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Chapter 2

Patterns of taxes on energy use and changes from 2012 to 2015

This chapter describes similarities among and differences between countries’
profiles of taxes on energy use (energy and carbon taxes), by the main economic
sectors and fuels used, for selected country groupings and on a country-by-country
basis. The discussion focusses on tax rates expressed per tonne of CO,. A main
finding is the continued very poor alignment of taxes with the environment and
climate costs of energy use, across all countries and country groups, though at
different levels. Progress towards better use of taxes to cut harmful emissions is
slow and piecemeal at best, and largely limited to the road sector.

The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use of
such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli settlements
in the West Bank under the terms of international law.
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This chapter describes similarities among, and differences between, countries’ profiles
of taxes on energy use, by different fuels, sectors and different country groupings. In
addition, comparing 2015 rates to those of 2012, it identifies changes in taxing practice.

A main finding is the continued very poor alignment of taxes with the environment and
climate costs of energy use, across all countries and country groups, though at different
levels. Most taxes are well below where they should be to reflect climate costs alone,
even using a very conservative estimate of the climate damage of EUR 30/tCO,. Changes
between 2012 and 2015 across the 42 countries are limited, and they mainly show in the
road sector.

A few countries implemented tax reforms which contribute to enhancing the alignment
of tax rates with the external costs of energy use both in the road and in the non-road
sectors. However, with some exceptions, due to the weight of individual countries in
the total, these reforms do not significantly change the overall pace of change, and
misalignments remain.

By way of background, the first section of this chapter is an overview of the level and
composition of energy use and carbon emissions from energy use across countries and
sectors. The next section discusses the key features of effective tax rates by sector and fuel,
across all countries and country groups, also focussing on comparing taxation in industry,
the residential and commercial sector, and electricity. Next, the level and composition
of effective tax rates on energy use in the road and non-road sectors are discussed,
and effective tax rates are related to countries’ broader economic characteristics. More
specifically, effective tax rates are correlated with carbon emissions per unit of GDP per
capita, the energy intensity of GDP and carbon intensity. The last section zooms in on the
rates and coverage of carbon taxes in the countries which have introduced a specific tax
on carbon.

The discussion focusses on tax rates expressed per tonne of CO,. This does not reflect
a view that taxes on energy use are or should be used only to price carbon emissions —
indeed they also can be used, to an extent, to reflect environmental costs related to other
emissions resulting from the combustion of fuels, and they can and do also serve revenue-
raising functions. However, taxes on fossil fuels (or prices in emissions trading systems) are
the ideal instrument to internalise external costs of CO, emissions, and the view is widely
held that they (in combination with prices of tradable CO, emission permits) should at a
minimum equal these external costs. Expressing tax rates in currency per tonne of CO,
allows quick evaluation of whether they attain that objective.

This chapter often compares tax rates against a benchmark level of EUR 30 per tCO,.
In line with OECD work on Effective Carbon Rates (OECD, 2016) and thorough review
of recent estimates, this value is taken as a lower-end estimate of the climate cost of CO,
emissions. A more detailed discussion of this benchmark estimate can be found in Box 2.1
of this document, and Chapter 2 in OECD (2016).

To recall, the 42 countries included in the TEU database are the 35 OECD member
countries (Latvia being a new member country since July 2016, it was not included in
the first vintage of the database) and seven partner economies: Argentina, Brazil, China,
India, Indonesia, Russia and South Africa. Among these, this section distinguishes between
different country groupings. These are the 22 OECD member countries which are also part
of the European Union, the 12 non-EU OECD member countries, and the seven partner
economies.
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Composition of and changes in energy use and carbon emissions from energy use

This section compares energy use and CO, emissions from energy use in the 42
countries in 2009, 2012 and 2014, the years which have been used to calculate effective tax
rates on energy use in the different TEU and ECR publications.

Figure 2.1 shows that the 42 countries included in the TEU database account for just
under 80% of world energy use. The share of energy use that the 42 countries collectively
account for in 2014 is roughly the same as in 2009, but the composition within the group of
42 countries evolves. In particular, the share of OECD countries decreases over time, and
that of the seven partner economies grows. In 2014, the seven partner economies account
for a larger share of global energy use (39% in 2014, up from 35.4% in 2009) than then 35
OECD countries (38.5%, down from 42.8% in 2009), for the first time.

Figure 2.1. Energy use by country or country groups in 2009, 2012 and 2014
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Source: Calculations based on World Energy Balances (IEA, 2016a).

Across the 42 countries, a few large countries account for the bulk of energy use, but
here too relative weights are shifting. For example, in 2014, the United States accounted for
16.2% of energy use, down from 17.6% in 2009. China’s share in world energy use amounts
to 22.2% in 2014, up from 19.3% in 20009.

Overall, the growth in total energy use in 42 countries has been decelerating. Since
2010, energy use in the 42 countries has grown at 1.2% per year on average, down from an
average yearly growth of 2.4% in the early 2000s. This deceleration is mainly caused by
slower energy use growth in the seven partner economies, where energy use grew by 3.3%
per year on average since 2010, down from 5.7% between 2000 and 2010.

At the sector level, across the 42 countries, carbon emissions from energy use are
growing at the fastest pace in industry between 2009 and 2014. They rose by 15.3%
between 2009 and 2012, and by 10.5% between 2012 and 2014. Carbon emissions from
electricity generation grew by 18.6% between 2009 and 2012, but decreased by 2.2%
between 2012 and 2014.
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Emissions from outside of road transport tend to account for the bulk of emissions
across all countries. Among these, the electricity, the industry and the residential and
commercial sectors outweigh other non-road sectors in terms of their contribution to
carbon emissions by far, in and across all countries. Road transport accounts for around
15% of carbon emissions from energy use across all countries.

Figure 2.2 shows that the distribution of carbon emissions from energy use differs
between country groups. While the contribution of different sectors to total carbon
emissions is roughly similar between the OECD-EU and non-EU OECD countries, the
share of the industry sector in total carbon emissions is larger in the selected partner
economies. Emissions from road transport are lower in the selected partner economies, but
its share can be expected to grow quickly as per capita incomes rise further.

