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Foreword

The Australian Government commissioned this report to help it, and the Multi-Party
Climate Change Committee, assess the extent to which key economies are taking
action to address climate change. It provides a stocktake of the large number of
policy measures in the electricity generation and road transport sectors of the
countries studied. And it provides estimates of the burdens associated with these
policies in each country and the abatement achieved. While the results are based on
a robust methodology, data limitations have meant that some estimates could only
be indicative.

In conducting the study, the Commission consulted with government agencies
responsible for emissions-reduction policies in China, Germany, India, Japan,
New Zealand, South Korea, the United Kingdom and the United States, as well as
Australia. The Commission received information and data from a number of expert
bodies internationally, including the Institute of Energy Economics in Japan. The
Department of Foreign Affairs and Trade and its overseas embassies provided
invaluable assistance in facilitating contact with governments and organisations in
the study countries. The Commission also hired a number of firms in Australia and
internationally to assist with the acquisition of information on emissions-reduction
policies.

The timeframes and the nature of the exercise precluded the wide community
involvement typical of the Commission’s public inquiries. That said, the
Commission was able to obtain a range of input and feedback on both the
methodology and data through a workshop, exposure drafts sent to experts and
study countries, and various meetings with stakeholders during the course of the
study. The Commission is very grateful to all those who provided information and
analytical input.

The study was prepared by a research team from the Commission’s Melbourne
office, headed by Paul Belin. In overseeing the project, I was assisted by
Commissioner Warren Mundy.

Gary Banks AO
Chairman
May 2011
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Terms of reference

Study into Emissions Reduction Policies in Key Economies
Productivity Commission Act 1998

I, Bill Shorten, pursuant to Parts 2 and 4 of the Productivity Commission Act 1998
hereby request the Productivity Commission to undertake a research study on
effective carbon prices that result from emissions and energy reduction policies in
place or committed in Australia and other key economies.

This work is intended to provide accurate and timely information on the extent of
climate action in key economies and sectors.

Context

Reducing greenhouse gas emissions to mitigate the worst effects of climate change
1s a global challenge. Various mitigation policies are available, though not all
impose explicit carbon prices on businesses and households. While some policies
such as carbon taxes or emissions trading schemes will involve explicit carbon
prices others, such as direct regulation of technologies, renewable energy targets, or
subsidies for low emissions technology, impose less transparent carbon prices.

Given this, comparing the impact of different policies on a given sector across
economies can be difficult as their scope can vary considerably and their impacts
are not always clear. In this context it is important to develop a methodology for
aggregating sectoral impacts across policies, and for making comparisons across
key economies.

Against this background, the Commission is requested to provide advice on the
effective carbon prices that result from emissions reduction and other relevant
policies in key economies, where effective carbon prices include both explicit
carbon prices, such as taxes or emissions trading schemes, and implicit carbon
prices.

Scope of the Study
The Commission is requested to:

e cexamine and detail emissions reduction policies, either in place or committed
in Australia and in other key economies such as the UK, the USA, Germany,
New Zealand, China, India, Japan and South Korea
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e cstimate the effective carbon price per tonne of CO2-e faced by the
electricity generation sectors in these economies, and selected industries
drawn from manufacturing and transport sectors in these and other countries
where relevant and data permitting

e report on the methodology, assumptions and data sources used, so as to
inform further analysis in this area.

Key Considerations
In conducting the study and making recommendations the Commission would:

e consult with the business sector, government agencies and other interested
parties as appropriate in Australia and internationally

e draw on credible evidence both nationally and internationally, including by
utilising local research expertise in economies being examined.

The Commission is to report to the Government by the end of May 2011. The report
will be published.

Bill Shorten

Assistant Treasurer

[Received 15 November 2010]
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Key points

More than 1000 carbon policy measures were identified in the nine countries studied,
ranging from (limited) emissions trading schemes to policies that support particular
types of abatement technology.

— As policies have been particularly targeted at electricity generation and road
transport emissions, the Commission analysed major measures in these sectors.

While these disparate measures cannot be expressed as an equivalent single price
on greenhouse gas emissions, all policies impose costs that someone must pay. The
Commission has interpreted ‘effective’ carbon prices broadly to mean the cost of
reducing greenhouse gas emissions — the ‘price’ of abatement achieved by
particular policies.

The Commission’s estimates essentially provide a snapshot of the current cost and
cost effectiveness of major carbon policies.

— The subsidy equivalent, abatement achieved and implicit abatement subsidy have
been calculated for policies and aggregated by sector in each country.

As a proportion of GDP, Germany was found to have allocated more resources than
other countries to abatement policies in the electricity generation sector, followed by
the UK, with Australia, China and the US mid-range.

Estimates of abatement relative to counterfactual emissions in the electricity
generation sector followed a similar ordering, with Germany significantly ahead,
followed by the UK, then Australia, the US and China.

The estimated cost per unit of abatement achieved varied widely, both across
programs within each country and in aggregate across countries.

- Emissions trading schemes were found to be relatively cost effective, while
policies encouraging small-scale renewable generation and biofuels have
generated little abatement for substantially higher cost.

The relative cost effectiveness of price-based approaches is illustrated for Australia
by stylised modelling that suggests that the abatement from existing policies for
electricity could have been achieved at a fraction of the cost.

— However, the estimates cannot be used to determine the appropriate starting
price of a broadly-based carbon pricing scheme.

The estimated price effects of supply-side policies have generally been modest,
other than for electricity in Germany and the UK.

— Such price uplifts are of some relevance to assessing carbon leakage and
competitiveness impacts, but are very preliminary and substantially more
information would be required.
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Overview

The Australian Government asked the Productivity Commission to undertake a
research study into effective carbon prices that result from emissions-reduction
policies in Australia and other key economies (box 1). It is one of a suite of studies
that the Australian Government has commissioned to help it, and a Multi Party
Climate Change Committee it has formed, consider various issues concerning the
introduction of a carbon price in Australia.

By providing information about the extent of climate action in key economies and
sectors, it was anticipated that this study would shed some light on Australia’s
mitigation effort relative to other selected countries. In addition, by estimating
impacts of mitigation policies on particular sectors such as electricity generation, it
could assist in assessing potential impacts of Australia’s policy actions on the
international competitiveness of domestic emission-intensive trade-exposed
industries.

In addition to Australia, the countries covered by this study are: China, Germany,
India, Japan, New Zealand, South Korea, the United Kingdom and the United
States. These countries are taking action to address climate change in various ways.
Some have introduced emissions trading schemes (ETSs), and all have in place a
range of more limited, less direct measures, such as mandatory renewable energy
targets, feed-in tariffs, energy-efficiency measures and capital subsidies for
constructing or installing sources of renewable energy.

All of these measures either encourage abatement or discourage emissions of
greenhouse gases. They essentially alter relative prices to favour production and
consumption of low-emissions products over high-emissions ones. While this might
suggest that they can be expressed in terms of either explicit or implicit carbon
prices, there is no carbon price equivalent that can capture the nature, amount and
costs of abatement, nor the product price impacts, resulting from schemes that
promote particular forms of abatement.

What all schemes do have in common is that they involve a cost (which someone
must pay). These costs can be expressed in subsidy equivalent or resource cost
terms, and can loosely be thought of as the ‘price’ of abatement achieved by
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particular policies. They have accordingly been the focus of the Commission’s
analysis.

Box 1 What the Commission has been asked to do
The terms of reference require the Commission to:

« examine and detail key emissions-reduction policies either in place or ‘committed’ in
Australia and other key economies

« estimate the ‘effective carbon price’ per tonne of carbon dioxide equivalent (carbon)
emissions faced by the electricity generation sectors in these economies, and
selected industries drawn from manufacturing and transport sectors in these and
other countries, where relevant and data permitting

« report on the methodology, assumptions and data sources used, so as to inform
further analysis in this area.

What are the study countries doing?

The first part of the task was to compile a comprehensive list of measures adopted
or proposed in each country. These country ‘stocktakes’ were not confined to
policies in particular sectors, although in practice the bulk of them target emissions
from the electricity generation and transport sectors.

Applying a broad interpretation of emissions-reduction policies (table 1), the
Commission identified over 1000 measures in total, with more than 300 in the
United States (federal and state), around 230 in Australia and 100 in the United
Kingdom. While sheer numbers of policies say nothing in themselves about the
materiality or effectiveness of the aggregate response made by governments, they
indicate how complex the policy environment can be and, particularly in federal
systems, the potential for overlapping policies with high administration and
compliance costs.

