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Foreword

Climate change is one of the defining challenges of our age. Without drastic cuts in
greenhouse gas emissions, the world faces devastating impacts. If policy responses are
slow, these impacts are likely to be more costly than any economic crisis the world has
experienced so far. Delaying the low carbon transition will exacerbate the costs, since taking
action only when it is truly unavoidable will render carbon-intensive capital obsolete.

In response to this vital challenge, at the COP21 Conference on Climate Change in
2015, 195 countries agreed to decarbonise the global economy by the second half of the
century. This requires deep change in the structure of modern economies to put them on a
pathway to green growth.

Carbon pricing provides countries with a low cost tool to effectively and gradually
reduce emissions starting immediately. While action on climate change needs to go beyond
carbon pricing, it is an essential part of the solution. As this study makes clear, even with
a broad definition of carbon pricing, 90% of carbon emissions from energy use today are
priced below EUR 30 per tonne, which represents a conservative minimum estimate of
the damage that results from emitting one tonne of carbon. There can be no question that
delivering on the promises of COP21 requires strengthening carbon pricing now.

The Effective Carbon Rates report is unique in its comprehensive approach, integrating
carbon prices that result from taxes and emissions trading systems. Taxes include carbon
taxes and — importantly — specific taxes on energy use more generally. The analysis
covers 41 OECD and G20 economies, responsible for 80% of global energy use and CO,
emissions, and is broken down into six economic sectors for each country.

Most countries significantly price emissions from the road sector, while carbon
emissions from the non-road sectors go largely unpriced: 70% of emissions are priced
at zero and only 4% of emissions are priced above EUR 30 per tonne. Sectors outside
road transport comprise primarily emissions from industry, electricity generation and the
residential and commercial sectors, and they account for 85% of carbon emissions from
energy use in the 41 countries. Higher carbon prices in these sectors will be an essential
ingredient to an effective policy response.

Carbon pricing can be strengthened through both taxes and emissions trading.
Emissions trading can be an effective option, but sustained investment in low and zero-
carbon technologies requires higher and more stable permit prices than generally observed
today. Taxes can be grafted onto existing tax systems and this simplifies implementation.
Irrespective of the tools used, durable progress requires increasing carbon prices in most
economies and in many sectors.

This report, by providing comprehensive and comparable information of the current
state of CO, emissions pricing, can support policymakers to define priorities and improve
carbon pricing policies. Even modest action taken by all countries can translate into strong
progress. For example, if all countries would at least emulate carbon pricing structures of
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the median country in each economic sector, the extent to which emissions are priced at
less than EUR 30 per tonne would decline from 80% at present to around 50%.

We simply cannot afford, environmentally or economically, to get these policies wrong.
The carbon clock is ticking — our world needs higher effective carbon rates now, before
time runs out.

”_{' 2
R
Angel Gurria
Secretary-General, OECD
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Executive summary

Tackling climate change requires deep cuts in greenhouse gas emissions, including CO,
emissions. Carbon pricing is an effective and low cost means of inducing carbon abatement.
While not in itself sufficient to deliver the degree of abatement required for limiting the
risks of climate change, carbon pricing is an essential part of the solution. However, new
evidence presented in this report shows that 90% of carbon emissions are not priced at a
level reflecting even a conservative estimate of their climate cost.

This report presents the first comprehensive analysis of the extent to which countries
use carbon prices. It measures effective carbon rates, the price of carbon emissions resulting
from taxes and emissions trading systems, in 41 OECD and G20 countries, accounting for
80% of global energy use and of CO, emissions. For each country, the analysis shows the
distribution of effective carbon rates across all energy use and their composition by six
economic sectors.

Carbon prices often are zero or very low. Across the 41 countries, 60% of carbon
emissions from energy use are unpriced. Where carbon is priced, the price tends to be
low. The damage from climate change resulting from a tonne of CO, emissions can very
conservatively be estimated at EUR 30. Only 10% of emissions are priced at an effective
carbon rate equal or exceeding EUR 30 per tonne of CO,. In other words, 90% of emissions
fail the weak test of being priced at a level in accordance with a low end estimate of the
climate damage they cause.

Across all countries, effective carbon rates are particularly low in sectors outside road
transport, with 70% of emissions not priced at all and only 4% of emissions subject to an
effective carbon rate above EUR 30. These sectors, which include the industry, electricity
and commercial & residential sectors as well as offroad transport and agriculture &
fisheries, emit 85% of carbon emissions from energy use in the group of 41 countries.

Specific taxes on energy use form the main component of effective carbon rates in
the non-road sectors, with 23% of emissions from energy use subject to such a tax, and
with specific tax rates on average higher than carbon tax or permit price levels. Emissions
trading systems have a significant impact on coverage, and they extend the share of
emissions subject to a price to 30%.

Road transport has comparatively high effective carbon rates, with 46% of emissions
priced above EUR 30 per tonne of CO, and only 2% of emissions unpriced. These rates
are almost entirely the result of specific taxes on road transport fuel, which are not usually
introduced primarily for climate reasons. Fuel taxes can reflect air pollution and to some
extent congestion costs, justifying rates well above EUR 30 per tonne of CO,.

Within countries, effective carbon rates on transport fuels are higher than those on other
energy use. In the non-road sectors, some countries mostly price emissions from industry,
though often at low rates, while other countries price emissions from the commercial and
residential sector more strongly. Emissions from the electricity sector are priced in many
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countries, mostly at low rates and often through consumption taxes, which do not encourage
switching to cleaner fuels. The impact of emissions trading systems on effective carbon
rates is largest in the industry and the electricity sectors. Taxes apply to 17% of emissions
in industry and 27% in electricity, and price signals from emissions trading increase these
shares to 26% for industry and 36% for electricity.

The report introduces the “carbon pricing gap” as a synthetic indicator of the extent to
which effective carbon rates fall short of pricing emissions at EUR 30 per tonne of CO,. If
all emissions were priced at least at EUR 30, the carbon pricing gap would be zero, and if
all emissions were unpriced, it would be 100%. Currently, the carbon pricing gap is 80.1%
for the group of 41 countries. If carbon prices and coverage were to increase to at least the
levels currently observed at the median for each economic sector, the carbon pricing gap
would decline to 53.1%. This suggests that meaningful progress with carbon pricing can be
made by increasing rates were they are currently low and introducing pricing instruments
where they are zero. Such an approach would contribute to more uniform carbon prices,
which improves cost-effectiveness.

The non-road sectors, and in particular the industry, the electricity and the commercial
and residential sectors, are prime targets for raising rates. Within these sectors, non-oil based
energy tends to face lower rates than oil products. Efforts could also be concentrated in
countries where effective carbon rates are low across all energy use, although in some cases
this may lead to calls for inter-country transfers. Such a gradual approach would lead to more
uniform carbon prices, broadening the scope for cost-effective abatement. Cost-effectiveness
is always desirable and becomes indispensable as abatement targets become stringent.

Progress with carbon pricing can be made by utilising taxes or emissions trading
systems. Carbon pricing mechanisms co-exist with other mitigation policies. Ideally pricing
should be the primary policy tool used to drive abatement, for if regulatory or other policies
lead, cost-effectiveness likely suffers. Trading may have the advantage of better political
feasibility, particularly when combined with free allocation of allowances. However, making
durable progress with meaningful carbon pricing will require higher and more stable rates
than currently observed in trading systems, as well as increased attention to revenue raising
and productive ways of using revenue from taxes or auctioned emission permits. Turning
towards taxes may be the simplest approach administratively, as carbon taxes can often be
grafted onto existing systems, and the most effective approach economically, as creating
well-functioning markets is not always straightforward.
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Reader’s guide

This report is divided into two main parts: Part I sets the scene and provides a cross-
country analysis of effective carbon rates, Part Il presents detailed information on the
effective carbon rates for the 41 countries included in this report. Annexes A and B have
additional detail on the methodology and data.

Part I is further divided into five different chapters:

Chapter 1 provides a short introduction into effective carbon rates and summarises
the main results.

Chapter 2 is a recap of the policy and economic background to carbon pricing. Readers
familiar with the arguments for the environmental- and the cost-effectiveness of carbon
pricing and its wider economic effects can skip this chapter.

Chapter 3 defines effective carbon rates and details the concept and methodology
underlying the results presented in this report. Readers wishing to focus purely on results
can turn directly to Chapter 4.

Chapter 4 presents the results of the analysis of effective carbon rates (ECRs):

The first section of Chapter 4 (“Patterns of CO, emissions from energy use in
41 countries”) sketches the patterns of CO, emissions from energy use across sectors and
countries, providing context for the interpretation of the effective carbon rates.

The second section of Chapter 4 (“Effective carbon rates: Results of the analysis”)
presents the detailed results of the analysis of effective carbon rates:

e It starts with an overview of the distribution of ECRs across the 41 economies
included in this report, both at an aggregate and a country level, separately for
emissions from road and non-road sectors.

» This is followed by analysis of the composition of ECRs, i.e. the relative impacts of
specific taxes on energy use, carbon taxes and emissions trading systems.

* The next subsection focuses on the level and composition of ECRs within the five
non-road sectors, and specifically on ECRs on energy use in the industry sector
and the electricity sector.

* The final subsection provides a brief description of how the analysis of ECRs
changes when treating biomass as carbon neutral on a lifecycle basis instead of
including emissions from the combustion of biomass in total emissions.

The third section of Chapter 4 (“Effective carbon rates: the bigger picture”) places the
effective carbon rates into a broader context:

» It starts with constructing an indicator, “the carbon pricing gap”, to summarise the
extent to which emissions are not priced at the reference level of EUR 30 used in
this report.
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» This is followed by a simulation of policy-induced changes of the carbon pricing gap
indicator, assuming that all countries catch up with median country performance in
all sectors.

* The final subsection relates ECRs and the share of emissions priced at different
rates to some broader macroeconomic and energy characteristics of countries.

Chapter 5 sums up and concludes.
Part II presents details of the effective carbon rates in individual countries.

Chapter 6 shows detailed information on the distribution of effective carbon rates,
and decomposes the effective carbon rates by price instrument for each of the 41 countries
separately, both on an economy-wide level and by different sectors of the economy.

Annex A describes the detailed methodology and the data sources used for calculating
ECRs.

Annex B provides additional information on estimating the coverage of and determining
the permit prices for the sixteen emissions trading systems which are included in the
analysis of effective carbon rates.
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Partl

Effective carbon rates in OECD and selected partner economies
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Chapter 1

Effective carbon rates: An introduction and main results

This chapter provides the context and motivation for the analysis of effective carbon
rates, which are the total price that applies to CO, emissions from energy use as
a result of market-based instruments (carbon taxes, specific taxes on energy use
and price signals from emissions trading systems). The chapter also gives a short
overview of the main results for 41 countries which together account for 80% of
global carbon emissions from energy use.
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Containing the adverse impacts of climate change, whether certain or likely, and limiting
the risk of catastrophic climate change, requires drastic reductions of greenhouse gas
emissions. Energy use accounted for 69% of total anthropogenic greenhouse gas emissions in
2010 and emissions of carbon dioxide (CO,) form the largest portion (IEA, 2014). The demand
for energy is expected to increase strongly in the first part of the 21% century and beyond, due
to economic and population growth in many major economies. Reducing CO, emissions from
energy use is therefore a critical part of any policy package to mitigate climate change.

The Paris Agreement adopted at the 21%* Conference of the Parties to the United Nations
Framework Convention on Climate Change (COP21) in December 2015 is a milestone
in international efforts to craft an effective response to climate change. One of the aims
of the Paris Agreement is to hold the global average temperature increase to below 2°C
and to pursue efforts to limit it to 1.5°C above pre-industrial levels. Limiting temperature
increases to around 2°C in 2100 will require greenhouse gas emissions to fall by between
40% and 70% of current levels by 2050, and they should be close to zero by 2100 (Evans,
2014). Achieving the more ambitious 1.5°C target even calls for reducing CO, emissions to
zero in net terms between 2045 and 2060 (Rogelj et al., 2015).

Mitigation pledges submitted by individual countries in the lead up to COP21 are not
sufficient to limit temperature increases to below 2°C, but instead are more likely to put
the world on a pathway leading to a global temperature increase of about 3°C (Gtitschow
et al., 2015; Kitous and Keramidas, 2015). The Paris Agreement provides countries with a
platform to share long-term goals, including a collective and cyclical review of nationally
determined contributions to these goals every five years. If countries want to reach the
agreed limit in global temperature increase, they will need to substantially strengthen their
efforts to reduce emissions.

Carbon pricing is an effective and cost-effective means of reducing CO, emissions. This
report provides the first comprehensive, detailed and systematic evidence on “effective
carbon rates” in 41 countries covering 80% of global energy use. Effective carbon rates
are the sum of carbon taxes, specific taxes on energy use and tradable emission permit
prices, expressed in EUR per tonne of CO, emissions. They are, in other words, the price on
carbon emissions that energy users face as a result of market-based policies. By providing
this measure, the report is part of OECD work to support countries in strengthening their
emission reduction efforts, including in the context of the Paris Agreement.

The principal appeal of using prices to induce carbon abatement is that this encourages
emission reductions where they are cheapest, both in the sense of using the cheapest
available options today and steering innovation and investment towards lower-carbon
technologies. This is the main reason why, for example, the OECD, the World Bank, the
IMF, the Inter American Center of Tax Administrations, the European Commission and
the Inter-American Development Bank “share the view that while pricing CO, emissions
alone may not be sufficient to address climate change, it is an essential part of the
solution” (International Tax Dialogue, 2015). Implementing carbon pricing is not always
straightforward, for example because of concerns about adverse impacts on equity and on
competitiveness. The FASTER principles of carbon pricing provide insight on how progress
can be made (OECD and World Bank Group, 2015).

The contribution of this report is threefold. First, the effective carbon rates (ECRs)
provide a comprehensive view of the use of market-based policies, integrating prices
resulting from carbon taxes, specific taxes on energy use, and tradable emission permit
prices, into a comprehensive measure of carbon pricing in 41 OECD and G20 economies.
Second, the full distribution of rates across all energy use is studied, allowing an
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appreciation of the considerable heterogeneity of carbon prices, e.g. by considering the
share of emissions priced at various levels. Third, effective carbon rates are disaggregated
by six economic sectors, showing in detail where CO, emissions are covered by a carbon
price and from which type of instrument this price derives.

Available reports on carbon pricing consider either explicit pricing mechanisms
(carbon taxes and tradable emissions permits) or taxes (carbon taxes and specific taxes on
energy use) but have not considered all three market-based policies together. This report
complements three sets of reports in particular. First, Taxing Energy Use: A Graphical
Analysis (OECD, 2013) and Taxing Energy Use 2015: OECD and Selected Partner
Economies (OECD, 2015a) provide a systematic analysis of the structure and level of
carbon taxes and specific taxes on energy use by fuel type and sector in 41 OECD and G20
economies. As will be seen, specific taxes on energy use are currently the main component
of effective carbon rates. The present report builds on the 7axing Energy Use work by
integrating price signals from emissions trading systems. Second, State and Trends of
Carbon Pricing, published by the World Bank Group (Kossoy et al., 2015), provides a
global overview of all existing carbon taxes and emissions trading systems, but does not
include specific energy taxes other than carbon taxes. Third, the International Carbon
Action Partnership’s Status Report (ICAP, 2016) gives detailed information on emissions
trading systems in force and under consideration worldwide, including estimates of the
share of emissions that are under the cap of each ETS.

Some of the main features of the effective carbon rates in the 41 countries are discussed
in Effective Carbon Rates on Energy — OECD and Selected Partner Economies (OECD,
2015b), a brochure released during COP21. The present report provides much more detail,
disaggregating the effective carbon rates by country and by six sectors within each. In
addition, it analyses the structure of carbon pricing across and within the 41 countries.
Technical detail on the methodology is also included.

One significant insight from the analysis is that carbon pricing is anything but
universal. Across the 41 countries, the effective carbon rate is zero for 60% of all CO,
emissions from energy use. Only 10% of emissions are priced at or above EUR 30 per
tonne, a low-end estimate of the climate cost of emissions. Effective carbon rates are
comparatively high in road transport, where 46% of emissions are subject to a rate of at
least EUR 30 per tonne. In other sectors, 70% of emissions face an effective carbon rate of
zero, and just 4% are priced at EUR 30 or more.

Although inter-country differences in levels of effective carbon rates are large, there
are common intra-country patterns. The low prices across the group of countries as a
whole are partly the consequence of low prices and limited coverage in several large
countries. Six countries feature much lower rates on road transport emissions than the
35 other countries, although in all countries road transport faces much higher ECRs than
emissions in other sectors. Outside road transport, only one country charges more than
EUR 30 per tonne on more than half of its emissions from energy use. ECRs tend to be
higher in countries where per capita GDP is higher and in those countries that import a
larger share of energy. Higher ECRs also correlate with lower carbon-intensity of GDP.

Specific taxes on energy use, which are predominantly excise taxes, dominate the other
two components of effective carbon rates (carbon taxes and tradable permit prices). Carbon
taxes are low on average and cover only a small part of emissions from energy use across
the group of countries considered. Tradable permit prices are also low, but contribute
significantly to coverage of non-road emissions with a price. Just under a quarter (23%)
of emissions from industry and electricity are subject to carbon taxes or specific taxes on
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energy use; when emissions trading systems are also taken into account, 30% of emissions
in these sectors are subject to a price.

The “carbon pricing gap” is introduced as a synthetic indicator — measured as a
percentage — of the extent to which effective carbon rates fall short of pricing emissions
at EUR 30 per tonne, the low-end estimate of the cost of carbon that is used as a reference
in this report. The carbon pricing gap is 80.1% across the 41 countries as a whole.
A counterfactual scenario is calculated in which carbon rates and their coverage are
increased to the level of the median country rate and coverage in the six economic sectors
distinguished in the analysis (leaving rates and coverage at their current levels if they
already exceed these of the median country). This reduces the carbon pricing gap to 53.1%.

The counterfactual scenario suggests that meaningful progress with carbon pricing
is within reach, not least by introducing prices on emissions currently not priced or by
increasing the price where effective carbon rates are presently low. Prime targets for
a gradual approach to increasing coverage and rates include emissions from non-road
transport sources and from fuels other than oil. Efforts could also be concentrated in
countries where prices presently are low across the board, although in some cases this may
lead to calls for inter-country transfers. The gradual approach contributes to more uniform
effective carbon rates, and so broadens the scope for cost-effective emission reductions.

Progress with carbon pricing can be made by utilising a range of instruments.
Emissions trading presently covers a portion of emissions from energy use (to some extent,
but not fully, overlapping with the coverage of taxes) but at low rates. Trading may have
the advantage of political feasibility, particularly when combined with free allocation
of allowances. However, making durable progress with meaningful carbon pricing will
require higher and more stable rates than currently observed in trading systems, as well as
increased attention for revenue raising and for productive ways of using revenue from taxes
or auctioned emission permits.

Carbon pricing mechanisms co-exist with other mitigation policies. Ideally, market-
based instruments should be the primary policy tool used to drive abatement, for if
regulatory or other policies lead, cost-effectiveness likely suffers. With regard to the type
of carbon pricing, turning towards taxes may be the simplest approach administratively
(as carbon taxes can often be grafted onto existing systems) and the most effective one
economically (as creating well-functioning markets is not always straightforward),
particularly if they are sufficiently uniform and political commitment over time is strong.
Interactions between taxes and emissions trading systems also need to be kept in mind.
Taxing emissions subject to a trading system does not result in additional emission
reductions as long as the cap is binding, and may even be counterproductive if it destroys
uniformity of carbon prices produced by the trading system and the cost-effectiveness
associated with such uniform prices. This does not necessarily mean that taxes and trading
systems should never be combined, but the justification for levying taxes on ETS-covered
emissions should be to address other market failures or to raise revenue.

Countries may of course opt for less cost-effective carbon abatement policies, for
example when market-based policies are politically very difficult to implement whereas
other effective policies are within reach. These alternative policies also put implicit prices
on carbon, as they induce costly abatement. However, lower carbon-intensities of GDP are
observed in countries with higher effective carbon rates. To the extent that the causality
runs from higher rates to lower carbon-intensity, this suggests that the implicit carbon
prices from non-market based instruments, where they exist, have not triggered the same
level of abatement as the effective carbon rates have elsewhere. If further abatement is
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sought, as climate targets strongly suggest it should, then aiming for least cost strategies
becomes a more important consideration, and the appeal of market-based instruments once
again increases.
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Chapter 2

Carbon pricing: Reducing emissions in a cost-effective manner

This chapter discusses why carbon prices are an effective and low-cost policy
tool to reduce emissions. It starts by discussing the environmental effectiveness of
carbon prices. This is followed by a brief consideration of why carbon prices allow
countries to reach their emissions targets in the cheapest possible way, while at the
same time implementing the polluter pays principle and boosting economic benefits.
The chapter also discusses climate cost of carbon emissions, and considers carbon

pricing in a broader economic context.
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This chapter explains why carbon pricing is an attractive means of addressing climate
change. The first section (“Why carbon prices are effective”) discusses environmental
effectiveness, i.e. why carbon prices effectively reduce emissions. The second section
(“Why carbon prices are cost-effective”) considers cost-effectiveness, i.e. the ability of
carbon pricing to reduce emissions at the lowest cost to society. The third section (“Carbon
prices help implement the polluter pays principle and boost economic benefits”) explains
how pricing emissions adds economic benefits by obtaining a better balance between more
and less emission-intensive activities. The fourth section (“The climate cost of carbon”)
discusses different estimates of the climate cost of carbon emissions. Lastly, the fifth section
(“Carbon pricing in a wider economic context”) considers the impacts of carbon pricing
on innovation, on competitiveness and on equity among households. Carbon prices induce
innovation and can have a positive effect on the level of productivity in a country. Concerns
about potential adverse effects of carbon prices on industrial competitiveness and on equity
often do not materialise and can, if needed, be addressed by appropriate policy design.

Why carbon prices are effective

Carbon prices are effective for reducing emissions because they increase the price
of carbon-based energy, so decreasing demand for it (cf. Arlinghaus, 2015; Martin et al.,
2013). Pricing carbon can lead to substitution towards less carbon-intensive forms of energy
and to lower demand for energy overall. Taking generation of electricity as an example,
producers can switch from coal to natural gas, or to zero-carbon energy sources, such as
solar and wind power. In addition, where market structure and regulation allow, electricity
producers will pass on the increase in production costs resulting from carbon prices to
consumers of electricity, in the form of higher electricity prices, and this encourages price-
sensitive consumers to decrease consumption. For example, firms and households may
become more vigilant about turning off appliances when they are not in use or may use
them less, and they can choose more efficient appliances at the time of replacement.

In general, the extent to which carbon prices reduce emissions depends on the level
of the carbon price and on the availability of substitutes for the emitting activity. Larger
price increases usually generate larger emissions reductions, and where substitutes are
expensive or not available, emissions abatement may occur only at higher carbon price
levels. Where substitutes are readily available at small additional cost, emission abatement
can be substantial even at relatively low carbon price levels. The scope for substitution
varies between sectors and between countries.

Empirical analysis finds that price elasticities of energy demand differ from zero, and
there is strong evidence that long-run elasticities are larger than short-run elasticities.
Estimates of long-run price elasticities differ among studies, depending on type of energy
and user, country, and time period; methodological choices and data types also affect
estimates. To give an order of magnitude, estimates of (absolute) values of long-run own
price elasticities of demand often fall in the 0.3 to 0.8 range (see, e.g. EIA, 2014; Graham
and Glaister, 2002; Labandeira et al., 2012); this holds both for household and industrial
demand. The meta-analysis by Labandeira et al. (2015) finds a long-term own-price
elasticity of -0.6 across various fuels, with small differences across fuels. This means
that a 10% price increase would lead to a reduction in demand by 6%. Taking a bird’s eye
and very long-run view, Fouquet (2014) finds that (absolute values of) price elasticities
of household energy use tend to be higher at lower and higher levels of income than at
middle income levels, and that the demand for domestic heating is less responsive to price
increases than the demand for transport and lighting.
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Empirical work on price elasticities of energy demand tends to focus on own-price
elasticities of end-user demand. Cross-price elasticities and the input fuel demand of
electricity producers are less studied. A carbon price will encourage electricity suppliers
and end-users to switch from dirtier to cleaner energy sources. Estimated own-price
elasticities of energy demand do not inform directly on these margins, and in that sense
provide a lower bound for emission reductions to be expected from carbon prices.

Aside from the availability of energy substitutes, the environmental effectiveness of
carbon prices depends on how well other policies are aligned with carbon pricing and
emissions reduction efforts. Alignment requires that barriers (e.g. regulations or market
structure) do not prevent price signals from triggering action. OECD (2015) identifies
substantial misalignments between climate policy and regulatory frameworks across a
range of policy domains. One example relates to the regulation of electricity markets,
which in many countries imposes market designs that inadvertently are more favourable
towards fossil fuel power generation than to the use of renewables. A different example
relates to the preferential income tax treatment of company cars found in many OECD
countries. Such treatment may reduce effective labour income tax rates, but often leads
to more and bigger cars that are used more intensively, with considerable impacts on
emissions (Harding, 2014; Roy, 2014). As a last example, the effectiveness of carbon pricing
depends on billing structures for energy products too. If, for example, households pay for
heating according to the size of their apartment, but not according to the amount of heating
energy they actually use, incentives to conserve heating energy are very weak.

Why carbon prices are cost-effective

Carbon prices are a cost-effective policy tool to reduce emissions, and this makes them
particularly attractive compared to other policy options. Cost-effectiveness means that an
abatement target is reached at minimum cost. The cost-effectiveness of carbon pricing
is due to several factors. Firstly, only emitters that can cut emissions more cheaply than
paying the price will do so, while emitters facing higher abatement costs can continue
to emit and pay the price. Secondly, emitters can choose to reduce emissions in the least
costly way to themselves. Finally, cost-effectiveness has an important dynamic aspect, in
that all emitters have an ongoing incentive to reduce their carbon bill by finding new and
cheaper ways to cut emissions (OECD, 2010).

Carbon prices decentralise abatement decisions, which overcomes the asymmetry of
information between the government that wishes to abate emissions, and the emitters that
have to take abatement action. Firms and households are in the best position to determine
their response to carbon prices, as they have the best information on the available options.
Taking private car use as an example, households can respond to an increase in energy
prices by driving less, driving more economically, purchasing a more fuel-efficient car,
or switching to cheaper fuel types. While a particular response may be suitable for one
household, it will turn out to be less so for another, and households themselves are best
informed on what works for them and what does not.

Policies that constrain emitters’ choices, in contrast, risk imposing high adaptation
costs. For example, a fuel economy standard, which regulates the average distance travelled
per unit of fuel for cars, may force low-mileage households into investing in fuel efficiency
with low or even negative private payoffs, and only limited reductions in aggregate fuel
use. Such a standard may not reduce driving but can instead increase it, as the fuel cost per
kilometre declines (Small and Van Dender, 2007; Frondel et al., 2012). Bans on driving on
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specific days or in specific places also impose high costs on households and businesses,
since they do not distinguish between low- and high-value trips.

Cost-effectiveness is not just a theoretical property. Comparing different emissions
reduction policies in 15 countries, OECD (2013a) finds that a carbon price is the policy
tool with the lowest cost of emission reductions. Learning effects (not considered in OECD,
2013) can reduce the cost of low-carbon technologies and thereby cut the cost of future
emission reductions, and this can justify the use or improve the relative performance of
non-pricing instruments, but it does not follow that these instruments obviate the need
for carbon pricing, as the subsidies needed to reduce costs of low-carbon technologies are
lower when carbon prices are in place.

Ensuring that a uniform carbon price covers as many emissions as possible (“base
broadening”), maximises cost-effectiveness. The more emissions a carbon price covers as
a share of a country or a region’s total emissions, the more scope exists for cost-effective
mitigation, hence the lower the carbon price needed to reduce total emissions by the aspired
amount. Setting a uniform carbon price across all sectors of an economy allows abatement
at lowest cost, which is tantamount to saying that such an approach permits the lowest
carbon price needed for a given abatement target. Sectors with sufficiently cheap mitigation
opportunities will abate more than sectors where the options are more costly. For example,
a carbon price of EUR 30 per tonne of CO, may encourage an industrial bakery to invest
gradually in more energy-efficient ovens, but it is unlikely to make the bakery replace its
truck fleet for deliveries. At the same time, a price of EUR 30 per tonne of CO, will likely
induce the bakery’s electricity supplier to change its electricity production from coal to a
cleaner source.

Carbon prices help implement the polluter pays principle and boost economic benefits

Carbon prices improve resource allocation within an economy by ensuring that firms,
private and public sector organisations, and households pay for the damage resulting from
their CO, emissions (the polluter-pays-principle). Without a carbon price, energy users
will equate their marginal private benefits and costs from energy use. Many harmful side-
effects of energy use, such as climate change or air pollution, which affect society more
broadly and not only the energy user responsible for the emissions, are not normally taken
into account in private consumption decisions, i.e. they are external costs. Carbon prices
that are aligned with the social cost of CO, emissions make energy users incorporate the
harmful climate effects of energy use into their consumption decisions, i.e. they internalise
the external costs of climate change. This leads to more efficient use of resources, which
is equivalent to saying that the net benefits from all economic activity rise. Net benefits
rise because the external costs of climate change have been reduced from their previously
excessive levels, given that emitters now have to pay for emissions.

The European Systemic Risk Board (2016) outlines the likely consequences of
implementing serious climate policy only at the very last minute. Late and sudden climate
policy implementation will likely come at a higher economic cost compared to a smooth
introduction of carbon pricing and complementary climate policies, for three reasons. First,
abrupt implementation of hard constraints on emissions from fossil fuels will severely affect
the production of goods and services because of more limited access to alternative fuels in
this case. Second, markets may suddenly re-price carbon-intensive assets that are largely
financed by debt, and this can impact financial stability. Third, extreme weather events may
affect financial stability via their impacts on the liabilities of insurers and reinsurers.
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The climate cost of carbon emissions

To ensure carbon prices are effective in causing emitters to take the damage of their
emissions into account, their levels should be aligned with the marginal cost of climate
change from each tonne of CO, emissions. Alternatively, prices can be set as a function
of policy targets on abatement, which may lead to prices higher or lower than estimated
damage. This report focuses on the first approach, which is referred to as the climate cost
of CO, emissions. Estimating this climate cost is difficult given uncertainties over the
climatic and economic processes involved, and the long term over which these processes
will play out. As a consequence, available estimates differ and are uncertain. This report
uses EUR 30 per tonne of CO, as a lower-end estimate of climate cost, which is in line with
the values from a thorough review of recent evidence (Alberici et al., 2014). The same study
arrives at a central value of EUR 50 per tonne of CO,. Smith and Braathen (2015) find that
the unweighted average cost of carbon used in policy appraisal in 2014 was slightly above
USD 50 (approximately EUR 40).

The cited estimates relate to current levels. However, economic analysis, e.g. in
integrated assessment models, prescribes price paths that imply significant increases of
real carbon prices over time. For example, the shadow price of a tonne of CO, proposed in
a French analysis starts at EUR 32 in 2010, rising to EUR 56 in 2020, EUR 100 in 2030 and
EUR 200 in 2050 (Centre d’analyse stratégique, 2009). Similarly, to limit the temperature
increase to 1.5 °C in line with the more ambitious target of the Paris Agreement, models
indicate that a carbon price of EUR 50 per tonne of CO, is required today but that it needs
to increase to hundreds of EUR per tonne of CO, in 2050 (Rogelj et al., 2015).