Figure 2.2. Composition of CO, emissions from energy use by sector in
different country groups, 2014, %
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Figure 2.3. Composition of CO, emissions from energy use by fuel for
different country groups, 2014, %
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Figure 2.3 displays the shares of emissions from coal, oil products, biofuels and
waste, and natural gas, again for the different country groups. As for sectors, shares are
roughly similar across the OECD economies, but coal and coal products contribute a much
larger share to emissions in the selected partner economies. Against this background,
it is encouraging that global coal consumption in 2015 fell for the first time of the new
millennium. Chinese coal consumption, which accounts for almost half of the global total,
even fell for two years in a row but re-bounded recently (IEA, 2016c; Enerdata, 2018).

Effective tax rates — key features by fuel and by sector

This section provides an overview of the main patterns characterising the taxation of
energy use in the 42 OECD and G20 economies across six economic sectors and different
fuel types. It highlights the wide differences between tax rates on different fuel types and
considers the large differences between tax rates on road and non-road sectors. The section
also sheds light on the differences among effective tax rates in different country groupings.

The principal observations are that coal is taxed at the lowest rates per tonne of CO, by
far, while oil products are taxed at the highest effective rates; taxes in the non-road sectors
are below those in the road sector, by a factor of more than 20 across the 42 countries
on average; taxes on energy use are higher in OECD EU countries than in other OECD
countries and in OECD partner economies.

Taxes on energy use by fuel

Figure 2.4 breaks down the economy-wide effective tax rates in each country into
effective tax rates on carbon emissions for each type of fossil fuel. The size of the circle for
each fuel represents the share of that fuel in total carbon emissions of the country, and the
economy-wide effective tax rate is also plotted.'

Immediately discernible from Figure 2.4 are the comparatively high rates applied to
oil products compared to other fuels, in all countries included in the database. These high

Figure 2.4. Effective tax rates on carbon emissions from energy use on each fuel in 2015 (biomass emissions
included)
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Note: Tax rates are shown as at 1 April 2015. Carbon emissions from energy use were calculated from data in the Extended World
Energy Balances (IEA, 2016b).
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rates are primarily, but not exclusively, the result of high taxes applied to fuels for road
use. Coal, which contributes a significant share to carbon emissions in some countries, is
taxed at much lower rates, and effective tax rates are zero or close to zero in the majority
of countries.

The taxation patterns for each fuel have remained broadly stable between 2012 and
2015, but some changes in the tax rates by fuels can be highlighted at the country level.
For example, in India, the Clean Energy Cess, which applies to all coal, lignite and peat
use, was increased from INR 50 per tonne in 2012 to INR 200 per tonne in 2015, and a
new tax on bituminous coal was introduced in Korea. These changes are visible in the
energy tax profiles of the two countries, but the rates at which these taxes applied in 2015
remain too low to make a large difference in Figure 2.4 or in the aggregate figures shown
in forthcoming sections.

Comparing by fuel group, the change in the taxation of oil products is largest, and its
effects are concentrated in the road sector. Compared to 2012, large increases in the tax
rates on oil products were implemented in China, Mexico and India. This will be discussed
below.

Taxes on energy use in road transport compared to other sectors

Overall, taxes on energy use are relatively high in road transport, whereas rates exceed
EUR 30 per tCO, for a very small share of non-transport emissions only. This picture is
fairly stable across both years, except for substantial increases in tax rates on road fuels
rates in the middle of the distribution.

Figure 2.5 plots the proportion of carbon emissions subject to different levels of
effective tax rates, in EUR per tCO, in the road sector (in panel A) and the non-road
sectors (in panel B), with tax rates for 2012 and 2015. The horizontal axes of each figure
sorts emissions from the lowest to the highest taxed, with the range normalised to 100%
to allow comparison of the distributions over time and between sectors. The vertical axis
shows the tax rates.

A first observation is that effective tax rates are strongly heterogeneous in both years
and for both sector classifications shown. This implies that it is not very helpful to think in
terms of average rates across all sectors, as this average hides large differences in actually
applicable rates.

Nearly all carbon emissions from road transport are taxed, and they are taxed at
relatively high rates. In 2015, 97% of emissions from road transport are taxed, and 91%
are taxed above EUR 5 per tCO,. Rates exceed EUR 30 per tCO, for 50% of emissions,
and EUR 50 per tCO, for 47%. Comparing across years, the most discernible change in the
effective tax rates in road transport is an increase in rates in the middle of the distribution.
In particular, the share of emissions taxed above EUR 30 per tCO, increased from 46%
in 2012 to 50% in 2015, and rates exceed EUR 50 per tCO, for 47% of emissions in 2015,
compared to 37% in 2012. However, other, smaller changes are observed, too, and go in
both directions.

However, as discussed in Box 2.1, due to the range of other external costs from road
transport, “higher” rates in this sector does not necessarily imply that the rates are “high
enough”, even if rates are considerably higher than EUR 30per tCO,. EUR 30 per tCO, is a
conservative estimate of the climate cost of a tonne of CO, emissions, and is in that sense
a minimum rate that should be reached if taxes on energy use were used for climate policy
purposes only. The partial evidence discussed in Box 2.1 suggests that excise on road
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fuels is near the low end of estimates of external costs related to fuel use, in two countries
featuring among the highest effective tax rates across the 42 countries covered. In essence,
this suggests that in most cases the relatively high transport fuel taxes are still too low from
an environmental point of view.

The distribution of tax rates in non-road sectors features a long tail with rates equal
to or close to zero, and a very small share of emissions subject to higher rates, across both
years. In 2015, excluding taxes on electricity output, 81% of emissions are not taxed, 92%
are taxed at below EUR 5 per tCO, and just 3% are taxed above EUR 30 per tCO,. The
next section outlines taxation patterns across country groups, followed by two subsections
which disaggregate the changes in rates in the road and non-road sectors on a country level.

Figure 2.5. Proportion of carbon emissions from energy use subject to different levels of
effective tax rates in the road and non-road sectors, in 2012 and 2015 (excluding taxes on
electricity output, including carbon emissions from biomass)
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Note: All tax rates are expressed in 2012 prices. Carbon emissions from energy use were calculated from data
in the Extended World Energy Balances (IEA, 2016b).
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Taxes on energy use by fuel and sector in different country groups

The energy tax profiles discussed here summarise the taxation of energy use for
different groups of countries. The groups are the 42 countries (Figure 2.6), all OECD
countries (Figure 2.7), all OECD countries which are also EU members (Figure 2.8),
all non-EU OECD countries (Figure 2.9) and the seven selected partner economies
(Figure 2.10).

