Department for Transport, 2024e, p. 70).

The new distance travelled, M#, was obtained using Eq. (22), by
applying the elasticity to the initial projections of distance travelled (M).
The percentage change in costs, Aw, obtained by means of the midpoint
formula, is calculated in Eq. (23). In this case, the elasticity effect after
the introduction of the DbC is addressed as an intra-year variation. The
reason for not applying the elasticity to the distance travelled each year
to the following year was that this would have over complicated the
analysis.

" 1+ € Awgy,
M, = Myun (71 Y (22)
)
AWy = —2m) — Dstuml (23)

2(Wstum + o’ )

stuml
The DbC is designed such that the combined revenues from the DbC,
fuel duty, VAT on the pre-tax price of fuel, on fuel duty, and on the pre-

tax price of electricity achieve the revenue goal R, considering the effect
of the elasticity. The latter condition is granted by Eq. (24).

(wf:tuml + 5ftum + 5gL‘le)Mg)n.Lml = ﬁs[um (24)

The variables @ and @° above include all energy sources (petrol,
diesel and electricity) as a weighted average, thus the missing index e.
They are defined as shown in Egs. (25) and (26), respectively.

25 This is because real-world examples of DbC are still sparse.



A. Penafiel-Mera and G. Santos

1.6

Energy Reports 15 (2026) 108921

1.5

1.4

13

1.2

11

Revenues as a share of GDP (%)

1.0

2015

2016
2017 A
2018

2019 A
2020
2021 A
2022

Fig. 6. Revenues from fuel duty, and estimated VAT on the pre-tax price of fuel and on fuel duty, as a share of GDP, 2015-2022. Source: computed on the basis of

Department for Transport (2024a).

aftum = wammeéstme (25)
Ve

wjtum = ngtumefsfme (26)
Ve

All the variables in Eq. (24), except for @*, have been previously

defined. Thus, solving Eq. (24) for ®* would lead to the DbC required to

achieve the revenue goal R while taking into account the elasticity of

distance driven with respect to costs.?® The positive root of the solution

is presented in Eq. (27).%” That solution is the DbC for each combination

of scenario, s, year, t, trip purpose, u, and vehicle type, m, and elasticity,
L

. —(2oM—(1-¢e)R+(1+¢R)
v = 2(1+e)M

V/(20M — (1 —&)R + (1 +€)R)* — 8oM(1 + )R — R)

* 201+ oM

27)

5. Results

5.1. Revenues from fuel duty, VAT on the pre-tax price of fuel and on fuel
duty

The revenues from fuel duty, VAT on the pre-tax price of fuel and on
fuel duty will decrease in line with the CAS’s assumptions of energy
shares in road transport. Under the scenarios that assume full electrifi-
cation by 2050, revenues are expected to reach zero. Those scenarios are
TC, MB and VL. The other scenarios, CO, LE, HE, BC, and RE, as can be
seen in Fig. 7, experience a less pronounced revenue decline because
electrification is slower and does not reach 100% by 2050. The revenue
trajectory under scenario BC is lower than under scenarios CO, LE, HE,
and RE because scenario BC incorporates the COVID19 effect as a per-
manent reduction in average annual distance travelled due to an in-
crease in remote working. The revenue trajectory under scenario HE is
the highest, yet revenues in 2050 are still over £9 billion less than in
2025.

The ongoing and future decrease in fuel tax revenues in the UK has
been acknowledged in the academic and grey literature (Adam and
Stroud, 2019; Corfe, 2022; Corlett and Marshall, 2023; Santos and

26 As it is clear by now, costs include the pre-tax price of energy (petrol diesel
or electricity), fuel duty, VAT, and DbC, but exclude time costs.

27 The subindices have been suppressed to make the equation easier to read.
The full formula, including all subindices, is presented in Appendix 4.
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Cornford, 2024) and there have been multiple warnings from the Office
for Budget Responsibility (2022, 2023, 2024) so the trends in Fig. 7 are
not unexpected.