Comparing effective carbon rates to the lower bound of EUR 30 per tonne of CO, can
be seen as a weak test, in the sense that rates should be at least at that level if they are to
reflect climate costs. If, as it turns out is the case, by far the largest share of emissions is
not priced at this level, this means that the use of carbon pricing fails to pass even a weak
test. Selecting this lower-end estimate as a benchmark does not imply that carbon prices are
sufficiently high at EUR 30 per tonne of CO,, so this is not a policy conclusion that should
be drawn from this report. Similarly, the use of EUR 30 does not represent a normative
statement about the minimum level of pricing that should be implemented. Rather, it is a
reference point which allows comparison of pricing policies across and within countries.
Phasing in carbon prices over time can bring substantial benefits in practice. Starting with
a relatively low price level but ensuring that the share of economy-wide emissions covered
by a carbon price is large, broadens incentives to abate emissions. A low initial price can
be a starting point for future price increases; such increases should be predictable if they
are to send strong investment signals.

Extending carbon pricing to include more heating fuels and fuels used in industry and
for electricity generation is likely to induce stronger emission reductions than increasing
the carbon price on transport fuels where they are already high. This is not to say that
there can be no case for increasing transport fuel prices (there often is), but in countries
where they are already high, the climate-related justification for doing so may be weak.
Unlocking the abatement potential in transport appears to require other policies in addition
to carbon pricing.

Pricing CO, emissions can produce important co-benefits to CO, emissions mitigation.
These co-benefits often are domestic, for example reductions in air pollution and other
negative side-effects of energy use. Co-benefits can help make the domestic case for
pricing energy use or emissions from energy use, and can lead to upward revisions of what
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price to strive for. Co-benefits are not quantified in the estimates of climate cost presented
here, but the costs of, for example, air pollution are high (see OECD, 2014, and WHO and
OECD, 2015), and their existence further supports the idea of charging at least the climate
cost of CO, emissions from energy use. Of course, tackling non-climate external costs
related to energy use should not run entirely via carbon prices, as different externalities
require different policy approaches, including customised pricing policies.

Carbon pricing in a wider economic context

Environmental policy, with prices or other policy instruments, does not occur in an
economic vacuum, and some interactions with the wider economy are worth considering.
Here, revenue-raising effects, potential impacts on productivity growth, and competitiveness
and distributional impacts are briefly discussed.

Carbon pricing can raise valuable public revenue, e.g. when emission permits are auctioned
or taxes are levied. Judicious use of the revenues collected from newly introduced or increased
carbon prices can generate additional economic benefits (OECD and World Bank, 2015). For
example, using the revenues to lower capital or labour income tax rates results in efficiency
gains if these income taxes are more harmful to economic activity than carbon prices. Whether
this is the case or not is an empirical, context-dependent matter. Political economy and equity
considerations can require other forms of revenue use, e.g. a degree of compensation for unduly
adverse impacts on some firms or households, or agreements to use some revenues to stimulate
research into green technologies or for climate finance. Grandfathering of permits can be seen
as being similar to a tax expenditure, in the sense that potential revenues from auctioning
are forgone. Such arrangements should be used sparingly and preferably be limited in time.
Poor decisions on revenue use are likely to weaken the economic appeal of market-based
instruments.

Environmental policies, including carbon pricing, can affect productivity and economic
growth. A meta-analysis by Cohen and Tubb (2015) observes that econometric models
which allow for the estimation of long-run effects show significant positive effects of
environmental regulation on long-run productivity growth. Johnstone et al. (2010) find
that the stimulating effect of environmental policies on technological progress is stronger
for more stringent, more predictable and more flexible environmental policies. A higher,
more predictable carbon price hence likely causes more innovation, and more so as larger
portions of total emissions are covered.

Among the various instruments available to reduce CO, emissions, carbon prices are
the most likely to foster short-term economic growth and increase the level of productivity
in a country (Albrizio et al., 2014a). A potential positive effect of tighter environmental
regulation on productivity is also found to be more robust for market-based instruments,
such as carbon prices, than for other environmental policy instruments (ibid.). Cohen and
Tubb (2015) confirm these findings, stating that flexible environmental policies are more
likely to have a positive significant impact on productivity growth than less flexible ones.
As argued above, carbon pricing offers more flexibility than other instruments, and the
more broadly it is applied, the more scope for cost-reducing responses is created.

Adverse equity impacts of carbon pricing are a potential concern. The implementation or
increase of prices on CO, emissions from energy use is often challenged by concerns that higher
energy prices would hit poor or low-income households particularly hard. However, analysis
produces a much more nuanced picture, showing that distributional impacts differ between
fuels and countries, and that potential adverse equity effects can be addressed by accompanying
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policies. Flues and Thomas (2015) show for twenty-one, predominantly European, countries that
the distributional impact of taxes on household energy use differs between fuels and countries.
In many countries, taxes on transport fuels are not regressive, i.e. the burden as a share of
household income or expenditure is not higher for low-income households.

Sterner (2012) finds that in low- and middle-income countries, transport fuel taxes are
generally progressive, because high-income households spend a larger share of their income
on transport fuels than low-income households. The share of low-income households owning
a motor vehicle will be lower than among higher-income groups in these countries, so
that taxes on transport fuels will not directly affect them, and any indirect effects through
increased transport costs for other goods and services are likely modest. Taxes on heating
fuels and electricity are often observed to be mildly regressive (Flues and Thomas, 2015),
yet accompanying policies can counteract or reverse these impacts. For example, if carbon
prices on energy use are to be increased, they generate revenue that can be distributed back
to poor households in a targeted manner. Existing welfare systems may already counter, or
can be adjusted to counter, increasing energy prices. Households can also be provided with
targeted advice on how to become more energy-efficient (Tews, 2012).

Policy makers might fear reductions in industrial competitiveness as a result of carbon
pricing policies. The econometric evidence reviewed in Arlinghaus (2015) and Partnership for
Market Readiness (2015) shows that the potential adverse effects of carbon pricing on firm
competitiveness have not materialised so far. Most reviewed studies find that carbon prices
reduce emissions, but do not observe any meaningful competiveness effects. The results
could potentially be explained by governments having successfully implemented exemptions
or rebates from carbon prices for the firms expected to be most affected by carbon prices.
However, studies that explicitly compare firms that face different carbon prices, but are
otherwise similar, also do not find any consistent negative competitiveness impacts (Flues
and Lutz, 2015; Gerster, 2015; Martin et al., 2014). This suggests that current carbon price
levels do not harm competitiveness, even for those firms not granted preferential rates.

The carbon prices analysed in the studies on competitiveness are not very high, effectively
between about EUR 5 to EUR 45 per tonne of CO,. If carbon prices increase substantially in
the future, it cannot be excluded that this may have impacts on competitiveness. However, if
more countries implement a price on carbon, then competitiveness effects become less likely. In
addition, the available evidence strongly suggests that gradually introducing carbon prices does
not pose competitiveness threats to industries, even if individual firms can be hurt. This means
that gradual progress with carbon pricing is feasible without triggering competitiveness alerts.

Albrizio et al. (2014b) observe that while the most productive firms tend to benefit from
carbon pricing, less productive firms may find it more challenging to stay in business when
carbon prices rise. In this situation, providing relief becomes a trade-off between helping
the least productive firms, which may struggle for reasons other than carbon pricing, or
to use carbon pricing revenue for other, potentially more productive and inclusive goals.
Examples include supporting workers to better align their skills with the needs of a less
manufacturing-based, more knowledge-based economy or using the revenues from carbon
pricing to reduce other taxes that are likely more harmful to economic activity.

In sum, carbon pricing is an effective policy, which reduces emissions at least cost
and improves the resource allocation of an economy by making polluters pay for the
climate cost of their emissions. Studies on the wider economic effects of environmental
regulation emphasise that flexible policies, such as carbon prices covering CO, emissions
from the broadest possible set of sources, likely have a stronger effect on innovation and
productivity growth than less-flexible, more prescriptive policies.
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Chapter 3

Effective carbon rates: Concept and scope

This chapter explains the concept of effective carbon rates, and provides an overview
of the methodology and data sources used for their estimation. The treatment of
emissions from the combustion of biomass, tax expenditures, fossil fuel support and
value added taxes is discussed.
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This short chapter defines the concept of effective carbon rates (ECRs) and provides
an overview of the data used for their estimation. It discusses the treatment of emissions
from biomass in the calculations, and the interaction between ECRs and fossil fuel support.
Technical detail on the methodology used to estimate ECRs can be found in the annexes
to this report.

Effective carbon rates: Definition

Effective carbon rates are the total price that applies to CO, emissions from energy
use as a result of market-based policy instruments. They are the sum of taxes and tradable
emission permit prices, and have three components (Figure 3.1):

» carbon taxes, which typically set a tax rate on energy based on its carbon content,

* specific taxes on energy use (primarily excise taxes), which are typically set per
physical unit or unit of energy, but which can be translated into effective tax rates
on the carbon content of each form of energy, and

» the price of tradable emission permits, regardless of the permit allocation method,
representing the opportunity cost of emitting an extra unit of CO,.

Figure 3.1. Components of effective carbon rates

Effective Carbon Rate
(EUR per tonne of CO2)

Emission permit price

Carbon tax

Specific taxes on

energy use

Source: OECD (2015c¢), Effective Carbon Rates on Energy:
OECD and selected partner economies, https://www.oecd.
org/tax/tax-policy/effective-carbon-rates-on-energy.pdf.

Box 3.1. Interpretation and cross-country comparisons of effective carbon rates

The effective carbon rates, summarised and discussed in Part I and depicted on a country
level in the graphical profiles in Part II of this report, include specific taxes on energy use,
carbon taxes and emission permit prices. In other words, they include those taxes and permit
prices that alter the relative price of energy use, which is the relevant category of instruments
from an environmental pricing point of view, based upon the principle that specific taxes and
permit prices can alter relative prices to reflect marginal environmental damages.
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Box 3.1. Interpretation and cross-country comparisons of effective carbon rates
(continued)

Consistent application of this approach renders the effective carbon rate profiles amenable
to inter-country comparison. Nevertheless, in some cases data limitations limit inter-
country comparability. As an example of data limitations, the tax profiles do not account for
differentiated VAT rates on energy products. Such differentiated rates alter relative prices
and should therefore be accounted for in principle. The section on the “Treatment of tax
expenditures, support for fossil fuels and value added taxes” in Chapter 3 discusses this issue
in some detail. It is also worth noting that the report allows comparison of specific energy
taxes, but not necessarily of total taxes on energy use. To illustrate, if country A and country
B have the same excise tax on diesel for road use, but country A applies a lower standard VAT
rate than country B, then the total tax rate on diesel for road use is lower in country A than in
country B, but the specific rate is the same. This report focusses on the specific rate, for the
reasons outlined previously in this box.

A further point is that the three components of the effective carbon rates are included
irrespectively of how the revenues raised through these instruments are used. Specific taxes on
energy use are included irrespectively of the policy rationale underlying their introduction. For
example, specific taxes on energy use contribute to general revenue in their great majority, but
in some countries, specific taxes on transport energy are used to fund infrastructure, whereas
other countries use road tolls for the same purpose. The first are included in the effective
carbon rates, the second are not, as the tax base for road tolls is not transport energy use.

For countries with a currency other than the Euro it is worth recalling ECRs and their
components are converted into Euros using the average exchange rate over the 6 months prior to
1 April 2012. When a non-Euro currency appreciates, taxes converted into Euros rise although
tax rates within the country do not change. If the appreciation were temporary, a non-Euro
country will show higher tax rates in Euros than would be the case for a longer term average.
Vice versa, a country with a temporary depreciation of its currency will show lower rates.

Data on the specific taxes on energy use and the carbon taxes are taken from the 7axing
Energy Use database (TEU database, see also the following section for detail). Consistent
with the Taxing Energy Use methodology, “the taxes levied on electricity consumption are
included into the calculation of effective carbon rates on the fuels used to generate electricity.
In cases where a common nominal tax rate is applied to all electricity consumption, the
effective tax rate on each underlying energy source (e.g. coal, natural gas, hydro) used to
generate electricity is shown. Notably, when there is a general tax on electricity consumption
that applies regardless of the generation source, and if carbon energy is a small proportion
of the generation mix, the effective tax rate on carbon thus calculated will be high. A tax on
electricity consumption that does not distinguish between electricity from carbon sources does
not send an effective price signal about the use of carbon” (OECD, 2013, 2015a).

Finally, it deserves emphasis that the report expresses the components of the effective carbon
rates in EUR per tonne of CO,, irrespective of the units in which the statutory rates of these
components are set, and irrespective of the different external costs against which the different
components could be compared. For example, transport fuel taxes can be seen as a second-best
instrument to internalise a range of external costs of road use, including e.g. congestion, noise,
and air pollution, in addition to climate damage from CO, emissions. This implies that ideally
the prevailing taxes on transport energy should be compared to the full range of external costs
that they are intended to cover. Such comparison is beyond the scope of the report, but it is
nevertheless clear that an effective carbon rate of more than EUR 30 is justifiable. The first
reason is that EUR 30 per tonne of CO, is a low end estimate of climate costs from carbon alone.
The second reason is that other external costs may matter, and these can be high.
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Box 3.1. Interpretation and cross-country comparisons of effective carbon rates
(continued)

The message in this report is not that an effective carbon rate of EUR 30 per tonne of CO,
is necessarily sufficient for internalising external costs. Instead, the message is that a rate
below EUR 30 per tonne of CO, is too low to reflect conservative estimates of the external
climate costs of energy use alone. Higher estimates of external climate costs and inclusion of
other external costs can justify significantly higher rates. Major shares of energy use, however,
fail to meet this modest level.

Data for estimating effective carbon rates

ECRs are estimated for 41 countries and six sectors: road transport, offroad transport,
industry, agriculture and fisheries, residential and commercial and electricity. Tax rates
and energy use data are for 2012. Some countries have introduced substantial tax reform
since 2012. While such reforms can be mentioned in the country chapters, they are not
included in the present discussion for reasons of methodological consistency. Price data for
emissions trading systems are for 2012 or the year nearest to 2012 during which the system
was operational and price data are available, as is explained briefly in this section and in
more detail in Annex A.

Data on two components of the ECRs, namely the specific taxes on energy use and the
carbon taxes, are taken from the 7axing Energy Use database (TEU database). The TEU
database underlies the detailed analysis presented in Taxing Energy Use: A Graphical Analysis
(OECD, 2013) and Taxing Energy Use 2015: OECD and Selected Partner Economies (OECD,
2015a), referred to together as the TEU reports. This database provides comprehensive
information on the rates and coverage of carbon and other specific energy taxes in
41 countries. Taxes on energy use are translated from their original units in physical or energy
terms to effective tax rates in terms of the carbon content of the fuels to which they apply. The
present report adds prices of tradable emission permits, where they apply, to the information
on tax rates from the TEU database. In addition, it estimates the share of emissions that are
covered by emissions trading systems. The estimates of the coverage of emissions trading
systems rely on a specific modelling approach and set of assumptions, a highly detailed
discussion of which is in Annexes A and B.

Table 3.1 lists the emissions trading systems that are included in the calculation of
ECRs. The systems operate in 30 of the 41 countries and cover approximately 13% of total
CO, emissions from energy use in these countries.

To make data on emissions trading systems comparable across countries both the share
of CO, emissions from energy use covered by emissions trading systems, and the emission
permit prices, are estimated from detailed system data for 2012. Emissions trading systems
that started operating at a later date are evaluated as if they were operational in 2012 and
consumption price indices correct prices for inflation. First, emissions data to estimate the
coverage of emissions trading systems are taken from verified emissions registries where
available; where not, they are approximated by permit allocation data or information on
fuel use. Second, emission permit prices are estimated by a yearly average, or as close an
approximation as possible given data limitations or the duration of operation of the system.
Annex A describes these estimations in detail, including assumptions specific to individual
emissions trading systems.
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Table 3.1. Emissions trading systems operate in 30 countries

Emissions trading system Country Introduced in
Beijing Emissions Trading System China 2013
California Cap-and-Trade Program United States 2013
Chongging Emissions Trading System China 2014
European Union Emissions Trading System 31 European countries; of which 23 OECD member countries 2005
Guangdong Emissions Trading System China 2013
Hubei Emissions Trading System China 2014
Korea Emissions Trading Scheme Korea 2015
New Zealand Emissions Trading Scheme New Zealand 2008
Québec Cap-and-Trade System Canada 2013
Regional Greenhouse Gas Initiative United States (9 north-east and mid-Atlantic US states) 2009
Saitama Prefecture Emissions Trading System Japan 201
Shanghai Emissions Trading System China 2013
Shenzhen Emissions Trading System China 2013
Swiss Emissions Trading Scheme Switzerland 2008
Tianjin Emissions Trading System China 2013
Tokyo Cap-and-Trade Programme Japan 2010

An emissions trading system generally applies to only a portion of a country’s
emissions. Its coverage is calculated by country and sector as a share, dividing the sector
emissions subject to the emissions trading system by the country’s total emissions in that
sector. This is done independently of whether the system applies in the entire country or to
a subnational jurisdiction. In the case of a supranational ETS (i.e. the EU ETS), shares of
coverage have been calculated for the six sectors separately for each country in which the
system applies. For subnational trading systems, coverage is calculated as a proportion of
national emissions. As a result, this report provides for the first time consistent coverage
estimates of emissions trading systems for six economic sectors in the 41 countries.

To construct the effective carbon rate estimate, the coverage and price signals of
emissions trading systems are combined with those of taxes from the 7axing Energy Use
database, across the full range of fuel types and users (see Annex A for more information
on how these datasets were combined). This allows for a systematic comparative analysis
of the combined price signals that energy users face from both types of market-based
mechanisms. In cases where taxes do not apply because a source is subject to an ETS, these
taxes are not included in the tax rate shown in the figures.

Treatment of CO, emissions from the combustion of biomass

Emissions trading systems frequently treat CO, emissions from the combustion
of biomass differently than CO, emissions from other sources, due to differences in
approaches to accounting for their net lifecycle emissions. In several emissions trading
systems, CO, emissions from the combustion of biomass are not included. In the remaining
systems, emissions from biomass are subject to the ETS when emitted by a facility subject
to the ETS, but are zero-rated when calculating covered emissions, meaning that no permit
needs be surrendered for biomass emissions.
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A separate point relates to the treatment of CO, emissions from biomass in the results.
This report includes results for two different approaches: “Biomass included” calculates
total emissions in each country including CO, emissions from biomass at the point of
combustion, which is the approach taken in the TEU reports (OECD, 2013 and OECD,
2015a), and “Biomass excluded” treats emissions from biomass at combustion as carbon
neutral and does not include them in the calculation of total emissions. The subsection on the
“Treatment of biomass in the calculations” in Chapter 4 and Annex A provide more detail.

Treatment of tax expenditures, support for fossil fuels and value added taxes

The effective carbon rate analysis considers all emissions trading systems and taxes
on energy use in each of the 41 countries covered, including energy which is not subject
to either instrument. However, it does not take into account support measures for fossil
fuel use that may affect its price. The OECD’s database of budgetary support and tax
expenditures, discussed in the OECD Companion to the Inventory of Support Measures for
Fossil Fuels 2015 (OECD, 2015b), identifies and documents almost 800 individual policies
that support the production or consumption of fossil-fuels in OECD and six selected partner
economies. The inventory includes direct budgetary transfers and tax expenditures that
provide a benefit for fossil-fuel production or consumption when compared to alternatives.
Many of these tax expenditures are included in the Taxing Energy Use analysis, and
therefore are reflected in the effective tax rates used for the calculation of ECRs.

Including support measures for fossil fuels as measured in OECD (2015b) but not
accounted for in the Taxing Energy Use work, could affect energy prices in ways not
captured in the effective carbon rates. If support measures outweigh the tax and emissions
trading components of end-user prices calculated in the present report, energy prices may
even turn out to be negative. However, because of the complexity involved in combining
taxes and emissions trading systems into effective carbon rates, this report makes no
systematic attempt to incorporate support measures for fossil fuels, while noting that
removing support for fossil fuels is a very cost-effective policy for reducing CO, emissions,
and referring interested readers to OECD (2015¢) for an in-depth discussion.

Value-added taxes (VAT) affect end-user prices of energy products in many
jurisdictions in addition to the three components of ECRs. VAT is usually not specific
to energy products: as long as the same VAT rate applies, the relative prices of energy
products remain unchanged. Differential VAT rates, however, do change the relative prices
of energy products and VAT then becomes a de facto specific tax measure. When this is
the case, policy makers may want to consider the impact of the differential VAT rates in
changing the relative prices of energy products in conjunction with the effective carbon
rates. OECD (2015b) provides an overview of the differential VAT rates that apply in the
41 countries. Seventeen countries apply reduced or zero VAT rates on selected energy
products. This counteracts the intention to increase the relative end-user prices of energy
products, and can mitigate or even offset the effective carbon rate, depending on the
relative magnitude of the amount of price differentiation introduced by the differential VAT
rate and the effective carbon rate.

The caveats about support measures and the potential impact of VAT notwithstanding,
the ECRs are an important component — and in most of the 41 countries analysed, by far
the dominant component — of policy-driven carbon pricing.
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Chapter 4

Effective carbon rates: Results of the analysis

This chapter presents the results of the analysis of effective carbon rates. It first
discusses the patterns of carbon emissions in the 41 countries included in the
analysis. This is followed by an overview of the level of effective carbon rates in the
road and non-road sectors, a presentation of the effective carbon rates by country
and the composition of effective carbon rates by price instrument, as well as an
analysis of effective carbon rates in the five non-road sectors (offroad, industry,
agriculture and fisheries, residential and commercial, and electricity). The chapter
also discusses the treatment of biomass in the calculations of effective carbon rates.
This chapter introduces the “carbon pricing gap”, which measures the extent to
which emissions are priced at less than EUR 30 per tonne of CO,, and uses this
indicator to consider a counterfactual scenario of carbon pricing. The chapter
closes by correlating effective carbon rates with countries’ broader macroeconomic
characteristics.
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This chapter presents the results of the analysis of effective carbon rates (ECRs) on
energy use in 41 OECD and selected partner economies. Together, these countries accounted
for 80% of global CO, emissions from energy use in 2012. Across these countries, ECRs
are found to be low, particularly outside road transport: 96% of emissions from energy use
outside road transport are subject to an ECR of less than EUR 30 per tonne and 70% of non-
road emissions are entirely unpriced.

To measure the degree to which emissions in the 41 economies are not priced, or are
priced at less than EUR 30 per tonne of CO,, a “carbon pricing gap” indicator is developed,
expressed as a percentage of the situation where all emissions would be priced at EUR 30
per tonne. Under the policies analysed in this report, the carbon pricing gap presently
amounts to 80.1%. However, if all countries priced carbon in every sector at least as much
as the median country, the carbon pricing gap would be reduced to just above 53%.

This chapter begins with an analysis of the patterns of CO, emissions to be considered
when interpreting ECRs in the first section (‘“Patterns of CO, emissions from energy use
in 41 countries”). The second section (“Effective carbon rates: Results of the analysis”)
presents detailed results of the analysis of ECRs in the 41 countries, considering first the
results for the group of countries as a whole and economy-wide results for each country,
distinguishing between road and all other emissions, before discussing the role of each
of the three instruments in the road and non-road sectors. The second section continues
by examining the pattern of effective carbon rates in non-road sectors more closely and
finishes by considering the treatment of biomass emissions for countries with larger shares
of energy from biomass. The third section (“Effective carbon rates: The bigger picture”)
considers the broader context, introducing the “carbon pricing gap” indicator and using it to
assess the effects of potential future carbon pricing policies. Finally, correlations between
countries’ effective carbon rates and the carbon intensity of GDP, GDP per capita and the
share of net energy imports are explored.

Patterns of CO, emissions from energy use in 41 countries

The 41 countries for which this report presents ECRs together account for about 80%
of global CO, emissions from energy use in 2012 (Figure 4.1). The countries are the 34
OECD countries and seven selected partner economies, namely Argentina, Brazil, China,
India, Indonesia, Russia and South Africa, all of which are G20 countries. In 2012, the
OECD share of CO, emissions from energy use was around 35% and that of the selected
partner economies around 44%. The share of the selected partner economies is expected to
grow rapidly, along with their share in world output. The OECD’s share in global output is
expected to decline from 62% in 2013 to 43% in 2050 (Johanssen et al., 2013).

Countries differ strongly in terms of energy use per capita and in the carbon-intensity
of energy use (Figure 4.2). Many of the countries for which energy use per capita is set to
grow strongly currently rely on relatively carbon-intensive energy sources. In the figure,
the curved dotted lines denote three different levels of CO, emissions per person (5, 7.5
and 10 tonnes of CO, per year), for each level of carbon intensity of energy use (vertical
axis) and the corresponding level of energy use per capita (horizontal axis). To reduce CO,
emissions per capita, countries face the challenge of moving towards the lower left corner
of Figure 4.2, where CO, emissions per capita are low. Cutting CO, emissions per capita is
a matter of reducing energy use per person, i.e. moving “left” in Figure 4.2, or a matter of
decarbonising energy use, i.e. moving “down”, or both. The mix of both approaches will
differ between countries.
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Figure 4.1. OECD and selected partner economies account for the bulk of CO, emissions from energy use
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Figure 4.2. Energy use per capita and carbon intensity vary widely across countries
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Prices can provide incentives for moving “down” and “left”. A price proportional to
the energy content of a fuel can reduce energy use (horizontal axis), also reducing carbon
emissions. A price based on the carbon content of the fuel discourages the use of carbon-
based fuels and particularly carbon-intensive fuels. These prices can both decrease the
carbon intensity of the energy mix (vertical axis) and reduce energy use (horizontal axis).
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For example, a price based on the carbon content of a unit of energy from bituminous coal
would be around 1.75 times as high as a price on the carbon content on a unit of energy
from natural gas. A price based on energy content would be the same per unit of energy
independent of the fuel. Pricing the carbon content of both fuels at the same rate would
constitute a stronger signal to move to natural gas than would a price on energy content,
because bituminous coal would be priced at a higher rate under a price based on carbon
content than on a price based on energy content.

Figure 4.3 shows that the proportion of CO, emissions from energy use in each
economic sector (road transport, offroad transport, industry, commercial & residential,
agriculture & fishing, and electricity) varies widely across countries. The industry and
electricity sectors each account for roughly a third of carbon emissions from energy use
(33%), followed by the road sector, and the residential and commercial sector, which
account for roughly 15% of emissions in all countries on average. Offroad transport, and
agriculture and fishing emit 2% and 1% of carbon emissions from energy use, respectively.

In road transport, the proportion of total emissions ranges from just 6% in China to 69%
in Luxembourg. A general pattern is that CO, emissions from energy use in road transport
tend to be higher in countries with a higher GDP per capita. A few small landlocked
countries (Luxembourg, Switzerland and Slovenia) have a particularly high share of carbon
emissions from road transport. In some of these countries, this is because of high shares of
transit traffic in total road transport and because of non-residents filling up their vehicles,
especially when transport fuels are priced at a lower level than abroad. Higher prices for
transport fuels will likely lead to lower recorded emissions in these countries, but would
largely be compensated by increases in nearby countries. The share of emissions from
road transport in total emissions in Iceland is particularly high because of the high share of
energy use generated from renewables causing no carbon emissions. Due to their particular
characteristics, Iceland and Luxembourg are treated as outliers when citing ranges for the
emissions from road transport.

Carbon emissions from energy use in industry range from about 10% of total emissions
in Israel, Luxembourg and Greece to about 60% of total emissions from energy use in the
Slovak Republic, Finland and Sweden (excluding biomass from the calculation reduces
this to 51% in Finland and 45% in Sweden). This range reflects country differences in the
contribution of the industry sector to economic output, but also differences in the fuels
used by industry. For example, in Luxembourg the industry sector accounts for 11% of total
GDP while it accounts for 30% in the Slovak Republic (own calculations based on OECD,
2016). The residential and commercial sector contributes between 1% of total energy
related emissions in Iceland and 39% in Switzerland. Again, this range reflects differences
in the share of the residential and commercial sector in overall economic activity as well
as differences in the fuels used by commerce and households. While pricing carbon or
increasing the level or coverage of carbon pricing instruments may be unlikely in the short
to medium term to alter markedly the weight of the industry or commercial and residential
sector in the overall economy of the 41 countries, energy users in these sectors will be
encouraged to lower emissions by switching to cleaner fuels and reducing energy use.

Carbon emissions from energy used in electricity generation range from close to
zero in Iceland, Switzerland, Norway and Luxembourg to 40% of domestic emissions
and well above in Korea, South Africa, Australia, Greece and Israel. With the exception
of Luxembourg, which imports a large share of its electricity use from neighbouring
countries, all other countries with a share of carbon emissions from electricity use at
close to zero generate their electricity mostly from carbon-free, mostly renewable, energy

EFFECTIVE CARBON RATES: PRICING CO, THROUGH TAXES AND EMISSIONS TRADING SYSTEMS © OECD 2016



4. EFFECTIVE CARBON RATES: RESULTS OF THE ANALYSIS - 49

sources. In contrast, the countries with high shares of carbon emissions from energy use in
electricity generation rely heavily on fossil fuels, in particular on coal. In these countries,
pricing carbon can be expected to encourage electricity generators to switch from coal to
cleaner fuels and thereby lower emissions.

In most countries, the offroad transport sector and the agriculture and fisheries sector
contribute substantially less to total carbon emissions from energy use than the previously

Figure 4.3. The composition of CO, emissions from energy use by sector varies widely
across countries
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discussed sectors (c.f. Table 4.3 in the subsection on “Effective carbon rates within the
non-road sectors”). Nevertheless, carbon emissions from offroad transport are a more
substantial share of the total in some countries, with e.g. 9% of total emissions in Norway
and about 5% in the United States, Canada and Russia. Whereas CO, emissions from
energy use in pipelines are mainly responsible for this large share in Russia, domestic
aviation and navigation are the main contributors in the United States and Norway
respectively. With the exception of Iceland, emissions from agriculture and fisheries are
at about 5% of total emissions or below. While emissions from these sectors tend to be
relatively low, some of the sectors, such as air transport, may in the future contribute a
substantially larger share, especially if no measures are undertaken to limit their emissions.

Effective carbon rates: Results of the analysis

A complete picture of how countries use market-based instruments to price CO,
emissions requires evaluating all three components of the effective carbon rate (ECR)
together, i.e. carbon taxes, specific taxes on energy use and tradable emission permit
prices. Also, when evaluating ECRs, it is crucial to consider both the rate and the share
of emissions facing a price (the latter being called ECR coverage in the remainder). This
section presents detailed results of the analysis of ECRs both across countries as a whole
and for individual countries, and discusses how the individual instruments contribute to
the overall level and coverage of carbon prices.

Effective carbon rates — overview and country results

This subsection provides an overview of the ECRs for the group of countries as a whole
and of ECRs at the economy-wide level for each individual country. Due to the differences
between road and other sectors, ECR levels and coverage are presented separately for
CO, emissions from road transport (road) and for those from all sectors other than road
transport (all non-road sectors), including offroad transport, industry, agriculture and
fishing, residential and commercial, and electricity.

ECRs across OECD and selected partner economies

Across the 41 OECD and selected partner economies, 60% of all CO, emissions from
energy use do not face a carbon price from market-based instruments: the ECR is zero.
Where CO, emissions are priced, the price is generally very low: 90% of all emissions face
an ECR below EUR 30 per tonne of CO,, the lower-end estimate of the climate cost of
carbon used here. Prices on emissions from sectors other than road transport — “non-road
sectors”, responsible for 85% of total CO, emissions in the 41 countries — are particularly
low. In road transport, nearly all emissions have a positive and relatively high ECR because
of high specific taxes on energy use in this sector. Specific taxes on energy use provide
the main price signal, both in terms of the level of ECRs and in terms of the proportion of
emissions facing an ECR larger than zero, even outside the road sector. Carbon taxes and
tradable emission permit prices currently constitute only a small share of ECRs. These
patterns hold both across the 41 economies and within most individual countries.