While most policies focus to varying degrees on emissions from electricity
generation and transport sectors, other sectors are commonly targeted as well. For
example, most countries were found to have policies encouraging reafforestation or
curbing deforestation.
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Table 1

A taxonomy of existing emissions-reduction policies

Explicit carbon prices
Emissions trading scheme — cap-and-trade
Emissions trading scheme — baseline and
credit
Emissions trading scheme — voluntary
Carbon tax

Subsidies and (other) taxes
Capital subsidy
Feed-in tariff
Tax rebate or credit
Tax exemption
Preferential, low-interest or guaranteed loan
Other subsidy or grant
Fuel or resource tax
Other tax

Regulatory instruments
Renewable energy target
Renewable energy certificate scheme
Electricity supply or pricing regulation
Technology standard
Fuel content mandate
Energy efficiency regulation
Mandatory assessment, audit or investment
Synthetic greenhouse gas regulation
Urban or transport planning regulation
Other regulation

Support for research and development (R&D)
R&D — general and demonstration
R&D — deployment and diffusion

Direct government expenditure
Government procurement — general
Government procurement — carbon offsets
Government investment — infrastructure
Government investment — environment

Other
Information provision or benchmarking
Labelling scheme
Advertising or educational scheme
Broad target or intergovernmental framework
Voluntary agreement

Several countries have introduced or have committed to emissions trading

schemes

Among the study countries, the United Kingdom and Germany are part of the
European Union’s cap-and-trade ETS — which commenced in 2005 — and New
Zealand introduced its own scheme in 2008.

. The EU scheme covers power stations, combustion plants, oil refineries and iron
and steel works (but not road transport fuels). It will extend to the aviation sector
in 2012 and petrochemicals, ammonia and aluminium in 2013. In May 2011, the
spot price for permits was around €16-17 (A$22-23).

. The NZ scheme covers electricity generation, industry, liquid fossil fuels and
forestry, and is expected to expand coverage to agriculture by 2015. Currently,

emissions are uncapped.

Japan and South Korea have announced that they will introduce ETSs (although in
both cases implementation has been delayed). China is considering trialling a pilot
ETS in some provinces as part of its 12th Five Year Plan. The Australian
Government has recently announced its intention to introduce an ETS that will
commence with fixed price permits moving to a floating price in three to five years.
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There are also sub-national ETSs in place or proposed. The Regional Greenhouse
Gas Initiative covers electricity in 10 states in the north east of the United States
(but the cap is not currently binding). The Western Climate Initiative was intended
to cover seven US states and four Canadian provinces. It aims to reduce emissions
to 15 per cent below 2005 levels by 2020. But, it appears that only California
among the US states is committed to implementing an emissions trading scheme by
2012. Another example is the New South Wales Greenhouse Gas Reduction
Scheme, which is a baseline and credit scheme applying to its electricity sector.

There is a myriad of policy measures in the electricity generation sector

The most widely applied emissions-reduction policies are mandatory renewable
energy targets (most with tradeable permits), feed-in tariffs, and capital subsidies
(often in conjunction with feed-in tariffs).

. Mandatory renewable energy targets apply at the national level in Australia,
Germany and the United Kingdom (under an EU mandate), Japan, and South
Korea (committed for 2012). China has an *‘aspirational’ target only. Although
the United States does not have a national level mandatory renewable energy
target, over 41 states have renewable targets of one form or another, most
mandatory.

. Feed-in tariffs apply at a national level in Japan, the United Kingdom, South
Korea and Germany, and at a state level in Australia. China and India operate
national and state/province-based schemes. Feed-in tariffs also exist in some US
states, where they operate mainly as commercial arrangements between utilities
and small-scale generators that the utilities use to meet their renewable energy
targets. New Zealand does not currently use feed-in tariffs.

. Capital subsidies are common and provided for widely varying purposes, from
assisting in the provision of large-scale generation capacity, to helping
individual households and small businesses install small-scale generation.

Other policies being used to a lesser extent included fossil fuel taxes (Japan and
India), differentiated electricity taxes (United Kingdom), and preferential loans for
investment in renewable generation.

Fuel policies are widely used to reduce road transport emissions

Countries seek to reduce emissions in the road transport sector primarily through
fuel taxes, production subsidies for biofuels, vehicle fuel efficiency standards and/or
labelling, fuel mandates, and differentiated vehicle taxes and subsidies.
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Study countries also employ a range of other transport policies (such as urban
planning and transport infrastructure funding) that may less directly effect
emissions reductions. For example, transport infrastructure policies, such as those
that encourage modal shifts in activity from road to rail, are sometimes publicly
justified in part by their potential for reducing emissions. Similarly, road congestion
pricing, which is largely an instrument for containing traffic flow and reducing
travel times, might also yield local environmental benefits as well as possible
reductions in carbon emissions.

The Commission’s analytical approach

The threshold conceptual task for this study has been to develop a consistent
measurement approach for comparing many different policy interventions — in
essence, finding a way of comparing apples and oranges. Understanding how the
various policies work was the essential first step.

Despite the variety of specific policy instruments, all emissions-reduction policies
can be classified as those that either:

« penalise consumption of high-emissions products

. encourage production of low-emissions ones (box 2 shows diagrammatically
how such schemes work).

But whichever side of the market particular policies target, they will have
implications for the other side. Policies that effectively tax one commodity
implicitly subsidise others. And effective subsidisation of a commodity implicitly
taxes others.

A carbon pricing mechanism, for example, raises the price of products generating
carbon emissions (thus reducing demand for those products) while, at the same
time, effectively subsidising production of low-emissions substitutes, by increasing
the price that can be charged in the market. A carbon pricing mechanism will
therefore give rise to a wide range of responses generating abatement, based on
consumer and producer assessments of the relative costs and benefits to them. It is
this market-based objective assessment of the costs and benefits of abatement
options that underpins why direct pricing mechanisms generally will deliver any
given amount of abatement at least cost.
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Box 2 How subsidies and renewable energy targets work

Price
($/MWh) D

Pr
Subsidy
Equivalent :
_ Consumption
= AtBHC cost

p ________________________________

PeL ! . SaL

N\
q g 9g: Output (MWh)

This figure is a stylised representation of an electricity generation market, with
emissions-intensive, baseload electricity being provided at a constant unit cost equal to
price pgL, pre-intervention. Total consumption is ;. Introducing a mandatory
renewable energy target will induce abatement on the supply and demand sides, but at
a cost.

On the supply side it is assumed above that the mandatory renewable energy target
will induce supply from a mix of generators using zero-emissions technologies
including, for example, wind and solar. As some of these facilities will be more costly
than others, the supply curve is shown as the upward sloping line Sg. If the renewables
target is set at quantity qr, the price required by marginal generators will be pg.

« The implicit subsidy paid per megawatt hour (MWh) to renewables producers is
Pr — PeL, and the subsidy equivalent is equal to the shaded area A+B+C.
Abatement would be equal to the difference in emissions intensities of the baseload
generator and the renewables generators (the latter being zero in this case),
multiplied by the amount of renewable electricity qr.

o Part of the subsidy equivalent, area A, is ‘producer surplus’ to renewables
generators — the size of this depends on the excess of the price received over their
costs of production. The remainder (areas B+C), is the additional resource cost of
supplying ggr (that is, additional to the cost of the baseload generation being
replaced).

On the demand side there will also be some abatement and cost to consumers, if the
cost to electricity retailers (which is equal to the subsidy equivalent) is passed through
in prices. As depicted, the electricity price rises from pg_ to p inducing a reduction in
consumption of (fossil fuel sourced) electricity equal to q; — g, and some additional
abatement. It also means that there is a cost equal to the shaded triangle labelled
consumption cost. This measures the net consumer valuation of the forgone
consumption.
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Many other emissions-reduction policies instead directly support use of low or
zero-emissions technologies or production of ‘cleaner’ products. Sometimes this is
done through explicit budgetary subsidies. More common mechanisms are
mandated targets or regulation. In these cases, the transfers to producers of certain
products or technologies are less transparent. Whether the subsidies are explicit or
implicit, the effect in terms of increasing payments to induce additional production
from targeted producers is the same (the subsidy equivalent is illustrated by the
shaded rectangle in box 2).