In each of the energy tax profiles, effective tax rates from energy taxes are plotted in
EUR per tCO, along the vertical axis, and emissions from energy use in 1000 tCO, are
shown along the horizontal axis. Carbon emissions are grouped into six economic sectors
and by the main fuels. Scales are adapted to improve legibility of the profiles, so they differ
between the figures.

The profiles include carbon emissions from biomass, they are either separately identified
or grouped with carbon emissions from waste. Figures 2.6 through 2.10 exclude taxes
on electricity output from the calculation of effective tax rates. The energy tax profiles
distinguish between carbon taxes and other taxes on energy use, via the black horizontal
lines across the blue bars. More methodological detail is included in Chapter 1.

The energy tax profiles differ substantially among country groups, both in terms
of effective tax rates across fuels and sectors, as well as in terms of the composition of
carbon emissions from energy use. The highest overall tax rates are observed in the OECD
countries which are also EU members (Figure 2.8). In this group, energy taxes are strongly
shaped by the 2003 Energy Taxation Directive, which sets minimum tax rates for a wide
range of fuels in different economic sectors. Tax rates are significantly lower in the non-EU
OECD countries (Figure 2.9), both in the road and non-road sectors, and rates are lowest in
the seven OECD key partners group (Figure 2.10).

In all country groups, oil product use in the road sector is taxed at the highest rates.
Biofuels also tend to be taxed at comparatively high rates when used in road transport.
However, this is because many countries tax their use at the same statutory rates as fossil
fuels, which translates into high effective tax rates due to the lower carbon content of
biofuels.

Within the road sector, the differential taxation of gasoline and diesel is identifiable
in all energy tax profiles, but the magnitude and direction varies between country groups.
In the non-EU OECD countries, on a weighted average basis, diesel is taxed at a higher
effective rate per tonne of CO, than gasoline, and this pattern also dominates in the Figure
for the group of the OECD countries (Figure 2.7) and for all countries (Figure 2.6). In
the group of the EU-OECD countries (Figure 2.8) and the selected partner economies
(Figure 2.10), gasoline is taxed at a higher effective rate than diesel, on a weighted average
basis.
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Figure 2.6. Effective tax rates on energy use in the 42 OECD and G20 economies in EUR/tCO,, 2015

(excluding taxes on electricity output, including carbon emissions from biomass)
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Figure 2.7. Effective tax rates on energy use in OECD countries in EUR/tCO,, 2015
(excluding taxes on electricity output, including carbon emissions from biomass)
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Figure 2.8. Effective tax rates on energy use in the 22 OECD economies that are also members of the European Union in EUR/tCO,, 2015

(excluding taxes on electricity output, including carbon emissions from biomass)
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Tax rate - EUR per tonne of CO2

Figure 2.9. Effective tax rates on energy use in non-EU OECD economies in EUR/tCO,, 2015
(excluding taxes on electricity output, including carbon emissions from biomass)
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Figure 2.10. Effective tax rates on energy use in the seven selected OECD partner economies in EUR/tCO,, 2015
(excluding taxes on electricity output, including carbon emissions from biomass)
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Given that 40 out of the 42 countries tax diesel at a lower effective rate than gasoline,
it may be surprising that, on a weighted average basis, the effective tax rate on diesel is
higher than that on gasoline across all countries and for some country groups (OECD and
non-EU OECD). This result is due to the weight of some large non-EU OECD countries
in the total weighted average tax rates. Table 2.1 illustrates the shares of carbon emissions
from gasoline and diesel in individual countries in the total, thus indicating the weight of
their respective tax rates on gasoline and diesel in determining the total average effective
tax rate on gasoline and diesel for road use across all countries. The next section of this
chapter discusses the differential taxation of gasoline and diesel by country.

Table 2.1. Share of a countries gasoline, diesel and road sector emissions in total, %, 2014

Gasoline share in total gasoline Diesel share in total diesel Road sector emissions in total
Country emissions, road emissions, road emissions from road
USA 451% 20.7% 33.8%
CHN 12.2% 15.5% 13.7%
JPN 5.2% 3.2% 4.0%
RUS 4.72% 2.0% 3.2%
MEX 4.32% 2.1% 3.1%
CAN 3.96% 2.4% 3.1%
BRA 3.2% 5.7% 5.1%
IDN 3.04% 2.6% 2.6%
IND 2.5% 7.6% 4.6%
DEU 2.2% 4.8% 3.4%
FRA 0.8% 4.9% 2.7%
GBR 1.6% 3.6% 2.4%
ITA 1.1% 3.4% 2.2%
ESP 0.56% 3.1% 1.6%
KOR 1.14% 2.4% 1.9%
TUR 0.24% 2.1% 1.1%

Note: Countries are shown if their share of diesel or gasoline emissions in total diesel or gasoline emissions
from the road sector exceeds 2%, the table is ordered by countries’ share of gasoline emissions. Carbon
emissions from energy use were calculated from data in the Extended World Energy Balances (IEA, 2016b).

Tax rates are much lower in the non-road sectors than in the road sector, in all country
groupings, and the gaps between effective tax rates on different fuels per tonne of carbon are
wide. Oil products are always taxed at the highest rates, natural gas is taxed at lower rates
and coal, which accounts for major shares of carbon emissions in the main non-road sectors
(though to different extents between the country groups), is taxed at very low or zero rates.

Among the three main non-road sectors (residential and commercial, industry, and
electricity), fuels are taxed at the highest effective rates in the residential and commercial
sector. On average across all fuels, tax rates in the industry sector are about half as high as
in the residential and commercial sector.

Both in the EU and non-EU OECD countries, the higher taxation of the residential
and commercial sector is partly due to higher statutory rates than in industry. In addition,
countries which participate in an ETS and which also levy specific taxes on carbon often
cancel carbon tax payments for firms which participate in a trading system, lowering
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effective tax rates in industry. Conversely, carbon taxes apply more strongly to fuels used
in the residential and commercial sector. However, permit prices in emissions trading
systems have been relatively low, such that they do not make up for the difference in
taxation between the industry and the residential and commercial sector.