Figure 4.4 summarises the ECRs that apply to all CO, emissions from energy use
across the 41 countries. The information is presented by ECR intervals, showing the share
of emissions that are not priced, and the shares of emissions with an ECR between EUR 0
and EUR 5, between EUR 5 and EUR 30, and above EUR 30 per tonne of CO,. The left
panel relates to all CO, emissions from energy use in the 41 countries, the middle panel
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shows emissions in the road transport sector, and the right panel shows emissions from all
non-road sectors.

Figure 4.4. Proportion of CO, emissions from energy use at different ECR intervals
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All energy Road All non-road
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Note: The size of each pie chart corresponds to the amount of CO, emissions in the respective sector: all
energy (100%), road transport (15%), and all non-road sectors (85%).

Considering total energy use in the 41 countries (left panel of Figure 4.4), 60% of CO,
emissions are not priced at all, 10% are subject to an ECR between EUR 0 and EUR 5 per
tonne of CO,, 20% to an ECR between EUR 5 and EUR 30 per tonne of CO,, and 10% to
an ECR above EUR 30 per tonne of CO,. Hence, 90% of total CO, emissions from energy
use in the 41 countries are priced below the lower-end estimate of the climate cost of
carbon. 70% of total CO, emissions are priced at a level of less than EUR 5 per tonne of
CO,, implying that there is only a very small policy-driven price incentive to reduce CO,
emissions.

Economy-wide ECRs hide considerable differences between road and non-road sectors.
In road transport (middle panel of Figure 4.4), only 2% of CO, emissions are not priced
at all and 46% face an ECR above EUR 30 per tonne of CO,. Excluding emissions from
road transport (right panel of Figure 4.4), 70% of CO, emissions are not priced at all and
only 4% face an ECR above EUR 30 per tonne of CO,. The relatively high ECR in road
transport is a result of specific taxes on energy use (i.e. excise taxes on gasoline and
diesel) that are applied at comparatively high rates in each of the 41 countries — with few
exceptions, the emissions trading systems included in this report do not cover emissions
from road transport.

Looking at the full distribution of ECRs confirms that emissions in the road sector
are priced significantly more strongly than emissions in the non-road sectors (Figure 4.5).
Figure 4.5 sorts CO, emissions from energy use according to the ECR at which they are
priced, starting at zero. The horizontal axis shows the proportion of CO, emissions in the
road or non-road sectors and the vertical axis shows the corresponding ECR (in EUR per
tonne of CO,).

The share of emissions priced at any given ECR in the road and non-road sectors can
be read from Figure 4.5. For example, 54% or road transport emissions are priced at less
than EUR 30 per tonne of CO,, and 96% of non-road emissions. Also shown, 71% of road
transport emissions face an effective carbon rate below EUR 90 per tonne of CO, while
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100% of non-road emissions are priced below that level. The light blue price line, for road
emissions, is very steep once the line at EUR 30 is crossed, indicating that a larger part of
emissions is priced at much higher levels than EUR 30 per tonne of CO, than is the case for
non-road emissions (dark blue line).

Figure 4.5. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates (biomass emissions included)
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For road transport, specific taxes on energy use (namely excise taxes on gasoline and
diesel) provide an incentive to reduce fuel consumption, and therefore CO, emissions,
even though they may not have been introduced with the direct intention of abating such
emissions. The higher rates on emissions in the road sector may be explained by the broader
range of policy goals that governments often seek to address when taxing transport fuels.
Firstly, energy use in road transport has a number of other negative external costs, such as
local air pollution, congestion, accidents and noise. Countries may therefore tax transport
fuels to make energy users consider these external costs in their transport choices, even
though some of these are only very indirectly linked to fuel use and may be more effectively
addressed by driving-based charges. Secondly, countries often tax transport fuels to raise
revenue for the general budget or specifically to fund road infrastructure.

ECRs by country

ECRs vary strongly within and across countries, but there are similarities too. The
higher ECRs observed in road transport, relative to non-road sectors, at the level of the
41 countries are also identified when looking at countries individually. Almost all CO,
emissions from road transport energy are priced at or above EUR 30 in most countries,
whereas emissions from energy use in non-road sectors rarely face an effective carbon rate
above EUR 30 per tonne of CO,. Further, a significant share of non-road emissions are
not priced in many countries: twenty-one countries, for instance, do not apply any price to
more than two-thirds of emissions from non-road sectors.

Figure 4.6 shows countries’ CO, emissions from energy use by ECR interval, using
the same ECR intervals as in Figure 4.4 and also distinguishing between emissions in road
transport (left panel) and in all non-road sectors (right panel). In 2012, thirty-three countries
priced at least 90% of road transport emissions at or above EUR 30 per tonne of CO, and
only Brazil, Indonesia, Mexico (which has significantly increased road transport fuel taxes
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since), Russia and the United States priced all road transport emissions below EUR 30 per
tonne of CO,. For emissions in the non-road sectors, only the Netherlands priced more than
50% of emissions at or above EUR 30 per tonne of CO,, and 40 countries priced less than
50% of non-road emissions at EUR 30 or more (of which seven priced no emissions from
non-road at EUR 30, namely Brazil, Chile, India, Indonesia, Mexico, Russia and the United
States). In the road sector, almost all emissions faced an ECR greater than zero, ranging
from 81% of emissions in Brazil to nearly 100% coverage in 22 countries. In the non-road
sector, the proportion of emissions covered by an ECR of greater than zero ranged from 0%
in Chile and Indonesia to just over 90% in Italy, Israel and Korea.

A carbon price of at least EUR 30 per tonne of CO, covering all emissions in each sector
would ensure that incentives for CO, emission abatement were consistent with the lower-end
estimate of the climate cost of carbon. Lower prices may be a useful first step toward this
goal, generating revenue and providing some incentive for abatement. To consider lower
ECR levels, Figure 4.6 also shows the share of emissions priced at an ECR of EUR 5 per
tonne of CO, or greater. Almost all CO, emissions in road transport are subject to an ECR

Figure 4.6. Proportion of CO, emissions at different ECR intervals by country (biomass emissions included)
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of above EUR 5 per tonne of CO,, indicating that there is some policy-driven incentive for
emissions reductions. In non-road sectors, the proportion of emissions priced at EUR 5 per
tonne of CO, varies strongly between countries. Some countries do not price any non-road
emissions at or above EUR 5 per tonne of CO, (Chile, Indonesia, and Russia), while twenty-
four countries price at least 50% of non-road CO, emissions at or above this level.

The three market-based instruments used to price CO, emissions from energy use
are employed in different ways across countries, applying to different (and sometimes
overlapping) emission bases, and at widely varying rates. This section describes the
contribution of each component (carbon taxes, specific taxes on energy use and tradable
emission permit prices) to the levels and coverage of the ECRs observed in the 41 countries,
distinguishing between road transport and the non-road sectors.

Average rates of ECR components

The average rate of each of the three ECR components is a summary measure that
combines information on the rates and coverage of each price instrument. Average rates
are weighted by the share of CO, emissions covered at each rate by each instrument. CO,
emissions that do not face a price are therefore included in the denominator but not in the
numerator used to calculate the averages.! Average rates show how much emitters pay on
average to emit one tonne of CO, in a country or sector, and are a summary measure of
the distribution of ECR components. The average rates of the three components can be
combined into an average ECR.

Average rates for each component, and average ECRs, should be interpreted with
caution, as they do not provide any information on the shape of the underlying distribution
of rates. For example, an average ECR of EUR 25 per tonne of CO, could arise where
a small share of the emissions is priced well above this level but with the majority of
emissions priced far below it. An average ECR is thus no indicator of the amount of
emissions that is priced above or below the average rate. Nevertheless, the average rates
allow for quick inter-country comparison of the overall use of the components of ECRs.

Table 4.1 sets out the average rates for specific taxes on energy use, carbon taxes and
emissions trading permits across the 41 countries as a whole, differentiating between the
road and non-road sectors. With average rates of EUR 72.31 and EUR 3.05 per tonne of CO,,
respectively, specific taxes on energy use are the dominant component in both road transport
and all non-road sectors. Carbon taxes and tradable emissions permit prices contribute less
to average ECRs, at less than EUR 1 per tonne of CO, in both road and non-road sectors.
Tradable emissions permit prices are more significant in the non-road sectors than in road
transport, although at a relatively low average rate of EUR 0.87 per tonne of CO,. The average
ECRs on all CO, emissions from energy use are relatively low (as shown in the bottom line of
Table 4.1) due to the low share of road emissions in total emissions: road transport accounts

Table 4.1. Average rates by ECR component (in EUR per tonne of CO,)
(biomass emissions included)

4)
(1) @) 3) =(1)+(2)+(3)
Specific taxes Carbon tax ETS Average ECR
Road transport 72.31 0.87 0.44 73.61
All non-road sectors 3.05 0.08 0.87 4.00
All sectors 13.44 0.19 0.81 14.44
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Figure 4.7. Average effective carbon rates by country and price instrument (biomass emissions included)

for 15% of total CO, emissions from energy use in the 41 countries, giving road emissions a
low weight in the average rates across all sectors.

A similar dominance of the specific tax component on energy use is seen within most
of the 41 countries, although there is considerable variation in the level of average ECRs in
each country and in the way the different price instruments are applied.
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and rightmost panels). In road transport, specific taxes on energy use are by far the price
instrument with the highest average rate in all countries except Sweden. Carbon taxes play
a role in pricing road emissions only in the Nordic countries (Sweden, Norway, Finland,
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The high contribution of carbon taxes to average ECRs in road transport in Sweden
is due to a relatively high general level of carbon pricing and also to the fact that the
introduction of the Swedish carbon tax was accompanied by a commensurate reduction in
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excise taxes. A similar approach was recently followed in France in 2014 (not reflected in
the data shown in this report), where the excise tax rate for gasoline was reduced in parallel
to the introduction of a carbon tax, although future increases in the carbon tax rate will
not be accompanied by excise reductions. The cases of Sweden and France demonstrate
that an understanding of carbon pricing requires consideration of all market-based
instruments: considering one ECR component in isolation can give a misleading picture
of how countries price CO, emissions if there are large differences in other components.
Furthermore, considering policy change also requires looking at the three components, as
an increase in one component can be accompanied by a reduction in another.

The average ECR on road transport emissions is above EUR 50 per tonne of CO, in all
countries except China, Canada, India, the United States, Indonesia, Brazil, Mexico and
Russia. The simple average ECR on road transport emissions across countries is above
EUR 150, and is much higher than the weighted country average of less than EUR 100,
indicating that some countries with high levels of CO, emissions have relatively low
average ECRs in road transport.

The average ECR on emissions from non-road sectors (middle and right panels of
Figure 4.7) is above EUR 30 per tonne of CO, in just four countries — Sweden, Norway and
Denmark, and the Netherlands (the only country with a rate above EUR 50). Average ECRs
on non-road emissions are above EUR 20 in seven other European countries (Austria,
Ireland, Greece, Switzerland, Germany, Finland and Italy) and Israel. The other countries
price non-road emissions at very low levels, in some cases applying a price close to zero.

The composition of ECRs is much more diverse in non-road sectors than in road
transport. In non-road sectors, specific taxes on energy use are deployed to a much lesser
extent than in road transport. Carbon taxes and tradable emission permit prices contribute
more strongly to average ECRs in the non-road sectors, particularly in countries that
historically apply specific taxes on energy use to a limited extent. For example, tradable
emission permit prices make up more than 40% of the average ECR in non-road sectors
in the Czech Republic, Estonia, Hungary, Korea, New Zealand, Poland, Portugal and
the United States (even if the latter has no country-wide trading system). Carbon taxes
represent more than 40% of the average non-road ECR in Switzerland, where they cover
most residential and commercial emissions, and in Canada, where British Columbia’s
carbon tax applies at a relatively high rate (covering 9% of Canadian non-road emissions).
Here too, the simple country average ECR is well above the weighted country average
ECR. Low ECRs on non-road transport emissions suggest a potentially significant role
for the carbon tax and emissions trading components of ECRs in pulling up average rates,
in line with policy dynamics pointing towards an increased use of these explicit carbon
pricing mechanisms.

Coverage of ECR components

A different way of considering the contribution of each price instrument to ECRs is
to consider the share of emissions from energy use subject to each instrument, i.e. the
coverage of each instrument. The coverage of the three instruments may overlap, so that
the overall proportion of emissions covered by an ECR is often lower than the sum of the
emissions covered by each of the three individual components. For example, an excise tax
may apply to the same sector as a carbon tax; or an excise tax and an emissions trading
system may apply to the same industry.

Table 4.2 presents the share of CO, emissions from energy use subject to each price
instrument. It also shows the combined coverage of both tax instruments. The combined
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coverage of all three instruments is reported in the last column showing the proportion
of emissions in each sector that face a positive ECR. As stated in the first section of this
chapter, while 98% of road transport emissions are priced at a positive effective carbon
rate, only 30% of emissions in other sectors are. Across all emissions from energy use only
40% are subject to a positive effective carbon rate.

Table 4.2. Proportion of emissions from energy use subject to a positive effective carbon rate
by price instrument (biomass emissions included)

Taxes
ETS Carbon tax Specific taxes Combined tax ECR
Road 5% 2% 98% 98% 98%
All non-road 13% 0% 23% 23% 30%
All 12% 1% 34% 34% 40%

Overall, carbon taxes are the smallest component of ECRs, followed by ETS prices.
Specific taxes on energy use are much higher than both carbon taxes and ETS prices. The
high ECR coverage in road transport is nearly entirely driven by the high coverage of
specific taxes on energy use (98%), but the breakdown of coverage by price instruments in
non-road sectors shows a different pattern, with specific taxes on energy use covering 23%
of CO, emissions and tradable emissions permit prices covering 13%.

Price instruments can overlap, so that implementing new carbon pricing instruments
does not necessarily increase the overall proportion of CO, emissions subject to a price.
Where a tax applies to part of the same base as an ETS, this increases the price of emissions,
but does not increase the total abatement under the ETS (in the presence of a binding cap),
leading to lower permit prices under the ETS. This can reduce cost-effectiveness, as prices
are no longer uniform. In Table 4.2, summing the coverage by individual price instruments
can produce a number greater than the total sector coverage in the last column. For example,
in road transport, across the 41 countries, nearly all emissions covered by an ETS are also
subject to a specific tax on energy use. Similarly, carbon taxes and specific taxes on energy
use often cover the same emissions in both the road and non-road sectors. The effect of
carbon taxes on increasing coverage is therefore small. However, in non-road sectors,
emissions trading systems more strongly contribute to total coverage. Taxes cover 23% of
emissions, and this increases to 30% if trading systems are accounted for (an increase by
30%). Since emissions trading systems cover 13% emissions, there is a significant overlap
between taxes and trading systems, as is discussed in more detail below and in Annex A.

Effective carbon rates within the non-road sectors

Emissions from non-road sectors account for 85% of total CO, emissions from energy
use in the 41 OECD and selected partner economies. As seen above, they are less frequently
subject to an ECR, and, on average, are subject to lower ECRs than road transport emissions.
This section analyses the different non-road sectors in more detail. The non-road sectors
include offroad transport, industry, agriculture and fishing, residential and commercial
energy use, and the electricity sector. Of these, energy use in industry, electricity and in the
residential and commercial sector gives rise to the largest proportion of carbon emissions
(roughly 33% in the case of industry and electricity, and 15% in the case of the residential and
commercial sector). Table 4.3 the share of CO, emissions from energy use from the different
sectors.
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Table 4.3. Categorisation of CO, emissions from energy use

Proportion of economy-
wide CO, emissions in

Sector CO, emissions included in sector all countries on average
Road All CO, emissions from energy used in road transport. 15.0%
Offroad All CO, emissions from energy used in non-road transport (incl. pipelines, 2.2%

rail transport, domestic aviation and maritime transport).

Industry All CO, emissions from energy used in industrial processes, in heating (incl. 33.3%
L) inside industrial installations) and in the transformation of energy, including
g fuels used for auto-generation of electricity in industrial installations.
E Agriculture  CO, emissions from energy used in agriculture, fisheries and forestry. CO, 1.2%
S &fisheries  emissions from energy used in on-road transport are included in the road
o sector.
o
=

All CO, emissions from energy used for commercial and residential heating, 15.1%
including fuels used for auto-generation of electricity.

Electricity  All CO, emissions from energy used to generate electricity for domestic use 33.2%
excluding fuels used in the auto-generation of electricity.

Non-road sector ECRs across OECD and selected partner economies

The proportions of emissions priced at different ECR intervals are broadly similar
for the industrial, the electricity and the residential and commercial sectors when looking
at the 41 OECD and selected partner economies as a group. As shown in the first row of
Figure 4.8, the majority of emissions in each of these sectors (74% in the industry sector,
64% in the electricity sector and 80% in the residential and commercial sector) do not face
a price and only a very small proportion is priced above EUR 30 per tonne of CO, (2%, 3%
and 4% respectively). Between 5% and 13% of CO, emissions in these sectors are subject
to an effective carbon rate between EUR 0 and EUR 5 per tonne of CO, and 11% to 19% to
an effective carbon rate between EUR 5 and EUR 30 per tonne of CO,.

Figure 4.8. Proportion of CO, emissions subject to different ECR intervals by sector
(biomass emissions included)
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The shares of emissions within these same ECR intervals in offroad transport and in
agriculture and fishing are similar (first and second panel in the second row of Figure 4.8).
Compared to the other non-road sectors, a relatively high proportion of emissions from
offroad transport and agriculture and fishing is priced, and prices are higher on average.
Specifically, 41% and 47% of emissions in these sectors do not face a carbon price, 8%
and 4% face a price between EUR 0 and EUR 5 per tonne of CO,, 37% and 23% face a
price between EUR 5 and EUR 30 per tonne of CO,, and 14% and 25% face a price above
EUR 30 per tonne of CO,. For completeness, Figure 4.8 also shows the results for road
transport, which have been described in previous sections.

Although exemptions and reduced rates are often applied to fuel use in non-road
transport and in agriculture and fisheries (e.g. to fuel use in agriculture, or in rail transport),
the rate structure at which these two sectors are taxed is more akin to the specific energy
taxes applied on road use. The higher specific taxes on motor fuels for road use are often
used as benchmark rates for the definition of the reduced rates (OECD 2015, 2013). In
addition, energy use in these two sectors is dominated by oil products, which are often taxed
at relatively high rates compared to coal or natural gas. Neither of the two sectors accounts
for more than 2% of overall emissions across the 41 countries on average (Table 4.3),
diminishing their weight in the analysis of ECRs. Given the very small proportion of
emissions in these two sectors, the presentation and analysis of ECRs will from here focus
on the ECRs applied to the remaining non-road sectors, which together comprise 81% of
total emissions.

Non-road sector ECRs by country

Table 4.4 allows a closer examination of the pricing patterns of CO, emissions in the
industrial, the electricity and the residential and commercial sectors (shown in the first
row of Figure 4.8). These sectors account for the largest share of emissions on average in
each country. The table shows for each country both the proportion of CO, emissions from
energy use priced at a positive ECR or above EUR 30 per tonne of CO, in these sectors.

Patterns of ECR coverage and levels across the industrial sector and the residential and
commercial sector are similar within the 41 economies: most countries price only a small
proportion of emissions in these sectors at an ECR above EUR 30 per tonne of CO, and
many countries do not at apply an ECR above EUR 30 to any emissions in these sectors.
When looking at countries individually, some differences appear between both sectors.
For example, Denmark, Italy, Israel, the Netherlands and Switzerland price a much higher
proportion of emissions above EUR 30 per tonne of CO, in the residential and commercial
sector than in the industry sector. Conversely, in Estonia, Hungary, Indonesia, Norway,
Poland, Spain and the United Kingdom, a much larger share of emissions is subject to a
positive effective carbon rate in industry than in the residential and commercial sector.

Countries that impose lower ECRs on industrial use, may be seeking to address
competitiveness concerns, whereas countries that impose lower rates on the residential
sector may place greater weight on concerns regarding the ability of low-income families
to afford heating fuels. The lower rates may also be a result of different historical reasons
for the imposition of taxes or trading systems on energy used in each sector. Regardless,
where lower rates are intended to address competitiveness or distributional concerns,
OECD work discussed in Chapter 2 has highlighted that the impact of pricing instruments
on both of these factors is often overstated, and that it is generally preferable and possible
to find ways to assist these sectors or households that do not weaken the price signal from
energy pricing instruments.
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Table 4.4. Proportion of CO, emissions priced above EUR 0 and EUR 30 per tonne of CO,
by country (biomass emissions included), percentages

Industry: Electricity: Residential & commercial:
Proportion of emissions Proportion of emissions Proportion of emissions
priced at or above priced at or above priced at or above
EUR 0 EUR 30 EUR O EUR 30 EUR 0 EUR 30

AUS 8 8 0 0 14 9
AUT 53 21 100 64 50 23
BEL 66 0 100 18 79 0
CAN 18 1 1 0 27 1
CHL 0 0 0 0 1 0
CZE 7 0 97 0 35 0
DNK 49 13 100 100 43 43
EST 73 4 100 0 16 6
FIN 49 25 100 88 30 30
FRA 78 1 100 15 38 0
DEU 80 1 100 82 80 1
GRC 92 29 100 21 61 9
HUN 78 0 100 0 23 0
ISL 19 0 100 100 26 0
IRL 76 15 96 0 74 21
ITA 88 5 100 0 80 61
ISR 35 5 99 13 87 49
JPN 62 1 93 2 100 0
KOR 92 2 92 0 95 20
LUX 80 0 100 0 95

MEX 4 0 1 0 1

NLD 77 32 100 100 95 59
NZL 44 1 54 0 57 8
NOR 84 12 100 100 23 21
POL 76 2 100 0 9 0
PRT 59 0 100 0 27 6
SVK 70 20 100 0 90 31
SVN 79 9 100 0 36 27
ESP 76 3 100 0 25 20
SWE 33 10 100 100 21 21
CHE 64 17 7 7 82 58
TUR 43 3 100 0 29 0
GBR 84 14 100 0 33 10
USA 5 0 8 0 8 0
ARG 59 1 68 0 94 5
BRA 13 0 100 0 0 0
CHN 13 3 13 0 & 4
IND 55 0 81 0 6 0
IDN 0 0 0 0 0 0
RUS 0 0 0 8 0
ZAF 8 2 100 0 2 1
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In the electricity sector, the majority of countries apply an ECR of greater than zero to a
large proportion of CO, emissions or even the entire emissions base. Twenty-nine countries
price more than 90% of carbon emissions from the industry sector and twenty-two countries
price all emissions from the electricity sector (through combinations of emissions trading
systems and taxes on electricity use). Only Australia, Chile, Indonesia and Russia, do not
price any emissions from electricity generation. The proportion of emissions in the electricity
sector subject to an ECR of greater than EUR 30 per tonne of CO, differs significantly
across countries: eight countries price more than 50% of emissions from the generation of
electricity above EUR 30 per tonne of CO,, while twenty-four countries do not price any of
the emissions from the fuels used to generate electricity above EUR 30 per tonne of CO,.2

Impact of different price instruments in the non-road sectors

The impact of different carbon pricing instruments on the level and coverage of ECRs
differs among the three non-road sectors analysed. Figure 4.9 presents the average rate for
specific taxes on energy use, carbon taxes, and tradable emission permit prices in industry,
the residential and commercial sector, and in electricity generation.

Figure 4.9. Specific taxes dominate ECRs in non-road sectors
(biomass emissions included)
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Specific taxes on energy use are the largest component of the average ECR in each
of the three non-road sectors shown here. The relative contribution of tradable emissions
permits to overall ECRs is relatively large in industry and in electricity. Carbon tax rates
are relatively low on average in all sectors under consideration. Average ECRs in the
industry and the electricity sector are lower than in the residential and commercial sector,
also because of the smaller contribution of excise taxes applying to fuels used by these
sectors. The composition of the average ECR in the residential and commercial sector
differs from the other two sectors, due to the larger influence of the specific taxes on
energy use. The ECR component made up by tradable emissions permits is smaller in the
residential and commercial sector, since ETS tend to cover mostly larger firms.

Average ECRs provide a first comparison of the relative importance of the different
price instruments, combining both rate and coverage information into a single metric.
However, they do not directly show the proportion of emissions covered by each instrument.
Table 4.5 supplements the information shown in Figure 4.9 by reporting the share of CO,
emissions covered by each instrument at a positive rate, as well as the combined total tax
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coverage. The combined coverage of all three instruments in the last column shows the
proportion of emissions in each sector that is subject to an ECR.

Table 4.5. Proportion of emissions subject to a positive effective carbon rate by price
instrument (biomass emissions included)

Taxes
ETS Carbon tax Specific taxes ~ Combined tax ECR
Industry 13% 0% 17% 17% 26%
Residential & commercial 3% 1% 17% 18% 20%
Electricity 18% 0% 27% 27% 36%

Of the three large non-road sectors analysed here, ECRs cover a maximum of 36%
of emissions in the electricity sector, and lower shares in the industrial (26%) and the
residential and commercial sector (20%). In the industrial and electricity sectors, emissions
trading systems are much more influential in terms of their coverage, at 13% and 18%
respectively, whereas specific taxes on energy use are less important in terms of coverage
at 17% of CO, emissions in industry and 27% in electricity. The overlap between emissions
trading systems and taxes is larger in electricity than in industry (it is smaller in residential
and commercial use, because of the small coverage of trading systems). Carbon tax
coverage is low in both sectors, and overlaps with the coverage of specific energy taxes,
implying that the contribution of this instrument to ECR coverage is not very large.

Starting from a situation in which taxes are already in place — which has been the case in
many of the countries analysed — the introduction of emissions trading systems has increased
the proportion of emissions that are priced, although not in a one-to-one relation. This is because
price instruments often overlap, so that implementing new carbon pricing instruments does not
necessarily increase the total coverage of ECRs. Table 4.5 shows that carbon pricing instruments
in non-road sectors overlap, although not entirely. For example, in the industry sector 17% of
emissions are subject to a specific tax on energy use and 13% to a tradable emission permit price,
whereas 26% are subject to an effective carbon rate across the 41 countries. Consequently, 4% of
emissions are subject to both a specific tax and an emissions trading system.

Carbon pricing instruments in the industrial and electricity sectors

The importance of carbon pricing instruments in determining ECRs varies between
sectors, as seen in the previous subsection. While specific taxes on energy use are the most
influential in constituting ECRs in all sectors, emissions trading systems are of particular
relevance to the pricing of carbon emissions in the industrial and electricity sectors. Almost
all of the emissions trading systems apply most strongly, in terms of the emissions subject
to the system, to these two sectors. Of the six sectors analysed here, the industry and
electricity sector are also the largest in the share of CO, emissions from energy use, each
at just over 33% each for the 41 economies as a whole.

In the industry sector, emissions trading systems apply to 13% of CO, emissions from
energy use across the 41 countries, as shown in Table 4.5. This relatively high coverage
(compared to the extent to which emissions trading systems apply in most other sectors)
causes the comparatively greater influence of emissions trading systems in determining
average ECRs in the industrial sector, as shown in Figure 4.9 (though the contribution of
specific taxes on energy use to ECRs remains higher).

Within the 41 countries, the influence of emissions trading systems in determining ECRs
varies. Twelve of the countries considered do not have an emissions trading system. In the
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countries which price emissions via tradable permits, the coverage of emissions trading systems
in the industrial sector varies from over 90% in Greece and Korea to 1% in Luxembourg and
5% in China. By way of contrast, taxes (including both specific taxes on energy use and carbon
taxes) apply to industrial emissions in all countries except Chile, Indonesia and the United
States, covering on average 37% of emissions in the remaining countries. The degree of overlap
between the two instruments (i.e. the share of emissions that are subject to both emissions
trading systems and taxes) ranges from 9% in Portugal to 57% in Greece.

To highlight the differences in the application of the different price instruments across
countries, Figures 4.10 and 4.11 compare the contribution of taxes and emissions trading
systems to ECR coverage and average ECRs in the industrial sector in each country. Figure 4.10
shows the proportion of emissions subject to a positive ECR, distinguishing between CO,
emissions that are covered only by taxes (including carbon taxes and specific taxes on energy
use), emissions that are covered only by a tradable emission permit price, and emissions that are
covered by both by taxes and emissions trading systems.’ Figure 4.11 presents average ECRs
in the industry sector, disaggregated by price instrument, excluding unpriced emissions. The
order of countries is the same in both figures to allow comparison between the proportion of
emissions subject to each price instrument and each instrument’s average rate in each country.

Figure 4.10. Proportion of emissions subject to a positive effective carbon rate in the industry
sector (biomass emissions included)
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Figure 4.11. Average effective carbon rates in the industry sector
(biomass emissions included)
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Average tax rates on emissions (here excluding zero rates) in the industrial sector are
very heterogeneous across countries, ranging from EUR 54 per tonne of CO, in Sweden
to very low rates in India, New Zealand and Russia and no ECR at all in Chile, Indonesia
and the United States.* In most countries, taxes on CO, emissions from energy use remain
the dominant instrument in their contribution to overall ECRs, although in of Belgium, the
Czech Republic, Estonia, Hungary, Korea, Luxemburg, Poland, Portugal, and the United
States, trading systems dominate. The United States is the only country with the entire
average ECR constituted by price signals from emissions trading systems (California and
RGGI), whereas in eight countries the ECR consists entirely of taxes on energy use.

Comparison of the proportion of emissions that are subject to a pricing instrument,
and the average rates of each instrument, shows that emissions trading systems typically
apply at lower rates than taxes on CO, emissions from energy use (Figure 4.11). However,
in all countries where emissions trading systems apply, they increase the share of
emissions covered at a positive rate in the industrial sector beyond those covered by taxes
(Figure 4.10).

In the electricity sector, emissions trading systems apply to 18% of CO, emissions
from energy use, as shown in Table 4.5. This is the sector in which emissions trading
systems have the greatest coverage, which helps explain the comparatively larger average
rate resulting from emissions trading systems in this sector (see Figure 4.9). However, the
coverage of emissions trading systems in the electricity sector strongly overlaps with that
of specific taxes on energy use, both at an aggregate level and within 22 of the 30 countries
in which an ETS is applied. Specific taxes on energy used to generate electricity fail
to distinguish between the carbon-intensity of fuels used to generate electricity if they
are levied on an energy content basis, but they do raise the price of emission-intensive
electricity all the same.

Within each country, CO, emissions in the electricity sector are much more likely to
be priced than industry emissions. Figures 4.12 and 4.13 show the contribution of taxes and
emissions trading systems to ECR coverage and to average carbon rates (excluding zeros)
in the electricity sector in each of the 41 countries. As shown in Figure 4.12, the majority
of countries price more than 90% of emissions from electricity. In countries where more
than 90% of emissions are priced, both taxes and emissions trading systems are widely
implemented and largely overlap (except in Brazil, Iceland, Israel, South Africa and Turkey,
where no ETS applies). In some countries with low or no tax coverage in certain sectors,
emissions trading systems contribute significantly to total coverage. For example, emissions
trading systems increase the proportion of emissions subject to an ECR in the electricity
sector from 27% to 92% in Korea and from 0% to 54% in New Zealand. In China and
the United States, implementation of regional emissions trading systems broadens ECR
coverage from 0% to 13% and 8% respectively.

Average ECRs on emissions in the electricity sector are very heterogeneous across
countries, as shown in Figure 4.13. As in the industrial sector, emissions trading systems
contribute significantly to average carbon rates in countries where tax rates are relatively
low or zero, including China, the Czech Republic, Estonia, Hungary, Ireland, Korea,
Luxemburg, New Zealand, Poland, Portugal, the Slovak Republic, Spain and the United
States.