5.2. Revenues from the DbC

Fig. 8 shows that the revenues from the DbC would, unsurprisingly,
increase over time, as the vehicle fleet is electrified. In 2050, they would
range from £23 to £43 billion, depending on the CAS. Under the fast
electrification scenarios, TC, MB and VL, by 2050 virtually all vehicles
pay only the VAT on electricity and the DbC. Under the scenarios that do
not assume 100% electrification by 2050, CO, LE, HE, BC, and RE, all
vehicles pay the DbC but many vehicles continue to pay fuel duty (and
VAT on the pre-tax price of fuel and on fuel duty) too.

5.3. Combined revenues

The projected revenues from the DbC and fuel duty, VAT on the pre-
tax price of fuel, on fuel duty, and on the pre-tax price of electricity are
shown in Fig. 9. The ratio of combined revenues to GDP is always 1.15.
The target revenues measured in pounds vary because there are three
different levels of GDP, which vary by CAS, and the composition of
revenues, i.e., the contribution from the DbC, the fuel duty and the VAT,
vary too, not just according to CAS, but also to the elasticity assumed. As
explained in Section 4.2.3, the elasticity values we used are —0.15 and
—0.35, following Department for Transport (2024e, p. 70). For the high
elasticity, which is still under 1, the reduction in distance travelled in
response to the DbC is larger, both for electric vehicles and for fossil fuel
vehicles, which also pay the DbC, as stated in Section 4.2.3. This larger
reduction in distance travelled means that fossil fuel vehicles consume
less fuel and therefore, the reduction in fuel duty revenues, VAT on the
pre-tax of fuel and VAT on fuel duty, is larger than in the case of the low
elasticity. As a consequence of that, in the case of the high elasticity, the
DbC needed to make up for the lost revenues is higher and the contri-
bution it makes to total revenues is larger too.

Fig. 9 also illustrates that revenues from fuel duty and VAT on the
pre-tax price and on fuel duty will continue to be collected under the CO,
HE, LE, RE and BC scenarios, none of which assumes full electrification
in 2050. These revenues, however, are substantially reduced. Ironically,
the reduction is greater when there is a DbC, as illustrated in Fig. 9, than
when there is not a DbC, as illustrated in Fig. 7. The reason for this
greater reduction is, as explained in the paragraph above, that the DbC
causes a reduction in the average distance driven by all vehicles,
including fossil fuel vehicles, with the consequent reduction in fuel
consumed.
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5.4. Revenues from each combination of vehicle type and trip purpose

As explained in Section 4.2.2, the revenue goal was set as sub-goals
for each combination of vehicle type m (car, LGV, OGV1, OGV2, PSV)
and trip purpose u (work, non-work). Fig. 10 shows the predicted evo-
lution of the share that each combination of vehicle type and trip pur-
pose is expected to make to the overall revenues under each scenario
with elasticities of —0.15 and —0.35. The higher contributions come
from non-work car trips, followed by work LGV trips, OGV2 trips, and
work car trips. The contribution from PSV decreases in some scenarios
and disappears in others. In our model, once PSV are completely elec-
trified, they do not pay anything, as they are assumed to reclaim the VAT
on electricity, and they are not expected to pay any DbC, as explained in
Section 4.2.1.2.