Input fuels for electricity generation are almost never taxed, leading to an effective tax
rate of close to zero in all country groupings. On environmental grounds, the absence of
taxes on fuels used to generate electricity inputs is particularly counterproductive, since
electricity still depends very strongly on carbon-intensive fuels. The rates are low across
all country groupings, but the disparity between the taxation of the electricity and other
sectors is larger in EU countries.

In the European Union, according to the Energy Tax Directive, Member States shall
exempt from taxation energy products and electricity when used to produce electricity. The
Directive allows Member States to apply a tax to the fuels used to generate electricity, for
environmental reasons, and without having to respect the minimum levels of taxation laid
down in the Directive. However, not many countries make use of that provision. One of
the exceptions is Italy, where the fuels used to generate electricity are taxed, at relatively
low rates when compared to the rates which are applied to fuel use in other sectors. The
Energy Tax Directive regulates the taxation of electricity output instead. However, taxes
on electricity output do not send a direct price signal to discourage carbon-intensive
or inefficient generation, which is why they are excluded when effective tax rates are
expressed in currency per tCO,, as in Figures 2.6-2.10.

To improve readability, Figures 2.6-2.10 show off-road transport as a single fuel
use category. In all of the country groups, off-road transport is mainly composed of oil
products used for domestic rail, aviation and marine transport. While many countries tax
fuel use in off-road transport at the same rates as road transport fuels in principle, almost
all countries grant reduced tax rates or exemptions to domestic off-road transport fuels.
These tend to be reported as tax expenditures. International transport fuel consumption,
which is tax-exempt by international conventions, is not included in the profiles.

Fuel use in agriculture and fishing is dominated by oil products, which are typically
subject to high rates, but derogations from the full tax rates are often provided when fuels
are used in this sector.

Effective tax rates in the road sector by country

The first subsection of this chapter pointed to relatively high tax rates in road transport.
This section breaks these rates down by tax instrument, and discusses changes in rates by
country.

Figure 2.11 shows average effective tax rates on carbon emissions from energy use in
the road sector, distinguishing price signals from carbon taxes and from excise taxes and
notes changes in average rates between 2012 and 2015. Carbon taxes on road transport fuels
are used in a few countries only, and usually form a small share of the full effective tax rate.
Effective tax rates in the road sector are predominantly from excise taxes on road fuels.

Figure 2.11 also reveals which countries drive the change in effective tax rates shown
in Figure 2.5, which shows the proportion of carbon emissions from energy use subject to
different levels of effective tax rates in the road and non-road sectors, in 2012 and 2015.
At lower tax rates, changes are driven by changes in Canada, Indonesia, Russia and the
United States. The larger changes in the middle range are the result of fuel pricing reforms
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in China, India and Mexico. At higher tax rates, the changes stem mainly from tax rate
movements in European countries.

Figure 2.11. Average effective tax rates from excise taxes and specific taxes on carbon by
country in the road sector, in EUR/tCO,, 2015 and 2012
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Note: All tax rates are expressed in 2012 prices. Due a lack of price data, Argentina was excluded from
comparisons of tax rates across years. Since Latvia was not included in previous vintages of the database, data
are available only for 2015. Effective tax rates are calculated including the carbon emissions from biomass.
For countries with a currency other than the Euro, changes in effective tax rates can differ when expressed in
local currency (see Figure 12.2 for changes in local currency units).

While average effective tax rates increased or remained stable in some countries over
time, they decreased in others. Changes in effective tax rates (in EUR per tCO,) can be the
result of changes in the statutory tax rate, or changes in the carbon intensity of the tax base.
In addition, for countries with a different currency than the Euro, changes in rates between
two years can also be the result of exchange rate fluctuations. In most countries, inflation
contributes to changes in effective rates, too, though some countries (e.g. Australia, Chile,
Denmark, the Netherlands, Norway and Sweden, and the United Kingdom until 2013)
compensate the real decrease in nominal rates by automatically indexing statutory tax rates
for inflation (Mahler et al. 2017).° The following paragraphs briefly highlight where either
of the components played a particularly strong role in driving the change in effective tax
rates in road transport in individual countries.

Although increases in the statutory rate play a role, the increase in effective rates
in the middle of the distribution shown in Figure 2.5 is also a consequence of China’s
increasing share of total emissions across all countries (as its emissions are taxed at middle
range rates). The same is true for India, where increases in carbon emissions amplify rate
increases, though the pace of emissions increase has not been as strong (6.4% between 2012
and 2014 in the road sector). While changes in the country shares of the carbon emissions
base affect the distribution of effective tax rates, this base effect is dominated by rate
changes and changes in the composition of the fuel mix within the sector.

For tax rates expressed in Euros, exchange rate fluctuations over time also affect
tax rates for countries not part of the Euro area. For example, real effective tax rates can
increase in local currency but may remain unchanged or decline when quoted in Euros. It
is therefore useful to consider change over time in national currency. To account for these
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differences, Figure 2.12 plots the changes in effective tax rates in local currency units. In
addition, the online country notes show effective tax rates in local currency units.

Figure 2.12. Percentage change in average effective tax rates in the road sector by country
in local currency units, 2012-15
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Notes: Percentage change is indicated in 2012 prices per local currency units. The change in Mexico’s average
effective tax rates between 2012 and 2015 is 724%. To improve legibility, Mexico is not shown. Due a
lack of price data, Argentina was excluded from comparisons of tax rates across years. Since Latvia
was not included in previous vintages of the database, data are shown only for 2015. Effective tax rates
are calculated including the carbon emissions from biomass.

In the case of Switzerland, for example, the appreciation of the local currency against
the Euro between 2012 and 2015 makes the change in the effective tax rate larger in Euros
than in national currency. On the contrary, in Chile real domestic rates have increased
more strongly in national currency than in Euros. Exchange rate fluctuations reverse the
direction of effective tax rate changes in the case of the United Kingdom, Israel, Korea,
Sweden and South Africa. Specifically, rates increase in national currency but decrease
when quoted in Euros in the cases of Sweden, and South Africa; and rates decrease in
national currency compared to an increase in Euros, and from a domestic decrease to an
increase in the United Kingdom, Israel and Korea.

Within the road sector, there are large differences in effective tax rates between
gasoline and diesel, the two main fuels used in road transport. At the current state of
equipment and technology, diesel usually emits higher levels of harmful air pollutants per
litre than gasoline, and also the carbon content of diesel per litre is higher. This suggests
that on environmental grounds diesel should be taxed at rates which are at least as high as
those of gasoline (see e.g. Harding, 2014 for more detail).