Figures 4.10 through 4.13 demonstrate that the different carbon pricing instruments
do not only affect carbon price levels but also have strong effects on the proportion of
emissions subject to a price. A comprehensive evaluation of pricing instruments hence
requires consideration of both the rates and coverage of each instrument.

EFFECTIVE CARBON RATES: PRICING CO, THROUGH TAXES AND EMISSIONS TRADING SYSTEMS © OECD 2016



4. EFFECTIVE CARBON RATES: RESULTS OF THE ANALYSIS — 65

Figure 4.12. Proportion of emissions subject to a positive effective carbon rate in the
electricity sector (biomass emissions included)
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Note: The graph excludes three outliers — Iceland, Norway and Sweden.

Figure 4.13. Average effective carbon rates in the electricity sector
(biomass emissions included)
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Note: The graph excludes three outliers — Iceland, Norway and Sweden.

Low carbon rates covering a large proportion of emissions may represent a first
step towards pricing emissions and to making polluters pay for the climate cost of their
emissions. Continued extension of carbon rate coverage to a wider set of emissions in the
industry and electricity sectors — responsible together for 66.5% of all CO, emissions from
energy use in the 41 countries — would strengthen carbon pricing policies. The choice of
ECR component will largely depend on the individual circumstances and preferences of
policy makers in each country.

Treatment of biomass in the calculations

The analysis of ECRs in the previous sections of this chapter does not differentiate
between CO, emissions from the combustion of biomass and CO, emissions from the
combustion of fossil fuels, consistent with the approach taken in previous OECD work
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(OECD, 2013 and 2015). Total CO, emissions from energy use in each country in the
results above hence include emissions from biomass combustion. However, many countries
and the design of many emissions trading systems take a different approach to biomass
emissions, treating them as carbon neutral on a life cycle basis. Consequently, emissions
from biomass at the point of combustion are excluded from (or are zero-rated in) the
consideration of CO, emissions from energy use in many emissions trading systems.

To capture both approaches to the treatment of biomass, the results in this report
have been calculated both inclusive and exclusive of the emissions from biomass. This
report takes emissions from biomass to be those from primary solid biofuels, biogases,
biogasoline, biodiesel and other liquid biofuels and from municipal waste (renewable and
non-renewable). The results in other sections of the report show results with emissions
from the combustion of biomass included. In contrast, this section provides a snapshot of
how the treatment of biomass affects the calculation of the ECRs presented elsewhere in
the report. The differences arise entirely from the alternative approaches taken towards
the accounting of emissions from biomass, and are not due to any policy changes. The
degree to which there are differences in the results when biomass emissions are excluded
from the analysis depends on three elements: firstly, the degree to which biomass is used
in the country or sector being considered; secondly, the way in which biomass emissions
are priced (either through taxes or through emissions trading systems); and thirdly, the
distribution of ECRs on non-biomass emissions in the country or sector considered.

The use and pricing of biomass emissions differs between sectors, as summarised in
Table 4.6: 95% of biomass in the 41 countries is used outside the road sector, and 89% of
biomass is used in residential heating and industrial processes. Emissions from biomass
used in the non-road sectors are typically not subject to a price. Emissions trading systems
zero-rate or exclude biomass, and in non-road sectors it is rarely taxed, except indirectly
when used to generate electricity (a very small proportion of biomass) via electricity
consumption taxes. As a result, 94% of biomass emissions in the non-road sectors have an
ECR of zero, and within residential and commercial use, no biomass emissions are priced.

Biomass use in road transport is limited and causes around 5% of total biomass
combustion emissions in the 41 countries. Emissions rarely are subject to an emissions
trading system, as most systems do not cover the road sector. However, biomass is often
taxed at similar rates as other fuels for road use, meaning that the average tax rate on
biomass emissions in this sector is above EUR 30 per tonne of CO, everywhere except in
the United States. Also, the proportion unpriced biomass emissions is smaller in the road
sector, at 36% across the 41 countries as a whole (although across countries, 100% being
unpriced in 21 countries and all biomass emissions being priced in 11 countries).

Consequently, the impact of excluding biomass emissions from the calculations has
different impacts in the road and non-road sectors. In the non-road sectors, excluding
biomass emissions removes a sizeable proportion of emissions that are priced at zero,
reducing the proportion of emissions with an ECR of 0 from 70% to 66% of total emissions.
As few biomass emissions in non-road sectors are priced at a positive ECR, and almost none
above EUR 30 per tonne of CO,, the impacts on ECR coverage at higher rates are primarily
due to the distribution of ECRs on non-biomass emissions in the non-road sectors. The
overall average ECR in the road sector therefore increases only slightly when biomass is
excluded, from EUR 4 to EUR 4.40 per tonne of CO,.

In the road sector, only 36% of biomass is taxed at zero, and the use of biomass is
smaller, so the impact of biomass treatment is smaller. Coverage changes from 2% of total
emissions with biomass included to 1% with biomass excluded. Most biomass in the road
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sector is taxed above EUR 30 (both across and within countries), so that a 2 percentage-
point increase in coverage is observed at ECRs between EUR 5 and EUR 30, and this is
because the average ECR on biomass emissions in the United States is just under EUR 25
per tonne of CO,. Excluding biomass emissions from the calculations increases the average
ECR in the road sector from EUR 73.61 to EUR 74.45 per tonne of CO,.

Table 4.6. Characteristics of CO, emissions from biomass

Road All non-road All emissions
Biomass as % of all emissions 4 13 12
Biomass . . q . -
i Unpriced biomass as % of all biomass emissions 36 94 91
characteristics
% of biomass used in sector 5 95 100
ECR 0 (i.e. unpriced) Biomass included 2 70 60
Biomass excluded 1 66 56
Coverage ECR5 Biomass included 94 19 30
(% of total emissions) Biomass excluded 96 21 33
ECR 30 Biomass included 46 4 10
Biomass excluded 47 4 11
Average ECR Biomass included 73.61 4.00 14.44
(EUR per tonne of CO,)  Bjomass excluded 7445 440 15.88

Within individual countries, most biomass use occurs in the non-road sectors at low or
zero prices. The impact of excluding biomass emissions on ECR levels and coverage for
different countries largely depends on the proportion of biomass emissions to total emissions
in each country. Countries with a higher proportion of biomass use, particularly outside the
road sectors, will see greater responsiveness of ECR results to the treatment of biomass
emissions, particularly where other emissions are subject to higher prices. In ten of the
41 countries, more than 20% of total CO, emissions are from biomass combustion: Sweden,
Finland, Brazil, Indonesia, Chile, Denmark, India, Austria, Portugal, and Estonia. In these
ten countries, and in addition in Slovenia, Norway, France, Switzerland and New Zealand,
more than 20% of emissions in the non-road sectors is from biomass combustion. In these
countries, omitting emissions from biomass combustion leads to significantly higher
ECRs. In Sweden, for example, the share of emissions priced at EUR 30 per tonne or more,
increases from 34% to 60% if emissions from the combustion of biomass are not included.

Effective carbon rates: The bigger picture

The previous sections investigated ECR levels and coverage in the 41 countries and
six sectors, on an aggregate level as well as country-by-country. This section analyses
ECRs in a broader context. The “carbon pricing gap” is introduced in the first subsection
(“The carbon pricing gap”). The second subsection (“A counterfactual scenario: increase
prices and coverage to at least current median levels”) uses the carbon pricing gap to
simulate counterfactual scenarios, illustrating the impact of different pricing policies on
ECR level and coverage. The third subsection (“Effective carbon rates and macroeconomic
characteristics”) relates the results of the analysis of ECRs to selected broader economic
characteristics, i.e. total CO, emissions, gross domestic product (GDP), population size and
net energy imports.
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The “carbon pricing gap”

The extent to which the 41 countries price CO, emissions from energy use using
market-based instruments can be measured by comparing current prices to the conservative
cost estimate of EUR 30 per tonne of CO,. Specifically, the extent to which emissions are
priced at less than EUR 30 per tonne of CO, can be seen as the “carbon pricing gap” from
market-based policy instruments. This gap here is measured as a percentage. If the ECR
on all emissions was at least EUR 30 per tonne, the gap would be zero, and if the ECR was

zero throughout, the gap would be 100%.

The indicator is illustrated in Figure 4.14 for the existing ECRs. The dashed line shows
the current distribution of ECRs across the 41 economies as a whole. As indicated earlier,
60% of all emissions are not subject to an ECR, and only 10% are subject to an ECR of
greater than EUR 30 per tonne of CO,. The proportion of emissions below the dashed line
is subject to a positive ECR. The proportion of emissions between the dashed line and the
horizontal line at EUR 30 per tonne of CO, (shaded in dark blue in Figure 4.14) is either
not priced by any price instrument, or is priced at a level below EUR 30 per tonne of CO,.
The area in dark blue is the carbon pricing gap across the 41 countries, and it equals 80.1%.

Figure 4.14. The carbon pricing gap, shown in dark blue
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Figure 4.14 can be reshaped to focus solely on the carbon pricing gap, by cutting the
vertical axis of the graph at the reference point (EUR 30 per tonne of CO,), as in Figure 4.15
(which otherwise presents the same information as Figure 4.14). Again, focussing on
EUR 30 per tonne of CO, does not imply that a carbon price at this level would be sufficient
to internalise the climate cost of carbon and nor does it serve as a normative goal.

Figures 4.14 and 4.15 present the results for the group of 41 countries as a whole. From
a climate perspective, it is the overall effect of carbon pricing which is important, rather
than its location. However, within this group of countries, the individual country carbon
pricing gaps are likely to vary substantially, reflecting the very different applications of
carbon pricing among countries. In particular, some larger economies currently feature low
ECRs, and this significantly increases the carbon pricing gap, due to their weight in overall

emissions.
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Figure 4.15. Carbon pricing gap, focusing on
priced and unpriced emissions below EUR 30
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A counterfactual scenario: increase prices and coverage to at least current
median levels

The carbon pricing gap presently equals 80.1% as shown above. If carbon pricing is
to play a more significant role in climate policy, this gap needs to decline. Reductions can
be achieved in at least two ways, first, by extending the share of emissions subject to a
price and, second, by increasing the price level of either taxes or trading systems. Both
avenues are under consideration in many of the countries considered, and are likely to be
increasingly relevant following the Paris Agreement. For example, China is planning to
implement a national ETS in 2017 (National Development and Reform Commission, 2016),
which will significantly increase the global share of CO, emissions from energy use subject
to a carbon price. In the European Union ETS, the low prices of tradable emissions permits
triggered the development of a market stability reserve. This reserve will start operating as
of 2018 (European Commission, 2016) and will remove surplus emissions permits from the
market, which is expected to lead to higher carbon price levels. Increases in carbon pricing
via taxes are also underway in a few countries. For example, a carbon tax is set to be levied
in Chile and in the Canadian province of Alberta starting in 2017, and a draft carbon tax
bill has been the subject of consultation with stakeholders in South Africa.

The analysis of ECRs has revealed that they are very often low and that there are large
differences between countries, both on an economy-wide basis and also within the six
sectors analysed. It follows that improving the performance of countries with low rates or
low coverage in any of the sectors would reduce the carbon pricing gap. To make this notion
more tangible, a counterfactual scenario was calculated. This scenario is constructed in two
steps. First, the median coverage and the median ECR (for emissions covered by an ECR)
are identified for each of the six sectors. (The median countries are different in all cases
but one and are regionally and economically very diverse.) Second, for each country, the
coverage and the ECR are increased to at least the median level. If coverage or ECR level
already were higher than the median, they are left as is. In other words, the distribution of
coverage and rates is modified by increasing countries at the low end to the median of the
currently observed distribution in both coverage and rates. Energy use is kept constant in
this exercise, so behavioural effects of the price changes are not accounted for. Since the
counterfactual scenario involves price increases, energy use and carbon emissions in fact
would decline as a response to higher prices.
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The carbon pricing gap in the counterfactual scenario is 53.1%. This says that, if ECR
rates and coverage in each of the six sectors would increase to the median levels for those
emissions where observed rates and coverage are below the median, 53.1% of emissions
would be priced at less than EUR 30 per tonne of CO,. This is a decline of 27%-point, or
of 34%, compared to the current carbon pricing gap of 80.1%. Figure 4.16 shows how the
counterfactual scenario affects the distribution of ECRs. ECRs are higher everywhere
than in the current situation, but more so near the low end of the distribution. This reflects
the fact that country differences are particularly large in sectors with low ECRs, so that
reducing heterogeneity by bringing all countries to median price and coverage levels
leads to relatively large ECR increases. The median coverage in electricity is 100%, and
for industrial emissions it is 59%, and the rates on covered emissions in both cases are
around EUR 11 per tonne of CO,, resulting in the two plateaus seen in Figure 4.16. Median
coverage is lower for residential and commercial emissions (at 30%) but the minimum rate
is just over EUR 20 per tonne of CO,.

Figure 4.16. Carbon pricing gap under counterfactual
scenario of median prices and coverage
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To sum up, the counterfactual scenario illustrates that “catching up” with median performance
results in strong reductions of the carbon pricing gap. Median performance is not obviously
related to country characteristics including GDP, energy use and carbon intensity of energy.
While median performance may not be equally easy to attain for every country, it is not
necessarily out of reach because of its particularly high level of ambition either.

Effective carbon rates and macroeconomic characteristics

ECR levels and the share of emissions that are priced at different rates vary substantially
across countries, as the previous sections have shown. To shed some light on factors that
potentially help explain these differences, this section relates, for each country, the level
and coverage of ECRs to four macroeconomic characteristics of each country: total CO,
emissions, gross domestic product (GDP), population size and net energy imports.

Figure 4.17 plots the carbon intensity of the economy in each country against ECR
coverage in that country. The left panel shows the proportion of emissions facing an ECR
at or above EUR 30 per tonne of CO,, and the right-hand panel depicts the proportion of
emissions facing an ECR above EUR 0 per tonne of CO,.
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Figure 4.17 demonstrates that countries that price a high share of CO, emissions above
EUR 30 per tonne of CO, tend to have a low carbon intensity of GDP (left panel). The same
holds to a lesser degree for ECRs greater than zero (right panel). The right-hand panel also
shows that a cluster of mostly European economies, together with Israel, Japan, and Turkey,
display both a relatively high share of priced emissions and have relatively low carbon
intensities of GDP, but there is more heterogeneity among countries with relatively high
carbon intensities of GDP.

Figure 4.17. Proportion of CO, emissions priced above EUR 30 (left) and EUR 0 (right) per tonne of CO,
relative to the carbon intensity of GDP, 41 countries, 2012
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Source: GDP data is from the World Bank (2016), World Development Indicators (database), http:/data.worldbank.org/
data-catalog/world-development-indicators.

The inverse relationship between the proportion of emissions priced at different carbon
rates and the carbon intensity of GDP does not necessarily imply a direct causal effect in
either direction. A low carbon intensity of GDP may be the result of carbon pricing policies
that reduce energy consumption or steer towards less emission-intensive energy sources.
However, it may also be the case that countries with low carbon intensities of GDP find
it easier to implement stricter carbon pricing policies. That said, there is strong empirical
evidence that higher carbon prices discourage emissions, and reducing emission intensities
is one way of doing so.

Figure 4.18 displays the same levels of ECR coverage (at EUR 30 and EUR 0, left and
right panels respectively) against GDP per capita. It shows that increasing per capita income is
associated with higher ECR coverage. Countries with higher per capita incomes tend to price
greater shares of emissions above EUR 30 per tonne of CO, (left panel). Exemptions to this
pattern occur in the United States, which prices a low share of emissions above EUR 30 per
tonne of CO,, despite its relatively high income levels, and Argentina, which prices a relatively
high share of emissions above EUR 30 per tonne of CO, despite its relatively low income level.

The relationship between the share of emissions with an ECR above EUR 0 per tonne
of CO, and GDP per capita is less pronounced (right-hand panel of Figure 4.18). Many
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countries located towards the middle of the income distribution price a significant share
of emissions at least at some positive price. At the same time, some high income countries
price a comparatively low share of emissions. Both panels of the figures show that, while
high income countries are more likely to price a high share of emissions above EUR 30 per
tonne of CO,, many countries with a lower GDP per capita also implement carbon prices,
though typically at lower levels.

Figure 4.18. Proportion of CO, emissions priced above EUR 30 (left) and EUR 0 (right) per tonne of CO,
relative to GDP per capita
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Source: GDP data is from the World Bank (2016), World Development Indicators (database), http:/data.worldbank.org/
data-catalog/world-development-indicators.

Countries’ carbon pricing policies may be related to the share of energy imports in
a country. Figure 4.19 shows the share of emissions in each country with ECR above
EUR 30 per tonne of CO, (left-hand panel) and above EUR 0 (right-hand panel) against
each country’s net energy imports. Net energy imports are defined as a country’s total
energy use less its production, divided by its energy use. Energy-importing countries have
a positive value for net energy imports, with 100% implying that the country imports all of
its energy. Energy exporters show negative values for net energy imports. There is no lower
limit for negative energy imports as countries can export more than their own energy use.
One such country, Norway, is omitted from the graphs due to the very high proportion of
energy exports (Norway exports 581% of its energy use, according to World Bank, 2016).

Net importers of energy tend to price a larger share of their emissions above EUR 0,
as the right-hand panel of Figure 4.19 shows. This relationship is also observed with the
share of emissions priced above EUR 30 per tonne of CO, (left-hand panel), although to a
lesser extent.

To summarise, higher ECRs tend to be associated with higher and less carbon-intensive
levels of GDP, and higher energy imports correlate with higher ECRs.

EFFECTIVE CARBON RATES: PRICING CO, THROUGH TAXES AND EMISSIONS TRADING SYSTEMS © OECD 2016



4. EFFECTIVE CARBON RATES: RESULTS OF THE ANALYSIS - 73

Share of emissions priced above EUR 30 per tonne CO2

Figure 4.19. Proportion of CO, emissions priced above EUR 30 (left) and EUR 0 (right) per tonne of CO,
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Source: Net energy imports are from the World Bank (2016), World Development Indicators (database), http://data.worldbank.
org/data-catalog/world-development-indicators.

Notes

For example, if 50% of non-road emissions in a country face no carbon tax, 25% are subject
to a carbon tax of EUR 10, and 25% to a carbon tax of EUR 20, then the average rate of the
carbon tax component of the ECR would be EUR 7.5 (0.5 x 0 +0.25 x 10 + 0.25 x 2 0).

The taxes on electricity consumption included in the Taxing Energy Use database are shown
as indirect taxes on the fuels used to generate electricity, and are aggregated with specific
taxes on energy on fuels used for the generation of electricity, where applicable. As explained
in more detail in the TEU publications (OECD 2013 and OECD 2015a), the price signal from
taxes on electricity consumption does not distinguish between the different fuels used for the
generation of electricity, and thus does not encourage reducing the carbon intensity of fuel used
to generate electricity.

Due to differences in data on emissions trading systems and taxes, there is some uncertainty
associated to the proportion of emissions covered by both taxes and ETS in the industrial
sector. Total combined ETS and tax coverage as presented in Figure 4.10 represent a point
estimate of this overlap, which may be slightly higher or lower in reality. (For example, at a
given ETS and tax coverage, the total coverage in the industry sector in the Czech Republic
might be 10 percentage points higher or lower than indicated in Figure 4.10.) Annex A provides
details on the methodology used to estimate this overlap.

In cases where taxes do not apply because a source is subject to an ETS, these taxes are not
included in the tax rate shown in the figures.
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Chapter 5

Effective carbon rates: Summary and conclusions

This chapter summarises the results of the analysis of effective carbon rates and
draws some conclusions on the distribution of carbon prices across the economy
and by sector, and on the composition of effective carbon rates.
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Pricing carbon with market-based instruments is one of the most effective and lowest-
cost means of inducing carbon abatement. While pricing alone is not sufficient to deliver
the degree of abatement required for a low carbon transition, it is an essential part of the
solution.

Two market-based mechanisms can be used to price carbon: taxes and emissions
trading systems. Taxes can be further divided into those with a stated explicit purpose to
induce CO, abatement (carbon taxes) and specific taxes on energy use, that also give rise to
an effective tax rate on CO, emissions from energy use, even if levied for a mix of reasons.
Whichever mechanism is used, pricing should cover emissions as broadly and uniformly
as possible in order to ensure cost-effective abatement.

There are at least two approaches to valuing the climate cost of carbon emissions. The
value can reflect the estimated marginal cost of climate change per unit of abatement, or
it can be set as a function of the desired level of abatement. The marginal cost of climate
change is very uncertain, with EUR 30 per tonne representing lower-end estimates in this
report. There is considerable debate about appropriate levels of carbon pricing, a debate
partially related to inter-country distributional concerns. The low-end estimate used here
is not a recommendation on what prices to implement, but instead is merely a marker to
gauge the current state of carbon pricing policies.

This report is the first combined and comprehensive analysis of the use of three
carbon pricing instruments: specific taxes on energy use, carbon taxes, and emissions
trading systems — together called the “effective carbon rate”. It considers their levels and
application across 41 OECD and G20 countries which together account for 80% of global
CO, emissions from energy use. It finds that policy-induced prices of CO, emissions from
energy use are often very low, even when the impact of all three pricing mechanisms is
taken into account. Sixty percent of the emissions in these countries are not priced at all,
either under emissions trading systems, carbon taxes, or specific taxes on energy use.
Across the group of countries, only 10% of emissions are priced at or above EUR 30 per
tonne of CO,, and most of these emissions are from road transport energy use. Very low
rates of carbon prices are found outside road transport, where 85% of total emissions
originate. Within the non-road sectors, 70% of emissions face no carbon price at all, and
only 4% face a price of more than EUR 30 per tonne of CO,.

The low prices across the group of countries as a whole are in part due to the low
prices or limited coverage by pricing mechanisms in several of the largest economies.
Their weight in total emissions strongly influences the results. For example, the top five
countries in terms of the quantity of emissions (China, the United States, India, Russia
and Japan) together account for 70% of the emissions from all countries included in the
analysis, but have comparatively low average ECRs on an economy-wide basis, with all of
these countries but Japan featuring among the seven lowest economy-wide ECRs observed.

The high ECRs in road transport, relative to ECRs in other sectors, are observed
both for the 41 countries as a whole, and also within every individual country. Within the
road sector, almost all emissions are taxed at these comparatively high rates, including
notably the emissions from gasoline and diesel use, which together comprise over 95% of
all road emissions. However, in the road sector, it is very unusual for either carbon taxes
or emissions trading systems to play a key role in pricing (notable exceptions include the
carbon taxes in Finland, Norway, Sweden and British Columbia, and the emissions trading
systems in California, Quebec and New Zealand). Consequently the price signal in the road
sector is almost entirely derived from excise taxes.
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As noted, however, road transport typically represents a small proportion of emissions,
at 15% in total and varying between 6% in China to 38% in Slovenia (Iceland and
Luxembourg are here excluded as outliers, in Iceland’s case because of the extremely high
share of renewable energy in electricity generation, which means that transport forms
a disproportionately high share of emissions, and in the case of Luxembourg, because
of the high volume of fuel sales for transit traffic). In all countries except Iceland and
Luxembourg, non-road emissions represent more, and often significantly more, than 60%
of total emissions; and 85% of total emissions across the 41 countries as a whole. It is in the
non-road sector where much of the variation in pricing arises.

The non-road sectors of energy use include residential and commercial use, industry,
electricity generation, offroad transport, and agriculture and fisheries. Of these sectors, the
three biggest sources of emissions are industry, electricity generation and the residential
and commercial sector (at 33.3%, 33.2% and 15.0%, of total CO, emissions from energy
use, respectively). The other two sectors, agriculture and fisheries, and offroad transport
account for only 1.2% and 2.2% of emissions respectively. Within countries, the relative
weights of the sectors differ, but in every country, the former three sectors are considerably
larger than the latter two.

The impact of the different pricing mechanisms varies considerably among these
sectors and across the countries considered. In general, emissions in non-road sectors are
subject to much lower tax rates than road transport, and in several cases, taxes are almost
non-existent in these sectors. However, emissions trading systems apply most strongly
outside road transport. Their coverage is largest in the industrial and electricity generation
sectors. Emissions from residential and commercial energy use are more typically covered
by taxes. Emissions trading systems do not affect prices or coverage substantially in this
sector. Carbon taxes contribute very weakly to coverage and price levels in the non-road
sectors across the 41 countries, almost entirely overlapping with taxes or ETS when they
do apply. Within countries, they are most influential in Switzerland, Iceland, Ireland,
Denmark, Finland, Norway, Slovenia and Sweden.

In the industrial sector, there is a degree of overlap in coverage between taxes and
emissions trading systems, meaning that they act together to increase the carbon price
beyond the level of either instrument alone — trading systems cover 13% of emissions,
taxes apply to 17% of emissions, and total coverage is 26%. However, it is rare that taxes
or emissions trading systems, whether applying separately or together, increase ECRs on
industrial emissions beyond EUR 30 per tonne of CO,. The overall impact on average
ECRs in industry is highest from taxes when assessed across the 41 countries, but when
isolating countries using an ETS, the two instruments are often more equal in price signals.

In the electricity sector, emissions trading systems and consumption taxes overlap
almost entirely where trading systems exist. Consumption taxes on electricity fail to
distinguish between the carbon-intensity of fuels used to generate electricity, but they do
raise the price of emission-intensive electricity all the same.

The summary of results up to now defines emissions of energy as those from the
combustion of energy, including combustion of biomass. Alternatively, biomass emissions
can be excluded, for example if they are considered as carbon neutral on lifecycle
emissions. Such alternative treatment does not affect the results across the 41 countries to
any appreciable degree, but results for countries with large shares of biomass combustion
are affected more strongly, particularly if those countries price non-biomass emissions
highly. Biomass in road transport is relatively unimportant, but where it is used, ECRs are
relatively high, reflecting relatively high rates on transport emissions in general. Emissions
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from non-road biomass combustion are usually exempt from or zero-rated in pricing
mechanisms. Consequently, omitting these emissions from the ECR calculations increases
coverage and average rates.

Summing up, the main features of the current landscape of carbon pricing instruments
are as follows:

* Taxes are higher and more uniform in road transport, and lower and more variable
in other sectors. They fairly consistently apply at highest rates to oil products. In
electricity, taxes primarily relate to consumption. These patterns are observed in
most countries.

* In countries where they exist, emissions trading systems typically have the highest
coverage in the electricity and industrial sectors. Differences across countries in terms
of implementation, coverage, rates and allowance allocation mechanisms are large.
However, in all cases, allowance prices are uniform across the sources covered (in
contrast to taxes) and outside road transport are more similar in magnitude to taxes.

» Carbon tax coverage is low in most of the countries where carbon taxes apply.
Carbon taxes almost always apply in countries that also implement an emissions
trading system.

* The combined impact of low taxes and the low and still limited deployment of
emissions trading systems outside road transport leads to the conclusion that most
emissions are not priced at all or to a low degree.

While this report did not aim to investigate how these main features have come about,
some observations were made. For example, more emissions are priced in countries with
higher per capita GDP and with a lower carbon-intensity of GDP. Causation can run in
two directions, with high rates having induced more abatement or low carbon dependence
allowing higher ECRs. Also, countries that import a large share of their energy use are
more likely to price CO, emissions from energy use, possibly related to energy security or
trade balance concerns.

The principal contribution of this report is to present the distribution of ECRs on
energy use. These distributions describe what share of emissions is subject to at least (or
at most) a given level of carbon price. In addition, these shares are attributed to sectors,
and the composition of the ECRs is presented. A summary measure of the distribution is
introduced, namely the “carbon pricing gap”.

The carbon pricing gap measures the extent by which carbon pricing falls short of
the EUR 30 benchmark, as a percentage of total emissions. For current ECRs, the carbon
pricing gap is 80.1%, meaning that less than 20% of emissions are priced at EUR 30
per tonne of CO, or more. If prices and coverage in all countries were to increase to at
least the levels currently observed at the median for each sector, the carbon pricing gap
would decline to 53.1%, suggesting that significant progress can be made by increasing
rates where they are currently low, or implementing them where no carbon price applies
currently. Such an approach would also lead to more uniform carbon prices, and this would
result in more cost-effective abatement. Cost-effectiveness is always a criterion worth
considering, and it becomes more important as abatement targets become more stringent.
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Part 11

Country results
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Chapter 6

Effective carbon rates across 41 countries and on a country-by-country basis

This chapter presents the results of the analysis of effective carbon rates for the
41 countries individually. For each country, the chapter provides full detail of
the distribution of effective carbon rates across carbon emissions from energy
use. In addition, the chapter depicts the composition of effective carbon rates by
price instrument (taxes and price signals from emissions trading systems) for six

economic sectors in each of the 41 countries.
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This part of the report presents the results of the analysis of effective carbon rates (ECRs)
on a country-by-country basis. In particular, it provides full details of the proportion of CO,
emissions from energy use subject to different ECR levels in each of the 41 countries, as
well as the level and components of average ECRs in each of the six economic sectors (road
transport, offroad transport, industry, agriculture and fisheries, residential and commercial,
and electricity). To facilitate the interpretation of the graphs on a country-by-country basis,
the figures are first presented and explained for the group of 41 countries as a whole.

Distribution of effective carbon rate levels

The proportion of CO, emissions from energy use subject to different ECR levels, and
the composition of ECRs by sector, are analysed in Part I of this report. The discussion
here provides intuition for the interpretation of the country-by-country graphs presented
in this part.

Figure 6.1 presents the full distribution of ECR levels across the 41 economies, sorting
CO, emissions from energy use according to the ECR at which they are priced, starting
at zero. The horizontal axis shows the proportion of CO, emissions while the vertical
axis shows the ECR in EUR per tonne of CO,. Figure 6.1 allows the reader to identify
the share of CO, emissions from energy use priced at any given ECR. For example, the
first dot in Figure 6.1 highlights that 90% of carbon emissions from energy use across the
41 countries are priced below an effective carbon rate of EUR 30, and other dots along the
ECR series highlight the share of carbon emissions priced at or below other levels of ECRs
(e.g. EUR 50, EUR 100 or EUR 120 per tonne of CO,). The use of particular values does
not imply a normative statement about a minimum level of carbon pricing that should be
implemented. Country-specific versions of Figure 6.1 are used in this part of this report to
show the pattern of ECRs in each of the 41 countries.

Figure 6.1. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates across 41 OECD and selected partner economies
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Average effective carbon rates by sector and price instrument

The levels and coverage of effective carbon rates vary widely across different sectors
of the economy. This is illustrated in Figure 6.2, which presents the average ECRs and
carbon emissions from energy use for six sectors of the economy (road transport, offroad
transport, industry, agriculture and fisheries, residential and commercial, and electricity).
The horizontal axis of Figure 6.2 shows total CO, emissions from energy use for each
sector in the 41 countries in thousand tonnes of CO,. The width of each sector along the
horizontal axis therefore represents the total carbon emissions from energy use from each
sector, which is also displayed in Table 4.3 in Part I. The vertical axis shows different
levels of ECRs. Within each of the six sectors, the width of the shaded rectangles shows
the amount of CO, emissions from energy use in that sector subject to each type of price
instrument. The height of each shaded rectangle represents the average price signal from
that instruments for all emissions priced by that instrument (i.e. zeros are excluded).

Figure 6.2. Average effective carbon rates across the 41 economies by sector and component
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Figure 6.2 allows the components of the average ECR in each sector to be identified.
Carbon taxes and specific taxes from energy use are shown in light blue, while the ETS
components of average ECRs are shown in dark blue. A tonne of CO, emissions can
be priced in different ways: only via taxes (a light blue rectangle), only via a tradable
emissions permit price (a dark blue rectangle), or via taxes and tradable permits (a light
blue rectangle, with a dark blue rectangle on top). Emissions that are not priced are shown
in the base, with no light blue or dark blue rectangle.