5.5. Distance-based charge estimates

The DbC estimates, expressed in pence per kilometre (p/km) and
differentiated by vehicle type and trip purpose, are presented in Fig. 11,
and summarised for the first and last year of the modelling period in
Table 4. The results span a wide range, depending on the scenario, the
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elasticity, and the vehicle type and trip purpose combination. The DbC
for non-work car trips, for example, could start in the range of 1-1.9 p/
km in 2025, depending on the scenario. This would mean, for example,
that a car in 2025 would pay an annual DbC in the range of £106.74 to
£205.90 for non-work trips, assuming an annual average distance of
10,782 km travelled, as was the case in England in 2023 (Department for
Transport, 2024f). The results in Fig. 11 show that the estimated DbC for
car non-work trips increases more rapidly than for other vehicle
type/trip purpose combinations. The reason for this is that they transi-
tion to electric faster than other combinations across all scenarios. The
faster the transition to electric vehicles is, the quicker the revenue goal
increases for that combination. For that reason, in 2050 a non-work car
could be paying a DbC in the range of 4.7-10.8 p/km, or £508.90 to
£1165.53 per year. In contrast, the lower boundaries of the DbC for
OGV1 and OGV2 remain fairly flat until 2050. These lower boundaries
correspond to scenarios that assume slower electrification. Under these
scenarios, OGV1 and OGV2 continue to rely on fossil fuels throughout
the modelling period. The estimated DbC range for OGV2 is 1.3-3.7
p/km in 2025. This means that a trip from London to Edinburgh
(534 km), for example, could generate between £6.72 and £19.44 in
revenues per trip. The same trip in 2050, assuming full electrification of
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the OGV2 fleet, could cost between £19.38 and £184.88 in DbC charges.

As explained in Section 4.2.1.1, the ranges in Fig. 11 might be an
overestimate of the DbC, designed in this study to close the gap in rev-
enues, which may actually be smaller than the gap predicted by our
model. In addition, the lost fuel duty revenues from PSV need to be
recouped, and enter the revenue goal calculations but PSV are never
required to pay a DbC, as explained in Section 4.2.1.2. The DbC
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estimated for each vehicle type/trip purpose combination to hit the total
revenue goal is, therefore, higher than it would be if our model did not
underestimate fuel duty revenues, and we did not impose the restriction
of PSV not paying the DbC and other vehicle types covering the loss of
revenues from PSV. In the case of OGV1 and OGV2, this means that they
pay a low but positive DbC even under scenarios where there is no
electrification of the OGV1 or OGV2 fleets.
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Table 4

Lowest and highest DbC estimates for 2025 and 2050 for each vehicle type/trip purpose combination (p/km).

2025

2050

Lowest estimates (p/km)

Highest estimates (p/km)

Lowest estimates (p/km) Highest estimates (p/km)

Car non-work 0.99 1.91
Car work 0.72 1.33
LGV non-work 0.52 1.47
LGV work 0.37 1.01
OGV1 0.74 2.27
0OGV2 1.26 3.84

4.72 10.81
3.37 7.37
3.05 9.98
2.21 6.87
2.40 18.68
3.63 34.62

5.6. Relative costs

The difference in operating costs between fossil fuel vehicles and
electric vehicles will narrow down if electric vehicles are liable to pay
the DbC, but electric vehicles will continue to be cheaper to run. Fig. 12
shows how, even with the introduction of the DbC, electric vehicles will
still be between 25% and 36% cheaper to operate when fuel costs and
the DbC paid by fossil fuel vehicles is compared with the electricity and
DbC paid by electric vehicles. When non-fuel costs are also taken into
account, the difference is larger, between 33.7% and 46.5%, assuming
non-fuel costs (oil, tyres, maintenance, depreciation) take the values
suggested in TAG Table 1.3.15 (Department for Transport, 2024b).