Figure 2.13 shows the effective tax rates on gasoline and diesel for road use in 2015,
ordered by countries’ effective tax rates on gasoline. Contrary to what environmental
policy considerations would suggest, diesel is taxed at lower effective rates than gasoline in
all of the countries studied, except in the United States and Mexico. Note that in both latter
countries, the tax rates on both gasoline and diesel are at the lower end of the distribution
across all countries. In both Mexico and the United States, reliance on gasoline for fuel
use in the road sector is relatively strong (68.5% and 66.9%, respectively). In the United
States, almost all of the (lower-taxed) gasoline is used by passenger cars and light trucks,
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while heavy goods vehicles tend to run on (higher-taxed) diesel (United States Department
of Transportation, 2015). This is in contrast to the situation on many European countries,
where heavy transport is often taxed at lower rates.

Figure 2.13. Effective tax rates on gasoline and diesel for road use in EUR/tCO, in 2015
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Notes: Tax rates are shown as at 1 April 2015. Carbon emissions from energy use were calculated from data in the
Extended World Energy Balances (2016b). For countries with a currency other than the Euro, changes in effective
tax rates can differ when expressed in local currency (see Figure 2.14 for changes in local currency units).

The gap between the effective tax rates on gasoline and diesel is particularly large in
the case of New Zealand, but this is an artefact reflecting New Zealand’s particular tax
structure. New Zealand taxes gasoline for road use through an excise tax, but not diesel.
Instead, diesel cars pay distance-based charges (“Road User Charges”, RUC). Since road
user charges affect different behavioural margins than a tax on fuel use (e.g. distance-based
charges do not create a direct incentive to economise on fuel use), they are not included in
the TEU database and do not appear in Figure 2.13.*

As in relation to Figure 2.11, for countries with a currency other than the Euro,
exchange rate fluctuations play a role for determining effective tax rates on gasoline and
diesel when quoted in EUR per tCO,. To account for these, Figure 2.14 plots the percentage
change in the gap between effective tax rates on gasoline and diesel in local currency units,
between 2012 and 2015. Though the gap between effective tax rates remains wide in the
majority of countries, it has been narrowing in most across the time period analysed.

Mexico has made the narrowing of the differential taxation of gasoline and diesel an
explicit objective of its energy tax reform, which has been rolled out gradually over the past
years (Arlinghaus and Van Dender, 2016). A few other countries are implementing policies
to narrow the “diesel differential”, but not all of the effects of the reforms show in the data
included in this report yet, due a lag in data availability (see Chapter 1 for methodological
details).
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Figure 2.14. Percentage change in the gap between the effective tax rate on gasoline and
diesel between 2012 and 2015
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Notes: Percentage change is indicated in 2012 prices per local currency units. Effective tax rates are
calculated including the carbon emissions from biomass. Mexico has narrowed the gap between
its effective tax rate on gasoline and diesel by 464% between 2012 and 2015. To improve legibility,
Mexico is not shown. Due a lack of price data, Argentina was excluded from comparisons of tax rates
across years. Since Latvia was not included in previous vintages of the database, data are shown only
for 2015.

Box 2.1. What is an appropriate benchmark for taxes on energy use?

The economically optimal level of taxes on energy use is difficult to establish, like for
any other tax or policy variable. The view taken in OECD work on environmental taxation
(e.g. OECD, 2017) is that taxes and other market-based instruments (e.g. emissions trading
systems) should reflect the environmental costs and any other damage associated with energy
use, i.e. they should reflect marginal external costs.

Optimal tax levels are also influenced by other considerations, e.g. related to revenue-
raising, to equity and to competitiveness. Adapting taxes for equity and competitiveness reasons
is often done in practice, but is not ideal as other more suitable instruments are available for
providing compensation without compromising effectiveness.

The impact of revenue-raising objectives on optimal tax levels is empirically difficult to
establish, but different models indicate that the marginal economic cost of tax distortions is
lower for environmentally related taxes than for labour taxes (e.g. Groothuis, 2016). This would
imply that an equal revenue tax shift from labour taxes to taxes on energy use, e.g. by aligning
taxes on energy use with the external costs of energy use, reduces the overall economic
cost of raising the given amount of revenue. Note that considerations related to revenue-
raising are unrelated to the funding needs in a particular sector. Imposing sector-specific
budget constraints can potentially be useful for regulatory or political economy reasons (not
considered in this report) but are not productive from a public finance point of view.

As a rule of thumb, therefore, tax reform should aim for closer alignment of taxes
and prices of tradable permits with the costs of negative impacts of energy use. Practical
implementation of this rule of thumb is difficult, however, as it requires evidence on the
relevant external costs, which — with some exceptions — is not readily available. The alternative
approach, adopted in this report, is to establish a minimum requirement: if price signals from
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Box 2.1. What is an appropriate benchmark for taxes on energy use? (continued)

market-based instruments were used to reflect external costs from CO, emissions only, then
they should not be lower than a low-end estimate of these external costs, namely EUR 30/tCO,.
This is a relevant criterion given the large gaps that currently exist between price signals and
the EUR 30/tCO, minimum, in all sectors studied, except road transport.

Effective tax rates are well above EUR 30/tCO, in road transport in many countries. Does
this mean that they are high enough? Not necessarily. First, EUR 30/tCO, is a conservative
estimate of climate damages from CO, emissions, so higher rates are likely justified for
climate reasons alone: EUR 30/tCO, is truly a minimum. Second, taxes can play a broader role
than reflecting climate costs alone. This is true for taxes in all sectors, and very much so in
transport because of the high external costs of mainly air pollution, accidents and congestion.
While detailed information on the level of these costs is not at hand for all countries, some
rough indications can be extracted from Van Dender (2018, forthcoming), which itself builds
on sources from the European Union, France and the United Kingdom, by way of example.

On the basis of these back-of-the-envelope calculations, Figure 2.15 shows the sum of
marginal external costs associated with a litre of fuel use, for France and the United Kingdom,
averaged across gasoline and diesel and distinguishing between urban and rural driving. As
can be seen, in the two leftmost columns, the external costs are much larger for urban driving.
This is mainly because of higher congestion costs, and to a lesser extent because of greater
exposure to air pollution.