Figure 6.2 illustrates the wide variation in the composition of average ECRs in the
different sectors of the economy across the 41 countries. Ninety-eight percent of carbon
emissions from road transport are priced (shown as the width of the light blue rectangle
in the road transport sector), at an average of EUR 75 per tonne of CO,. ECRs in road
transport are almost entirely constituted by taxes, and only 5% of road emissions are
subject to an ETS (the narrow dark blue bar). Where an ETS applies in the road sector,
the combined average price signal for the emissions covered by the ETS from taxes and
the ETS is EUR 84 per tonne of CO,. CO, emissions from offroad transport and from
agriculture and fisheries — two relatively small sectors in terms of CO, emissions — are
mainly priced via taxes, but ECR coverage is significantly lower than in the road sector
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(see the width of the light blue bars), and they are also priced at lower average rates (see
the height of the light blue bars). ETS only cover a very small proportion of emissions in
each of these sectors, as shown by the almost invisible dark blue bar in these two sectors.

Emissions from industry account for a third of carbon emissions from energy use
across the 41 countries. Seventy-four percent of industrial emissions are unpriced. Of the
remainder, the instrument mix is relatively diverse: 13% of emissions are subject to taxes
only (the light blue bar), 9% of emissions are priced via an ETS only (the dark blue bar),
and roughly 4% of emissions are priced via both taxes and ETS (the dark blue and light
blue bar combined). The overlap between ETS and taxes is thus relatively small in the
industry sector, implying that the two pricing instruments often cover different emissions,
increasing the total amount of emissions covered by a price. The average ECR is highest
when taxes and ETS overlap (EUR 18.13 per tonne of CO, on average), while carbon
prices from tradable emissions permits send the lowest average price signal in this sector
(EUR 6.6 per tonne of CO, on average).

A similar pricing pattern is observed for carbon emissions from energy used
in electricity generation, which also account for roughly a third of emissions in the
41 countries on average. While in this sector 64% of carbon emissions are unpriced, 9.5%
of emissions are subject to both a tax and an ETS and which face an average combined
price from these instruments of EUR 17 per tonne CO, (i.e. the light blue and dark blue
bar). Taxes on energy use (the light blue bar in the electricity sector) apply to 17.4% of
emissions at a rate of EUR 10.19 per tonne of CO, on average. A lower proportion of
emissions (8.6%) are priced at EUR 6.18 per tonne of CO, on average through an ETS (the
dark blue bar). As in the industry sector, the taxes and permit prices often cover different
emissions.

The price signal from energy taxes dominates the ECR on carbon emissions from the
residential and commercial sector, as it covers a relatively large proportion of the base
(16.7%). The average ECR rate from tax and ETS together is EUR 31 per tonne of CO,
on average, but the overlap between the two instruments is restricted to a very narrow
proportion of the emissions base (1%).

Because different fuels used in one sector may be taxed at very different rates, the
average carbon rates presented in Figure 6.2 may hide significant differences within
sectors. For example, a majority of countries tax CO, emissions from gasoline used in the
road transport sector at much higher rates than those from diesel. Similarly, emissions from
coal use are often taxed at rates significantly lower than those applied to emissions from oil
products or natural gas. Taxing Energy Use (OECD, 2015, 2013) provides more detail on
the exact distribution of tax rates that underlies the average tax rates shown in Figure 6.2
and the country versions of this figure presented below.

All remaining figures in this part of the report include emissions from biomass. Where
emissions from biomass account for a large share of a country’s carbon emissions, figures
excluding emissions from biomass (i.e. taking a lifecycle approach to accounting for the
emissions from biomass), are cited in the accompanying text.

Annex A describes the detailed methodology and the data sources used for calculating
ECRs, while Annex B provides additional information on estimating coverage and permit
prices of emissions trading systems for calculating ECRs.
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Argentina

Figure 6.3. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Argentina in 2012
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Figure 6.4. Average effective carbon rates in Argentina by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, Argentina priced 73% of its energy related CO, emissions through specific
taxes on energy use. It did not apply explicit carbon taxes or emissions trading systems. A
price above EUR 30 per tonne of CO, applied to 25% of emissions (see Figure 6.3), all of
which were from the transport sector. Carbon emissions from energy use in agriculture and
fisheries were not priced. The majority of unpriced emissions were from energy use in the
industry and electricity sectors (see Figure 6.4).
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Australia

Figure 6.5. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Australia in 2012
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Figure 6.6. Average effective carbon rates in Australia by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Australia arose from specific taxes on energy use.
Australia did not apply an explicit carbon tax or an emissions trading system. Australia
priced 23% of carbon emissions from energy use. An ECR above EUR 30 per tonne of
CO, applied to 20% of emissions, the majority of which was from road transport (see
Figure 6.5). Carbon emissions from energy use in electricity and agriculture and fisheries
were not priced. The majority of unpriced emissions in Australia stemmed from energy
used in the industry and the electricity sectors (Figure 6.6).
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Austria

Figure 6.7. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Austria in 2012
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Figure 6.8. Average effective carbon rates in Austria by sector and component in 2012

Bl ETS Taxes

180

Industry Res. & comm.

Road

Offroad

8160
)

Ag. & fish.
Electricity

2140
S

2120
a

2100
80
60
40 [—
20

0 T T T _ T T T T

0 10 000 20000 30000 40000 50000 60 000 70000 80 000
Emissions from energy use in thousands of tonnes of CO2

Average ECR in EU

Statlink Sz http://dx.doi.org/10.1787/888933390667

Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Austria consisted primarily of specific taxes on
energy use, and to a small extent of permit prices from the EU ETS. Austria did not have
an explicit carbon tax. Austria priced 66% of its energy related CO, emissions and 43%
were priced above EUR 30 per tonne of CO,: a large share of the latter was from the energy
used in road transport (see Figure 6.7). Unpriced emissions were primarily emitted by
industry and the residential and commercial sector. The EU ETS alone covered 16.5% of
carbon emissions from industry (see Figure 6.8).
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Belgium

Figure 6.9. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Belgium in 2012
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Figure 6.10. Average effective carbon rates in Belgium by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Belgium consisted primarily of specific taxes on
energy use and a smaller part of the ECR was from permit prices from the EU ETS.
Belgium did not apply an explicit carbon tax. Belgium priced 79% of carbon emissions
from energy use, and 23% were priced above EUR 30 per tonne of CO, (see Figure 6.9).
The majority of these emissions were from the road sector. Carbon emissions from energy
use in agriculture and fisheries were entirely unpriced. Unpriced emissions were primarily
emitted by industry but also by the residential and commercial sector (see Figure 6.10).
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Brazil

Figure 6.11. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Brazil in 2012
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Figure 6.12. Average effective carbon rates in Brazil by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Brazil consisted entirely of specific taxes on energy
use. Brazil did not apply an explicit carbon tax or an emissions trading system. Brazil
priced 37% of carbon emissions from energy use: no emissions were priced above EUR 30
per tonne of CO, (see Figure 6.11). The majority of priced emissions were from road
transport. Carbon emissions from energy use in the residential and commercial sector were
not priced (see Figure 6.12). The majority of unpriced emissions were from the industry
sector.
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Canada

Figure 6.13. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Canada in 2012

350

- N N w
w o w o
o o o o

ECR in EUR per tonne COz
=
o

0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of CO2 emissions from energy use

StatLink S http://dx.doi.org/10.1787/888933390276

Figure 6.14. Average effective carbon rates in Canada by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Canada consisted primarily of specific federal
taxes on energy use. Other carbon pricing instruments applied only at subnational levels:
a carbon tax in British Columbia and an ETS in Quebec.! Canada priced 43% of its
energy related CO, emissions, and 20% were priced above EUR 30 per tonne of CO, (see
Figure 6.13). The majority of the priced emissions were from the road transport sector. The
majority of unpriced emissions were emitted by industry and the electricity sector. In total,
9% of Canadian carbon emissions from energy use were covered by the Quebec ETS. The
overlap between emissions covered by the Quebec Cap-and-Trade Program and federal
taxes was very small (see Figure 6.14).
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Figure 6.15. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Chile in 2012
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Figure 6.16. Average effective carbon rates in Chile by sector and component in 2012
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Note: Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see
Annex A and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Chile consisted entirely of specific taxes on energy
use. Chile did not apply an explicit carbon tax or an emissions trading system in 2012.
Chile priced 16% of its energy related CO, emissions. All of these were priced at EUR 30
per tonne of CO, (see Figure 6.15), and were emitted by road transport (Figure 6.16). A
carbon tax is scheduled for introduction in 2018, which will increase the share of emissions
subject to a price.
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People’s Republic of China

Figure 6.17. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in China in 2012
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Figure 6.18. Average effective carbon rates in China by sector and component in 2012
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Note: Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see
Annex A and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in China consisted primarily of specific taxes on energy
use. Five municipalities, Beijing, Chongqing, Shanghai, Shenzhen and Tianjin, and two
provinces, Guangdong and Hubei have implemented emissions trading systems.? Eighteen
percent of carbon emissions from energy use in China were covered by a price, and 8%
were priced above EUR 30 per tonne of CO, (see Figure 6.17). The majority of these
emissions stemmed from the road sector. Unpriced emissions were found primarily in the
industry, the residential and commercial, and the electricity sectors (see Figure 6.18). In
total, 9% of Chinese emissions were estimated to be covered by the subnational emissions
trading systems. The overlap between the emissions covered by taxes and emissions
trading systems was very small.
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Czech Republic

Figure 6.19. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in the Czech Republic in 2012
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Figure 6.20. Average effective carbon rates the Czech Republic by sector and component

in 2012
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Note: Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see
Annex A and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in the Czech Republic consisted primarily of specific
taxes on energy use and to a lesser extent of permit prices from the EU ETS. The Czech
Republic did not have an explicit carbon tax. The Czech Republic priced 77% of its energy
related CO, emissions, and 16% were priced at an ECR above EUR 30 per tonne of CO,
(see Figure 6.19). Emissions priced at this level were primarily emitted by road transport
(see Figure 6.20). More than 30% of emissions from the industry sector were covered
by taxes, roughly 20% was covered by the EU ETS, and the coverage of taxes and ETS
overlapped for another 20% of emissions in that sector. Permit prices from the EU ETS
were a significant component of the ECR in the electricity sector.
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Denmark

Figure 6.21. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Denmark in 2012
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Figure 6.22. Average effective carbon rates in Denmark by sector and component in 2012
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Note: Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see
Annex A and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Denmark consisted primarily of specific taxes on
energy use and to a lesser extent of national carbon taxes and permit prices from the EU
ETS. Denmark priced 67% of its energy related CO, emissions, and 52% were priced at
an ECR above EUR 30 per tonne of CO, (see Figure 6.21). Many of these emissions were
from the road sector. The majority of unpriced emissions were from the industry and the
residential and commercial sectors. Taxes and the EU ETS applied to a largely separate
emissions base (see Figure 6.22).

A large share of unpriced emissions was from the combustion of biomass. Excluding
emissions from biomass combustion, 92% of CO, emissions from energy use in Denmark
were priced at a positive rate, and 69% were priced above EUR 30 per tonne of CO,.
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Similarly, when excluding biomass, 99% of total CO, emissions were priced at an ECR
above EUR 30 per tonne of CO, in the residential and commercial sector. In the industry
sector, 81% of emissions were priced, and 18% were priced above EUR 30 per tonne of CO,

when excluding biomass.
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Estonia

Figure 6.23. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Estonia in 2012
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Figure 6.24. Average effective carbon rates in Estonia by sector and component in 2012
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Note: Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see
Annex A and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Estonia consisted primarily of specific taxes on
energy use and to a lesser extent of permit prices from the EU ETS. Estonia priced 80%
of its CO, emissions from energy use, and 17% were priced above EUR 30 per tonne of
CO, (see Figure 6.23); the majority of these emissions was from road transport. Unpriced
emissions were primarily emitted by industry, and the residential and commercial sectors
(see Figure 6.24). Permit prices from the EU ETS accounted for a significant component of
the ECR in the electricity sector.

EFFECTIVE CARBON RATES: PRICING CO, THROUGH TAXES AND EMISSIONS TRADING SYSTEMS © OECD 2016



6. EFFECTIVE CARBON RATES ACROSS 41 COUNTRIES AND ON A COUNTRY-BY-COUNTRY BASIS - 97

Finland

Figure 6.25. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Finland in 2012
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Figure 6.26. Average effective carbon rates in Finland by sector and component in 2012
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Note: Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see
Annex A and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Finland consisted primarily of specific taxes on
energy use and to a lesser extent of national carbon taxes and permit prices from the EU
ETS. Finland priced 61% of carbon emissions from energy use, and 44% were priced above
EUR 30 per tonne of CO, (see Figure 6.25); a significant share of these emissions was from
road transport. Looking at the emissions from the industry sector that are subject to a price,
the coverage of taxes and prices from tradable emissions permits overlapped by 27% of
industrial emissions. The majority of unpriced emissions were emitted by industry and the
residential and commercial sector (see Figure 6.26).
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France

Figure 6.27. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in France in 2012
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Figure 6.28. Average effective carbon rates in France by sector and component in 2012
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Note: Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see
Annex A and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in France consisted primarily of specific taxes on energy
use and to a lesser extent of permit prices from the EU ETS. France priced 75% of its
energy related CO, emissions, and 34% were priced above EUR 30 per tonne of CO, (see
Figure 6.27); the vast majority of these emissions was from road transport. The coverage
of taxes and ETS of emissions from the industry sector overlapped significantly, with
47% of priced emissions in the industry sector subject to both pricing instruments (see
Figure 6.28). The majority of unpriced emissions were emitted by industry, as well as by
the residential and commercial sector.

France recently introduced a carbon component in existing taxes on energy, the level
of which is set to increase over time. As explained in Annex A, the price signal from tax
policies introduced after 2012 is not reflected in this report.
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Germany

Figure 6.29. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Germany in 2012
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Figure 6.30. Average effective carbon rates in Germany by sector and component in 2012
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Note: Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see
Annex A and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Germany consisted primarily of specific taxes on
energy use and to a small extent of permit prices from the EU ETS. Germany did not have
an explicit carbon tax. Germany priced 90% of carbon emissions from energy use, and
48% were priced above EUR 30 per tonne of CO, (see Figure 6.29); a large share of these
emissions was from the road sector. The coverage of taxes and ETS of emissions from
the industry sector overlapped significantly, and 45% of priced emissions in the industry
sector were subject to both pricing instruments (see Figure 6.30). However, the majority
of unpriced emissions were from industry, as well as from the residential and commercial
sector.
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Greece

Figure 6.31. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Greece in 2012
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Figure 6.32. Average effective carbon rates in Greece by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates consisted primarily of specific taxes on energy use and
a small part of the ECR consisted of prices from tradable emissions permits. Greece did
not have an explicit carbon tax. Greece priced 91% of carbon emissions from energy use,
and 34% were priced above EUR 30 per tonne of CO, (see Figure 6.31); a large share of
these emissions was from the road sector. Unpriced emissions were found primarily in
the residential and commercial sector. The price from tradable emissions permits was a
significant component of the ECR in the electricity sector (see Figure 6.32).
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Hungary

Figure 6.33. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Hungary in 2012
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Figure 6.34. Average effective carbon rates in Hungary by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Hungary consisted primarily of specific taxes on
energy use and to a smaller extent of permit prices from the EU ETS. Hungary did not have
an explicit carbon tax. Hungary priced 70% of its carbon emissions from energy use, and
22% were priced above EUR 30 per tonne of CO,, (Figure 6.33). All of these emissions were
from the road sector. Within the industry sector, taxes and the EU ETS applied to a largely
separate emissions base. Carbon prices from tradable emissions permits were a significant
component of the ECR in the electricity sector. The majority of unpriced emissions were
from industry, as well as from the residential and commercial sector (Figure 6.34).
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Iceland

Figure 6.35. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Iceland in 2012
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Figure 6.36. Average effective carbon rates in Iceland by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Iceland consisted primarily of specific taxes on
energy use and to a smaller extent of national carbon taxes and permit prices from the EU
ETS. Iceland priced 68% of carbon emissions from energy use, and 42% were priced above
EUR 30 per tonne of CO, (Figure 6.35); all of these emissions are from the road transport.
The majority of unpriced emissions were emitted by the industry sector, as well as by
agriculture and fisheries (Figure 6.36).
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India

Figure 6.37. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in India in 2012
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Figure 6.38. Average effective carbon rates in India by sector and component in 2012

Bl ETS Taxes
30| Road & Industry = Res. & comm. Electricity

o O \—

S § o

g 25 g

c

8

3 20

[X

5

w 15

£

o

9 10

Gl

()]

©

o 5

>

<

0 T T T T T
0 500 000 1000 000 1500 000 2000000 2500000

Emissions from energy use in thousands of tonnes of CO2

StatLink iz http://dx.doi.org/10.1787/888933390815

Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in India consisted entirely of specific taxes on energy
use. India did not have an explicit carbon tax or an emissions trading system for CO,
emissions. India priced 53% of carbon emissions from energy use, and 2% were priced
above EUR 30 per tonne of CO, (Figure 6.37); all of these were from road transport. The
majority of unpriced emissions were from the industry, residential and commercial sectors
(Figure 6.38). Since 2012, India has increased tax rates on fuels for road transport and on
coal, which have significantly increased the price signals from these instruments relative
to 2012.
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Indonesia

Figure 6.39. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Indonesia in 2012

350

300

250

200

w1
o

100

ECR in EUR per tonne COz

50

]
0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of CO2 emissions from energy use

StatLink SisPM http://dx.doi.org/10.1787/888933390408

Figure 6.40. Average effective carbon rates in Indonesia by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Indonesia consisted entirely of specific taxes on
energy use, and they only applied to fuels used in road transport (Figure 6.39). Indonesia
did neither have an explicit carbon tax nor an emissions trading system. Indonesia priced
17% of carbon emissions of energy use, and none were priced above EUR 30 per tonne of
CO, (Figure 6.40).
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Ireland

Figure 6.41. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Ireland in 2012
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Figure 6.42. Average effective carbon rates in Ireland by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Ireland consisted primarily of specific taxes on energy
use, and to a smaller extent of national carbon taxes and permit prices from the EU ETS.
Ireland priced 89% of carbon emissions from energy use, and 36% were priced above
EUR 30 per tonne of CO, (Figure 6.41); a large share of these emissions was from road
transport. The coverage of taxes and ETS of emissions from the industry sector overlapped
significantly, and 65% of priced emissions in the industry sector were subject to both pricing
instruments. Prices from tradable emissions permit prices of the EU ETS were a significant
component of the ECR in the electricity sector. The majority of unpriced emissions were
from industry, as well as from the residential and commercial sector (Figure 6.42).
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Israel

Figure 6.43. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Israel in 2012
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Figure 6.44. Average effective carbon rates in Israel by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Israel consisted entirely of specific taxes on energy
use. Israel did not have an explicit carbon tax or an emissions trading system. Israel
priced 93% of carbon emissions from energy use, and 33% were priced above EUR 30
per tonne of CO, (Figure 6.43); the majority of these emissions were from road transport.
The share of unpriced emissions was very small, and the majority of it was from industry
(Figure 6.44).
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Italy

Figure 6.45. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Italy in 2012
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Figure 6.46. Average effective carbon rates in Italy by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Italy consisted primarily of specific taxes on energy
use, and to a smaller extent of permit prices from the EU ETS. Italy did not have an explicit
carbon tax. Italy priced 93% of carbon emissions from energy use, and 40% were priced
above EUR 30 per tonne of CO, (Figure 6.45); a large share of these emissions was from
road transport. Taxes and prices from tradable emissions permits overlapped substantially
in the industry and electricity sector (Figure 6.46).
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Japan

Figure 6.47. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Japan in 2012
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Figure 6.48. Average effective carbon rates in Japan by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Japan consisted primarily of specific taxes on energy
use. The Tokyo municipality and the Saitama province operated emissions trading systems,
but their emissions base was small when evaluating the emissions of the country as a
whole. Japan priced 83% of carbon emissions from energy use, and 16% were priced above
EUR 30 per tonne of CO, (Figure 6.47) The majority of these emissions were from road
transport (Figure 6.48).
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Korea

Figure 6.49. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Korea in 2012
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Figure 6.50. Average effective carbon rates in Korea by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Korea consisted of specific taxes on energy use,
primarily in the road sector, and permit prices from the ETS, primarily in the industry,
residential and commercial, and the electricity sectors.® Korea did not have an explicit
carbon tax. Korea priced 92% of carbon emissions from energy use, and 16% were priced
above EUR 30 per tonne of CO, (Figure 6.49) The majority of these emissions were from
road transport. The emissions base of the Korea ETS was relatively broad, and it covered
around 70% of emissions of the industry and the electricity sector each. Given the broad
coverage of the ETS, the overlap between the emissions base of the ETS and taxes was
relatively small, at 18% in the industry sector. Permit prices from the Korea ETS were the
main component of the ECRs in the industry and electricity sectors (Figure 6.50).
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Luxembourg

Figure 6.51. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Luxembourg in 2012
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Figure 6.52. Average effective carbon rates in Luxembourg by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Luxembourg were dominated by specific taxes
on energy use and permit prices from the EU ETS accounted only for a very small
proportion. Luxembourg did not have an explicit carbon tax. Luxembourg priced 95% of
carbon emissions from energy use, and 68% were priced above EUR 30 per tonne of CO,
(Figure 6.51). These emissions were entirely from road transport, which accounted for 70%
of all carbon emissions from energy use in Luxembourg. The share of unpriced emissions
was relatively small, but stemmed in majority from the industry, and the residential and
commercial sector (Figure 6.52). The share of transport fuels in the base was very large,
and this was largely because of fuel tourism and fuel purchased by transit traffic, not
because of domestic consumption.
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Mexico

Figure 6.53. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Mexico in 2012
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Figure 6.54. Average effective carbon rates in Mexico by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Mexico consisted entirely of specific taxes on
energy use. Mexico did not have an emissions trading system. Mexico priced 33% of
carbon emissions of energy use, and none were priced above EUR 30 per tonne of CO,
(Figure 6.53). CO, emissions from energy use in the agriculture and fisheries sector were
not priced. The majority of unpriced emissions were from the industry, the residential and
commercial, and the electricity sectors (Figure 6.54).

The effective carbon rates in this publication refer to tax rates of April 2012. Since
then, Mexico has implemented an environmental tax reform, which included a reform of
the excise tax on road transport fuels and the introduction of a carbon tax. These reforms
increase both ECR levels and coverage. More specifically, the reform of the excise tax on
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road transport fuels substantially increases the effective carbon rate in the transport sector.
The newly introduced carbon tax substantially expands the proportion of emissions covered
by a price in the industry, agriculture and fishing, residential and commercial, as well as
the electricity sector.

These policy changes will be reflected in future updates of the data underlying the
effective carbon rates. A more detailed description of the Mexican environmental tax
reform will be included in a forthcoming OECD paper.
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Netherlands

Figure 6.55. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in the Netherlands in 2012
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Figure 6.56. Average effective carbon rates in the Netherlands by sector and component
in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in the Netherlands consisted primarily of specific taxes
on energy use and to a very small extent of permit prices from the EU ETS. The Netherlands
did not have an explicit carbon tax. The Netherlands priced 91% of carbon emissions from
energy use, and 65% were priced above EUR 30 per tonne of CO, (Figure 6.55). While the
coverage of carbon prices from tradable emissions permits and taxes overlapped entirely in
the electricity sector, the overlap between the two instruments was at 22% of the emissions
base in the industry sector. A small share of emissions was unpriced in the Netherlands, the
majority of which were from the industry sector (Figure 6.56).
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New Zealand

Figure 6.57. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in New Zealand in 2012
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Figure 6.58. Average effective carbon rates in New Zealand by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon in New Zealand rates consisted primarily of specific taxes on
energy use and to a small extent of permit prices from the New Zealand ETS. New Zealand
did not have an explicit carbon tax. New Zealand priced 68% of its carbon emissions from
energy use, and 19% were priced above EUR 30 per tonne of CO, (Figure 6.57); the vast
majority of these emissions were from the road sector. The coverage of taxes and permit
prices in New Zealand was largely separate in the industry and electricity sectors. The
ECR on emissions from the electricity sector consisted entirely of carbon prices from
tradable permits. Unpriced emissions were primarily from the industry and the electricity
sectors (Figure 6.58).
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Norway

Figure 6.59. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Norway in 2012
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Figure 6.60. Average effective carbon rates in Norway by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Norway consisted primarily of specific taxes on
energy use and to a smaller extent of national carbon taxes and permit prices from the EU
ETS. Norway priced 81% of carbon emissions from energy use, and 38% were priced above
EUR 30 per tonne of CO, (Figure 6.59); a significant share of these emissions was from
road transport. While the overlap between taxes and carbon prices from tradable emissions
permits was significant in the industry sector (54%), prices from tradable emissions permits
covered a substantial part of these emissions as the single pricing instrument (30%).
Unpriced emissions were primarily from industry, and the residential and commercial sector
(Figure 6.60).
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A substantial share of unpriced emissions was from the combustion of biomass.
Excluding emissions from biomass, 97% of CO, emissions from energy use in Norway
were priced at a positive rate and 44% were priced above EUR 30 per tonne of CO,. In
the residential and commercial sector, 74% of CO, emissions were priced above EUR 30
per tonne of CO, when emissions from biomass were excluded. In the industry sector,
all emissions were priced when excluding emissions from biomass, and 14% were priced
above EUR 30 per tonne of CO,.
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Poland
Figure 6.61. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Poland in 2012
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Figure 6.62. Average effective carbon rates in Poland by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Poland consisted primarily of specific taxes on energy
use, and to a small extent of permit prices from the EU ETS. Poland did not have an explicit
carbon tax. Poland priced 75% of carbon emissions from energy use, and 16% were priced
above EUR 30 per tonne of CO, (Figure 6.61); a large share of these emissions was from
road transport. The coverage of carbon prices from tradable permits and taxes was largely
separate in industry. Permit prices from the EU ETS were a significant component of the
ECRs in the electricity sector. The majority of unpriced emissions was from industry and
the residential and the commercial sector (Figure 6.62).

The effective carbon rates in this publication refer to tax rates in April 2012. Since then,
Poland has substantially increased its effective excise tax rates on natural gas, which translates
into an increase in the effective carbon rate in different sectors. These policy changes will be
reflected in future updates of the energy tax data underlying the effective carbon rates.
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Portugal
Figure 6.63. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Portugal in 2012
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Figure 6.64. Average effective carbon rates in Portugal by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Portugal consisted primarily of specific taxes on
energy use and to a small extent of permit prices from the EU ETS. Portugal did not
have an explicit carbon tax. Portugal priced 76% of carbon emissions from energy use,
and 27% were priced above EUR 30 per tonne of CO, (Figure 6.63); the vast majority
of these emissions were from the road sector. The coverage of taxes and prices from
tradable permits was largely separate in the industry sector. The EU ETS applied to 32%
of emissions in that sector, and taxes covered 17%. Taxes and ETS applied jointly to 9%
of emissions in the industrial sector. Carbon prices from tradable permits were also a
significant part of the ECR in the electricity sector. The majority of unpriced emissions
were from industry and the residential and commercial sector (Figure 6.64).

In 2015, Portugal introduced a carbon tax. This is not included in the calculation of
effective carbon rates as they include taxes in force as of April 2012.
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Russian Federation

Figure 6.65. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Russia in 2012
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Figure 6.66. Average effective carbon rates in Russia by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Russia consisted entirely of specific taxes on energy
use. Russia did not have an explicit carbon tax or an emissions trading system. Russia
priced 13% of its energy related CO, emissions, none of which were priced above EUR 30
per tonne of CO, (Figure 6.65). The majority of emissions from energy use in Russia were
unpriced. Most unpriced emissions were from industry, the residential and commercial, and
the electricity sectors (Figure 6.66).
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Slovak Republic

Figure 6.67. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in the Slovak Republic in 2012
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Figure 6.68. Average effective carbon rates in the Slovak Republic by sector and component
in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in the Slovak Republic consisted primarily of specific
taxes on energy use and to a small extent of permit prices from the EU ETS. The Slovak
Republic did not have an explicit carbon tax. The Slovak Republic priced 80% of carbon
emissions from energy use, and 35% were priced above EUR 30 per tonne of CO,
(Figure 6.67); the majority of these emissions were from road transport. Taxes and carbon
prices from tradable permits covered a large part of the emissions base in the industry
sector separately. Prices from tradable permits also played a significant part of the effective
carbon rates on emissions in the electricity sector. Unpriced emissions were primarily from
the industry sector (Figure 6.68).
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Slovenia

Figure 6.69. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Slovenia in 2012

350

w
o
o

N
w1
o

N
o
o

v
o

ECR in EUR per tonne COz
=
o

w
o

0 =
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of CO2 emissions from energy use

StatLink s http://dx.doi.org/10.1787/888933390558

Figure 6.70. Average effective carbon rates in Slovenia by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Slovenia consisted primarily of specific taxes on energy
use and to a lesser extent of national carbon taxes and permit prices from the EU ETS. Slovenia
priced 79% of carbon emissions from energy use, and 47% were priced above EUR 30 per
tonne of CO, (Figure 6.69); the majority of these emissions were from the road sector. Unpriced
emissions were primarily from the residential and commercial sector (Figure 6.70).

A substantial share of unpriced emissions was from the combustion of biomass. When
excluding emissions from biomass, 97% of CO, emissions from energy use in Slovenia
were priced at a positive rate, and 58% were priced above EUR 30 per tonne of CO,. In
the residential and commercial sector, 71% of total CO, emissions were covered at an ECR
above EUR 30 per tonne of CO, when excluding emissions from biomass. In the industry
sector, 91% of emissions were priced when excluding emissions from biomass and 10%
were priced above EUR 30 per tonne of CO,.
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South Africa

Figure 6.71. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in South Africa in 2012
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Figure 6.72. Average effective carbon rates in South Africa by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in South Africa consisted entirely of specific taxes
on energy use. South Africa did not have an explicit carbon tax or an emissions trading
system. South Africa priced 55% of carbon emissions from energy use, and 11% were
priced above EUR 30 per tonne of CO, (Figure 6.71). The great majority of these emissions
were from the road sector. Unpriced emissions were mainly from industry and from the
residential and commercial sector (Figure 6.72).
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Spain

Figure 6.73. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Spain in 2012
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Figure 6.74. Average effective carbon rates in Spain by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Spain consisted primarily of specific taxes on energy
use and to a very small extent of permit prices from the EU ETS. Spain did not have an
explicit carbon tax. Spain priced 79% of carbon emissions from energy use, and 30% were
priced above EUR 30 per tonne of CO, (Figure 6.73). The majority of these emissions were
from the road sector. Carbon prices from tradable permits were a significant component of
the effective carbon rate in the electricity sector. Unpriced emissions were primarily from
industry, as well as from the residential and commercial sector (Figure 6.74).
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Sweden

Figure 6.75. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Sweden in 2012
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Figure 6.76. Average effective carbon rates in Sweden by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Sweden consisted of specific taxes on energy
use, national carbon taxes and permit prices from the EU ETS. Sweden priced 49% of
carbon emissions from energy use, and 34% were priced above EUR 30 per tonne of CO,
(Figure 6.75); the majority of these emissions were from the road sector. Unpriced emissions
were primarily from industry and the residential and commercial sector (Figure 6.76).