Where schemes differ is in relation to who ends up paying for them — taxpayers
who pay for explicit budget subsidies, or households and firms who pay the
increased product costs due to regulations and mandates. Where users pay, the
policies will also generate some ‘demand-side’ abatement and impose a
consumption cost.

A carbon price cannot mimic all the effects of a subsidy scheme

While both carbon pricing mechanisms and more targeted abatement policies work
by changing relative prices, they change different relative prices. Finding a
price-based metric for comparing diverse emissions-reduction policies across
countries is elusive. While all such policies can in principle be captured in terms of
a subsidy that would have equivalent effects, they cannot be similarly summarised
as a price or tax rate. In other words, there can be no carbon tax that could achieve
the same abatement, with the same cost and consumer price effects, as measures
that do not directly price or tax carbon.

That a carbon price cannot mimic a policy that just subsidises a particular form of
abatement is shown in the four examples relating to renewable energy policies set
out in box 3. In effect, there are several different carbon price ‘equivalents’, with
each replicating a different aspect of a subsidy scheme. These measures yield useful
insights (particularly the carbon price that will deliver the same abatement at lowest
cost). But they are also sometimes represented as comparable effective carbon
prices, which they are not.
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Box 3 The elusive ‘implicit’ carbon price

There are a number of different carbon prices that could capture a particular aspect of
the impacts of a subsidy scheme, but none can replicate all aspects.

« First, there will be a carbon price/tax (equal to the subsidy rate) that could induce
the same amount of renewable energy as a renewables subsidy, but it would likely
generate greater abatement overall.

« Second, there will be a carbon price/tax that would generate the same resource
costs as the subsidy scheme, but this would generate a different type and level of
abatement (depending on the coverage of the carbon price mechanism).

e Third, there will be a carbon price/tax that would deliver the same total amount of
abatement as the renewables subsidy, but from the lowest-cost sources.

o Fourth, there will be a carbon price/tax that would deliver the same average
increase in electricity prices as a renewables subsidy (assuming that the subsidy is
paid for by electricity consumers rather than by taxpayers). But this carbon price
would be too low to support the renewable production brought forth by the subsidy.

What the Commission has estimated

While there is no one carbon price ‘equivalent’ that would comprehensively capture
what the set of policies in the study countries are actually achieving, or at what cost,
all policies (carbon pricing mechanisms and explicit or implicit subsidy schemes)
impose costs that ultimately someone must pay. These costs of abatement can be
compared. Accordingly, the Commission has measured:

what each country is effectively spending on abatement programs; that is, the
subsidy ‘equivalent’ of policies. These subsidy equivalents also provide an
(upper) indication of the resource costs of the policy (which are much harder to
estimate directly)

the amount of abatement being achieved

the average implicit abatement subsidy (that is, the subsidy per unit of
abatement).

The Commission has also measured the costs of any abatement from higher
consumer prices resulting from the suite of policies analysed in each country.
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Which policies?

The Commission analysed policies applying to road transport in addition to
electricity generation. Like electricity generation, road transport is an important
upstream input for most if not all industries and it has direct impacts on consumers.
It also attracts a number of specific emissions-reduction policy measures.

Emissions associated with electricity generation and transport account for around
half of Australia’s emissions. While manufacturing industries were not specifically
covered, they are substantial users of emissions-intensive products — particularly
electricity but also road transport. Hence, the study effectively covers a significant
proportion of abatement policies relevant to manufacturing. This is particularly so
for emissions-intensive trade-exposed industries that have a high reliance on
electricity, such as aluminium production. Moreover, there appear to be relatively
few emissions-reduction policies specific to manufacturing industries in the
countries studied.

Policy choice was also influenced by the requirement to examine ‘committed’
policies, interpreted as those having tangible evidence of being implemented — for
example, in the process of being enacted. In practice, it proved difficult to quantify
many committed policies because of a lack of detail about their eventual operation
and coverage.

Policy measures were screened against several criteria, including that they penalise
emissions or give an incentive to abatement, and that they do so in a reasonably
direct way. A materiality test was also imposed, though as information began to
accumulate some policies initially considered material turned out to be otherwise,
and vice versa.

While policies that had the effect, if not the explicit intent, of reducing emissions
were not necessarily excluded, for inclusion, policies needed to impose additional
costs. This effectively excluded ‘no regrets’ measures; that is, policies that would
have been undertaken regardless of their impact on greenhouse gas emissions to
achieve domestic objectives (such as revenue raising or reducing local pollution). In
such cases, the marginal costs of any associated ‘by-product’ abatement can be
negligible. Inevitably though, some policies fell into a grey area, such as China’s
‘Large Substitute for Small’ (LSS) generator modernisation program, which is
discussed further below. For policies with multiple objectives, in most cases it was
not possible to decompose abatement estimates (or for that matter costs), and
sensitivity analysis has been used to capture the range of possible outcomes.
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Based on these criteria, policies such as explicit carbon prices, taxes on fossil fuels
and electricity production or consumption, feed-in tariffs for renewable energy
production and renewable energy mandates (with or without certificates/credits),
capital subsidies for investment in renewables, and biofuel content standards for
transport fuels were generally included. Although the selected policies typically
represent only a small proportion of the total policies that exist in each country, the
Commission is reasonably confident that it has captured those that have induced the
bulk of each country’s abatement in these sectors.

That said, some significant classes of policy, including energy efficiency programs,
research and development support, and transport infrastructure expenditures, were
excluded, for largely pragmatic measurement reasons outlined in box 4.

Box 4 Why were some key policies excluded?

Research and development policies were excluded because it was considered that the
connection between the policy and the eventual emissions reduction that might be
achieved (and cost incurred for that matter) was prospective and therefore too
uncertain. Given the Government’s apparent interest in assessing comparable effort,
the Commission has primarily focused on what policies are in place and having effect
already.

Energy and fuel efficiency policies are widely employed by most study countries, and
generally regarded at least in part as emissions-reduction measures. But measuring
their impacts is complex and uncertain. Some claim that these policies are privately
cost effective (that is, they make consumers better off) and thus lead to abatement at a
negative cost (benefit). Others claim it is more likely that such policies override
consumer preferences leaving them worse off. Depending on the assumptions made,
the costs of such policies could therefore be negative or positive. Measuring
abatement of such policies is also fraught. Net abatement will depend not only on the
efficiency of appliances and vehicles but also on their use. For instance, studies
suggest that when people upgrade to more energy-efficient appliances and vehicles
they tend to use them more — a so called ‘rebound effect’.

Equally problematic are policies such as public transport and rail freight infrastructure
expenditure, which also can have extremely complex links to emissions reductions. Net
emissions impacts will depend on the degree of modal switching, the effect on total
trips and the relative emissions intensity of different transport modes.
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Measuring abatement induced by the policy measures

In seeking to measure the abatement achieved under the various policies, it is
necessary to know the counterfactual — that is, all else given, what would the level
of emissions have been without the policy?

In the case of electricity generation, for example, the ‘marginal generator’ can vary
depending on market circumstances, and this can have a substantial impact on the
amount of abatement that can be attributed to an abatement policy. For example, if
subsidised renewable electricity sourced from wind or solar displaces gas-fired
electricity, the abatement achieved will be far less than if coal-fired electricity
generation were displaced. Operators will naturally choose to displace higher-cost
energy sources before cheaper ones (such as coal) irrespective of the relative
emissions intensity of the sources.

Apportioning abatement to particular policies or programs proved difficult where
there was overlap between them. For example, in the United States, large-scale
renewables are eligible for substantial Federal Government subsidies, but most
states also have mandatory renewable energy targets, meaning that the same project
can benefit from both programs. Care has been taken to ensure that any induced
abatement is only counted once, irrespective of how many policy measures the one
project may be eligible for.

Adding it all up

As far as possible, for each policy measure, a subsidy equivalent (as a proxy
measure of total costs) and an implicit abatement subsidy per tonne of carbon
abated (as a proxy for average costs), are reported. However, as noted, in some
cases it has not been possible to isolate the abatement effects of particular measures.

The Commission also aggregated the subsidy equivalent measures to produce an
estimate of the total and average abatement subsidy for the electricity generation
and biofuel sectors in each country.