In order to compare excise taxes with external costs, to know if they are approximately
aligned, the external costs of congestion need to be adjusted downwards to account for the fact
that car users respond to higher fuel taxes partly by driving less (which reduces congestion)
but also by investing more in fuel economy (which does not reduce congestion). Since evidence
indicates that both responses are about equally large in the long run, the adjustment factor for
congestion costs is 50%, as an order of magnitude. The scaled down external costs estimates
are shown in the third and fourth column of the figure, labelled “mec-ft” (for marginal external
costs relevant to fuel tax comparison).

The adjusted marginal external costs can be compared to the prevailing excise taxes.
Keeping in mind that both sets of numbers (taxes and marginal external costs) are estimates,
the insight is that excise taxes appear to be fairly well aligned with the marginal external costs
of rural driving, and well below those of urban driving.

Are fuel excise taxes then on average too low? Since the main difference between urban
and rural driving pertains to congestion costs, and since congestion costs in rural driving are
very low, the answer to this question depends on one’s view on how congestion costs are best
dealt with. As explained in more detail in Van Dender (2018, forthcoming), fuel taxes are not
very well suited for curbing congestion, and electronic charging mechanisms that at least allow
for better internalisation of external costs of congestion are increasingly being deployed. If,
however, the view is that more sophisticated congestion pricing or other congestion management
policies remain elusive, then higher fuel taxes appear to be justified on the basis of the estimates
presented in the figure.

However, to allow for better congestion management and also anticipating on eventual
decarbonisation of road transport, it may be better to argue for more sophisticated congestion
pricing than for increasing fuel taxes to reflect average congestion. Fuel taxes then would
be “about right” on the basis of Figure 2.15. At this point, however, it is worth noting that
the marginal external cost estimates used for Figure 2.15 should be considered as low end
estimates, particularly for air pollution where they are based on assumed compliance with
emission standards.
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Box 2.1. What is an appropriate benchmark for taxes on energy use? (continued)

In sum, since excise taxes appear to align with low end estimates of marginal external
costs, and since they are in the vicinity of marginal external costs only where congestion
costs are very low, current fuel taxes in France and the United Kingdom are at the low end
of appropriate levels, suggesting that moderate increases are likely to engender further social
benefits. If fuel taxes are thought to have a role in curbing congestion, then they at present
appear to be too low. These results are similar to those of a more comprehensive exercise for
EU countries (Santos, 2017).

Figure 2.15. Estimates of marginal external costs and of fuel excise tax, France and
United Kingdom, EUR/litre of gasoline and diesel
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Legend: MEC = marginal external cost; urban = driving in urban environments; MEC-ft = MEC as
relevant to the fuel tax, i.e. after correction for indirect impact of fuel costs on driving-related eternal
costs; rural = driving in rural environments (to be understood as non-urban).

Source: Based on Van Dender (2018, forthcoming).

Effective tax rates in non-road sectors by country

This section takes a closer look at the level and composition of effective tax rates outside
of road transport, as well as their change between 2012 and 2015 in the 42 countries.

The tax rates shown for the non-road sector include the industry, residential and
commercial and the electricity sectors, as well as off-road transport and agriculture and
fishing. As pointed out earlier in this chapter, the contribution of off-road transport and
agriculture and fishing to total carbon emissions on energy use is very small, making
their contribution to the effective tax rates averaged across the different non-road sectors
negligible.

Compared to previous vintages of the TEU data, the data shown in this section exclude
taxes on electricity output when quoting tax rates per tonne of carbon. Since most taxes on
electricity are in fact output taxes, this leads to lower average effective tax rates across the
non-road sectors. Figure 2.16 shows the average effective tax rates per tonne of CO, across
non-road sectors in the 42 countries. The rates are below EUR 30 per tCO, in all but two
of the countries studied, and below EUR 5 per tCO, in most.
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Figure 2.16. Average effective tax rates from excise taxes and specific taxes on
carbon by country across the non-road sectors, in EUR/tCO,, 2015 and 2012
(including carbon emissions from biomass)
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Notes: Effective tax rates are calculated including the carbon emissions from biomass. For countries with a
currency other than the Euro, changes in effective tax rates can differ when expressed in local currency
(see Figure 2.17 for changes in local currency units). As detailed in the documentation of IEA (2016b),
energy use figures for Israel rely on a set of assumptions specific to the country. Starting in 2013,
energy use is based on a new classification system. Consequently, changes in effective tax rates for
Israel reflect changes in the estimated emissions base. All tax rates are expressed in 2012 prices. Due
a lack of price data, Argentina was excluded from comparisons of tax rates across years. Since Latvia
was not included in previous vintages of the database, data are shown only for 2015.

The effective tax rate shown in Figure 2.16 distinguishes between carbon taxes and
other specific taxes on energy use. Excise taxes are by far the largest component of the
effective tax rates across non-road sectors, but carbon taxes are a much more significant
component in non-road sectors than in road transport. In 2015, thirteen of the 42 countries
in the TEU database tax energy via a specific tax on carbon, most of these countries also
tax carbon emissions in non-road sectors at relatively high rates. The design and coverage
of national carbon taxes which apply in the countries included in the TEU database is
discussed further in the last section of this chapter.

Figure 2.16 also reveals that, though there have been significant changes in effective tax
rates in the non-road sectors in a few countries between 2012 and 2015, trends in the sense
of systematically increasing or decreasing rates are not clearly identifiable. In many EU
countries, statutory rates remained unchanged between the two years, which translates in to
real rate decreases over time. In proportion to their initial rates, tax rate increases are highest
in China, India, Japan, Korea and Mexico, many of which countries with initially low rates.

As also discussed in relation to Figure 2.11, changes in effective rates are shaped by
changes in statutory rates, in carbon emissions, and exchange rate fluctuations. Since
statutory tax rates have changed less strongly in the non-road sectors than in the road sector
and rates are lower, changes in the emissions base influence the swings in effective tax
rates more strongly across countries. However, in particular in China, France, India, Japan,
Korea, Mexico and the United Kingdom, the tax rate increases outweigh movements in the
emissions base.