A large share of these unpriced emissions was from the combustion of biomass. When
excluding emissions from biomass (i.e. taking a lifecycle approach when accounting for the
emissions from biomass), 90% of CO, emissions from energy use in Sweden were priced at
a positive ECR, and 60% were priced above EUR 30 per tonne of CO,. In the residential and
commercial sector, 99% of total CO, emissions were priced at an ECR above EUR 30 per tonne of
CO, when excluding emissions from biomass. In the industry sector, 86% of emissions were priced
when excluding emissions from biomass, and 15% were priced above EUR 30 per tonne of CO,.
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Switzerland

Figure 6.77. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Switzerland in 2012
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Figure 6.78. Average effective carbon rates in Switzerland by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Switzerland consisted primarily of specific taxes
on energy use and to a smaller extent of national carbon taxes and permit prices from the
Swiss ETS.* Switzerland priced 82% of carbon emissions from energy use, and 63% were
priced above EUR 30 per tonne of CO, (Figure 6.77); a large share of these emissions was
from the road sector. The Swiss ETS applied mainly to emissions of the industry sector. In
that sector, 24% of emissions were covered by ETS only, 21% of emissions were covered
by tax only, and 19% of emissions were covered by both taxes and the ETS. Unpriced
emissions were primarily from industry and the residential and commercial sector
(Figure 6.78).

The overlap between instruments occurred within the industry sector, between the
mineral oils duty (not the mineral oil surtax, as this applied only in transport) and the
emissions trading system. This is since the mineral oils tax also applied to fuels used for
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heating and process use, consistent with the information included in Taxing Energy Use:
A Graphical Analysis (OECD, 2013, and more specifically the table shown on page 213
within that publication).

The high effective carbon rate on road transport energy is largely the result of mineral
oil taxes, the revenues of which are largely earmarked to road infrastructure funding.
These taxes are included because the tax base, mineral oils, is part of the tax base
considered in the effective carbon rates. Other countries may fund road infrastructure via
road tolls, which are not included in the effective carbon rate because road use is not part
of the tax base considered in the effective carbon rates.
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Turkey

Figure 6.79. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in Turkey in 2012
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Figure 6.80. Average effective carbon rates in Turkey by sector and component in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in Turkey consisted entirely of specific taxes on energy
use. Turkey did not have an explicit carbon tax or an emissions trading system. Turkey
priced 68% of carbon emissions from energy use, and 19% were priced above EUR 30 per
tonne of CO, (Figure 6.79); the majority of these emissions were from the road sector. The
majority of unpriced emissions were from industry and the residential and commercial
sectors (Figure 6.80).
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United Kingdom

Figure 6.81. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in the United Kingdom in 2012
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Figure 6.82. Average effective carbon rates in the United Kingdom by sector and component
in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in the United Kingdom consisted primarily of specific
taxes on energy use and to a smaller extent of national carbon taxes and permit prices
from the EU ETS. The United Kingdom priced 83% of its energy related CO, emissions,
and 29% of emissions were priced above EUR 30 per tonne of CO, (Figure 6.81); a large
share of these emissions was from the road sector. Within the industry sector, the overlap
between taxes and prices from tradable permits was just below 30%, while taxes and
permit prices alone covered roughly the same share of emissions each. The overlap between
tax and ETS coverage was almost 100% in the electricity sector. Unpriced emissions were
mainly from industry and the residential and commercial sectors (Figure 6.82).
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United States

Figure 6.83. Proportion of CO, emissions from energy use subject to different levels of
effective carbon rates in the United States in 2012
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Figure 6.84. Average effective carbon rates in the United States by sector and component

in 2012
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Note: See Box 3.1 in Chapter 3 for notes on the interpretation of effective carbon rates. Please see Annex A
and Annex B for detail on methodology and underlying sources.

In 2012, effective carbon rates in the USA consisted primarily of specific federal taxes
on energy use. Other pricing instruments were applied at the subnational level:® California
has implemented an ETS and nine North-East Atlantic states take part in the Regional
Greenhouse Gas Initiative (RGGI). The United States priced 37% of carbon emissions
from energy use, none of which were priced above EUR 30 per tonne of CO, (Figure 6.83).
The majority of priced emissions were from the road sector. The California Cap-and-Trade
Program and RGGI covered emissions in the industrial, the residential and commercial,
and the electricity sectors, and the price signal from tradable emissions permits entirely
overlapped with that of federal taxes in the road sector. In total, both emissions trading
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systems together covered roughly 8% of CO, emissions from energy use in the USA. The
majority of unpriced emissions were from industry, the residential and commercial sector
and the electricity sector (Figure 6.84).

Notes

1. All taxes on energy use are shown for 2012. The Quebec ETS is shown as in 2013 (including
the extension to fossil fuel suppliers in 2015), and permit prices have been converted to 2012
Euros (see Annex A for details). The carbon tax in British Columbia is not shown in OECD
(2013b), but has been included for the estimation of effective carbon rates as in 2012.

2. All taxes on energy use are shown for 2012. The seven subnational Chinese ETS are shown as
in 2014, and permit prices have been converted to 2012 Euros (see Annex A for details).

3. All taxes on energy use are shown for 2012. The Korean ETS is shown as in 2015, and permit
prices have been converted to 2012 Euros (see Annex A for details).

4. All taxes on energy use are shown for 2012. The Swiss ETS is shown as in 2014, and permit
prices have been converted to 2012 Euros (see Annex A for details).

5. All taxes on energy are shown for 2012. The California ETS is shown as in 2013 (including
the extension to fossil fuel suppliers in 2015), and the Regional Greenhouse Gas Initiative is
shown as in 2012. Permit prices have been converted to 2012 Euros (see Annex A for details).
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Annex A

Estimating effective carbon rates

This Annex describes the methodology used to estimate the effective carbon rates
(ECRs) presented in this report. Section A.l provides details on the concept of ECRs and
their three components: carbon taxes, specific taxes on energy use and tradable emission
permit prices. Section A.2 gives an overview of the data and methodology used to estimate
permit prices and coverage of emissions trading systems. Section A.3 discusses how the
estimates of permit prices and ETS coverage are combined with information on carbon
taxes and other specific taxes on energy use to produce estimates of ECRs.

Annex B describes the sixteen emissions trading systems analysed for the purposes of this
report. It also shows results on average effective ETS prices and ETS coverage, and explains
the ETS-specific adjustments and assumptions that were made in the calculations of ECRs.

A.1. Effective carbon rates: Concept and scope

The effective carbon rate (ECR) is the total carbon price that applies to CO, emissions
from energy use as a result of market-based policy instruments. The ECR adds up taxes
and tradable emission permit prices and has three components:

1. carbon taxes, which set a tax rate on the carbon content of each form of energy,

2. other specific taxes (primarily excise taxes) on energy use, which are typically set
per physical unit or unit of energy, but which can be translated into effective tax
rates on the carbon content of that form of energy, and

3. the price of tradable emission permits that must be surrendered per unit of CO,
emissions, regardless of how it was acquired, representing the opportunity cost of
emitting an extra unit of CO,.

At the most disaggregated level, the ECRs discussed in this report are estimated
separately for 30 different users, 61 different fuels and a binary distinction of whether
emissions from these users and fuels are covered by an ETS or not. In total, the combination
of carbon taxes, other specific taxes on energy use and tradable emission permit prices
therefore is assessed 3660 times. The components can, and often do, equal zero, depending
on the user and fuel. They vary widely across users and fuels within a jurisdiction, as well
as between jurisdictions.

By way of example, Figure A.1 illustrates the three components of the effective carbon
rate for two types of users (households and paper production) and three fuels (diesel,
natural gas and coal). In this hypothetical example, diesel use by households is subject to
all three components of the effective carbon rate (a situation not found in current practice
anywhere), tradable emission permit prices, carbon taxes and other specific taxes on
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energy use. However, natural gas use by households is not subject to an emissions trading
system (ETS) and hence the associated effective carbon rate does not include a tradable
emission permit price component. Coal use by households is not subject to any tradable
emission permit price nor to any taxes and thus the associated effective carbon rate does
not include a permit price nor any tax components. Paper production, which is taken as an
example of an energy-intensive industry, is subject to one or two components of the ECRs
in this hypothetical example. While for coal use it is only subject to tradable emission
permit prices, diesel and natural gas use have an additional specific energy tax component,
though at different effective rates per tonne of CO,.

Figure A.1. Illustration of composition of effective carbon rates
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The rest of the section discusses the three components of the ECRs separately. The data
and detailed methodology used to calculate ECR coverage are discussed in Sections A.2
and A.3.

A.1.1. Carbon taxes

Carbon tax rates are usually set for each fuel on the basis of their CO, content. In case
there is a fixed rate per unit of CO,, the result is a uniform carbon tax, a desirable feature
from a cost-effectiveness point of view. For administrative purposes, for each fuel the tax
can be translated into tax rates per litre, kilogram, or gigajoule of energy depending on the
carbon content of the fuel. Some carbon taxes may specify different rates for different fuels
or users even in carbon terms.

Carbon tax rates for different users and fuels as at 1 April 2012 are reported in the
Taxing Energy Use (TEU) database. Several OECD countries, including Denmark, Finland,
Iceland, Ireland, Slovenia, Sweden and Switzerland, applied carbon taxes to certain forms
of energy use at that date. Except for the carbon tax in British Columbia, subnational carbon
taxes are not included in the analysis.

Carbon taxes are often entirely or partially alleviated if the energy user is subject to an
ETS. The TEU database does not include information on the coverage of emissions trading
systems and consequently does not account for the reduction or removal of carbon taxes
when an ETS applies. To calculate the impact of carbon tax rates in ECRs, and to ensure
that the interactions between ETS and carbon taxes are taken into account, it is necessary
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to adapt the information on carbon taxes in the TEU database (see Section A.3.3). Since
interactions always imply lower or equal, but never higher, taxes on energy use that is
subject to an ETS, the price signal from taxes shown in this report is slightly lower for
some countries than the tax rate shown in the TEU reports (OECD, 2013 and 2015).

A.1.2. Other specific taxes on energy use

All the OECD and G20 countries included in the TEU database levy taxes on certain
forms of energy use, often also, or primarily, for the purpose of raising revenue. These taxes,
most commonly excise taxes, are the most significant component of ECRs. (Value-added tax
is not included since it is usually not specific to energy. Transport tolls are excluded because
they are not directly related to energy use but instead relate to infrastructure use.) Taxes on
transport fuels apply in all countries. Their rates are generally higher than those on other
fuel use. Heating and process fuels, fuels used as inputs to electricity generation as well as
electricity consumption are less commonly taxed. If they are taxed, the rates applied are
generally lower than those on fuels used in transport (OECD, 2013 and 2015).

These other specific taxes on energy use are typically levied in terms of physical units
(e.g. litres, kilograms, m®), or in terms of energy content (e.g. GJ or kWh), and not by reference
to the carbon content of the fuel. However, these taxes can be translated into effective tax
rates on the carbon content of the fuel due to the proportional relationship between these
characteristics and the carbon content of each type of fuel. In that sense, in terms of changing
fuel prices and thereby affecting the behaviour of fuel users, they are equivalent to carbon
taxes in putting a price on carbon, albeit less consistent from an environmental perspective
in the approach to the rates applied. For example, a tax set uniformly on the carbon content
of a unit of energy from bituminous coal would be around 1.75 times as high as a tax on the
carbon content on a unit of energy from natural gas, whereas a tax on energy content would
be the same per unit of energy. Taxing the carbon content at the same rate for both fuels would
increase the price of both forms of energy use, but would constitute a stronger signal to move
to natural gas than would a tax on energy content, as natural gas would be relatively cheaper
than bituminous coal under the tax based on carbon content.

The information regarding tax rates on other specific taxes on energy use by user and
fuel is as at 1 April 2012 and is obtained from the updated TEU database.!

A.1.3. Prices of tradable emission permits

The third component of ECRs is the tradable emission permit price resulting from
emissions trading systems. This report covers permit prices from emissions trading
systems in the 41 countries in the TEU database, encompassing supra-national, national
and subnational jurisdictions. Sixteen emissions trading systems have been included
in the analysis: the Beijing Emissions Trading System (China), the California Cap-and-
Trade Program (United States), the Chongqing Emissions Trading System (China), the
European Union Emissions Trading System (which operates in 31 countries, of which 23
are OECD member countries), the Guangdong Emissions Trading System (China), the
Hubei Emissions Trading System (China), the Korea Emissions Trading Scheme, the New
Zealand Emissions Trading Scheme, the Quebec Cap-and-Trade System (Canada), the
Regional Greenhouse Gas Initiative (RGGI, covering nine north-east and mid-Atlantic
US states), the Saitama Prefecture Target Setting Emissions Trading System (Japan), the
Shanghai Emissions Trading System (China), the Shenzhen Emissions Trading System
(China), the Swiss Emissions Trading Scheme, the Tianjin Emissions Trading System
(China) and the Tokyo Cap-and-Trade Programme (Japan).
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Average permit prices at auctions are calculated across a year, if the data is available.
An average is taken to smooth price fluctuations, where possible. For some emissions
trading systems, price information is only available for part of the year, in which case an
average across the available dates is calculated, or for a single auction, in which case this
auction price is used. Due to data availability, secondary market prices rather than auction
prices are used in the calculation for the Chinese subnational systems and the emissions
trading systems in Japan, Korea and New Zealand.

Permit prices are for 2012 for emissions trading systems that started operating before
this date, in order to be consistent with the tax rate information from the TEU database.
Where emissions trading systems became operational after 2012, permit prices for the
first year of operation? are used after adjusting for inflation back to 2012 price levels.
Consequently, while all tax rates are for 2012, permit prices are for different years. This
effectively assumes that supply and demand of permits would have resulted in the same
permit price, had the ETS existed in 2012. Section A.2.1 provides further detail on permit
prices for each ETS.

To incorporate permit prices from emissions trading systems into ECRs, it is also
necessary to estimate the coverage of the ETS, i.e. the share of emissions that are subject to
an ETS. While tax coverage is directly determined by the users and fuels that are subject
to the tax, ETS coverage is an estimate as it applies to emissions of a facility subject to an
ETS and does not distinguish between fuels, and facility level data need to be matched to
energy balance data. For most systems, ETS coverage is estimated by reference to verified
emissions data at facility level or at aggregated facility level. Where this is not available,
jurisdiction-specific information on fuel use or on permit allocation is used. Section A.2
gives further detail on how the ETS coverage was estimated.

ETS coverage is estimated for six sectors, which together comprise all CO, emissions
from energy use in each country. These sector definitions can differ from those used in
individual countries. The sectors are:

» road transport — all energy used in road transport,

» off road transport — all energy used in offroad transport, including pipelines, rail
transport, domestic aviation and maritime transport,

* industry — all energy used in industrial processes, in heating (including inside industrial
facilities) in the transformation of energy and for auto-generation of electricity in
industrial facilities,

» agriculture and fisheries — all energy used in agriculture, fisheries and forestry
except for on-road transport (which is included in road transport),

» residential and commercial — all energy used for commercial and residential heating,
and

* main electricity generation — all fuels used in main electricity generation, so not
including auto-generation in industrial facilities.

A.2. Data and methodology to calculate permit prices and estimate ETS coverage

To estimate the combined impact of taxes and trading systems in putting a price on CO,
emissions from energy use, permit prices and coverage of emissions trading systems must be
integrated with the information on tax rates and coverage in the TEU database. A necessary
step is to estimate to what extent the different users of energy in the TEU database are subject
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to each ETS, and at what price. To do this, the data for each ETS must be consistent with the
TEU database in terms of the sector groupings and the emissions covered.

This section details how permit prices and the coverage of the emissions trading systems
are estimated, describing first the general approach in Section A.2.1 and then looking at the
detailed estimation strategy necessary to match information on ETS coverage from diverse
data sources with the TEU database in Section A.2.2.

A.2.1. General approach for calculating permit prices and estimating ETS coverage

This section first discusses how permit prices are calculated and second how ETS
coverage is estimated.

A.2.1.1. Calculation of permit prices

The price signal from emissions trading systems on CO, emissions from energy use
is calculated, where information is available, by taking the average permit price observed
at auction across a year of operation. Where possible, an average price across a year of
operation is used to smooth the effects of short-term fluctuations in permit prices. The
average permit price is assigned to all CO, emissions from energy use subject to an ETS,’
regardless of whether an emitter surrendered a permit that was purchased or obtained for
free. This treats the permit price as the opportunity cost of all emissions and permits.

Where more than one ETS operates in the same country (California and RGGI in
the United States, and Beijing, Chongqing, Guangdong, Hubei, Tianjin, Shanghai and
Shenzhen, in China), an average permit price from all emissions trading systems within
that country is constructed for each of the six sectors, weighted by the coverage of each
ETS within that sector.*

For emissions trading systems that were operational in 2012 (EU, Japan, RGGI and
New Zealand), the prices of permits in 2012 are used. For emissions trading systems that
came into operation after 2012, an average for their first year of operation is used except
for Switzerland, where no auctions were held in the first year of operation, and for the
subnational emissions trading systems in China, where 2014 is used for all emissions
trading systems. Where a later year is used, permit prices are adjusted to 2012 prices using
the growth rate of consumer price indices for each country. They are converted to EUR
using the conversion rates for each currency used in the TEU database.

For some emissions trading systems, auction data is not available or is available for less
than a full year. For the emissions trading systems in China, the permit price is calculated
based on secondary market data across the longest period available in 2014 (part years for
Beijing, Guangdong Shanghai, Shenzhen, Tianjin and Hubei, and a single point estimate for
Chongqing). In the ETS operating in Québec, only one auction has taken place in the year for
which emissions data is available, so prices at this auction are used. In Japan, the midpoint
of an estimated range of the cost of one excess reduction credit by the Tokyo Municipal
Government is used. For the Korean ETS, the average permit price as traded at the Korea
Exchange in the first half of 2015 is used, since no auctions of permits have taken place. In
New Zealand, half of the average price of Joint Implementation Credits in 2012 is used® to
reflect the fact that 79% of surrendered permits in 2012 were Joint Implementation Credits
(New Zealand Ministry for the Environment, 2012).

Table A.1 shows the average permit price for the different emissions trading systems,
in local currency and converted into EUR as at 2012.
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Table A.1. Average ETS price signals used in the report

Price signal Price signal

ETS (local currency) Currency Year used (2012 EUR)
EU 7.24 EUR 2012 7.24
New Zealand 218 NzD 2012 1.33
RGGI 1.93 usb 2012 1.48
Saitama and Tokyo 9450.00 JPY 2012 92.04
California 12.83 usD 2013 9.91
Québec 10.75 CAD 2013 8.05
Beijing 55.00 CNY 2014 (partial) 6.66
Chongqing 30.70 CNY 2014 (partial) 3.72
Guangdong 62.10 CNY 2014 (partial) 7.52
Hubei 23.70 CNY 2014 (partial) 2.87
Shanghai 36.20 CNY 2014 (partial) 4.38
Shenzhen 73.50 CNY 2014 (partial) 8.9
Tianjin 30.90 CNY 2014 (partial) 3.74
Switzerland 30.13 CHF 2014 24.97
Korea 10 177.00 KRW 2015 (partial) 6.66

A.2.1.2. Estimation of ETS coverage

The coverage of each ETS is estimated as a share of total emissions, by dividing the
CO, emissions from energy use that are subject to an ETS (covered emissions) by the total
amount of CO, emitted. This is done for each of the six sectors listed in Section A.1.3.
Where subnational emissions trading systems apply, the emissions subject to the ETS are
divided by the total amount of CO, emissions in the country, so that the estimates of ETS
coverage apply at the national level, consistent with the tax information. More specifically,
the sector coverage of an ETS is given by:

2. jemissions subject to ETS

Jiiry
ETS coverage, ., = — (1
< total emissions;

Where:
j is the facility that is subject to the relevant ETS regulation;

i is the sector in which facility j is active (road, offroad, industry, residential and
commercial, agriculture and fisheries, main electricity generation);

7 is the (sub)national jurisdiction to which the ETS regulation applies;
¢ is the country in which (sub)national jurisdiction » is embedded;
v is the year of analysis.

Covered emissions in each sector, the numerator of equation (1), are estimated as
described in Section A.2.2. Information on total emissions in each sector in each country,
the denominator of equation (1), is taken from the TEU database,® with some adjustments
described in Section A.3.1 and A.3.2. This information is for 2012.
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A.2.2. Detailed estimation strategy: Calculating CO, emissions subject to
emissions trading systems

Calculating the total emissions from each sector subject to each ETS (covered
emissions), the numerator of equation (1), requires coherent definitions and a correct
sector allocation of emissions based on different data sources. Reconciling these data
sources and ensuring consistency with the TEU database on CO, emissions from energy
use, the denominator of equation (1), requires a number of estimations. The remainder of
this section discusses the detailed estimation strategy undertaken to allocate ETS-covered
emissions to different sectors and to ensure consistency with the TEU database.

A.2.2.1. Data sources for calculation of covered emissions (numerator)

Data on the CO, emissions from energy use subject to the ETS in each jurisdiction,
are from national sources. Where possible, verified emissions data from the authorities
responsible for administering the ETS is used. For the EU, Switzerland, RGGI, California
and Quebec systems, data on verified emissions at facility level has been obtained (European
Commission 2014a, European Commission 2014b, Swiss Emissions trading Registry 2015,
RGGI 2015, California Environmental Protection Agency Air Resources Board 2014,
Gouvernement du Québec 2013). The data includes the actual emissions per year (in tonnes
of CO,) of all facilities that are subject to the ETS. The facilities are matched to the individual
industries in the TEU database using industry codes provided with the verified emissions
data (NACE for the EU and NAICS for California, Quebec and RGGI) and then subsequently
grouped into the six sectors listed in Section A.1.3.” For the Swiss ETS, information provided
by national officials (Swiss Federal Office for the Environment, 2015) is used to match
facilities’ emissions data to the individual industries in 7axing Energy Use. In the Saitama
and Tokyo emissions trading systems and the seven Chinese emissions trading systems,
verified emissions data is available at an aggregated facility level (Saitama Prefectural
Government 2014, Tokyo Metropolitan Government 2012, Li et al. 2015). This aggregated
facility data could be grouped into the six sectors listed in Section A.1.3.

Other approaches were followed due to limitations in data availability for some
emissions trading systems or due to features of an ETS which made facility level data
inappropriate:

* The ETS in Korea came into force in 2015 and data on verified emissions is not
yet available. In this case, data on permit allocations to individual sectors of the
economy, taken from government websites, is used to estimate ETS coverage
(Korean Ministry of Environment, 2014).

* The New Zealand ETS applies to upstream emissions, covering imports and
production of liquid fuels, coal and natural gas. Data on the total level of emissions
from each fuel subject to the ETS is applied to the total supply of each fuel for
domestic use to determine the proportion of energy consumption by each sector
(New Zealand Environmental Protection Authority, 2012).

Annex B contains further information on the data sources for each jurisdiction.
A.2.2.2. Auto-generation of electricity and heat

Electricity and heat can be produced as a main activity (main generation) or by (mainly)
industrial or energy transformation users that also produce electricity (auto-generation).
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The TEU database provides a single entry (disaggregated by fuel) that includes all
emissions from auto-generation of electricity, and another that includes all emissions from
the auto-generation of heat, regardless of the industry in which the auto-generation was
undertaken. In the TEU publications, the emissions from the auto-generation of heat and
electricity are shown with main generation of electricity and heat respectively.

Emissions trading systems, however, are operated at a facility level. If a facility exceeds
the threshold for inclusion into an ETS, emission permits must be submitted for all emissions
from that facility. Since large facilities subject to emissions trading systems (e.g. petroleum
processing or manufacturing plants) may generate their own electricity and heat, such facilities
will include emissions from the auto-generation of electricity or heat in the emissions which
are reported to registries. Consequently, data on CO, emissions subject to emissions trading
systems includes emissions from fuels used in the auto-generation of electricity or heat with
the emissions from the relevant industry and does not separately identify them.

To calculate the coverage of ETS by sector, emissions from the auto-generation of
heat and electricity must be treated consistently in the covered emissions (the numerator
of equation (1), estimated from jurisdiction-specific data), with total emissions (the
denominator of equation (1), taken from the TEU database). Ideally, this requires that in
the jurisdiction-specific data, emissions from the auto-generation of electricity and heat in
each facility or individual industry be identified separately from other industrial emissions
in that sector. Once identified, these auto-generation emissions would be grouped into a
single entry as auto-generation emissions for electricity or heat, respectively.

However, consistent and comprehensive data is not publicly available on the proportion
of covered emissions from each facility or group of facilities that result from auto-generation,
so separating these from other covered industrial emissions is not possible. Given that it
is not possible to identify these emissions in the jurisdiction-specific information from
which covered emissions are calculated (the numerator of equation (1)), the TEU database
information on total emissions (the denominator of equation (1)) has been adjusted instead.
In the TEU database, the total amount of emissions from the auto-generation of heat
and electricity are separately identified, although the industries they pertain to are not
identifiable. These have therefore been removed from the electricity sector and placed in the
industrial sector. Effectively, both covered emissions and total emissions have been grouped
at the lowest consistent level of aggregation — total industry emissions, including all auto-
generation — between the data on covered emissions and the TEU database.?

The industry sector therefore includes industry emissions with emissions from auto-
generation, removing the need to identify auto-generation emissions separately for each of
the individual industries (in the jurisdiction-specific data) or to allocate auto-generation
emissions to individual industries (in the TEU database). Section A.3.1 provides further
information on changes to the sectors presented in the TEU database and publications.

A.2.2.3. Emissions from industrial processes (non-energy use industrial
emissions)

All of the emissions trading systems considered include CO, emissions from non-
energy sources, such as emissions from industrial processes. CO, emissions from industrial
processes occur during the manufacturing of a limited set of products in several industries
as a result of chemical and physical transformations, independent from energy use.

Allocation data or verified emission data from facilities include all CO, emissions from
these facilities, whether arising from energy combustion or from industrial processes. For
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consistency with the TEU database, which reports only emissions from energy combustion
and not those resulting from industrial processes, it is necessary to identify and exclude these
industrial process emissions when calculating covered emissions (the numerator of equation (1)).

Data from the UNFCCC National Inventory Reports (UNFCCC, 2015) is used to
identify industrial process emissions. The UNFCCC reports show total (sub)national
emissions from all sectors and differentiate between CO, emissions from different sources
(including energy-based and process-based emissions). The industrial process emissions
for individual industries (typically the chemical, iron and steel, non-ferrous metals, and
non-metallic industries) or for the whole industry sector are calculated from the UNFCCC
data. These emissions are deducted from the (sub)national data on verified emissions to
isolate the CO, emissions from energy use. Annex B provides additional details for each of
the emissions trading systems.’

This approach implicitly assumes that industrial process emissions are uniformly
distributed across the facilities that are and are not subject to an ETS. However, facilities
that are subject to the ETS are generally the large and heavy emitting firms with a
relatively higher share of industrial process emissions. As the UNFCCC (2015) inventories
report industrial process emissions of both large and small firms, a share relying on this
data is likely to underestimate the industrial process emissions of firms subject to the ETS.
Therefore, since a likely underestimate is subtracted from total emissions under an ETS,
the estimate of ETS coverage of energy use alone in the industry sector is likely to be an
overestimation.

A.2.2.4. Emissions of non-CO, greenhouse gases

Many of the emissions trading systems cover other greenhouse gas emissions from
energy use, such as methane (CH,), nitrous oxide (N,O), sulphur hexafluoride (SFy),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and nitrogen trifluoride (NF,). Emissions
trading systems that cover greenhouse gases other than CO, in the year of analysis include
those operating in California, Chongqing, Korea, New Zealand, Québec and Switzerland.”
Emissions trading systems covering only emissions of CO, include Beijing, the EU (prior to
2013), Guangdong, Hubei, RGGI, Saitama, Shanghai, Shenzhen, Tianjin and Tokyo.

In the emissions trading systems where other greenhouse gases are included, these
need to be excluded from emissions of CO, to calculate the total emissions from each sector
subject to each ETS (the numerator of equation (1)). For each of these systems except New
Zealand," information provided in the UNFCCC (2015) reports ' is used to identify CO,
emissions. These reports detail national emissions by activity and differentiate between the
different greenhouse gases. The share of CO, emissions to total greenhouse gas emissions,
measured as CO, equivalent emissions, is used to isolate CO, from the total greenhouse gas
emissions subject to each of these emissions trading systems.

A.2.2.5. Biomass

Some emissions trading systems treat CO, emissions from the combustion of biomass
differently than CO, emissions from other sources, due to differences in approaches to
accounting for their net lifecycle emissions. In several emissions trading systems, CO,
emissions from the combustion of biomass are not included. In the remaining systems,
emissions from biomass are subject to the ETS when emitted by a facility subject to the
ETS, but are zero-rated when calculating covered emissions, meaning that no permit needs
be surrendered for biomass emissions.
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Among the emissions trading systems considered, biomass is not covered by the
emissions trading systems in California, New Zealand, Québec, RGGI, Saitama, or
Tokyo. In these cases, the emissions from each sector subject to each ETS (the numerator
of equation (1)) do not include emissions from biomass. CO, emissions from biomass
are included, but an emissions factor of zero is applied to their use, in the EU ETS and
in the emissions trading systems in Korea, Switzerland and the regional emissions
trading systems in China. In these emissions trading systems, biomass emissions are not
included in the data on verified emissions or allocation permits, as no permits have to be
surrendered in respect of them. However, as they are included in the ETS coverage in these
jurisdictions, it is assumed that emissions from biomass are covered if the facility using the
biomass is covered. When results are calculated inclusive of biomass, the resulting estimate
of biomass coverage is included in the total emissions from each sector subject to each ETS
(the numerator of equation (1)) but no permit price has been assigned to these emissions.

A separate issue is how biomass should be treated in the analysis of ECRs. Emissions
from the combustion of biomass can be seen to differ from emissions from the combustion
of fossil fuels in two ways. First, biomass may absorb CO, from the atmosphere during its
growing phase, before emitting CO, on combustion. Second, the life-cycle of biomass is
considerably shorter than that of fossil fuels. There are three possible approaches to the
calculation of CO, emissions from biomass, including:

* CO, emissions calculated according to the release of CO, on combustion, as for
other fuels,

* acarbon neutral approach, which assumes that the lifecycle emissions of biomass
are zero due to absorption during their life-span fully offsetting their emissions on
combustion, and

» alifecycle approach, which considers the source of the biomass, land use change,
and whether it is replanted, to estimate the net lifecycle carbon emission associated
with the report.

The first two approaches represent two extremes and are likely to be too simplistic.
However, in the absence of detailed investigation of the lifecycle emissions of biomass, the
TEU reports have taken the first approach. Many jurisdictions, as well as the UNFCCC,
take the second approach to the treatment of biomass, considering it to be carbon neutral.

For completeness, this report includes results under both the first and second approach.
Under the first approach, CO, emissions from biomass at combustion are included in the
total emissions in each country (i.e. in the denominator of equation (1)). This is the approach
most consistent with the TEU reports. Under the second approach, biomass is treated as
carbon neutral, and CO, emissions from biomass are not included in total emissions. This
approach is more consistent with country and UNFCCC measurements of CO, emissions.
Results for the third approach would likely lie between the first and second approach.

A.3. Combining taxes and emissions trading systems to estimate effective carbon rates

To estimate ECRs, permit prices and estimated ETS coverage must be integrated with
the information on tax rates and tax coverage found in the TEU database. By combining
information on carbon taxes, other specific taxes on energy use and emissions trading
systems, the combined coverage of the three instruments (ECR coverage) and their combined
price impact can be assessed.
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Estimating ECRs and ECR coverage requires several steps. First, the sector breakdown
in the TEU database must be adjusted to match the six sectors for which ETS coverage is
calculated. Second, the estimates of ETS coverage must be merged with information on tax
coverage from the TEU database, so that emissions from energy use for each fuel and user
can be divided between emissions covered by emissions trading systems and emissions not
covered by emissions trading systems. Third, the impact of ETS coverage on carbon taxes
must be identified where applicable in the TEU database. Finally, ECRs are estimated. The
remainder of this section discusses each of these steps in more detail.