These measures facilitate comparison not only of the costs associated with each
country’s policy mix, but also of the cost effectiveness of different measures within
and across countries in each sector. They are useful indicators of the extent to which
different governments are prepared to devote community resources to encouraging
abatement — either directly through explicit financial subsidies paid by taxpayers,
or indirectly through higher prices paid by consumers.
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The Commission has also provided rough estimates of the increases in product
prices potentially attributable to the various supply and demand-side interventions
in each sector for each country. Where supply-side measures are directly paid for by
consumers, the subsidy equivalents for all measures were added together before
estimating the increase in product price. In the United Kingdom, Germany and New
Zealand this total includes the revenue raised from the electricity sector through the
respective ETS schemes operating in those countries. The impact on the prices of
electricity and transport fuels is of policy interest in itself, given the link to
competitiveness of end users.

Key results

The following sections present the estimates for electricity generation and road
transport (biofuels and fuel taxes) from the supply-side and demand-side
perspectives. For the supply-side analyses, it should be kept in mind that the subsidy
equivalent figures will tend to overestimate resource costs — potentially by a factor
as high as two — but on the reasonable presumption that that they do so
consistently for all countries and all low-emissions technologies, the comparative
picture is not affected. (It should be noted that the Indian Government ultimately
chose not to participate in this study, so that no estimates could be made for that
country.)

Most estimates are based on 2010 data, but in some cases 2009 or 2008 data were
the latest available. In essence, the estimates provide a recent ‘snapshot’ of the
impacts of policies in that year (that is, relative to the counterfactual of not having
the policy). As this policy space is highly dynamic, a different picture could emerge
in a relatively short period. For example, many policies seek to influence
investments, with ramifications for abatement in years to come.

Electricity generation

Supply-side measures

The key estimates for the electricity generation sector are summarised in table 2.
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Table 2

Results in A$ 2010

International comparisons, electricity generation sector

Country Total subsidy Total subsidy Total Abatementas a  Total electricity Average Implicit Electricity price
equivalent equivalentasa  abatement percentage of sector abatement uplift
percentage of counterfactual emissions subsidy
GDP electricity sector
emissions
A$m % Mt CO, % Mt CO, AS$/t CO, %
Australia 473-694 0.04-0.05 7.0-10.7 3.5-5.2 196 44-99 1-2
China 1835-2 309 0.03-0.04 40.7-52.1 1.2-1.5 3370 35-57 1
China including 1835-2 309 0.03-0.04 159.2-225.6 4.5-6.3 3370 8-15
abatement from LSS
us 2 886-3 339 0.02-0.02 66.5-66.7 2.8-2.9 2270 43-50 -
UK 2 042-2 433 0.08-0.10 12.3-27.4 7.5-15.4 151 75-198 17
EU ETS coal/gas 115-403 0.00-0.02 4.0-14.1 2.6-8.5 151 29
switch
UK excluding all ETS 1648-1752 0.07-0.07 8.2-13.3 5.2-8.1 151 124-213
effects
Germany 10 019-11 769 0.28-0.33 67.1-73.1 18.3-19.6 299 137-175 12-14
EU ETS coal/gas 15-80 0.00 0.7-3.9 0.2-1.3 299 20
switch
Germany excluding all 9 868-11 553 0.28-0.32 66.4-69.1 18.2-18.8 299 143-174
ETS effects
Japan 669-940 0.01-0.02 3.3-4.3 0.8-1.1 396 156-287 1
South Korea 313-379 0.03-0.03 0.9-14 0.5-0.7 191 225-401 -
New Zealand 8-10 1-2
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While there will likely be a focus on the implicit abatement subsidy estimates, these
are not carbon price equivalents of the policies in place (and, for the reasons
outlined earlier, nor can they be converted into price equivalents). Furthermore, a
high or low implicit abatement subsidy in isolation cannot be interpreted as good or
bad — it must be considered in conjunction with both the amount of abatement
achieved and the cost of achieving it.

. Australia’s electricity generation sector’s average implicit abatement subsidy
was comparable to estimates for China (excluding China’s ‘Large Substitute for
Small’ program) and the United States (using the lower bound estimates the
numbers are A$44, A$35 and A$43/t CO, respectively) (figure 1)

. Australia’s abatement as a proportion of total electricity sector emissions
(presumed to occur in the absence of these measures) was estimated to be higher
than for China (depending on policy coverage), Japan and South Korea, broadly
comparable with the United States, and lower than the United Kingdom and
Germany.

Figure 1 Implicit abatement subsidies vary widely for electricity
generation
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Although the United Kingdom and Germany achieved more abatement than
Australia (in absolute terms and relative to electricity sector emissions), they did
so at a substantially higher cost, both absolutely and relatively. For example,
using the lower bound estimates, Germany achieved around 67 Mt of abatement,
with a total subsidy equivalent of approximately A$10 billion and an implicit
abatement subsidy of A$137/t CO,. The comparable figures for Australia are
7 Mt of abatement, a total subsidy equivalent of A$473 million and an implicit
abatement subsidy of A$44/t CO,.

That high implicit abatement subsidies are not necessarily a guide to
effectiveness is clearly illustrated by South Korea and Japan. These countries
have the highest unit subsidies, but their abatement has been very modest — as a
proportion of electricity sector emissions, the lowest of the study countries.

The results for the United States are probably underestimated. They are based
predominantly on two key federal programs (Renewable Electricity Production
Tax Credits and the Treasury Grants) and state renewable energy mandates.
There are many other programs in operation (particularly in individual states),
and it was not possible to quantify the impact of all of them in the time available.
The United States has also announced an intention to regulate major emissions
sources directly under standards to be introduced under the Clean Air Act (US),
but the timing and effect is uncertain.

The co-existence of the European Union’s ETS with other national measures
appears to have had quite different effects on the results for the United Kingdom
and Germany.

— In the United Kingdom, the ETS appears to have led to some switching from
high-emissions coal to lower-emissions gas-fired electricity. This yielded
substantial abatement. If the effects of the European Union ETS are removed
from the United Kingdom estimate, aggregate abatement falls by as much as
a half, and the total subsidy equivalent by around 20 per cent. The net effect
IS to increase significantly the implicit abatement subsidy estimate for the
remaining policies.

— If the effects of the European Union ETS are excluded from Germany’s
results, both the aggregate abatement and the total subsidy equivalent fall
slightly. The net effect on the average implicit abatement subsidy is also
negligible. The reason is that Germany has had limited surplus gas-fired
generation capacity, and hence relatively little fuel switching. By contrast,
renewables constitute a relatively large share of Germany’s electricity
generation sector, and receive generous subsidies. In aggregate, the effects of
the ETS are swamped by the very high subsidies to renewables. Hence, in
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contrast to the United Kingdom, excluding the ETS from Germany’s results
has little effect on the estimates.

« The results for China depend very much on whether its ‘Large Substitute for
Small’ program of modernising its electricity generation plants is included in the
analysis. If it is, the implicit abatement subsidy under the low scenarios falls
from A$35/t CO, to A$8/t CO,. Under reasonable assumptions, the replacement
of old inefficient generators with new, larger and much more efficient generators
seems to be cost effective in its own right. This means that the cost impacts are
negligible or negative if the ‘Large Substitute for Small’ is classified as an
emissions-reduction policy (a ‘no regrets’ measure). In other words, including
this policy adds considerable abatement at no cost. But this could be regarded as
an incidental outcome of a policy that is seemingly justifiable on the grounds of
reducing generation costs (and most probably also promoting local
environmental objectives). In a more market-based economy, such cost-reducing
generation replacement would be expected to occur automatically and thus
would not have been considered an emissions-reduction policy.

Overall, key insights to emerge are that the European Union ETS has driven
relatively low-cost abatement, where it has induced switching from coal to gas-fired
electricity generation. Policies supporting renewable energy sources are more
expensive, reflecting the higher costs of large-scale renewables production and
particularly small-scale solar technology, which was found to be very expensive in
all countries examined (figure 2).