Again, to account for changes in exchange rates influencing ETRs per tCO,, Figure 2.17
shows real changes in effective rates in the non-road sectors in countries’ local currency
units, in percent. While the magnitude of change differs across the different countries,
exchange rate movements do not reverse the direction of the change in any country.
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Eroded rates by inflation also play a role outside of the road sector, but due to low rates,
the extent of change is smaller than in the road sector.

Figure 2.17. Percentage change in average effective tax rates in the non-road sector by
country in local currency units, 2012-15
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Notes: Percentage change is indicated in 2012 prices per local currency units. Effective tax rates are
calculated including the carbon emissions from biomass. The change in Mexico’s average effective
tax rates between 2012 and 2015 is 1271.5%. To improve legibility, Mexico is not shown. As detailed
in the documentation of IEA (2016b), energy use figures for Israel rely on a set of assumptions specific to
the country. Starting in 2013, energy use is based on a new classification system. Consequently, changes
in effective tax rates for Israel reflect changes in the estimated emissions base. Due a lack of price data,
Argentina was excluded from comparisons of tax rates across years. Since Latvia was not included in
previous vintages of the database, data exist only for 2015.

ETRs and countries’ broader economic characteristics

Relating average effective tax rates to broader economic characteristics can help make
sense of the large differences in rates across countries. Figures 2.18 to 2.20 plot country-
level average effective tax rates per tonne of CO, against carbon emissions per unit of GDP
per capita, carbon intensity of energy use and the energy intensity of GDP, respectively.’
It is important, however, to keep in mind that such correlations do not imply a causal
relationship between variables.

Figure 2.18 shows that the correlation between the country-level average effective tax rates
on CO, emissions from energy use and GDP per capita is positive. Countries with higher per
capita income tend to be characterised by higher average rates. The dispersion is generally
quite large, especially among countries with relatively low average effective tax rates.

Several high-income European countries are shown to have very high average effective
rates, also since the EU Energy Taxation Directive shapes how EU member states tax
energy. However, Luxembourg has a very high effective tax rate compared to the relatively
low statutory tax rate it levies levied compared to other EU countries. The explanation is
that due to Luxembourg’s central geographic location, the low statutory rates compared to
neighbouring countries attract fuel tourism and boost sales to transit traffic. The dataset
accounts for these emissions as domestic energy use, given lack of data on where the
energy is actually consumed. As a result, the road sector, with high effective tax rates
compared to other sectors, represents a disproportionate share in the countries’ CO,
emissions, inflating the country’s average effective tax rate.
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Figure 2.18. Average effective tax rates on CO, emissions from energy use and GDP
per capita
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Notes: Tax rates are shown as at 1 April 2015. Carbon emissions from energy use were calculated from data in
the Extended World Energy Balances (IEA, 2016b). Data on GDP per capita is from the World Development
Indicators (World Bank, 2017). Effective tax rates are calculated including the carbon emissions from
biomass.

Another noteworthy cluster comprises the Eastern European countries, whose average
effective rates tend to be lower than the rates of other EU member states. While also
statutory rates tend to be somewhat lower on average in Eastern European countries than
in the rest of the EU, these differences are also the result of different energy profiles —
economies at lower levels of GDP tend to use relatively more energy in industry as opposed
to transport. Given that statutory and effective tax rates are higher in road transport, this
lowers a country’s average effective rates, everything else being equal.

Similarly, while sector-level effective tax rates are generally higher in OECD countries
than in OECD partner economies (e.g. Figures 2.6-2.10), differences in country-level
effective tax rates are somewhat overstated, considering that energy profiles are closely
related to a country’s level of economic development.

Figure 2.19 relates average effective tax rates on CO, emissions from energy use to the
carbon intensity of energy use, showing a negative relationship between the two variables.
However, effective tax rates vary widely between countries with a very similar carbon
intensity of the energy mix, suggesting that other energy policies and energy supply
conditions play a strong role in shaping a countries’ carbon intensity of energy use.

While causality could go in either direction, it remains worth noting that countries
which use primarily carbon-free fuels (e.g. renewables or nuclear) also tend to apply
relatively high effective tax rates on carbon, and the carbon intensity of the energy mix
tends to be higher in countries with lower effective tax rates on carbon.

Higher taxes on energy use provide energy users with a signal to use energy more
efficiently. To the extent that energy taxes are higher for more carbon-intensive fuels, they
also provide an incentive to reduce the carbon intensity of production. Figure 2.20 plots
effective tax rates on carbon emissions from energy use against the energy intensity of
GDP. The figure shows that more energy-intensive economies tend to feature lower average
effective tax rates on energy use.
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Figure 2.19. Average effective tax rates on CO, from energy and carbon intensity of energy use
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Notes: Tax rates are shown as at 1 April 2015. Carbon emissions from energy use were calculated from data
in the Extended World Energy Balances (IEA, 2016b). GDP data is from the World Development Indicators
(World Bank, 2017). Effective tax rates are calculated including the carbon emissions from biomass.

Figure 2.20. Average effective tax rates on CO, from energy and energy intensity of GDP
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Notes: Tax rates are shown as at 1 April 2015. Carbon emissions from energy use were calculated from data
in the Extended World Energy Balances (IEA, 2016b). GDP data is from the World Development Indicators
(World Bank, 2017). Effective tax rates are calculated including the carbon emissions from biomass.

Carbon taxes by sector and fuel

An increasing number of countries are introducing specific taxes on carbon. In contrast
to other excise taxes on energy use, the rates of which are quoted in currency per unit of
energy (e.g. per litre or tonne), the rates of specific taxes on carbon are usually quoted in
per tonne of carbon. While these taxes have existed in many Northern European countries
since the 1990s, France, Ireland, Japan, Mexico and Portugal have newly introduced
specific taxes on carbon in recent years. Where they exist at national level, these taxes are
included in the Taxing Energy Use database.®

Some countries explicitly mention these taxes as a means to reach the pledges made
in their nationally determined contributions to reaching the target they collectively agreed
upon in the Paris Agreement on climate change, namely that of limiting the increase in
worldwide temperatures to well below 2° C above pre-industrial times.
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Figure 2.21 plots the share of carbon emissions from energy use in the 42 countries
against the amount of emissions taxed under a carbon tax at different rates, in 2012 and
2015. The share of emissions that is subject to a carbon tax has increased, but remains
low at just 5%. Across all countries only 0.3% of emissions at an effective carbon tax rate
exceeding EUR 30 per tCO,, indicating that where they apply, the rates of carbon taxes are
low. Due to their limited reach and modest rates, the impact of carbon taxes on abatement
seems to remain limited to date.