A.3.1. Adjusting emissions by sector for emissions from auto-generated electricity

As described in Section A.1.3, ETS coverage and permit prices have been estimated
for six economic sectors that together span all energy use: road use, offroad use, industrial
production, residential and commercial, agriculture and fishing, as well as electricity
generation. These sectors differ slightly from those used in Taxing Energy Use, notably
with regard to the inclusion of auto-generated electricity with industrial use rather than
with electricity generation.”” Consequently, the tax base divisions presented in previous
TEU reports (road use, offroad use, residential and commercial, industrial and energy
transformation, and electricity) have to be adjusted by moving auto-generation of electricity
to the industrial sector.

Table A.2 provides details on the energy use included in the different sectors in this
report on ECRs and in previous TEU reports.

Table A.2. Categorisation of energy use for the estimation of effective carbon rates

TEU ECR

Road All energy used in road transport. Like TEU

Offroad All energy used in offroad transport (incl. pipelines, Like TEU
rail transport, domestic aviation and maritime
transport).

Industry All energy used in industrial processes, in heating Like TEU, but also including fuels used for auto-
(incl. inside industrial installations) and in the generation of electricity in industrial installations
transformation of energy. (see Section A.2.2.2. for detalils)."

Commercial All energy used for commercial and residential Like TEU

& residential  heating.

Agriculture Energy used in agriculture, fisheries and forestry. Like TEU

& fisheries Energy used in on-road transport in this sector is
included in the road transport sector.

Electricity All fuels used to generate electricity for domestic Like TEU, but fuels used in the auto-generation

use (rather than the amount of energy generated
from each fuel).

of electricity have been removed to industrial
production (see Section A.2.2.2 for details).?

Notes: 1. In China, auto-generation of electricity is included in the main electricity sector, because publicly
available information does not allow the amount of auto-generation of electricity in total electricity
generation to be identified at the level of the seven pilot systems. In practical terms, auto-generation
of electricity in China only plays a prominent role in aluminium production, which is mainly located
outside the seven pilot systems. Hence, this deviation from the general approach does not affect
results in practice.

2. For consistency with TEU, verified emissions from electricity production in the EU ETS have been
adjusted with the share of all electricity production that is consumed domestically, from TEU.
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A.3.2. Calculating the combined coverage of taxes and emissions trading systems

The ECR is a single metric which measures the combined impact of two types of
market-based mechanisms — taxes (including both carbon taxes and other specific taxes on
energy use) and tradable emission permit prices — in putting a price on carbon emissions.
The calculation of the combined coverage of these instruments (ECR coverage) requires
comprehensive information on the emissions that are subject to taxes and the emissions that
are subject to an ETS. The combination of taxes or ETS affects the proportion of emissions
from energy use that is subject to a price signal from either a tax or an ETS. This section
describes how information on the coverage of taxes and emissions trading systems is
integrated to develop a metric measuring their combined coverage and price levels.

How precisely the information on tax and ETS coverage can be combined to estimate
ECR coverage depends on the relative levels of disaggregation in the TEU database and
the data on emissions trading systems. The TEU database provides information on tax
rates and coverage for a total of 30 different individual users, and within these users, for
emissions from 61 different fuels. Data on the coverage of each ETS is based on facilities’
total emissions and not differentiated by fuel. Therefore, matching the estimates of ETS
coverage to the TEU database relies on the assumption that emissions from each fuel used
by an individual user are equally subject to an ETS. For example, if 40% of emissions from
a user are subject to an ETS, the analysis assumes that 40% of emissions from each of the
fuels used by that user are subject to the ETS.!

Making this assumption enables the differentiation in tax rates to be carried through to
the analysis, which allows more precise measurement of ECRs, particularly in terms of the
percentage of emissions subject to no price signal.

The information on emissions from fuel use for 30 individual users from the TEU
database can be grouped into the six sectors as described in Section A.3.1. To incorporate
the estimates of ETS coverage for each sector into the TEU database, it is necessary to
translate the estimates for each of the six to the individual users in the TEU database.
For five of the six sectors — road transport, offroad transport, commercial and residential,
agriculture and fishing, and electricity — the match is fairly precise, as the TEU database is
not heavily disaggregated by individual users within these sectors and any ETS coverage
is rare and where existing, low. However within the industrial sector, the TEU database
provides information on the tax rates and coverage for 18 individual industrial users (also
referred to as individual industries). These 18 individual industries have very different fuel
and tax characteristics and can also differ strongly in the degree to which their emissions
are subject to emissions trading systems.

Determining the ECR coverage for the industry sector is more complex than for the
other five sectors. Precise matching of the individual industries in the TEU database to
the national data on emissions subject to each ETS is not possible due to the difficulty of
assigning auto-generation emissions to individual industries as described in Section A.2.2.2.
However, applying the estimate of ETS coverage for the industry sector evenly across
each of these individual industries is likely to be inaccurate, given their different fuel use
characteristics and differing degrees of ETS coverage.

In the absence of more precise information on how the ETS applies individually to
these industries, there is a range of uncertainty on how taxes interact with the applicable
ETS. Conceptually, it is possible that the coverage of taxes and emissions trading systems
entirely overlaps (i.e. all taxed emissions are subject to the ETS, or vice versa), or that
their coverage is entirely separate (i.e. no taxed emissions are subject to the ETS). With
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complete overlap, the ECR coverage is at its possible minimum; with no overlap, the ECR
coverage is at its possible maximum. The true ECR coverage must exist within the range
of minimum and maximum possible coverage. In many cases, additional ETS-specific
information can reduce this range of uncertainty leading to a more exact estimate of ECR
coverage for the industry sector.

More precisely, the minimum share of emissions that are subject to a price signal
(either a tax or an ETS) occurs when all taxed emissions are subject to an ETS or when all
emissions subject to an ETS are taxed, i.e. when emissions subject to tax and ETS entirely
overlap. In this case, the minimum ECR coverage equals the maximum of either the share
of emissions that are taxed or that are subject to an ETS. Conversely, ECR coverage is at its
maximum when all taxed emissions and emissions subject to an ETS do not overlap; that
is, that no emissions are subject to both a tax and an ETS. In this case the maximum ECR
coverage is the sum of taxed emissions and emissions subject to an ETS.

Figure A.2 illustrates the possible minimum and maximum coverage graphically. The
area of each box represents the total CO, emissions of the industry sector in a country.
The ECR coverage is minimal when taxed emissions and emissions subject to the ETS
completely overlap as shown in the left panel of Figure A.2 and equals the maximum of the
emissions that are taxed (as shown in the figure) or that are subject to an ETS (not shown
in the figure). When taxed emissions and emissions subject to an ETS do not overlap at all,
as shown in the right panel of Figure A.2, the ECR coverage is at its maximum and equals
the sum of taxed emissions and emissions subject to an ETS.

Figure A.2. Emissions subject to either a tax or an ETS
Total overlap — minimum ECR coverage (LHS), total separation — maximum ECR coverage) (RHS)
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Note: The area of the box represents total emissions from the industry sector.

The range of uncertainty can be further narrowed by several constraints. Firstly, the
ECR coverage can never be greater than one or less than zero. In systems where the coverage
of one instrument is high, this in itself restricts the range of uncertainty considerably.
Secondly, while it is not possible to precisely estimate the ETS coverage of each individual
industry, additional information on the empirical coverage of some individual industries is
available. For example, verified emissions data show that some industries are not subject to
an ETS. As emissions from these individual industries are certainly not covered by an ETS,
the uncertainty decreases. Thirdly, the level of uncertainty is further reduced by estimating
a maximum level of possible ETS coverage (i.e. an overestimate of true coverage) for most
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of the other individual industries, which reduces the amount of emissions in the industry
sector that can potentially be subject to both taxes and the ETS.

The approach to reduce the range of uncertainty described above is applied to countries
that are part of the EU ETS, the Swiss ETS and the North-American emissions trading
systems. The minimum and maximum coverage for other emissions trading systems are
calculated without using empirical estimates of coverage of individual industries.

The point estimates of ECR coverage used in the analysis lie within this narrowed range
of uncertainty. The estimates per fuel type are produced by reference to an assumption
already described above that emissions from each fuel are assumed to be covered by an ETS
to the same extent as the individual industry which uses that fuel. The tax coverage of each
fuel will determine the degree of overlap or separation of tax and ETS coverage for that fuel.
The point estimate of ECR coverage can then be determined by the respective fuel use of
each individual industry.

The point estimates for the ECR coverage of each individual industry can be combined
to generate the ECR coverage of the entire industry sector in each country. Figure A.3 shows
the minimum and maximum ECR coverage of the industry sector by country, together with
the point used in the estimates, as a percentage of total economy-wide CO, emissions from
energy use.

Figure A.3. Minimum and maximum industry ECR coverage and range used in analysis
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A.3.3. Adjusting carbon tax coverage in the TEU database

Another adjustment that must be made to the TEU database concerns carbon tax
coverage. The original database included carbon tax rates as if any relevant ETS did not
apply. In many countries with a carbon tax, however, the carbon tax is removed or reduced
where the ETS applies. To take account of this, the rates of carbon taxes applied to the
covered fuels are adjusted once the ETS coverage has been identified.

Table A.3 describes the treatment of carbon taxes in the presence of ETS coverage.
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Table A.3. Adjustments to carbon taxes made for covered fuels

Jurisdiction Treatment of carbon tax where ETS applies

Denmark Fully removed

Finland Not removed

Iceland Not removed

Ireland Fully removed

Norway Fully removed, except for domestic aviation and energy transformation
Slovenia Not removed

Sweden Fully removed

Switzerland Fully removed

A.3.4. Estimating effective carbon rates

Estimating ECRs requires several steps. First, CO, emissions from the TEU database,
adjusted as described in Section A.3.1, are divided into two parts: a base that is covered by
an ETS and a base that is not covered by an ETS. Second, the ECR is determined.

The base that is covered by an ETS is calculated as described in Section A.2 for all
sectors except industry. For the industry sector, ETS coverage is estimated as described
in Section A.3.2. The ECR for the base that is covered by an ETS is calculated as the sum
of the applicable tax rate from the TEU database, using the adjusted rate of carbon taxes
according to Section A.3.3, and the tradable emission permit price. The ECR for the base
that is not covered by an ETS is calculated as the applicable tax rate as reported in the TEU
database.

Tables A.4 and A.5 present for 41 OECD and G20 countries the ECR coverage for
three carbon rate levels (EUR 0, EUR 5 and EUR 30 per tonne of CO,) and average ECRs
weighted by the amount of CO, emissions in each sector, together with weighted and
simple means for all countries. Average ECRs are calculated by adding together taxes
weighted with tax coverage and emission permit prices weighted with ETS coverage for the
respective sector or economy. The tables also show the proportion of total CO, emissions
in each country, ETS coverage and the average effective rates for each of the three ECR
components (carbon taxes, other specific taxes on energy use, and tradable emission permit
prices). Note that average rates are different from the actual rates that energy users have
to pay.

All results are shown both inclusive and exclusive of CO, emissions from biomass.
To give a clearer picture of the impact of each type of price mechanism, results for road
transport are shown separately from the results for other sectors. Road is treated separately
due to the high tax rates applied to road transport and the low coverage of emissions
trading systems in this sector. Section B.2 in Annex B shows average ETS prices and ETS
coverage for each of the six sectors in each country with an ETS.
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Table A.4. Composition of average effective carbon rates, including CO, emissions from biomass
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All non-road energy Road energy

ECR ECR ECR ECR ECR ECR

coverage coverage coverage coverage coverage coverage

Shareof = ETS  Average Average Average Average >EURO/ >EURS/ >EUR30/| Shareof = ETS  Average Average Average Average >EUR0/ >EURS5/ >EUR30/
eco.base coverage CO,tax othertax ETSrate  ECR tco, tco, CO, |eco.base coverage CO,tax othertax ETSrate = ECR tCo, tco, tco,
% of % of % of % of % of % of % of % of % of % of

emissions emissions EUR/tCO, EUR/tCO, EUR/CO, EUR/tCO, emissions emissions emissions|emissions emissions EUR/CO, EUR/tCO, EUR/tCO, EUR/CO, emissions emissions emissions
AUS 82% 0% 0.00 244 0.00 244 6% 6% 3% 18% 0% 0.00 106.56 0.00 106.56 99% 99% 96%
AUT 75% 48% 0.00 17.98 2.22 20.20 57% 57% 26% 25% 0% 0.00 164.35 0.00 164.35 94% 94% 93%
BEL 79% 46% 0.00 4.67 2.74 7.41 75% 58% 4% 21% 0% 0.00 165.66 0.00 165.66 95% 95% 95%
CAN 73% 5% 1.42 1.56 0.40 3.38 23% 23% 1% 27% 22% 2.4 26.64 1.55 30.61 100% 100% 72%
CHL 84% 0% 0.00 -0.04 0.00 -0.04 0% 0% 0% 16% 0% 0.00 78.16 0.00 7816  100% 100% 100%
CZE 84% 55% 0.00 2.95 3.77 6.72 74% 62% 1% 16% 0% 0.00 172.25 0.00 172.25 95% 95% 95%
DNK 7% 56% 3.97 40.83 2.60 47.40 59% 59% 39% 23% 0% 11.04 179.31 0.00 190.35 94% 94% 94%
EST 87% 65% 0.00 5.37 4.09 9.46 77% 65% 5% 13% 0% 0.00 160.43 0.00 160.43 99% 99% 99%
FIN 87% 69% 2.05 19.22 2.47 23.74 55% 54% 35% 13% 0% 4424  171.87 0.00 21611 100% 100% 100%
FRA 67% 41% 0.00 7.16 2.52 9.67 63% 62% 2% 33% 0% 0.00 179.87 0.00 179.87  100% 100% 100%
DEU 82% 63% 0.00 19.33 4.04 23.37 88% 85% 37% 18% 0% 0.00 219.48 0.00 219.48 100% 100% 100%
GRC 82% 77% 0.00 15.30 5.43 20.73 89% 89% 20% 18% 0% 0.00 241.36 0.00 24136  100% 100% 100%
HUN 7% 50% 0.00 1.72 3.22 4.95 62% 57% 0% 23% 0% 0.00 137.39 0.00 137.39 96% 96% 96%
ISL 58% 2% 5.93 12.08 0.12 18.13 45% 45% 0% 42% 0% 13.63 151.94 0.00 165.57 99% 99% 99%
IRL 73% 60% 5.21 11.29 4.07 20.57 85% 85% 12% 27% 0% 19.70  190.88 0.00 210.58 100% 100% 100%
ISR 75% 60% 0.00 22.43 3.91 26.34 90% 89% 21% 25% 0% 0.00 239.39 0.00 239.39 100% 98% 98%
ITA 82% 0% 0.00 20.41 0.00 20.41 91% 21% 18% 18% 0% 0.00 242.69 0.00 24269 100% 100% 100%
JPN 85% 1% 0.00 6.60 1.08 7.68 80% 53% 2% 15% 0% 0.00 188.29 0.00 188.29  100% 98% 98%
KOR 87% 90% 0.00 3.86 5.90 9.76 91% 91% 3% 13% 0% 0.00 153.25 0.00 153.25 99% 99% 96%
LUX 31% 31% 0.00 3.89 1.94 5.83 88% 62% 0% 69% 0% 0.00 135.50 0.00 135.50 98% 98% 98%
MEX 69% 0% 0.00 0.22 0.00 0.22 3% 3% 0% 31% 0% 0.00 8.14 0.00 8.14 99% 99% 0%
NLD 80% 56% 0.00 51.06 3.57 54.63 89% 88% 57% 20% 0% 0.00 224.82 0.00 22482  100% 100% 100%
NzL 67% 49% 0.00 0.49 0.66 1.15 53% 1% 1% 33% 81% 0.00 89.09 1.08 9017  100% 56% 56%
NOR 76% 71% 5.68 36.75 4.31 46.74 75% 75% 19% 24% 0% 34.82 204.53 0.00 239.34  100% 100% 99%
POL 85% 67% 0.00 6.15 4.46 10.61 71% 65% 3% 15% 0% 0.00 130.64 0.00 130.64 95% 95% 95%
PRT 72% 67% 0.00 2.81 3.77 6.58 68% 57% 1% 28% 0% 0.00 156.05 0.00 156.05 95% 95% 95%
SVK 83% 52% 0.00 13.14 3.13 16.27 77% 62% 22% 17% 0% 0.00 155.70 0.00 155.70 96% 96% 96%
SVN 62% 45% 2.63 10.87 3.06 16.56 68% 67% 16% 38% 0% 0.00 151.50 0.00 151.50 97% 97% 97%
ESE 4% 62% 0.00 6.98 414 11.12 4% 69% 8% 26% 0% 0.00 13512 0.00 135.12 92% 92% 92%
SWE 78% 78% 3.09 26.08 1.49 30.66 36% 36% 18% 22% 0% 107.92 98.56 0.00 206.48 91% 91% 91%
CHE 64% 24% 12.99 4.68 3.80 21.47 73% 72% 42% 36% 0% 0.00 251.71 0.00 251.71 100% 100% 100%
TUR 85% 0% 0.00 7.58 0.00 7.58 62% 21% 5% 15% 0% 0.00 218.57 0.00 218.57  100% 100% 100%
GBR 7% 63% 0.13 9.89 4.26 14.28 78% 77% 8% 23% 0% 0.00 280.57 0.00 280.57 100% 100% 100%
USA 72% 7% 0.00 0.34 0.42 0.76 13% 7% 0% 28% 1% 0.00 17.25 113 18.37  100% 100% 0%
ARG 7% 0% 0.00 3.70 0.00 3.70 66% 25% 3% 23% 0% 0.00 130.92 0.00 130.92 99% 99% 99%
BRA 72% 0% 0.00 1.78 0.00 1.78 20% 18% 0% 28% 0% 0.00 9.10 0.00 9.10 81% 81% 0%
CHN 94% 10% 0.00 1.05 0.49 11515 12% 8% 3% 6% 0% 0.00 41.98 0.00 41.98 95% 95% 95%
IND 93% 0% 0.00 0.96 0.00 0.96 50% 4% 0% 7% 0% 0.00 29.12 0.00 29.12 97% 97% 24%
IDN 83% 0% 0.00 0.00 0.00 0.00 0% 0% 0% 17% 0% 0.00 13.94 0.00 13.94 99% 99% 0%
RUS 92% 0% 0.00 0.00 0.00 0.00 5% 0% 0% 8% 0% 0.00 0.05 0.00 0.05 99% 0% 0%
ZAF 91% 0% 0.00 2.95 0.00 2.95 51% 2% 2% 9% 0% 0.00 122.08 0.00 122.08 100% 100% 100%
Weighted mean|  85% 14% 0.09 3.05 0.90 417 30% 19% 4% 15% 3% 0.62 72.31 0.24 67.21 98% 94% 46%
Simple mean| 77% 36% 1.05 9.92 2.15 13.12 57% 46% 11% 23% 3% 5.70  140.85 0.09 146.64 98% 94% 82%

StatLink S http://dx.doi.org/10.1787/888933391050
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Table A.5. Composition of average effective carbon rates, excluding CO, emissions from biomass
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All non-road energy Road energy

ECR ECR ECR ECR ECR ECR

coverage coverage coverage coverage coverage coverage

Shareof  ETS  Average Average Average Average >EURO/ >EURS/ >EUR30/| Shareof  ETS  Average Average Average Average >EUR0/ >EURS5/ >EUR30/
eco.base coverage CO,tax othertax ETSrate  ECR tco, tco, CO, |eco.base coverage CO,tax othertax ETSrate = ECR tCo, tco, co,
% of % of % of % of % of % of % of % of % of % of

emissions emissions EUR/tCO, EUR/tCO, EUR/CO, EUR/tCO, emissions emissions emissions|emissions emissions EUR/tCO, EUR/tCO, EUR/tCO, EUR/CO, emissions emissions emissions
AUS 81% 0% 0.00 2.60 0.00 2.60 6% 6% 3% 19% 0% 0.00 107.70 0.00 107.70  100% 100% 97%
AUT 68% 47% 0.00 25.84 3.42 29.27 78% 78% 40% 32% 0% 0.00 175.48 0.00 175.48  100% 100% 100%
BEL 7% 43% 0.00 4.48 3.15 7.63 79% 59% 4% 23% 0% 0.00 172.97 0.00 172.97 99% 99% 99%
CAN 2% 6% 1.61 1.76 0.45 3.82 26% 26% 1% 28% 22% 2.50 26.05 1.61 3016  100% 100% 71%
CHL 76% 0% 0.00 -0.07 0.00 -0.07 0% 0% 0% 24% 0% 0.00 78.16 0.00 7816  100% 100% 100%
CZE 83% 59% 0.00 3.34 4.26 7.60 84% 71% 2% 17% 0% 0.00 181.23 0.00 181.23  100% 100% 100%
DNK 69% 59% 6.50 56.21 4.24 66.95 88% 88% 55% 31% 0% 11.74 190.66 0.00 202.40 100% 100% 100%
EST 84% 74% 0.00 6.77 5.36 12.13 97% 82% 7% 16% 0% 0.00 161.28 0.00 161.28  100% 100% 100%
FIN 78% 67% 4.05 29.87 4.87 38.79 90% 89% 50% 22% 0% 45.47 171.78 0.00 217.25  100% 100% 100%
FRA 63% 44% 0.00 8.60 3.18 11.78 75% 74% 3% 37% 0% 0.00 179.19 0.00 17919  100% 100% 100%
DEU 81% 64% 0.00 20.77 4.63 25.40 94% 92% 42% 19% 0% 0.00  215.59 0.00 21559  100% 100% 100%
GRC 81% 82% 0.00 16.66 5.93 22.59 96% 96% 22% 19% 0% 0.00 242.61 0.00 242.61 100% 100% 100%
HUN 74% 54% 0.00 2.00 3.88 5.88 70% 69% 0% 26% 0% 0.00  143.33 0.00 143.33  100% 100% 100%
ISL 59% 2% 5.93 12.08 0.12 18.13 45% 45% 0% 41% 0% 13.70 152.73 0.00 166.43  100% 100% 100%
IRL 72% 59% 5.5 11.93 4.30 21.75 90% 89% 13% 28% 0% 20.19 188.85 0.00 209.05 100% 100% 100%
ISR 74% 61% 0.00 24.35 4.42 28.77 96% 95% 23% 26% 0% 0.00 236.88 0.00 236.88  100% 98% 98%
ITA 82% 0% 0.00 20.46 0.00 20.46 91% 21% 18% 18% 0% 0.00 242.69 0.00 24269  100% 100% 100%
JPN 85% 1% 0.00 6.72 1.12 7.84 80% 55% 2% 15% 0% 0.00 188.29 0.00 188.29  100% 98% 98%
KOR 87% 90% 0.00 3.92 5.98 9.90 93% 92% 3% 13% 0% 0.00 154.90 0.00 154.90  100% 100% 97%
LUX 30% 29% 0.00 419 2.09 6.28 95% 67% 0% 70% 0% 0.00 138.45 0.00 138.45  100% 100% 100%
MEX 66% 0% 0.00 0.25 0.00 0.25 4% 4% 0% 34% 0% 0.00 8.14 0.00 8.14 99% 99% 0%
NLD 79% 54% 0.00 50.12 3.92 54.04 90% 90% 55% 21% 0% 0.00 222.03 0.00 222.03 100% 100% 100%
NzL 62% 63% 0.00 0.62 0.84 1.46 68% 1% 1% 38% 81% 0.00 89.22 1.09 90.30  100% 56% 56%
NOR 2% 76% 7.26 38.27 5.51 51.03 95% 95% 23% 28% 0% 36.26  208.57 0.00 24483  100% 100% 100%
POL 85% 70% 0.00 6.79 5.06 11.85 77% 73% 3% 15% 0% 0.00 137.74 0.00 137.74  100% 100% 100%
PRT 67% 72% 0.00 3.78 5.22 9.00 85% 78% 2% 33% 0% 0.00 164.45 0.00 164.45  100% 100% 100%
SVK 82% 49% 0.00 14.61 3.52 18.13 83% 69% 25% 18% 0% 0.00 162.81 0.00 162.81 100% 100% 100%
SVN 54% 60% 3.71 15.28 4.31 23.30 95% 94% 23% 46% 0% 0.00  155.66 0.00 155.66  100% 100% 100%
ESP 73% 65% 0.00 7.80 4.67 12.47 80% 78% 9% 27% 0% 0.00 146.82 0.00 146.82  100% 100% 100%
SWE 54% 67% 10.01 28.99 4.82 43.83 87% 87% 27% 46% 0% 117.69 107.48 0.00 22517 99% 99% 99%
CHE 57% 20% 17.30 6.22 5.06 28.58 97% 96% 56% 43% 0% 0.00 25217 0.00 25217 100% 100% 100%
TUR 85% 0% 0.00 8.05 0.00 8.05 66% 23% 6% 15% 0% 0.00 218.72 0.00 218.72 100% 100% 100%
GBR 7% 62% 0.14 9.95 4.50 14.59 78% 77% 8% 23% 0% 0.00  279.97 0.00 279.97  100% 100% 100%
USA 72% 8% 0.00 0.36 0.45 0.81 13% 8% 0% 28% 12% 0.00 16.85 119 18.04  100% 100% 0%
ARG 77% 0% 0.00 SIS 0.00 BIgS 68% 27% 3% 23% 0% 0.00 135.29 0.00 135.29 100% 100% 100%
BRA 61% 0% 0.00 2.73 0.00 2.73 30% 26% 0% 39% 0% 0.00 10.98 0.00 10.98 98% 98% 0%
CHN 93% 1% 0.00 118 0.55 1.73 14% 9% 3% 7% 0% 0.00 42.24 0.00 42.24 95% 95% 95%
IND 90% 0% 0.00 1.42 0.00 1.42 74% 5% 0% 10% 0% 0.00 29.21 0.00 29.21 98% 98% 24%
IDN 73% 0% 0.00 0.00 0.00 0.00 0% 0% 0% 27% 0% 0.00 1413 0.00 1413  100% 100% 0%
RUS 92% 0% 0.00 0.00 0.00 0.00 5% 0% 0% 8% 0% 0.00 0.05 0.00 0.05 99% 0% 0%
ZAF 90% 0% 0.00 3.44 0.00 3.44 59% 2% 2% 10% 0% 0.00 122.08 0.00 122.08  100% 100% 100%
Weighted mean|  84% 15% 0.1 3.31 1.04 4.62 34% 21% 4% 16% 3% 0.42 731 0.26 68.73 99% 96% 47%
Simple mean| 74% 37% 1.51 11.37 2.68 15.56 67% 55% 13% 26% 3% 6.04  143.25 0.09 149.39  100% 96% 84%

StatLink Si=P http://dx.doi.org/10.1787/888933391067
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S

10.

11.
12.

13.

14.

Notes

The 2013 and 2015 TEU reports show tax levels and coverage as at 1 April 2012 for all
countries except Australia and Brazil (1 July 2012) and South Africa (4 April 2012). Data on
energy use and emissions for 2009 were used, as they were the most recently available at the
time when the initial publication was prepared.

Information for Australia and Brazil in the TEU database initially showed tax rates at 1 July
2012. This was to better reflect the current tax system, because both tax systems had changed
shortly after the 1 April 2012 date shown for other countries. However, since this date, both
countries have reverted to tax settings more similar to the tax system in force at 1 April 2012:
Australia, by removing the carbon price, and Brazil, by reinstating CIDE for transport fuels.
Hence, 1 April 2012 is also used for these countries in the present report. In addition, a coding
error was corrected for the Indonesian tax rates. No other changes to tax rates have been made.

Exceptions include Switzerland, where no auctions were held in 2013, and some of the Chinese
emissions trading systems because 2014 is used consistently for all systems in China. Further,
in California and Québec, the extension of ETS in 2015 to cover fossil fuel distributors has
been included in the analysis.

Except for biomass, which is treated differently as described in Section A.2.2.4.
The same price has been used in the calculations for both Japanese systems.
This rate is halved because one permit is surrendered for every two tonnes of CO, emissions.

In the TEU database, data on energy use is taken from the Extended World Energy Balances
(TEA, 2015). Energy use is converted into carbon emissions (in tonnes of CO,), using the 2006
IPCC emission factors.

If emissions subject to an ETS are recorded at a facility level and if the corresponding facility is
involved in different economic activities, emissions are attributed to the facility’s main activity.

This is the case for all countries except China, where publicly available information does not allow
the amount of auto-generation of electricity in total electricity generation to be identified at the level
of the seven pilot systems. For China, therefore, emissions from the auto-generation of electricity
have remained together with emissions from main electricity generation, in both the numerator and
the denominator. In practical terms, auto-generation of electricity in China only plays a prominent
role in aluminium production, which is mainly located outside the seven pilot systems. Hence, this
deviation from the general approach likely does not affect results significantly in practice.

For California, data from the California Greenhouse Gas Emission Inventory provided by
California’s Environmental Protection Agency’s Air Resources Board (2015) is used in addition
to UNFCCC reports.

The Swiss ETS covers the same greenhouse gases as the EU ETS, but due to difference in
the date used (2013 for the Swiss ETS and 2012 for the EU ETS), the treatment of greenhouse
gases differs.

In New Zealand, emissions from liquid fuels and from coal include only CO, emissions.

In addition to the UNFCCC reports, for California data from the California Greenhouse Gas
Emission Inventory provided by California’s Environmental Protection Agency’s Air Resources
Board (2015) is used.

This change is due to the difficulty in separating industrial and auto-generation emissions in
national data on verified emissions; see Section A.2.2.2 for further information.

This is not required for the ETS in New Zealand, where facility-based data is not used to assess
coverage. Assumptions about the coverage of emissions from biomass also differ between
systems and are described in Section A.2.2.4.
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Annex B

Description of emissions trading systems and results

Section B.1 describes the sixteen emissions trading systems for which coverage and
permit prices were estimated: The Québec Cap-and-Trade System in Canada, the seven
Chinese pilot systems (Beijing, Chongqing, Guangdong, Hubei, Shanghai, Shenzhen,
Tianjin), the European Union Emissions Trading System, the systems in Saitama and Tokyo
(Japan), Korea, New Zealand, Switzerland, and the California Cap-and-Trade Program as
well as the Regional Greenhouse Gas Initiative in the United States. Section B.2 shows
results on average effective ETS prices and ETS coverage by sector. Section B.3 lists the
ETS-specific adjustment and assumptions that were made in the calculations.