Demand-side analysis

Measuring consumption costs requires knowledge of how demand responds to
changes in price, and how much of the subsidy is actually passed through in product
prices. There is little empirical information as to how these factors will vary from
one country to another. In some countries, notably China, retail price regulation
limits the ability of electricity suppliers to pass on costs, so the consumption effects
may be negligible, at least in the shorter term. The Commission has accordingly had
to make some simplifying assumptions about demand responsiveness and cost
pass-through to provide indicative results in this area. Two alternative elasticities
were used to estimate the range within which demand responses seem most likely to
occur, based on empirical evidence of the responsiveness of demand to price
changes.
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Figure 2 Implicit abatement subsidies by technology and country
Electricity generation, 2009, 2010
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The estimated impact of emissions-reduction policies on electricity prices and thus
on consumption costs varies considerably across countries. For most countries, the
estimated impacts are small. This is partly because the renewable energy generation
induced by the policy measures is a small proportion of total electricity generation,
and/or the total subsidy equivalent estimate is not large. For example, for Australia,
the impacts on electricity prices in 2010 were estimated to be of the order of one to
two per cent, and the consumption cost is estimated to be in the range A$2-3/t CO,
abated. (Recent changes to the Renewable Energy Target are expected to lead to
larger increases.)

The key exceptions are Germany and the United Kingdom, where it is estimated
that existing emissions-reduction policies have raised -electricity prices by
12 and 17 per cent, and reduced emissions by 3 and 19 per cent, respectively. This
is due partly to the direct price impact of the European Union ETS on retail prices,
and partly to the large subsidy equivalents associated with other measures
promoting renewable energy paid for by consumers. As a result, the estimates of
consumption costs are commensurately much larger than in other countries, though
still less than the implicit abatement subsidies discussed above.

A general finding from these results is that if demand is responsive to price,
additional and relatively low-cost abatement can be achieved from electricity price
increases. (Indeed, the incentive provided for demand-side abatement is a major
reason for the relative cost effectiveness of carbon pricing mechanisms.)
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Road transport

Abatement costs were estimated for biofuel policies and fuel taxes — biofuels on
the supply side and fuel taxes on the demand side. Fuel taxes are levied for a variety
of reasons, but because they act reasonably directly on a key source of emissions
(fossil fuels used by vehicles) they can be considered a form of carbon tax. Multiple
objectives are also a feature of biofuel policies in many countries. Though typically
portrayed as an emissions-reduction measure, biofuel policies have also been used
for industry assistance reasons and regional development reasons. (In China, for a
time in the early 2000s, it was an opportune way of using stale grain stocks.)

Supply-side analysis of biofuels

Biofuels contribute to emissions reductions by replacing fossil fuels. Carbon
sequestered in the biofuel is released back into the atmosphere once combusted, but
there can be a net gain compared with using petrol and diesel. However, net
emissions reductions will depend on the emissions intensity of the production
processes used to grow the crop, manufacture the biofuel and deliver it to
consumers, as well as the choice of feedstock, as some are much more
emissions-intensive than others. This is why life-cycle analysis is needed to
properly compare the net emissions from biofuels relative to the fossil fuel
alternative. In some cases, the estimated gains are very small and possibly negative.

Analysing the key policies for each country indicates that Australia’s implicit
abatement subsidy for biofuels was similar to the United Kingdom, Germany and
New Zealand but substantially less than was estimated for the United States.
However, costs and abatement varied widely across these countries (table 3).

« The United Kingdom, Germany and the United States — all with fuel content
mandates — had high total subsidy equivalents and abatement.

— Germany stands out as having achieved the highest abatement relative to
emissions for the road transport sector (3.6 per cent), at an implicit abatement
subsidy of more than A$300/t CO,, which nevertheless was at the lower end
of the results for all countries.

— The United States stands out for substantial abatement but at very high
cost — with the implicit abatement subsidy estimated to be in the range of
A$604-672/t CO,.

« New Zealand committed a very small amount of resources to biofuels and hence
was achieving very little abatement.
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Table 3

International comparisons, biofuel policies
Results in A$(2010)

Total subsidy equivalent

Total abatement Total abatement as a Implicit abatement subsidy

percentage of counterfactual
road transport emissions

Country Low Central High Low Central High Low Central High Low Central High
A$m A$m A$m Mt Mt Mt % % % A$/tCO,- A$/ItCO,- A$/tCO,-e
CO,-e CO,-e CO,-e e e
Australia .. 144 . 0.4 .. . 0.6 .. .. 364
China 1998 1998 1998 . . . . .. . . .
Ethanol -1.4 -0.3 0.8 -0.43 -0.09 0.24 o -6 105
Biodiesel 0.2 o . 0.05 . . 592
Germany 1711 5.5 .. .. 3.6 .. .. 310
Japan 57 57 57 0.092 0.090 0.087 0.044 0.043 0.042 617 634 653
New Zealand 3 0.008 . " 0.06 . . 391
South Korea 196 196 196 0.5 0.3 0.2 0.6 0.4 0.3 415 635 831
United Kingdom 680 2.0 . o 1.7 . . 335
United States 12 470 17 477 26 19 . 1.7 1.2 604 666 672
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Japan and South Korea had relatively high cost biofuel schemes that achieved
minimal abatement.

The results for China suggest that only under the most favourable assumptions
could its biofuel policies have been achieving net abatement. Under more plausible
scenarios, the net abatement was negative. This amounts to China having subsidised
emissions rather than abatement. This result appears to be due to the high
application of fertiliser to grow feedstock for ethanol, and the high level of energy
use to convert feedstock into fuel.

In summary, while the results for biofuels vary, and are particularly sensitive to
assumptions about life-cycle emissions intensities, most biofuel policies are
high-cost means of achieving abatement. The cost per tonne of abatement — as
measured by the implicit abatement subsidy — was typically A$300-600/t CO, and
possibly as high as A$800/t CO,. For most countries, this cost is substantially
higher than for most supply-side measures in electricity generation (though broadly
comparable with solar subsidies).

Fuel mandates and taxes

The Commission has explored the impact of a key supply-side policy measure on
retail fuel prices, namely the fuel mandates operated by the United States, Germany
and the United Kingdom. These tend to increase fuel prices by the requirement
placed on fuel distributors to blend more costly biofuels into petrol and/or diesel.
However, the Commission’s results suggest that, to date, the mandates appear to
have had only a modest effect on prices, with at most an impact of around 1 to 2
cents per litre on retail prices of petrol and diesel.

Treating fuel taxes as carbon taxes?

If regarded as emissions-reduction measures, the various taxes on fuel such as
excise taxes (but excluding broadly-based consumption taxes) have been relatively
effective at achieving abatement (table 4). Put another way, in the absence of fuel
taxes, emissions from road transport would be significantly higher than they are
today.

As for electricity, the Commission has had to make some simplifying assumptions
about demand responsiveness. In this case, these assumptions are even more
speculative, given the much larger tax-induced changes in price. But even if
demand were only mildly responsive to price, it is likely that fuel taxes have led to
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substantial abatement relative to the counterfactual of no fuel taxes, mainly because
the tax rates are substantial. For example, the ‘high’ estimates for Germany indicate
that abatement relative to the counterfactual of no fuel taxes could have been of the
order of 40 per cent. Even under the ‘low’ scenarios (which assume a more inelastic
demand response) most countries would seem to have achieved relatively large
amounts of abatement. The consumption costs per tonne of abatement are
significant, but lower than the costs of many other sources of abatement. Germany’s
result underscores that consumption costs rise more than proportionately with the
rate of tax.

However, it is arguable whether existing fuel taxes should be categorised as an
emissions reductions measure. In most countries such taxes have been raised over
many decades for general revenue purposes or as ‘road-user charges’. Any resultant
abatement could be considered incidental. There are some recent instances of
increases in fuel taxes having been justified in part on emissions-reduction grounds,
but so far these increments are small relative to the pre-existing tax rates, and some
countries have made no such distinction.

Table 4 Abatement and consumption costs of fuel taxes
2010
Country Average Consumption Abatement Abatement as a Average
fuel tax cost percentage of consumption cost

counterfactual road
transport emissions

AS$/L A$m (2010) Mt CO,-e % A%/t CO,-e
Australia 0.36 373-1 189 6-21 8-23 57-59
China 0.14 449-1 383 20-68 6-17 20-23
Germany 0.78 3437-11 492 29-102 17-41 113-119
Japan 0.64 2 238-7 301 21-73 9-26 100-105
New Zealand 0.43 54-174 1-3 7-19 71-73
South Korea 0.50 1046-3 432 12-41 13-34 83-87
United Kingdom  0.96 3323-11125 24-85 17-42 130-139
United States 0.11 1749-5 421 92-291 6-16 19
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Some implications

The Commission’s results show that the study countries are each using a wide range
of policies, with varying costs and effectiveness. But what can the results tell us
about directions for climate policy? In particular, what do they say about
comparable effort and impacts on international competitiveness?

