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Aselectric vehicle adoption accelerates globally, fuel tax revenues decline,
exposing government budgets without a proposed replacement tax on
electric vehicles. We estimate fuel tax transition exposure across 168

countries, demonstrating that relative exposure, in percentage of total
government revenues, varies substantially by income level. Our analysis
finds that global public revenues from fuel taxes totalled approximately
US$900 billionin2023. Crucially, we show that lower-income countries
face disproportionately high exposure, experience frequent debt crises and
possess limited institutional capacity to respond, potentially necessitating
international support.

The world is rapidly transitioning to battery-electric vehicles (BEVs),
withinternal combustion engine (ICE) sales declining'. Consequently,
public revenues from motor fuel taxes are falling, creating potential
fiscal gaps if not replaced”. This trend has been unfolding for years
due to ICE efficiency gains and the rise of hybrid vehicles, but now
the transition to full BEVs amplifies the effect, and several countries
already facefiscal pressures (Supplementary Table 1). While prior stud-
ies have assessed this dynamicinadvanced®™ and some middle-income
economies®, itsimplications for low- and lower-middle-income coun-
tries remain underexplored’. Critics may argue that expanding elec-
tricity access should take priority in such contexts; however, the BEV
transition is accelerating faster than expected®. Cost declines and
designimprovements, largely driven by Chinese automakers and bat-
tery manufacturers, have brought affordable BEVs to global markets®™°.
China’s BEV sales are projected to surpass ICE sales in 2025", and tar-
iffs on Chinese vehicles in the USA and Europe are pushing low-cost
BEVsinto developing markets. This shift is already visible across Latin
America, Southeast Asiaand Africa, whereimports from BYD, Leapmo-
torandJAC Motors are rising>. This situation raises three key questions:
how large s the fiscal impact of declining fuel tax revenues, how does
it vary across countries and what policy options exist to address it?
To address these questions and bring evidence to the policy
discourse, we assembled a new dataset of global fuel tax revenues
from gasoline and diesel road vehicles by collecting data from mul-
tiple sources and performing some simple transmutations following
the benchmark gap approach (Methods). This price gap approach
compares local retail prices to a global benchmark price—typically

international spot prices for motor fuels—where the difference reflects
the presence of a tax or subsidy. While this method has important
limitations, including the assumption of uniform benchmark prices
and distribution costs across countries as well as consistent retail and
marketing margins within countries, it remains a highly relevant and
practical tool for quantifying and comparing fuel price distortions
across awide range of national contexts. The data cover 168 countries
across four income levels, with the most recent year of data availabil-
ity being 2023. They include tax revenues from both motor gasoline
and diesel. While we recognize that a substantial portion of diesel is
consumed by heavy-duty vehicles—whose electrification is progress-
ing more slowly—this fuel remains a key component of overall road
transport taxation in many countries®. We found that 137 countries
implement anettaxonroad vehicle fuel, whereas 31 countries provide
net subsidies to road vehicle fuel (Fig. 1a). In total, we estimated that
over US$920 billion (in 2024 US dollars) were collected in fuel tax
revenues across the 137 taxing countries in 2023. To put this figure
into comparison, in 2023 the global investment into renewable power
generation was reported at US$735 billion™.

Beyond absolute exposure, we found that relative fuel tax revenue
exposure varies greatly across countries. As a percentage of total gov-
ernment revenues, fuel tax revenues in most countries fall between
4% and 8%. However, when comparing relative exposure by income
level, we found that low-income countries are the most affected, with
over 9% average exposure, whereas upper-middle- and high-income
countries face considerably lower levels, around 2-4% on average. This
meansthat low-income countries face about three times the exposure
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Fig. 1| Global motor fuel tax transition exposure in absolute terms and
relative terms as a percentage of total government revenues. a, Fuel tax
revenues are shown for taxing countries on the positive y axis (N =137 countries)
and subsidizing countries on the negative y axis (N = 31 countries). Values are
calculated for the year 2023 and shown in real 2024 US dollars. Country income
levels are grouped according to the World Bank classification. The definition
oftaxing versus subsidizing countries follows the benchmark gap approach
detailed in Methods. The labels for +US$4 and -US$2 billion point to the low-
income taxing and subsidizing countries, respectively, in bright pink. b, Fuel tax
revenues as a percentage of total government revenues for all countries (N =136),
high-income countries (N =51), upper-middle-income countries (N =35),
lower-middle-income countries (N = 36) and low-income countries (N =14) for