B.1. Description of emissions trading systems used in the analysis

Table B.1 summarises the main features of the sixteen emissions trading systems
included in this report.
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Table B.1. Description of emissions trading systems used in the analysis

Year used Greenhouse Threshold for inclusion of
Country  Jurisdictions Date trading inthe gas emissions emitting facility Number of Treatment of
orregion covered started estimation covered Sectors and activities covered (per year) facilities Price ceiling or floor biomass
CAN Quebec Jan 2013 2013 CO,, CH,,N,O, + Mining and quarrying, 25000 tCO,-eq 76 + Price floor: CAD 10.75 Not covered
SFg, HFCs, + Oil & natural gas extraction, (2013), increasing annually
PFCs, NF, + Electricity generation, by 5% plus rate of inflation,
+ Manufacturing, + Price ceiling: release of
+ Fossil fuel distribution (2015) allowances from reserve
account at CAD 40, 45
and 50
CHN Beijing Nov2013 2014 (partial) CO, + Electricity & heat generation, 10 000 tCO, 490
* Industries,
+ Services
Chongging June 2014 2014 (partial) CO,, CH4, + Electricity & heat generation, 20 000 tCO,-eq 242
N20, HFCs, * Industries
PFCs, SF6
Guangdong Dec2013 2014 (partial) CO, + Electricity & heat generation, 20 000 tCO, 202
+ Industries
Hubei April 2014 2014 (partial) CO, + Electricity & heat generation, 15000 tCO, 138
* Industries
Shanghai Nov 2013 2014 (partial) CO, + Electricity & heat generation, 20 000 tCO, 191
+ Industries,
+ Services
Shenzhen June 2013 2014 (partial) CO, + Electricity & heat generation, 5000 tCO, 635
+ Water supply, (+197
+ Manufacturing, public
+ Buildings buildings)
Tianjin Dec2013 2014 (partial) CO, + Power & heat generation, 20000 tCO, 114
* Industries
EU 23 countries Jan 2005 2012 CO, + Energy activities, Depends on activity, > 11000 No need to
+ Ferrous metal, e.g. 20 MW thermal input surrender
+ Cement, glass and ceramics, for combustion activities, permits
+ Pulp and paper see European Commission
+ Aviation (2003, Annex ) for details
JPN Tokyo April 2010 2012 Co, 1232 No need to
surrender
.. L1GE COMMercial and 1500Kenergyin e PO
Saitama April 2011 2012 Co, industrial facilities crude oil equivalents 581 No need to
surrender
permits
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Table B.1. Description of emissions trading systems used in the analysis (continued)

Year used Greenhouse Threshold for inclusion of
Country  Jurisdictions Date trading inthe gas emissions emitting facility Number of Treatment of
or region covered started estimation covered Sectors and activities covered (per year) facilities Price ceiling or floor biomass
KOR National Jan 2015 2015 (partial) CO,, CH,, N,O, -« Electricity generation, 125 000 tCO,-eq 525 President can enact market No need to
HFCs, PFCs, + Manufacturing, (companies) stabilisation measures (price surrender
SF, + Water supply, 25000 tCO,-eq ceiling and floor, additional permits
+ Waste & sewerage, (installations) release of permits)
+ Construction,
+ Air transport (5 airlines)
NZL National Jan 2008 2012 CO,, CH,,N,O, -« Liquid fuel producers, Upstream coverage for 2483 + Mandatory participants Not covered
(extended to HFCs, PFCs, + Electricity & heat generation, each sector can surrender one permit
more sectors SF, + Industrial processes, for every two tonnes of
in following + Waste, emissions.
years) + Synthetic GHG + Price ceiling: NZD 12.5
CHE National Jan 2008 2014 CO, (since + Cement, 20 MW (installed total 59 No need to
2013: N,0, + Chemicals & rated thermal input) surrender
PFKW) pharmaceuticals, permits
+ Paper production,
+ Metal production
+ District heating
USA California Jan 2013 2013 CO,, CH,,N,0, + Main industrial facilities, 25000 tCO,-eq 387 * Price floor: USD 10 in Not covered
SF, HFCs, + Electricity generation & 2012, increasing annually
PFCs, NF, imports, by 5% plus rate of inflation,
+ CO, suppliers, + Price ceiling: release of
+ Transport fuels (2015) allowances from reserve
account at USD 40, 45
and 50
RGGI Jan 2009 2012 Co, Electricity generation 25 MW (installed capacity) 170 Not covered
if certain
eligibility
criteria apply,
see RGGI
(2008) for
details
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B.2. Permit prices and ETS coverage

Table B.2 shows the shares of ETS coverage by sector together with the average
effective ETS prices for all countries and regions in which an ETS applies. For subnational
emissions trading systems, the emissions covered by the ETS are given as national shares.
The last column lists the price of tradable emission permits in 2012 EUR per tonne of CO.,.

Table B.2. Permit prices and ETS coverage
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AUT Emissions covered by ETS (%) 0% 15%  39% 0% 0% 68% 794
Average effective ETS price (price*coverage) in EURpertCO, 0.00  1.07 280 0.00  0.01 4.89 '

BEL Emissions covered by ETS (%) 0% 2% 50% 0% 0% 66% -
Average effective ETS price (price*coverage) in EUR pert CO,  0.00 012 3.61 0.00 0.01 4.80 '

CAN  Quebec Emissions covered by ETS (%) 19% 9% 5% 1% 8% 1% 8.05
Average effective ETS price (price*coverage) in EUR pertCO,  1.55 0.70 039 009 068 0.06 '

CHE Emissions covered by ETS (%) 0% 7% 42% 0% 0% 0% 20,97
Average effective ETS price (price*coverage) in EUR per t CO, 0 178  10.61 0 0 0 '

CHN  Beijing Emissions covered by ETS (%) 0.6%

Average effective ETS price (price*coverage) in

Chongging  Emissions covered by ETS (%)
Average effective ETS price (price*coverage) in EUR pert CO,

Guang'dong Emissions covered by ETS (%)
Average effective ETS price (price*coverage) in EUR pert CO,

Hubei H Emissions covered by ETS (%)
Average effective ETS price (price*coverage) in EUR per t CO,

Shangﬁai Emissions covered by ETS (%)
Average effective ETS price (price*coverage) in EUR per t CO,

Shenzhen  Emissions covered by ETS (%)
Average effective ETS price (price*coverage) in

Tianjinﬂ Emissions covered by ETS (%) . . g . 3.58
Average effective ETS price (price*coverage) in EUR pert CO, 0.07 000 000 0.04

CZE Emissions covered by ETS (%) 39% 0% 0% 97% 794
Average effective ETS price (price*coverage) in EUR per t CO, 283 000 0.02 7.01

DNK Emissions covered by ETS (%) 40% 2% 0% 7% 794
Average effective ETS price (price*coverage) in EUR per t CO, 289 016  0.01 5.57

EST Emissions covered by ETS (%) 20% 0% 0% 95% 794
Average effective ETS price (price*coverage) in EUR per t CO, 142 000 000 6.85

FIN Emissions covered by ETS (%) 35% 1% 0% 66% 794
Average effective ETS price (price*coverage) in EUR pert CO, 252 005 000 477
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Table B.2. Permit prices and ETS coverage (continued)

ETS coverage S
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FRA Emissions covered by ETS (%) 0% 60%  59% 0% 1% 96% 794
Average effective ETS price (price*coverage) in EURpertCO, 0.00 438 429 000 005 6.97

DEU Emissions covered by ETS (%) 0% 39%  58% 0% 0% 89% 794
Average effective ETS price (price*coverage) in EURpertCO, 0.00 279 422  0.00  0.01 6.47

GRC Emissions covered by ETS (%) 0% 23%  92% 10% 0% 100% 794
Average effective ETS price (price*coverage) in EUR pert CO,  0.00 164  6.67 0.75 0.00 7.21

HUN Emissions covered by ETS (%) 0% 81% 1% 0% 0% 85% 704
Average effective ETS price (price*coverage) in EUR pertCO,  0.00  5.89 517 0.00 0.01 6.13

ISL Emissions covered by ETS (%) 0% 58% 0% 0% 0% 0% 794
Average effective ETS price (price*coverage) in EUR pertCO,  0.00 447  0.00 0.00 0.00  0.00

IRL Emissions covered by ETS (%) 0% 16%  60% 0% 0% 96% 794
Average effective ETS price (price*coverage) in EUR pert CO,  0.00 112 433 000 003 698

ITA Emissions covered by ETS (%) 0% 46%  66% 0% 0% 87% 794
Average effective ETS price (price*coverage) in EUR pertCO,  0.00  3.32 476 0.00 003 6.33

JPN Tokyo Emissions covered by ETS (%) 0% 0% 0.2% 0% 03% 14% 85.99
Average effective ETS price (price*coverage) in EUR pertCO,  0.00  0.00 017 0.00 027 1.26

Satama  Emissions coveredby ETS(%) 0% 0% 06% 01% 0% 05% 8599

Average effective ETS price (price*coverage) in EUR pertCO,  0.00  0.00 052 010 0.00 045

KOR Emissions covered by ETS (%) 0% 32%  91% 0% 87%  90% 6.65
Average effective ETS price (price*coverage) in EUR pertCO,  0.00 2.1 6.02 000 578 6.00

LUX Emissions covered by ETS (%) 0% 0% 61% 0% 0% 85% 794
Average effective ETS price (price*coverage) in EUR pert CO,  0.00  0.00 445 0.00 0.00 6.14

NLD Emissions covered by ETS (%) 0% 16%  53% 17% 1% 91% 794
Average effective ETS price (price*coverage) in EUR pert CO,  0.00 119 3.82 1.21 0.06 6.59

NOR Emissions covered by ETS (%) 0% 30%  83% 0% 0% 58% -
Average effective ETS price (price*coverage) in EUR pertCO, 0.00 216  6.04 000 0.00 4.22

NZL Emissions covered by ETS (%) 81% 81% 4% 7% 53%  54% 133
Average effective ETS price (price*coverage) in EUR pert CO,  1.08 1.09 055 095 07 0.72

POL Emissions covered by ETS (%) 0% 56%  67% 1% 0% 93% 794
Average effective ETS price (price*coverage) in EUR pertCO, 0.00  4.05 482 0.05 0.01 6.77

PRT Emissions covered by ETS (%) 0% 46%  42% 1% 0% 93% 794
Average effective ETS price (price*coverage) in EURpertCO, 0.00 332 3.02 006 000 673

SVK Emissions covered by ETS (%) 0% 100%  46% 0% 0% 89% 704
Average effective ETS price (price*coverage) in EUR pert CO,  0.00 7.24 334 000 002 646

SVN Emissions covered by ETS (%) 0% 7% 51% 0% 0% 98% 794

Average effective ETS price (price*coverage) in EURpertCO, 0.00 053 366  0.00 0.02 710
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Table B.2. Permit prices and ETS coverage (continued)

ETS coverage S
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ESP Emissions covered by ETS (%) 0% 45%  53% 0% 1% 99% -
Average effective ETS price (price*coverage) in EUR pertCO,  0.00  3.24  3.81 0.00 0.04 747 '

SWE Emissions covered by ETS (%) 0% 68%  23% 0% 0% 24% -
Average effective ETS price (price*coverage) in EUR pertCO,  0.00  4.89 165 000 0.00 1.77 '

GBR Emissions covered by ETS (%) 0% 40%  56% 10% 1% 96% 794
Average effective ETS price (price*coverage) in EURpertCO,  0.00 292  4.03 0.7 0.08 6.95 '

USA  California  Emissions covered by ETS (%) 1% 2% 5% 8% 8% 4% 9,84
Average effective ETS price (price*coverage) in EUR pertCO, 113 024 049 077 079 038 '

RGGI Emissions covered by ETS (%) 0% 0% 0.3% 0% 0%  4.5% 148
Average effective ETS price (price*coverage) in EUR per t CO, 0 0 0.03 0 0 0.24 '

B.3. ETS-specific adjustments and assumptions

Results presented in Table B.2 are based on the general estimation methodology as
detailed in Sections A.2 and A.3. In addition, the following specific adjustments and
assumptions are made for the different emissions trading systems.

B.3.1. Quebec

Data on emissions subject to the Quebec Cap-and-Trade System in 2013 is from
Quebec’s Ministry of Sustainable Development, Environment and the Fight against Climate
Change (Gouvernement du Quebec, 2013). The dataset reports the verified greenhouse gas
emissions in 2013 of all facilities subject to the system._In addition, the following ETS-
specific adjustments and assumptions are made:

*  Matching of facilities to the six sectors discussed in the main body of the report
is based on the North American Industry Classification System (NAICS). NAICS
codes are self-reported in the dataset.

*  Non-CO, and industrial process emissions are excluded based on Quebec
information within Canada’s 2013 UNFCCC emission inventory (Environment
Canada, 2015).

* Asof 2015, fossil fuel distributors are included in Quebec’s Cap-and-Trade System,
which has a significant effect on the coverage of the road and offroad transport
sectors as well as that of the residential and commercial, and agriculture and
fisheries sectors. The extension of coverage to these sectors is included in the
estimate.

To approximate the extension of coverage, Quebec’s share in Canada’s CO, emissions
from energy use is calculated for each of the four additional sectors using 2013 data
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from Environment Canada (2015) and added to the estimates. This implies that the
extension of coverage in 2015 is approximated using 2013 data and translated one-to-
one into coverage in 2012, to be consistent with the TEU base data.

The methodology effectively assumes a stable relationship over time between the
size of CO, emissions in the respective sectors in Quebec and Canada. It further
assumes that supply and demand could have resulted in the same permit price, had
the coverage been extended in 2012 already. Finally, the approximation yields an
upper bound of the coverage as it assumes a cap-and-trade coverage of 100% in these
four sectors.

» The average auction price in 2013 was CAD 10.75 per tonne of CO, (Gouvernement
du Québec, 2014) which translates into EUR 8.05 when adjusted to the price level
of 2012 using data from OECD (2010) and exchange rates from the TEU database.

B.3.2. People’s Republic of China

Due to data limitations, the estimation of Chinese ETS coverage differs to some extent
from the general methodology outlined in the report. The estimation follows Li et al. (2015)
and proceeds in four major steps, and each may include several minor steps.

In the first major step, total emissions by sector are calculated for each municipality
or region. Only sectors that are subject to an ETS are considered, i.e. electricity and heat
generation, individual industries and services. Data on energy use by fuel and sector is
from the 2013 Energy Balance Sheets of the China Statistical Yearbook (National Bureau
of Statistics of China, 2014).

Because the data for the industry sector is reported at a very aggregate level, total
emissions are split up into individual industries using shares from different sources:

» Structural information on energy consumption at a 42-sector level from 2012 is
reported in provincial statistical yearbooks and used for Beijing, Guangdong, Hubei
and Shanghai.

* Detailed energy use data per individual industry in 2013 from the China Statistical
Yearbook is used for Tianjin.

*  Energy consumption for main secondary industries in 2013 from the China Statistical
Yearbook is used for Shenzhen.

*  Energy consumption of large companies in 2013, which is mapped into individual
industries, is used for Chonggqing.

In the second major step total energy use is transformed into CO, emissions. The
transformation into CO, emissions uses IPCC emission factors for fuels and fuel combustion
rates from Ou et al. (2010) and is done for direct emissions and indirect emissions from
electricity and from heat. Direct emissions are emissions generated during the combustion of
fossil fuels in a sector. Indirect emissions from electricity are emissions from the production
of electricity that is used by industries or services, but produced outside the municipality or
region. Indirect emissions from heat are emissions generated during the production of heat
that is used by industries and services but produced outside of the facility, be it inside or
outside the municipality or region.

In the third major step the emissions that are subject to an ETS in China are estimated for
all municipalities and regions. Depending on data availability, two approaches apply. First, for
Chongqing, Guangdong, Hubei, Shanghai and Shenzhen publicly available information from
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subnational energy balances is matched with expert assessments to estimate ETS coverage.
Second for Beijing and Tianjin ETS coverage is derived from publicly available information
on energy use of companies. Emissions subject to the respective emissions trading systems
are assessed separately for electricity and heat generation, individual industries as well as
services. All indirect emissions from electricity that are subject to the ETS are counted
towards the electricity sector. Similarly, indirect emissions from heat that are subject to the
ETS are counted towards the industrial sector, which includes emissions from heat generation
as described in Section A.3.1.

In the fourth major step the emissions subject to an ETS in the seven municipalities and
regions are aggregated at the national level to represent China’s covered emission in the six
sectors outlined in Section A.1.3.

The general estimation methodology is applied as detailed in Sections A.2 and A.3. In
addition, the following specific adjustments and assumptions are made:

* Industrial process emissions from lime and cement production are excluded from
the estimation of the emissions trading systems in Beijing, Chongqing, Guangdong,
Shanghai and Shenzhen using a uniform process emission factor (0.57 tonnes
CO, per tonne of cement) from the public literature. Cement and lime production
account for 87% of China’s total industrial process emissions in 2005 (UNFCCC,
2015).

*  Auto-generation of electricity in China mainly occurs in the aluminium sector (Li,
2015). Because the vast majority of Chinese aluminium is produced outside the area
of the seven pilot systems, no adjustment for auto-electricity is made.

* To calculate indirect CO, emissions from electricity, an average value for the
national carbon intensity of electricity production is used. This implicitly assumes
that electricity consumed in different sectors and regions is produced based on the
same energy mix.

* In Shanghai, emissions from air transport subject to the ETS are currently allocated
to the commercial and residential sector.

* In Shenzhen, 197 public buildings are covered by the Shenzhen ETS, but no
information is available to estimate the total sector coverage.

e Prices:

Beijing’s average price in 2014 amounts to CNY 52.64 (EUR 6.37) per tonne CO,,
when adjusted to the price level of 2012.

Chonggqing’s average price in 2014 amounts to CNY 29.38 (EUR 3.56) per tonne
CO,, when adjusted to the price level of 2012.

Guangdong’s average price in 2014 amounts to CNY 59.43 (EUR 7.20) per tonne
CO, when adjusted to the price level of 2012.

Hubei’s average price in 2014 amounts to CNY 22.68 (EUR 2.75) per tonne CO,,
when adjusted to the price level of 2012.

Shanghai’s average price in 2014 amounts to CNY 34.64 (EUR 4.19) per tonne CO,,
when adjusted to the price level of 2012.

Shenzhen’s average price in 2014 amounts to CNY 70.34 (EUR 8.52) per tonne
CO,, when adjusted to the price level of 2012.
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Tianjin’s average price in 2014 amounts to CNY 29.57 (EUR 3.58) per tonne CO,
when adjusted to the price level of 2012.

* To determine the price signal sent by ETS in China an average price from all pilot
systems has been calculated for each sector, weighted by the proportion of covered
emissions from each system in that sector. Price information is based on market
prices from the emission exchanges in the period January to August 2014 and
adjusted for inflation (Federal Reserve, 2015).

Expressed in 2012 prices, the weighted effective average price in China amounts
to CNY 38.66 (EUR 4.68) in the industry sector, CNY 37.68 (i.e. EUR 4.56) in the
commercial and residential sector, CNY 45.08 (i.e. EUR 5.46) in the electricity
sector.!

B.3.3. EU

Data on verified emissions from more than 11 000 installations and their corresponding
economic activity classification is from the European Commission (2014a, 2014b). In
addition, the following specific assumptions are made:

» The Statistical Classification of Economic Activities in the European Community
(NACE) classifies economic activities into 615 economic classes. Where available,
NACE codes are used to match emissions from installations to effective carbon
rate (ECR) sectors.? If no NACE code is available installations are matched to
ECR sectors codes using a compulsory activity code, that derives from the list of
activities included in the EU ETS shown in Table B.1. For electricity generation and
heat generation installations, there is only one common activity code. To distinguish
between emissions from electricity and heat generation from installations with no
NACE code but a common activity code two steps are undertaken. First, a ratio of
emissions from electricity generation installations to heat generation installations is
built based on information from installations for which a NACE code is available.
Second emissions from electricity and heat generation from installations with
no NACE code but a common activity code, are attributed to electricity and heat
generation according to the ratio calculated in the first step.

» The electricity sector is covered close to 100% in most countries, given that
even small fossil fuel power plants (>= 20 MW capacity) have to take part in the
ETS. For some countries coverage was initially estimated to exceed 100% in the
electricity sector. This is a consequence of initially allocating all emissions from
electricity generation under the ETS to the electricity sector, even though some
of these emissions result from auto-electricity generation in the industry sector.
NACE and activity codes only specify the main activity of an installation. A
power plant owned by an industrial company that produces electricity for its own
production, but at the same time also for the grid maybe coded simply as a power
plant. All its emissions would then be coded as emissions from the electricity
sector, even though some are from auto-electricity generation in the industry sector.
Knowing that the coverage of the electricity sector cannot be above 100% and that
the rules on inclusion of power plants onto the ETS imply close to 100% coverage
of the electricity sector any emissions in excess of 100% coverage of the electricity
sector are called overflow emissions and separated from the electricity sector.
These overflow emissions are then allocated to the industry sector, given that they
result from auto-generation of electricity in the industry sector.
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*  With respect to aviation, commercial flights within the EEA area are covered
by the EU ETS as described above. The Taxing Energy Use database only takes
emission from domestic flights into account. For that reasons it is assumed that all
regularly scheduled domestic flights are covered by the EU ETS, which are 97%
of all flights within the EEA according to a study for the European Aviation Safety
Agency (EASA 2009).

* The average allowance price of all auctions in 2012 was EUR 7.24 per ton of CO,
(European Energy Exchange, 2015)

B.3.4. Japan

B.3.4.1. Tokyo

Emissions by sector from are from the Tokyo Metropolitan Government (TMG, 2012c).
In addition, the following system-specific assumptions are made:

» The share of indirect emissions from electricity use, i.e. emission from electricity
bought from an electricity provider, in total emissions is calculated for each sector
using Tokyo’s greenhouse gas inventory (TMG, 2015). Thereby it is assumed that
the share of indirect emissions from electricity use in total emissions is the same
for covered and non-covered facilities in a given sector.

» 2012 emissions under the cap are currently not available by economic subsector.
For this reason subsector data from the latest year available, i.e. 2010, are scaled
to 2012 by the difference of aggregate emissions under the cap from 2010 to 2012.
TMG confirmed by email that emission reductions between 2010 and 2012 are
fairly similar for the industrial and the commercial sector.

* The detailed subsector data for 2010 has only been published as preliminary
data. Meanwhile official data show higher aggregate emissions for 2010 than the
preliminary data does. The preliminary by subsector data is therefore scaled to
match the official aggregate data for 2010.

* In 2012 the TMG assessed the average price of an excess reduction credit to be
between JPN 9 300 and JPN 9 600. One excess reduction credit allows emitting
one tonne CO, (TMG, 2012b). For the calculation of effective carbon rates a central
estimate of JPN 9 450 per tonne CO, was assumed.

B.3.4.2. Saitama

Emissions by sector from are from the Saitama Prefectural Government (SPG, 2014a).
In addition, the following system-specific assumptions are made:

» The share of indirect emissions from electricity use, i.e. emission from electricity
bought from an electricity provider, in total emissions is calculated for each sector
using Saitama’s greenhouse gas inventory (SPG, 2014b). Thereby it is assumed that
the share of indirect emissions from electricity use in total emissions is the same
for covered and non-covered facilities for a given sector.

* So far no price information for Saitama ETS credits is available. Given that the
Saitama ETS is linked with the Tokyo ETS via SME-credits it is assumed that the
credit price from Tokyo also applies to Saitama. In 2012 the TMG assessed the
average price of an excess reduction credit to be between JPN 9 300 and JPN 9 600.
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One excess reduction credit allows emitting one tonne CO, (TMG, 2012b). For the
calculation of effective carbon rates a central estimate of JPN 9 450 per tonne CO,
was assumed.

B.3.5. Korea

Due to the recent introduction of the system, data of verified emissions by facility or
company are not yet available. The 2015 allocation of emission permits to industrial sectors
published by the Korean Ministry of Environment (2014) has instead been used to proxy for
emissions by company sector, as described in Section A.2. Choosing allocated emissions
by sector has two important implications for the Korean ECR estimate.

First, the absence of trade on the Korean emissions market could indicate that
allocated permits will exceed verified emissions. Constructing shares of ETS coverage
using allocated permits will thus likely overestimate ETS coverage, since the ETS permits
allocated might be higher than verified emissions.

Second, as described in Section A.2, shares of ETS coverage are estimated using
2012 energy use data from the /EA Extended World Energy Balances. Constructing a
share of the 2015 allocation of emissions over the 2012 emissions from energy use would
necessarily result in an overestimate of ETS coverage, since the comparison does not
account for emissions growth between 2012 and 2015. Consequently, the final allocation
of emissions in 2015 to sectors was adjusted for emissions growth between 2012 and 2015.

Data on Korean emissions for the years between 2012 and 2015 could not be identified.
Therefore, a simple average growth rate of the share of emissions between 2011 and 2012
(2.50%, yearly) was taken from the IEA Dataset of CO, Emissions from Fuel Combustion
to scale back the 2015 allocation of emissions to sectors in 2012.

The data on allocation by industry sector is from the Korean Ministry of Environment
(2014). The Ministry defines industry sectors by NACE industry codes in the same
document, and sectors are matched to ECR sectors accordingly. In addition, the following
ETS-specific assumptions and adjustments are made:

* Industrial process emissions are retrieved from the UNFCCC as submitted by
the Korean authorities. As a non-Annex I country, Korea has different reporting
requirements under the UNFCCC, limiting the precision of the data for individual
industry sectors.

* A share of non-GHG emissions is calculated from UNFCCC data for all ECR
sectors and deducted from the total permits allocated to sectors.

* It is assumed that biomass is covered by the scheme, but that its emissions factor
is equal to zero.

* ETS spot prices are retrieved from the Korean emissions exchange (Korean
Exchange KRX, 2015). The ETS price is calculated as the weighted average price
between 12 January (Ist trading day) and 1 July 2015, giving an average price of
KRW 10 177. Adjusted for inflation and using Taxing Energy Use exchange rates
for 2012, this yields EUR 6.65.

» The average permit price was KRW 10 177 per tonne of CO, in the first half of
2015 which translates into EUR 6.65 when adjusted to the price level of 2012 using
data from OECD (2010) and exchange rates from the TEU database.
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B.3.6. New Zealand

The coverage of the New Zealand ETS is estimated differently than for the other ETS.
Given that the New Zealand ETS is an upstream ETS, applying to fuels (whether imported
or produced) rather than to users, coverage is estimated by calculating which proportion of
each fuel type is subject to the ETS. The proportion of ETS coverage for emissions from
each fuel is assumed to apply uniformly to all users of that fuel. To calculate coverage at
the user level total covered emissions from fuels used by each user are then divided by the
total emissions for that user. Data on total covered emissions by user for the 2012 calendar
year are published by the New Zealand Emission Unit Register (2015). In addition, the
following assumptions are made:

»  CO, emissions from energy use occur primarily in the liquid fossil fuel and stationary
energy sector. Consequently, emissions from other sectors (e.g. industrial or
agricultural) have been excluded from the estimation.

* The data retrieved from the New Zealand Emission Unit register list emissions
from industrial processes separately from emissions from energy use, so they have
directly been excluded from the estimation.

» It is assumed that gas and liquid fuels for export are not covered by the ETS,
whereas coal for export is covered.

* Half of the average price of Emission Reduction Units (ERUs) from Joint
Implementation projects in 2012 is used, to reflect the fact that 79% of surrendered
permits in 2012 were ERUs (New Zealand Ministry for the Environment, 2012).
The rate is halved because one permit is surrendered for every two tonnes of CO,
emissions.

» The average permit price has been calculated as half the average ERU price for
2012: EUR 1.33 per tonne CO,, or NZD 2.18 per tonne CO,.

B.3.7. Switzerland

A list of ETS installations, as well as surrendered emissions by installation and year can
be retrieved from the website of the Swiss Emissions Trading Registry (2015). A match of
installations to sectors has been provided by the Swiss Federal Office for the Environment
(Swiss Federal Office for the Environment 2015b). Where ambiguous, the match is refined
for individual installations by looking at companies’ internet websites (this was the case
for 3 ETS installations). In addition, the following country-specific adjustments and
assumptions are made:

» Data on N,0 emissions are retrieved from the Swiss Pollutant registry (which lists
pollutants by installation), and subsequently deducted from verified ETS emissions.
Only one installation under the ETS declared N,O emissions in the Swiss Pollutant
registry.

*  Process emissions as declared by Switzerland to the UNFCCC are deducted from
the industry sectors with process emissions as indicated in the Swiss 2012 National
Inventory Report.

» The simple average of the two allowance auctions of 2014 is applied as the permit
price. This method is chosen since no transactions of emissions certificates have
yet taken place on the allowance trading platform.
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» Since data on the Swiss Emissions Trading Scheme was taken for 2013, while the
base data on emissions is taken for 2012 from the IEA Energy Balances, the resulting
estimates might overestimate the emissions coverage of the Swiss ETS.

* The average emission permit price in 2013 amounts to CHF 30.20 per tonne CO,.
This translates into EUR 24.97 per tonne CO, when adjusted to the price level of
2012 using data from OECD (2010) and exchange rates from the TEU database.

B.3.8. USA

To determine the price signal sent by emissions trading systems in the USA an average
auction price from RGGI and the California system was calculated for all sectors, weighted
by the proportion of emissions subject to each system in that sector.

The weighted average auction price in the USA, expressed in 2012 prices, amounts
to USD 12.35 (EUR 9.47) in the industry sector, USD 7.07 (EUR 5.42) in electricity and
USD 12.92 (EUR 9.91) in the other sectors.

B.3.8.1. RGGI

Data on verified emissions of facilities is obtained from RGGI reports on annual emissions
(RGGI, 2015b). In addition, the following system-specific adjustments and assumptions are
made:

* All emissions are attributed to the main industrial sector of the facility as specified
by the North American Industry Classification System (NAICS). The NAICS
codes for facilities is obtained from the Energy Information Agency (EIA, 2015).

* The average auction clearing price in 2012 was USD 1.93 per tonne CO, (RGGI,
2015a), i.e. EUR 1.48 using exchange rates from the TEU database.

B.3.8.2. California

To estimate emissions subject to the California Cap-and-Trade Program in 2013,
data from the Californian Air Resources Board (ARB) on the compliance obligations (in
greenhouse gas emissions) of each entity that is subject to the programme is used (California
EPA — ARB, 2014b). In addition, the following ETS-specific adjustments and assumptions
are made:

*  The compliance obligations of entities with more than one facility are split up into
compliance obligations by facility according to the share of each facility’s emissions
in the entity’s overall emissions. Emissions of each facility with an annual reporting
obligation under the Mandatory Reporting of Greenhouse Gas Emissions Regulation
can be found in California EPA — ARB (2014a). Note that all facilities subject to the
Cap-and-Trade Program also have an annual reporting obligation.

»  The matching of facilities to the six sectors discussed in the main body of the report
is based on the North American Industry Classification System (NAICS). NAICS
codes are reported for all facilities with an annual reporting obligation in California
EPA — ARB (2014a).

*  Non-CO, and industrial process emissions are excluded based on information
from the California Greenhouse Gas Emission Inventory (California EPA — ARB,
2015c).
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* As of 2015, fuel suppliers are included in California’s Cap-and-Trade Program,
which has a significant effect on the coverage of the road, and the offroad transport,
residential and commercial, and agriculture and fisheries sectors. The extension of
coverage to these sectors is included in the estimate.

To approximate the extension of coverage, California’s share in US total CO,
emissions from energy use in the year 2012 is calculated for each of the four sectors
and added to the estimates. Depending on data availabilities different datasets were
used with a preference given to US national CO, emission balances as reported in
EIA (2012).

This implies that the extension of coverage in 2015 is estimated using 2012 data,
which basically assumes a stable relationship over time between the size of CO,
emissions in the respective sectors in California and the US. It further assumes that
supply and demand could have resulted in the same permit price, had the coverage
been extended in 2012 already. Finally, the approximation assumes a cap-and-trade
coverage of 100% in these four sectors, an assumption confirmed by expert opinion
from ARB (California EPA — ARB, 2015d).

» The average auction price® in 2013 was USD 12.83 per tonne CO, (California EPA
— ARB, 2015), which translates into EUR 9.84 when adjusted to the price level of
2012 using data from OECD (2010) and exchange rates from the TEU database.

Notes
1. Exchange rates are from the OECD.Stat database (OECD, 2015).
2. Sector definitions used in this report and outlined in Section A.1.3 do not always match sector

categories applied by individual countries.

3. Additional climate policies implemented in California, such as fuel economy standards, renewable
portfolio standards, low-carbon fuel standards, are likely to increase allowance price volatility
because they steepen the supply curve of abatement (Borenstein et al., 2015).
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