Comparing ‘effort’

There is significant interest in assessing the relative ‘effort” of different countries in
mitigating climate change. But effort can be interpreted in different ways.

For some it means how much abatement is being achieved and, relatedly, how much
the emissions intensity of a country’s production is being reduced. But how much
abatement is the right amount for each country? Imposing the same proportionate
cut in emissions across all countries would take no account of the costs of those
reductions. Efficient global abatement will occur where the marginal costs of
abatement are equalised across all countries (at the global carbon price that achieves
the desired level of global abatement). This efficient outcome would not deliver the
same emissions intensities across economies — countries with high abatement costs
would abate relatively less (instead ‘buying’ cheaper abatement from other
countries).

Others measure effort by the total costs countries are prepared to incur in
implementing emissions-reduction measures. But as the Commission’s estimates
highlight, high policy costs are often unrelated to the effectiveness of policies in
delivering abatement. If effort were measured in this way, a country that adopted
more inefficient abatement measures could be inappropriately given greater credit
than others generating more cost-effective abatement.

The Commission’s estimates of abatement and abatement costs also need to be
carefully interpreted in the context of a country’s ‘effort’.

. The estimates provide a point-in-time, and necessarily partial, picture of the
costs and abatement impacts of key policies in two important emitting sectors. In
each country there will be a range of other policies, market developments and
individual actions not captured in the estimates that will have an effect on total
emissions, positive and negative.

. They are not compared with any desirable ‘yardsticks’ about what each country
should be doing.
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That said, presenting the aggregate estimates in combination, and scaled relative to
the size of each country’s economy, provides some insights as to their policy
performance (figures 3 and 4).

The electricity generation sector

For example, Australia’s estimated total subsidy equivalent for the electricity
generation sector, expressed as a proportion of GDP (represented by the size of its
‘bubble’ in figure 3), was much the same as for South Korea and China. But,
relative to South Korea, Australia’s suite of measures appears to have been much
more cost effective and to have produced more abatement. Compared with China,
Australia’s policies were about as cost effective, but achieved greater abatement.
Proportionately, Australia achieved more abatement than the United States at about
the same level of cost effectiveness, but devoted more of its GDP to achieving this
outcome.

Figure 3 ‘Effort’ and reward — how countries compare
Electricity generation ‘central’ estimates, 2009, 2010
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The United Kingdom and Germany stand out as having invested substantial
amounts in achieving abatement. Germany achieved substantially more abatement
than the United Kingdom but at a slightly higher average cost. The extent to which
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that reflects inefficient policy choices or rising marginal costs of abatement is
unclear.

Japan also stands out because its investment is much smaller than most other
countries and equally is not achieving much abatement. And the abatement it does
achieve comes at a high average cost.

Biofuels

Using the same approach for biofuels reveals that, as a proportion of GDP,
Australia’s commitment of resources to achieving abatement was less than for most
other study countries, but policy cost effectiveness appeared comparable to
Germany and the United Kingdom, in the range of A$300-400/t CO,-e (figure 4).
But Australia achieved relatively less abatement when measured as a proportion of
road transport sector emissions. Germany has devoted considerable resources to
biofuels, and proportionately was found to have achieved the highest amount of
abatement.

The United States stands out in this analysis, having by far the highest commitment
of resources relative to GDP and poor cost effectiveness for only moderate
proportionate abatement. This result appears to have been driven by the payment of
assistance to domestic biofuel producers to induce local production at the expense
of cheaper imports.

Cost effectiveness against a carbon price benchmark

The cost effectiveness of a country’s policy measures can best be placed in
perspective by making comparisons with the carbon tax (or emissions permit price)
that would achieve the same amount of abatement when applied on an
economy-wide basis. Economy-wide models for each country would be needed to
estimate these prices. While a number of such models exist, developing and
applying them consistently to all of the economies in sufficient detail to capture the
impacts of particular policies would be an extensive and time-consuming task (and
thus could not be attempted for this study).
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Figure 4 ‘Effort’ and reward — how countries compare
Road transport (biofuels) ‘central’ estimates, 2010
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Nevertheless, to provide some indication of the cost effectiveness of actual policy
measures, the Commission undertook some highly stylised modelling for Australia,
using an ‘off-the-shelf’ version of the MMRF model.

. Based on conservative assumptions, the modelling suggested that the 12.5 Mt
abatement achieved by existing policies for the electricity generation sector in
2010 (including demand-side abatement) could have been delivered instead by a
carbon price (for the electricity sector only) in the order of $9/t CO,, or at a
fraction of the existing cost.

. Alternatively, it was estimated that a carbon pricing mechanism applying to the
electricity generation sector, and imposing the same costs as the policies in place
in 2010, could have reduced emissions by more than double the abatement
achieved.

The results highlight the potential gains from exploiting lower-cost opportunities for
abatement over higher-cost ones. However, they do not indicate what carbon price
would be required to achieve additional abatement in combination with existing
schemes; nor can they be extrapolated to estimate the carbon price that would
achieve agreed emissions levels.
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1 Introduction

This study documents the policies used by Australia and other selected economies
to reduce greenhouse gas emissions, and provides comparative estimates of their
costs and associated abatement. The study was commissioned by the Australian
Government to ‘provide accurate and timely information on the extent of climate
action in key economies and sectors’ (terms of reference).

1.1 The Commission’s task in brief

The terms of reference essentially ask the Commission to:

« examine and detail key emissions-reduction policies either in place or committed
in Australia and other key economies, such as China, Germany, India, Japan,
New Zealand, South Korea, the United Kingdom, and the United States

o estimate the effective carbon price per tonne of carbon-dioxide equivalent
(CO,-e) emissions faced by the electricity-generation sectors in these economies,
and selected industries drawn from manufacturing and transport sectors in these
and other countries, where relevant and data permitting

« report on the methodology, assumptions and data sources used, so as to inform
further analysis in this area.

Estimating ‘effective carbon prices’ involves difficult conceptual and practical
issues. The key conceptual challenge relates to how diverse policies that do not
involve the explicit pricing of carbon emissions can be captured in a common
price-related metric. Various carbon-price equivalents have been suggested, but
none can replicate all impacts of an abatement subsidy scheme. The strongest
conceptual basis for comparative purposes involves estimation of abatement costs
associated with different policies, and this study has accordingly focused on these.
Nevertheless, at a practical level, it has often been difficult to assemble robust data
and some of the results are no more than indicative. These issues are covered in
depth in chapters on methodology (chapter 3) and some specific sectors
(chapters 4 and 5).
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1.2 Background to the study

The Australian Government commissioned this study in order to ‘help inform the
Government’s plan to introduce a carbon price in Australia’ (Combet, Swan and
Shorten 2010). That plan is being formulated with the assistance of the Multi-Party
Climate Change Committee (MPCCC), which was established by the Australian
Government to ‘explore options for the implementation of a carbon price’ and to
‘help to build consensus on how Australia will tackle the challenge of climate
change’ (DCCEE 2010c). The MPCCC comprises senior members of the
Government (including the Prime Minister) and the Australian Greens, as well as
two independent Members of Parliament.

When the Government announced the formation of the MPCCC, it noted that the
Committee would be informed by various individuals and agencies, including:

« three independent experts — Ms Patricia Faulkner, Mr Rod Sims and Professor
Will Steffen — who would regularly advise the MPCCC on their areas of
expertisel

« Professor Ross Garnaut, who would also act as an independent expert adviser to
the MPCCC, provide an update of his 2008 Climate Change Review (box 1.1),
and give advice on pricing carbon

o the Australian Academy of Science, Bureau of Meteorology, Climate Change
Commission, CSIRO, and eminent scientists to provide up-to-date assessments
of the relevant science

« an ‘expert body’ tasked with calculating the carbon-price equivalent of measures
taken by other countries (DCCEE 2010d).

In November 2010, the Government assigned the latter task to the Productivity
Commission. The Government noted that this study would help inform debate
about:

« the extent to which Australia was taking action on climate change relative to the
efforts of other countries (sometimes referred to as ‘comparable effort’)

o how the introduction of a carbon price would affect the international
competitiveness of Australia’s emissions-intensive trade-exposed industries
(Combet 2010b, 2010c; Combet, Swan and Shorten 2010).