6. Conclusions and policy recommendations

The idea of distance-based road user charges has gained momentum
in recent years due to the reduction in fuel duty revenues (Bose et al.,
2021; Metcalf, 2023; Ji et al., 2024; Noll et al., 2024; Smyth and Chu,
2024; Todts, 2024; Wood, 2024; Cheon, 2025; Hridoy et al., 2025; Levis
et al., 2025; Meloche et al., 2025; Muresianu and Hoffer, 2025; Rahman
et al., 2025) resulting from the increase in fuel efficiency and the shift
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towards electric vehicles. With the support of the Common Analytical
Scenarios produced by the Department for Transport (2023a, b) and the
projections and assumptions made in the TAG Databook (Department
for Transport, 2024b), which make up a baseline or core scenario, we
designed a distance-based charge that is revenue-neutral and is assumed
to apply on top of the fuel duties already in place, which still benefits
electric vehicle owners as they continue to pay less than fossil fuel
vehicle owners. To ensure revenue neutrality, we imposed the condition
that the ratio of combined revenues from the distance-based charge, fuel
duty and VAT on the pre-tax price of fuel, and on fuel duty, and the VAT
on the pre-tax price of electricity to GDP stayed constant throughout the
modelling period, 2025-2050, and equal to the value that the ratio of
revenues from fuel duty and VAT on the pre-tax price of fuel, and on fuel
duty to GDP had in 2022, a year we chose arbitrarily.

As well as requiring that the ratio of revenues to GDP stay constant
throughout the modelling period, we divided the overall revenue goal
into sub-goals: one for each combination of vehicle type and trip pur-
pose: car work, car non-work, LGV work, LGV non-work, OGV1 and
OGV2. All OGV1 and OGV2 were assumed to make work trips only, and
PSV were excluded from the calculation as they will not be expected to
pay the distance-based charge because PSV are essential in a sustainable
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transport system, even assuming full decarbonisation. The revenues lost
from the electrification of PSV were recouped from other vehicle type/
trip purpose combinations. The reason for defining revenue sub-goals
was to make the distance-based charge payable by each vehicle type/
trip purpose combination proportional to the fuel duty revenues the
combination would have produced under zero electrification.

We find that, under fast decarbonisation scenarios (MB, VL, and TC),
fuel duty revenues, along with VAT on the pre-tax price of fuel and on
fuel duty, virtually disappear by 2050, in line with Adam and Stroud
(2019), Corfe (2022), Corlett and Marshall (2023), and Santos and
Cornford (2024). Not surprisingly, we also find that under slow decar-
bonisation scenarios (CO, HE, LE, RE, and BC), revenues decrease but do
not disappear. The decrease, however, is substantial and is 39.7-49.6%
between 2025 and 2050, in the absence of our distance-based charge,
and 44.3-58.4% in the presence of our distance-based charge. The
reduction in the presence of our distance-based charge is larger because
the distance-based charge causes a reduction in average distance trav-
elled by both electric vehicles and fossil fuel vehicles, with the conse-
quent reduction in fuel consumption. The revenue-neutral
distance-based charge we estimate varies from 0.4 to 3.8 p/km in 2025
and from 2.2 to 34.7 p/km in 2050, depending on the vehicle type/trip
purpose combination, the scenario, and the elasticity assumed.

None of these values is directly comparable with previous results
reported in the literature, such as those in Corlett and Marshall (2023),
as the methodology and assumptions used are very different, especially
regarding the fact that in our study, all vehicles, internal combustion
engine and electric, pay the distance-based charge, and each vehicle
type/trip purpose combination has a revenue sub-goal. The caveat to our
estimates is that the projected revenues from fuel duties, which enter the
calculation of our distance-based charge, are underestimated. The
magnitude of the error, however, decreases over the modelling period,
2025-2050, and practically disappears under full electrification.

The distance-based charge we model is assumed to apply on top of
the fuel duties in place. We conduct a cost comparison between electric
vehicles and internal combustion engine vehicles, before and after the
implementation of our distance-based charge. The results indicate that
whilst the distance-based charge diminishes the comparative advantage
of electric vehicles over fossil fuel vehicles, the operating costs per kil-
ometre remain between 33.7% and 46.5% lower, factoring in both fuel
and non-fuel costs.