Figure 2.21. Proportion of CO, emissions from energy use subject to different levels of
effective tax rates from carbon taxes (biomass emissions included)
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Notes: Tax rates are shown as at 1 April 2015. Carbon emissions from energy use were calculated from data
in the Extended World Energy Balances (IEA, 2016b).

In many of the countries which have introduced a carbon tax, these taxes apply to less than
50% of carbon emissions from energy use, and rates vary widely. This is shown in Figure 2.22,
which plots carbon tax rates in percent of the total amount of carbon emissions in each country
that has introduced a carbon tax in the different panels.

While carbon taxes ideally are uniform per unit of CO, emissions, irrespective of fuel or
sector, practical tax design often deviates from this intention. Carbon taxes are often set per unit
of fuel instead of per unit of CO, emissions, so rates can and do vary across sectors and fuels.

Efforts to harmonise carbon prices across energy users have led many countries to restrict
carbon taxes to non-ETS sectors, e.g. firms which are too small for inclusion in an ETS, or
energy users in the residential and commercial sectors. In practice, however, the low permit
prices prevalent in trading systems have meant that carbon prices outside the ETS often exceed
those inside. In addition, as discussed earlier in this chapter, fuels used to generate electricity
are exempt from taxes on fuel inputs, which includes carbon taxes, in most countries.

Debate on carbon taxes does not always take account of the existence of excise taxes,
presumably because of the different policy intentions behind both taxes (roughly, carbon
abatement or revenue raising) or because of views that carbon taxation should be additional
to any existing taxes. Furthermore, the ways revenues are used also differs between the
two instruments. Carbon tax revenues are often earmarked (e.g. for green spending), while
excise tax revenue mostly flows into the general budget. When it is earmarked, this tends
to go to spending on infrastructure, on the basis of the benefit principle.

Different policy rationales and design principles can result in differences in the salience
of taxes. For example, there is some evidence that carbon taxes trigger larger demand
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responses than excise taxes or market price fluctuations. For example, David and Kilian
(2011), Rivers and Schaufele (2016) and Andersson (2017) find that increases in carbon or
energy taxes are more salient than equivalent changes in market prices. This is partly due
to the political visibility of a tax introduction or rate increase and the expected longevity of
the price signal compared to market price changes.

There is less evidence on differences between carbon and energy tax changes, but
Rivers and Schaufele (2015) argue that carbon tax changes could be more salient than other
excise taxes due to the explicit appeal to accelerate environmentally-friendly behaviour. In
practice, the distinction between carbon and excise taxes might not be so sharp. Carbon
taxes are usually translated from a rate per tonne of carbon to a rate in per unit of energy
(e.g. litres or tonnes), so energy users, over the longer run, may only perceive the sum of
carbon tax and excise tax rates.

Figure 2.22. Proportion of CO, emissions from energy use subject to different levels of
effective tax rates from carbon taxes in countries with a carbon tax
(biomass emissions included)
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Figure 2.22. Proportion of CO, emissions from energy use subject to different levels of
effective tax rates from carbon taxes in countries with a carbon tax
(biomass emissions included) (continued)
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Note: All carbon tax rates are shown as at 1 April 2015. Carbon emissions from energy use were calculated
from data in the Extended World Energy Balances (IEA, 2016b).
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Conclusion

This report has discussed patterns of taxes on energy use by sector and by fuel, in 42
countries representing 80% of world energy use and of the CO, emissions from energy use,
considering taxes in 2015 and changes from 2012 to 2015. The discussion finds that these
taxes, with few exceptions, are poorly designed from an environmental and revenue-raising
point of view. Changes in the patterns from 2012 to 2015 show some modest improvement
of alignment with external costs, mainly as a result of road fuel tax increases in emerging
economies.

Apart from some modest steps forward in a couple of countries, there is little evidence
of better use of taxes on energy use to address the mounting global environmental and
climate challenges. Instead, real tax rates are gradually eroded by inflation in most
countries, suggesting indifference to the environmental efficacy of taxes. Evidence on
emissions trading systems, not covered in this report but in OECD (2016), does little
to change this rather bleak picture. Similarly, debate on carbon taxation is intense, and
this debate has translated into action to a limited degree, however, such action remains
insufficient to drive any meaningful changes to the actual tax rates.

Political economy considerations related to competitiveness and equity among
households are partly responsible for the patterns observed, along with the influence
on policy outcomes of sectional and interest groups. While these considerations are
sometimes justifiable, there can be little doubt that their presence as a barrier to reform
remains pervasive and real. A key policy recommendation from this work is that providing
compensation for the cost increases from energy taxes, where deemed necessary, should
not be provided through reduced rates or exemptions, but instead through targeted transfers
that maintain the environmental integrity of market-based instruments.
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Notes

1. As in the remainder of this document, effective tax rates on biofuels are shown separately, also
to accommodate for different views on accounting for the carbon emissions from biofuels.

2. The Clean Coal Cess was since renamed to Clean Environment Cess, and currently applies at
arate of INR 400 to all coal, lignite and peat use.

3. Mahler et al. (2017) analyse the consequences of not adjusting nominal energy tax rates for
inflation in Germany. They find that if energy tax rates would have been adjusted for inflation
between 2004 (with 2003 being the last year in which energy tax rates were increased) and
2017, revenues would have been almost EUR 80 bln higher over the entire period (measured in
2017 prices). For example, had the energy tax on gasoline been adjusted for inflation between
2004 and 2017, it would be at EUR 0.78 per litre today, instead of the current EUR 0.6545 per
litre, an increase of almost 20%.
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4. The OECD has (tentatively) translated New Zealand’s RUCs into a fuel tax equivalent, taking
account of drivers’ expected differential response to distance-based charges compared to fuel
taxes (calculations are not shown here). The results suggest that if the RUCs were included into
the TEU database as a fuel tax equivalent, the gap between the tax rates on diesel and gasoline
would be narrower, but would remain substantial.

5. The relationships are similar between road and non-road sectors, so the graphs are not shown
separately.
6. Note that several Canadian provinces levy specific taxes on carbon, but since they apply at

subnational level they are not included in the Taxing Energy Use database.
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