A proposed carbon-price mechanism was announced by the Government in
February 2011. The proposal involves a fixed carbon price to commence on

1" Mr Rod Sims stood down from his role as an expert advisor in May 2011 due to his nomination
as Chairman of the Australian Competition and Consumer Commission.
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1 July 2012, which after three to five years could transition to an emissions trading
scheme. The starting level of the carbon price was to be the subject of future
discussions in the MPCCC.

Box 1.1 Update of Garnaut Climate Change Review

In September 2008, the Garnaut Climate Change Review — led by Professor Ross
Garnaut — reported to the Australian, State and Territory Governments on
recommended medium to long-term policy options to address human-induced climate
change. The recommendations were based on an assessment of the likely impacts of
climate change on Australia in the absence of effective international efforts to cut
emissions; and the climate and economic impacts on Australia of various potential
international and Australian policy interventions.

In November 2010, Professor Garnaut was commissioned by the Australian
Government to update elements of his 2008 review, where significant changes had
occurred, or the sum of expert knowledge had increased, and these would have
significant implications for the key findings and recommendations of the review.

A series of publicly-released papers was to be prepared between November 2010 and
March 2011, and a final report presented to the Government by 31 May 2011.

Sources: Combet (2010a); Garnaut (2008).

Given the methodological and practical issues the Commission has encountered
when seeking to estimate carbon prices, and some expectations about how this
study’s results might be used, considerable attention has been given throughout this
report to explaining the basis for the results and how they should be interpreted.

This study has some similarities to a report prepared by Vivid Economics (2010) for
the Climate Institute (2010). However, that exercise was largely confined to a
subset of policies that supported ‘low-carbon’ electricity generation, such as wind
and solar. In comparison to Vivid Economics’ earlier work, the key extensions in
this study include a broader coverage of policies and sectors, and the use of a more
extensive set of data sources and expertise. The Commission’s methodology also
differs from that used by Vivid Economics in important respects (chapter 3).

1.3 Scope of the study

A threshold consideration for the study has been what countries, sectors and policies
to include, particularly for estimation purposes. Expectations that the study would
contribute to debate about ‘comparable effort’ and international competitiveness
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was factored into this consideration, along with other issues such as data
availability.

As previously noted, the terms of reference mentioned eight countries in addition to
Australia; namely, China, India, Japan, Germany, New Zealand, South Korea, the
United Kingdom, and the United States. They include the world’s largest emitters
(figure 1.1) and Australia’s most important trading partners. While a case could be
made for including additional countries such as Canada — on the grounds that it has
a similar economic structure to Australia — or other major trade competitors, this
would not have been feasible within the timeframe for this study.

Figure 1.1  Share of global greenhouse gas emissions by country?
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a Excludes land-use change. Emissions are measured in terms of carbon-dioxide equivalents. Comprehensive
emissions data that include all six Kyoto gases (CO,, CH4, N2O, PFCs, HFCs, SF;) for developed and
developing countries are not currently available beyond 2005.

Source: WRI (2011).

With respect to sector and policy coverage, a distinction has to be made between the
study’s stocktake of policies and the quantitative analysis. For the stocktake, the
Commission sought to document key emissions-reduction policies in each country
regardless of the sector to which a policy applied. In contrast, a narrower coverage
of sectors and policies was needed to make the quantitative analysis feasible, given
the significant data requirements and time-intensive nature of that task.

The scope of the study was also influenced by the degree to which governments in
the covered countries provided assistance to the Commission. This varied
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considerably. However, only in the case of India, which chose not to participate,
was the Commission unable to obtain adequate information to conduct analysis.

Sectors included in the quantitative analysis

The terms of reference required effective carbon prices to be estimated for the
electricity-generation sector, and suggested that they also be estimated for selected
industries drawn from the manufacturing and transport sectors, ‘where relevant and
data permitting’. The Commission interpreted the term ‘relevant’ as meaning
closely connected to the Government’s and MPCCC’s consideration of an
Australian carbon price. As noted above, this encompasses the issues of
‘comparable effort’ between countries, and international competitiveness.

The Commission considered that the study was more likely to provide information
relevant to assessing comparable effort if it concentrated on sectors that were
significant emitters and had been targeted extensively by abatement policies.2 With
respect to concerns about international competitiveness, the most relevant coverage
would appear to be emissions-intensive trade-exposed industries.

The emissions processes associated with electricity generation and transport account
for around half of Australia’s emissions (figure 1.2). Manufacturing industries are
associated with a range of emissions processes, and so the relative significance of
their emissions can only be determined by disaggregating the data by economic
sector.3 In doing so, it is useful to distinguish between the direct emissions that
manufacturers generate, and their indirect emissions from the use of electricity.

In 2009, direct emissions from Australian manufacturing amounted to around 67 Mt
(table 1.1). That was equivalent to about 12 per cent of total Australian emissions in
2009 (DCCEE 2011c). In comparison, direct emissions from Australian electricity
generation were around 207 Mt (DCCEE 2011d). However, almost one-third of the
direct emissions from electricity generation were associated with electricity use in
manufacturing. As a result, manufacturing’s indirect emissions from electricity use
(63 Mt) were nearly as large as its direct emissions (67 Mt).

2 An important qualification here is that carbon prices can be a misleading indicator of
comparable effort. As noted in chapter 3, inefficient policies could be given greater credit than
those that achieve the same abatement at a lower cost. Moreover, a high carbon price does not
necessarily indicate that a country experiences a greater proportionate impact on its economy or
emissions.

3 For example, direct emissions from aluminium production are included in ‘industrial processes’,
while fuel combusted for energy in the production process is included in ‘stationary energy
excluding electricity’ (DCCEE 2010b).
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Figure 1.2  Australian greenhouse gas emissions by emissions process?
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Source: DCCEE (2010b).

The relative importance of indirect emissions will vary among specific industries
within manufacturing, but data are not available from the National Greenhouse
Accounts to assess this. Nevertheless, the data for manufacturing as a whole suggest
that, by analysing policies that target electricity generation, the study would also
cover a significant proportion of abatement policies relevant to manufacturing. This
would particularly be the case for emissions-intensive trade-exposed industries that
have a high reliance on electricity, such as aluminium production.

The Commission found that policies targeting direct emissions from manufacturing
tended to have a narrower coverage of the sector than those for electricity
generation, reflecting the manufacturing sector’s greater heterogeneity. This raised
the prospect of having to estimate carbon prices for a wide range of disparate
policies across manufacturing industries, which collectively appear to be less
significant (in terms of emissions covered or abatement achieved) than the key
policies targeting electricity generation.

Heterogeneity is also a feature of the transport sector. For example, it would be
difficult to attribute emissions abatement and costs associated with policies
targeting international aviation and shipping to specific countries. For this reason,

6 CARBON EMISSION
POLICIES IN KEY
ECONOMIES



and as a result of certain international agreements, emissions abatement in these
sectors 1s being pursued through international, rather than domestic, policy-
development processes. In contrast, land transport has a much stronger linkage to a
specific country. Over 90 per cent of Australia’s land-transport emissions come
from road transport (DCCEE 2011c).

Table 1.1 Greenhouse gas emissions associated with Australian
manufacturing

2009

Economic sector? Emissions
Mt COz-e

Direct emissionsP
Food, beverages, tobacco 3.85
Textile, clothing, footwear and leather 0.39
Wood, paper and printing 2.35
Petroleum, coal and chemical 17.34
Non-metallic mineral products 11.47
Metal products 30.65
Machinery and equipment 0.49
Other manufacturing 0.02
Total manufacturing 66.56
Indirect emissions from purchased electricity® 62.97

a Sector definitions are those used in the Australian and New Zealand Standard Industrial Classification.
b Direct emissions are produced from sources within the boundary of an organisation and as a result of that
organisation’s activities. © Purchased electricity is defined as electricity that is purchased or otherwise brought
into the organisational boundary of the entity.

Sources: DCCEE (2010a, 2011¢, 2011d).

In light of the above, and given the time frame of the study, the Commission
therefore decided only to analyse policies directly targeting electricity generation
and road-transport fuels (those used in road freight and private vehicle use).

Policy coverage

As noted above, this study’s policy stocktake covered a wider range of policies than
the quantitative analysis. However, even for the stocktake, the Commission
considered it necessary, in order to make the task feasible, to apply a ‘filter’ to
screen out less significant measures. Thus, for example, the policies of local
governments tended to be excluded, on the grounds that their impact on national
abatement was limited. On the other hand, it was considered important to include
policies that, while not having an explicit objective to reduce emissions, did appear
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to have a material impact on emissions. Further detail on the approach used to select
policies for the policy stocktake is provided in chapter 2.