6.1. Policy recommendations

The methodology developed in the present study and the results
obtained lead to the following policy recommendations:

17

(@

(b)

()

@

(e)

The government in Great Britain should introduce a distance-
based charge as soon as possible to alleviate the fiscal challenges
associated with the electrification of road transport. This is sup-
ported by one of our main results, which is that fuel duty reve-
nues will decrease substantially under slow decarbonisation
scenarios and virtually disappear under fast decarbonisation ones
by 2050. The urgency for this action is also supported by our
results: the reduction in revenues increases with time as more
drivers switch from internal combustion engines to electric ve-
hicles. Furthermore, electric vehicle drivers, whose number will
increase over time, will become used to not paying any charge or
tax replacing the fuel duty they used to pay when they owned a
fossil fuel vehicle. The more time goes by, the more politically
difficult it will be for the government to introduce such a policy.
The distance-based charge should be levied on all power trains.
This is supported by our methodology, which had to be aligned to
the problem at hand: applying a charge on the distance driven by
electric vehicles only, and not on internal combustion engine
vehicles, would require this distance-based charge to be very high
to make up for the loss in revenues from fuel duties. This would
delay the transition to electric vehicles and would be politically
difficult to sell.

The distance-based charge should be differentiated by vehicle
type/trip purpose combination. This is also supported by the
methodology we developed. When designing the model, the
revenue-neutrality had to be granulated down not just to cars,
light good vehicles, and other good vehicles, but also to work and
non-work trips to ensure that the distance-based charge payable
by each vehicle was proportional to the fuel duty revenues they
would have contributed to assuming all vehicles run on petrol or
diesel.

Public service vehicles such as buses should not pay any distance-
based charge. This policy recommendation is also rooted in our
methodology. When setting up the model, the problem of public
service vehicles became evident from the start: they had to be
excluded and the revenue loss from this vehicle type had to be
recouped via all the other vehicle types. The reason for this is that
a distance-based charge levied on public transport would be very
likely to be passed on to users, which would act as a deterrent to
using public transport.

The distance-based charge should be applied on top of the fuel
duties currently in place. This recommendation is supported both
by our methodology and our results. When designing the model,
it became clear that scrapping fuel duties, which have been in
place since 1928 and still raise substantial revenues, was neither
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practical nor logical. For electric vehicles to keep at least some of
the operating cost advantage over internal combustion engine
vehicles so as not to delay the green transition, maintaining the
fuel duty in place is essential. The distance-based charge was then
modelled on top of the fuel duties paid by internal combustion
engine vehicles, and, indeed, the results show that the operating
costs of electric vehicles paying a distance-based charge are still
lower than those of petrol and diesel vehicles. This ensures that
electric vehicles are still relatively attractive even when they pay
a distance-based charge.

6.2. Final remarks

In this paper, we make the following contributions. First, we provide
a framework with a possible range of values for a distance-based charge,
which varies over time, and with different scenarios and elasticities
assumed, thus providing a starting point for policy design. Second, we
show that the revenue contribution from each vehicle type/trip purpose
combination varies with the assumptions made, including the elasticity.
Third, we propose a methodology to calculate the distance-based
charge, which, with the formulae and the parameters we present, allows
for a straightforward replication to estimate the distance-based charge
with updated data for Great Britain, and for other countries, provided
equivalent parameters can be sourced. Fourth, and most importantly, we
provide specific policy recommendations.

Future lines of research include a dynamic model that will consider
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the mode and energy switch that would result from a distance-based
charge in Great Britain and the potential distributional impacts, both of
which fall outside the remit of the present study. In a different vein,
future research should also address the technological challenges of
enforcing a distance-based charge.
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Appendix 1

As advanced in Section 2.2, we organised the literature search systematically. The literature search from three sources, Web of Science, Scopus, and
Google, was conducted on 19 August 2024, and then again on 4 September 2025, but the second time only covering the period 19 August 2024 to 4
September 2025. The search followed the steps detailed in Table A. The keywords were carefully chosen, and we are confident they cover all relevant
studies on the topic. The identification, screening and selection of papers and reports followed the steps detailed in Table B.