Upper-middle income

Lower-middle income [l Low income

the year 2023. The lower and upper box boundaries represent the 25th and 75th
percentiles, respectively. The line inside the box represents the median, and the
lower and upper whiskers extend to the minimum and maximum of all the data,
respectively. The black dots connected by the dashed black line represent the
average within each country grouping. Note that the total number of countries
inbis lower due to data availability constraints (see Methods for further
explanation). See Supplementary Figs.1and 2, which display a sensitivity analysis
of this figure with high and low benchmark assumptions (Los Angeles CARBOB
and Singapore Mogas 92 RON, respectively) for refined gasoline and diesel.

See also Supplementary Fig. 3, which reproduces this figure with four outlier
countries (Benin, Jordan, Yemen and Venezuela) adjusted.

to potential revenue loss from declining fuel taxes compared with their
more affluent counterparts. For context, Organization for Economic
Co-operation and Development (OECD) countries spend on average
15% of total government revenues on education, 26.5% on health and
6.5% on defence™',

The decarbonization of the economy has led and will be lead-
ing to changing sources of public revenues. High- to middle-income
countries have begun tapping new sources of revenue, such as carbon
taxes or road tolls. High-income countries can do this with a relative
ease ofimplementation—thatis, their high administrative capacity and
broad-based fiscal frameworks allow for swift adjustment to recover
lost revenues. Low-income countries may not be as well equipped,
lacking the institutional quality or organizational structure required
to design new tax schemes. In the case of the transition to BEVs, most
low-to lower-middle-income countries with high percentages of total
government revenues generated by fuel tax also exhibit weak institu-
tional quality (Fig. 2).

Inaddition, many exposed countries areinadebt crisis, leading to
agreater risk of exposure. In the aftermath of COVID-19, debt distress
surged inlow-and middle-income countries as governments increased
borrowing to offset deficits caused by reduced economic activity and
rising public health-care expenditures during lockdown". This was

further exacerbated by limited access to global financial markets and
currency depreciation. Consequently, some countriesin the upper-left
quadrant of Fig. 2—namely, Yemen, Benin, Lebanon, Mozambique,
Madagascar, Kenya and Suriname—now face a double exposure with
limited headroom to react: fuel tax revenues represent a large share
of government income, institutional capacity is too weak to compen-
sate for potential revenue losses and excessive external debt burdens
make revenue compensation via debt impossible. We also note that
some countries, such as Nigeria, Angola and Vietnam, are major fossil
fuel producers and have invested heavily in their domestic oil and gas
industries. However, with the decline in oil demand for transport due
to the rise of BEVs, these investments could soon become obsolete,
resulting in further revenue losses. This situation requires careful
consideration, as the political economy of these vested interests may
complicate the transition, thus warranting a more in-depth analysis.
In this unfolding narrative, challenges are distributed unevenly.
Countries with a heavy reliance on fuel tax revenues and low institu-
tional capacity face the greatest challenges. Should the global BEV
transition continue to unfold faster than anticipated, the international
community may need to offer assistance for countries with this double
exposure. Institutions such as the World Bank or the United Nations
Development Program could take the lead in this regard, structuring
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Fig.2| Country-specific fuel tax transition exposure versus institutional
quality. Fuel tax revenue exposure, on the y axis, is calculated as motor fuel

tax revenues as a percentage of total government revenues for the year 2023.
Institutional quality, on the x axis, is assessed per country on the basis of the
World Governance Indicators from the World Bank Group for the year 2023. See
Supplementary Note 1for a full description of how each axis is calculated. The
countries are colour-coded to indicate income level according to the World Bank
classification. High-, upper-middle-, lower-middle- and low-income countries
areshownindarkgreen, light green, light pink and dark pink, respectively. The

countries are shape-coded to indicate the presence of a debt crisis according
to data from the Justice Debt Portal. Countries in a debt crisis are depicted

with triangles and countries notin a debt crisis with shaded circles. The 19
countries where debt crisis data are missing are depicted with hollowed circles.
We found a negative correlation (Pearson coefficient r = -0.27 for 115 taxing
countries) between fuel tax transition exposure and institutional quality. See
Supplementary Fig. 4, which reproduces this figure with four outlier countries
(Benin, Jordan, Yemen and Venezuela) adjusted.