Web of Science and Scopus are large databases, covering 34,600 and 26,600 peer-reviewed journals, respectively, as well as book series and
conference proceedings (Clarivate, 2024; Scopus, 2023). They were, therefore, clear candidates for this exercise. Google and Google Scholar are search
engines that rank websites based on the user’s search query, but Google Scholar focuses exclusively on scholarly content. We chose Google over Google
Scholar because we wanted to be as comprehensive as possible, and focusing on scholarly articles only ran the risk of omitting important outputs in the
grey literature. For each Google query, we arbitrarily set a limit of 45 records in the August 2024 search and 30 records in the September 2025 search,
leading to a total of 975 records after the 13 keyword queries. These limits are reasonable as, in most cases, well over half (and in some cases virtually
all) of the records from each query were duplicates or not relevant, and these duplicates or irrelevant records appeared in the second half, suggesting
that had we collected more records, it would have made no difference.

Table A
Literature search steps

Sources Scopus
Web of Science
Google
Keywords fuel tax revenues AND electric vehicles

fuel duty revenues AND electric vehicles

fuel tax revenues AND alternative fuel vehicles
fuel duty revenues AND alternative fuel vehicles
distance-based charge

distance-based charging

distance-based tolls

vehicle-miles travelled charge

vehicle-miles travelled charging

vehicle-miles travelled tolls

VMT charge

VMT charging

VMT tolls
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Table B

Identification, screening and selection

Energy Reports 15 (2026) 108921

Identified

Input of keywords

Scopus Web of Science
N=977 N = 1044

Total
N = 2996

Duplicates deletion (1661 deleted)

Google
N =975

Screened

Title screening
Irrelevant works deletion (815 deleted)

Abstract screening, followed by paper screening when necessary
Irrelevant works deletion (460 deleted)

Included

Papers, reports and other articles included in review
N =60

Source: Authors’ own, inspired by Page et al. (2021).

Although the final set of papers, reports and media articles deemed relevant and substantive was 60, there were an additional 23 sources that were
also included in the literature review. These were searched and reviewed as they were sources of data or information cited in some of the originally
screened and selected sources. In some cases, the media article citing the grey literature report or official statistic was not cited, and the grey literature

report or official statistic was cited instead.

Appendix 2

Table C shows that the shares of distance travelled in England, Wales and Scotland over the period 1993-2023 have remained virtually constant.

Table C
Shares of distance travelled in England, Wales and Scotland, 1993-2023
Year England Wales Scotland
1993 86.17% 5.36% 8.47%
1994 86.15% 5.37% 8.48%
1995 86.14% 5.37% 8.49%
1996 86.13% 5.36% 8.51%
1997 86.12% 5.37% 8.52%
1998 86.16% 5.34% 8.49%
1999 86.20% 5.33% 8.47%
2000 86.25% 5.31% 8.44%
2001 86.27% 5.29% 8.43%
2002 86.11% 5.34% 8.54%
2003 86.04% 5.37% 8.60%
2004 86.06% 5.43% 8.51%
2005 86.09% 5.40% 8.51%
2006 85.91% 5.44% 8.65%
2007 85.87% 5.45% 8.68%
2008 85.81% 5.48% 8.71%
2009 85.80% 5.45% 8.75%
2010 85.77% 5.44% 8.79%
2011 85.82% 5.44% 8.74%
2012 85.74% 5.46% 8.81%
2013 85.69% 5.49% 8.82%
2014 85.68% 5.55% 8.78%
2015 85.69% 5.57% 8.74%
2016 85.52% 5.66% 8.82%
2017 85.47% 5.61% 8.92%
2018 85.44% 5.66% 8.90%
2019 85.49% 5.64% 8.87%
2020 85.81% 5.48% 8.71%
2021 85.49% 5.54% 8.97%
2022 85.38% 5.61% 9.01%
2023 85.39% 5.59% 9.02%

Source: Percentages calculated on the basis of Department for Transport (2024d).
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Appendix 3
Holding the year used as reference for the revenue goal constant at 2022, varying the year used as reference for the share of distance driven by

petrol and diesel vehicles makes virtually no difference to the results, as shown in Table D. The share of the distance driven by petrol and diesel
vehicles has not varied much in the period 2015-2022,%° so the differences in the calculated DbC are very small.