new taximplementation strategies and frameworks for road vehicles,
though they should be cognizant of trade-offs. Key factors include
understanding how different taxation types can supportor hinder the
BEV transition, offer flexibility to manage negative externalities effi-
ciently, reduce implementation barriers and prioritize fairness more
readily®. Historically, low-income countries have often relied on indi-
rect taxes (for example, import taxes) due to easier administration’s.
Applying these to imported BEVs would raise upfront costs and slow
adoption in high-risk markets’. Alternatives such as distance-based
road charges are emerging'®?°, though implementing and enforc-
ing such systems requires substantial technical capacity. Electricity
taxation faces considerable implementation barriers—particularly in
informal or off-grid contexts—making it an ineffective substitute for
fuel taxes or road-use revenue recovery.

Whenimplementing tax reform, itis crucial for these international
organizations to collaborate with local governments to simultaneously
minimize social backlash from blanket tax hikes and manage political
pushback fromlost revenues. Importantly, there may be an additional
dynamicthat exacerbates the need forinternational support. In view of
the increasing BEV production in China and the previously discussed
import hurdles in high-income countries, lower-income countries
may soon face anincoming flood of cheap Chinese BEVs. This dynamic
could supportboth the global transition to low-carbon transport and
the provision of affordable mobility for the population; however,
concerns over public revenue may create incentives for governments
to impose trade restrictions. Mediating this situation will be easier if

policymakers are prepared with taxation options at their disposal.
Interestingly, complex regulations and entrenched political interests
may slow tax reform in high-income countries, whereas low-income
countries, lacking institutional path dependency, could move faster
if supported internationally.

As with policymaking, our analysis must be interpreted in local
contexts. Applying a global benchmark price can overstate exposure
in high-fuel-cost regions such as Japan or California and understate
itin countries with lower environmental standards, such as Nigeria
or Pakistan. This uncertainty is especially relevant for oil producers
and refiners, where below-benchmark retail prices may not imply a
straightforward subsidy but rather an opportunity cost to the gov-
ernment, reflecting forgone export revenues. Subsidy estimates for
these countries should therefore be interpreted with caution. Nigeria
illustrates the fiscal complexity of fuel dependence: it exports crude oil
yetimportsrefined petroleum at market prices due to limited refining
capacity. Consequently, revenue outcomes depend on fuel pricing poli-
cies and BEV adoption dynamics. Strategically balancing ICE and BEV
use could therefore reduce costly fuel imports. These dynamics have
two implications. First, our estimates of revenue gaps for countries
that both produce and refine oil are probably conservative. Second,
estimated fuel tax revenue gapsin crude-oil-exporting countries war-
rant more nuanced interpretation. Future research could therefore
focus more closely on these countries.

The aim of our analysis is not to assess current fiscal risks from
BEV penetration but rather to highlight potential future exposure as
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countries transition their fleets to become fully electric. As such, our
framing for policymakers is forward-looking, recognizing that road
transportelectrificationis underway but still requires sustained policy
support. Namely, we suggest that national policymakers continue to
support the transition to BEVs, accelerating its speed. Anticipating
potential tax revenue challenges and developing strategies to address
them will help policymakers sustainasupportive environment for BEV
adoptionthroughoutthe transition. Our analysis suggests that policy-
makers should assess the exposure of their country using frameworks
suchasthe onedepictedinFig. 2. If this assessment reveals transition
challenges, alternative tax options—such as distance-based charging—
will require administrative capacity and investment that must be built
up over time. In many non-OECD countries, this may involve seeking
support from international organizations as discussed above. When
implementing such alternative tax options, policymakers should be
wary of equity implications—for instance, those related to the afford-
ability of mobility or privacy concerns. Finally, assessing the exposure
of individual countries is difficult given the lack of comparable data,
and we suggest thatinternational organizations undertake a systematic
effort to compile and publicly share regularly updated data on fuel
tax revenues across countries. Better data and anticipatory analysis
can help governments sustain BEV support by preparing alternative
revenue sources, thereby increasing the likelihood of rapid global
transport decarbonization.