Table D
DbC calculated under different assumptions on the share of distance driven by petrol and diesel vehicles
2025 2050

Reference year Lowest estimates (p/km) Highest estimates (p/km) Lowest estimates (p/km) Highest estimates (p/km)
2015 0.376 3.877 2.216 34.681
2016 0.379 3.891 2.218 34.699
2017 0.379 3.894 2.219 34.704
2018 0.378 3.888 2.218 34.695
2019 0.376 3.875 2.216 34.678
2020 0.373 3.862 2.215 34.660
2021 0.370 3.848 2.214 34.638
2022 0.367 3.836 2.213 34.621

Holding the year used as reference for the share of distance driven by petrol and diesel vehicles constant at 2022, varying the year used as reference
for the revenue goal, unsurprisingly, changes the results, as shown in Table E. The earlier the year used as the reference, the higher the DbC needed to
recoup the revenues, which were higher. The year 2020 is an anomaly — COVID meant that revenues declined drastically, and so that year cannot be
used as the reference year.

Table E
DbC calculated with revenue goals associated to years 2015-2022

2025 2050
Reference year Lowest estimates (p/km) Highest estimates (p/km) Lowest estimates (p/km) Highest estimates (p/km)
2015 1.86 12.33 3.66 47.23
2016 1.75 11.67 3.55 46.29
2017 1.57 10.64 3.38 44.83
2018 1.40 9.63 3.21 43.37
2019 1.14 8.14 2.96 41.18
2020 0.30 3.49 2.15 34.07
2021 0.48 4.44 2.32 35.57
2022 0.37 3.84 2.21 34.62

Appendix 4

This is the distance-based charge formula including all indices:

X _(zwsmmMstum - (]- - gl)Rsmm + (1 + gl)Rsmm) + \/(2wsmmMstum - (]- - Sl)ﬁsmm + (1 + gl)Rstum)z - 8Msmmwsmm(]- + gl)(Rstum - ﬁsfum)
stuml = N
2(1 + &) Mitum

()

28 Although the variation between 2015 and 2022 has been small, this has not always been the case. From the beginning of the 2000s, the European Commission
actively promoted diesel cars via emission concessions and tax advantages (Cames and Helmers, 2013). It was hoped that the dieselisation of the car fleet would
reduce CO2 emissions. Diesel cars were also promoted in the UK. Although since March 1999, the excise duties levied per litre on petrol and diesel in the UK have
been harmonised, i.e., the rates applied to each litre of petrol and diesel have been identical (HM Revenue and Customs, 2025), diesel vehicles still have a tax
advantage thanks to their higher fuel efficiency. In addition, in 2001, a new system of Vehicle Excise Duty was introduced to boost diesel cars (Allan, 2025). As a
result, the share of total distance driven by diesel cars in the UK increased from 27% in 2004 to 50% in 2015. In 2012, diesel was classified as carcinogenic by the
World Health Organisation (2012), and in 2015, the US Environmental Protection Agency accused the VW Group of cheating on emissions tests (Allan, 2025), a
scandal that became known as Dieselgate, with lawsuits against several car makers still taking place as of October 2025 (Moreau and Leggett, 2025). The share of the
distance driven by diesel cars in the UK peaked in 2017 at 51% and has decreased since then.
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Data Availability

The sources of data are clearly indicated throughout the paper. All
the data are freely available on the links provided in the list of
references.
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