Methods

Fuel tax revenue calculations and data

Thereis no consolidated global database for directly sourcing public
tax revenues from motor fuel consumption. While the OECD reports
motor fuel tax statistics for select countries, the data are often incom-
pleteorreported in non-standardized formats, making cross-country
comparison difficult. To estimate motor fuel tax revenues across a
wider range of countries, this work applies the benchmark price gap
approach—a widely recognized method established by institutions
such as the International Energy Agency, the International Monetary
Fund, the World Bank Group and the US Federal Reserve®. We followed
the specificimplementation of Ross et al.?, who compared local retail
prices with a global benchmark price. The difference between the
country-specificretail price (International Monetary Fund data*) and
the global benchmark price (US Energy Information Administration
data*?*) represents ataxifthe local priceis higher or asubsidy if lower.
For oil-importing countries, thebenchmark price reflects the marginal
costof supplying gasoline to consumers; for oil producers, it represents
the government’s opportunity cost, as prices below the benchmark
imply foregone market revenue. Multiplying this price gap (US dollars
per litre) by annual on-road fuel consumption (litres per year) yields
country-level absolute fuel tax revenues (US dollars per year). Relative
fuel tax revenues (%) are obtained by dividing by total annual govern-
mentrevenues (USdollars per year). This method is particularly useful
when direct data are unavailable and has been used in several notable
studies®>**?*¥, Absolute and relative country-specific fuel tax revenue
datawere sourced from multiple databases, with outliers spot-checked.
See Supplementary Note 1 for additional details and for institutional
quality and debt-crisis data calculations.

Limitations to the applied benchmark gap approach

Thebenchmark price gap method relies on several simplifying assump-
tions that warrant acknowledgment. First, we assumed a uniform distri-
bution and a shipping margin of US$0.10 per litre across all countries,
consistent with Ross et al.”?, despite known variation in actual distribu-
tion costs. This simplification is necessitated by limited and inconsist-
ent data across the 168 countries included. Second, we used a single
international benchmark price—refined gasoline and ultra-low-sulfur
No.2diesel atthe New York Harbor—without adjusting for regional dif-
ferencesinrefining standards, environmental regulation or proximity to

supply hubs. While this may over-or underestimate the benchmark price
inspecific countries, it provides a consistent and conservative estimate
of potential fuel tax exposure (Supplementary Table 2). Regional refined
fuel prices generally track closely across major markets. Toillustrate the
sensitivity range, we recalculated absolute and relative fuel tax exposure
for all countries using high and low benchmarks (Los Angeles CARBOB
and Singapore Mogas 92 RON, respectively); we present the results in
Supplementary Figs. 1and 2. Third, while retail fuel prices may reflect
local variation in market structure, regulation and profit margins, we
assumed a competitive retail environment where profit margins are low
and do not meaningfully distort the price gap. Despite these limitations,
thebenchmark gap approach offersapractical and broadly applicable
method for cross-country comparison of fuel price distortions, particu-
larly when detailed market data are unavailable.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

A Supplementary Information document accompanies this article,
which includes more details on the methodology. Accompanying
formatted data to perform the analysis are available via Zenodo at
https://doi.org/10.5281/zenodo0.17530560 (ref. 28). Source data are
provided with this paper.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
|:| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

D The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested

|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

X XX X XX 5

D A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

D For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

L1X X

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

A Supplementary Information document accompanies this article which includes more details on the methodology. Accompanying formatted data to perform the
analysis is available open source on Zenodo https://doi.org/10.5281/zenodo.17530560. Source data are provided with this article.
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Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description Quantitative data collection and analysis.

Research sample This study did not involve a research sample. We use open source data that is publicly available and downloadable from various
sources. Primarily, we utilize data from the International Monetary Fund (IMF), World Bank Group (WBG), US Energy Information
Administration (EIA), and the Debt Data Portal from Debt Justice.

Sampling strategy n/a

Data collection Data collection was performed manually by the researcher through systematic review of publicly available websites and online
datasets from relevant institutional sources (see Research sample). No human participants were involved, and no other individuals
were present during data collection. The researcher was not blinded to the study hypothesis, as this research is based on secondary
data compilation and analysis rather than experimental design.

Timing No primary data collection was conducted; all data were drawn from publicly available institutional sources and compiled between
[February, 2024] and [October, 2024].

Data exclusions n/a
Non-participation n/a
Randomization n/a
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