An overarching issue for both the policy stocktake and quantitative analysis was the
inclusion, as requested in the terms of reference, of ‘committed’ policies that are not
yet in place. In broad terms, the Commission considered a policy to be committed if
it had a high probability of being implemented. In practice, this required a degree of
judgement based on a range of information, including whether a policy had reached
an early stage of enactment, such as being tabled in the country’s legislature, where
relevant. A further criterion was that the necessary details required to describe and
analyse the policy had been announced. It should also be noted that governments in
all of the relevant countries were given an opportunity to provide feedback on the
policies documented and analysed in the study.

A range of criteria were used to select the subset of policies in the stocktake for
which abatement costs were estimated. The criteria included that the selected
policies penalised emissions or subsidised abatement, and accounted for a sizeable
share of emissions reductions or abatement costs in the relevant sector. Some types
of policies — such as energy-efficiency initiatives, R&D subsidies, education
campaigns and voluntary schemes — were excluded on the grounds that any
associated emissions abatement was highly uncertain, and may not occur until far
into the future.

1.4 Conduct of the study

The terms of reference for this study were received from the Assistant Treasurer on
15 November 2010, with the Commission being given about six months to complete
its report to the Government.

Given the timeframe for the study, and that it was largely a technical exercise, the
Commission proceeded somewhat differently from most other studies and inquiries
it undertakes. For example, it did not call for public submissions. Nor was it feasible
to publish a formal draft report.

Nonetheless, the Commission endeavoured to remain as accountable and
transparent as possible, and to draw on a sufficiently wide range of expertise. In
summary, this involved:

« keeping interested parties informed about progress of the study, including by
publicly releasing a background paper on study processes and a working paper
on the proposed methodology for the quantitative analysis
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o consulting a wide range of interested parties in Australia and the other study
countries, including through face-to-face meetings, a roundtable on
methodology, briefings to industry forums, and overseas phone calls and
correspondence

« obtaining information from expert bodies in the study countries, including the
Energy Research Institute of the Chinese National Development and Reform
Commission, and energy agencies in Japan and South Korea

+ hiring contractors in Australia and other countries to assist with the acquisition
of information on emissions-reduction policies and the data required to calculate
carbon prices

o providing draft results to governments and other relevant experts in the study
countries for comment

« making as much of the data and contractor reports used in the study as publicly
available as possible.

Further details are outlined in box 1.2. The parties who assisted the study —
including those that participated in meetings, provided comments on draft results,
and acted as contractors — are listed in appendix A.

The Commission is grateful to all those who participated in meetings and
roundtables, and provided data and other assistance. The Commission also thanks
staff in Australia’s overseas embassies, who facilitated contact with governments
and experts in the study countries. The assistance provided by governments in
China, Germany, Japan, New Zealand, South Korea, the United Kingdom and the
United States, as well as in Australia (including the states and territories), is also
appreciated.

The remainder of this report is structured as follows. The next chapter summarises
the stocktake of emissions-reduction policies for each country. Chapter 3 outlines
the methodology used for the quantitative analysis. Chapters 4 and 5 summarise the
resulting estimates for the electricity-generation and road-transport sectors
respectively. Finally, chapter 6 wraps up the report by drawing together the key
messages from the policy stocktake and quantitative analysis.

The report is supported by a number of appendices. Three of the appendices are
provided in printed form at the end of this document. These list the parties that
participated in the study (appendix A), summarise the emissions-reduction policies
analysed in chapters 4 and 5 (appendix B), and describe energy-efficiency policies
in the study countries (appendix C).
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Box 1.2 Consultations and expert input

As requested in the terms of reference, the Commission consulted with the business
sector, government agencies and other interested parties, and utilised research
expertise in the economies that were examined. The relevant parties are listed in
appendix A. In summary:

Shortly after receiving the terms of reference, the study was publicised on the
Commission’s website, a background paper was released, and interested parties
were invited to register their interest.

The Commission held meetings with a cross-section of interested parties in
Australia, including government agencies, representatives from the
electricity-generation sector, and Professor Ross Garnaut. Aspects of the study
were also discussed, by telephone and in writing, with parties in other countries who
had relevant expertise.

The Commission initiated consultations with Australia’s Department of Foreign
Affairs and Trade (DFAT) at an early stage in the study. DFAT facilitated contact
with parties in other countries, and provided comments on early drafts of the policy
stocktakes for individual countries.

The Chairman of the Productivity Commission wrote to the heads of relevant
government agencies in all of the study countries seeking their assistance.

A roundtable was held with an expert group in Melbourne on 1 December 2010 to
explain the study process and obtain input on what data and methodology to use.
The participants came from government, industry, private consulting firms, and
universities.

The Chairman of the Productivity Commission made presentations at three industry
forums in March 2011 to brief interested parties on progress of the study and elicit
their feedback.

A paper outlining the methodology to be used for the quantitative analysis was
publicly released in March 2011 (PC 2011). Drafting of the paper had benefited from
written comments by individuals who had attended the December roundtable.

Contractors in Australia and other countries were hired to assist with the acquisition
of information on emissions-reduction policies in the study countries, and the data
required for a quantitative analysis of policies in the electricity and transport sectors.
A single consortium of contractors covered all countries apart from Australia. Other
contractors with specific country or industry expertise were hired to provide
supplementary information for a subset of the study countries.

Excerpts of this report, and the associated policy stocktakes and quantitative
results, were circulated in draft form to relevant experts in Australia and overseas
for comment. This included national governments in each country covered by the
study.
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The remaining appendices are available on the Commission’s website. They provide
the detailed information and analysis on which this document is based. In particular,
there are detailed policy stocktakes for each study country, and in-depth
descriptions of the quantitative analysis for the electricity-generation and
road-transport sectors.
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Emissions-reduction policies

Key points

There is a large number and diverse range of emissions-reduction policies in place,
and in the process of being implemented, in nearly all of the nine
countries studied — the Commission has identified more than 1000 policies in total.

Some countries use cross-sectoral policies.

— Germany, the United Kingdom and New Zealand operate multi-sector — but not
yet economy-wide — emissions trading schemes (ETSs). (ETSs are under
consideration or proposed in Australia, China, Japan, South Korea, and the
United States.)

— The United States is in the process of setting economy-wide emissions standards
for all large emitters of greenhouse gases.

Most countries have adopted sector-specific policies, primarily targeting electricity
generation and road transport and, to a much lesser extent, agriculture and forestry.
Few policies specifically target other sectors (such as resources or manufacturing).
In the electricity generation sectors of the countries studied:

— renewable energy targets (using certificate schemes) and feed-in tariffs (often
supported by capital subsidies) are the primary emissions-reduction policies

— subsidies and preferential loans to support the construction of renewable
generation capacity are common

— technology standards (regulating generation technology and emissions levels)
are also used

— electricity-specific ETSs are in use in the United States (across ten states) and
Australia (in New South Wales). The cross-sectoral EU and NZ ETSs also apply.
In the transport sectors of the countries studied:

— policies predominantly target fuels and vehicles. Fuel taxes, government
assistance to biofuels (such as fuel content mandates and excise exemptions),
and vehicle fuel efficiency standards are the primary emissions-reduction policies

— tax exemptions and subsidies for lower-emissions vehicles are common
— policies such as investment in public transport and freight infrastructure, that may
less directly reduce emissions, are widely used.

A wide range of energy efficiency policies targeting households and businesses are
in place in all the countries studied.
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This chapter summarises the emissions-reduction policies of the nine countries
covered by this study — Australia, China, Germany, India, Japan, New Zealand,
South Korea, the United Kingdom, and the United States. Specific details of the
policies analysed in chapters four and five are in appendix B, and a full stocktake of
policies can be found on the Commission’s website (appendix P).

2.1 Approach

The Commission used three main criteria in determining whether to include policies
in its stocktake. Generally, policies were included if they:

« are in place or committed — where ‘committed’ means the policy not only has a
high probability of being implemented, but specific details have also been
released (for example, the policy is in the process of enactment)

. have the explicit intent, or the effect, of reducing emissions (for example, fuel
excises are often considered to be road-user charges or general taxation but they
also have the effect of reducing emissions)

. operate at the national or state/provincial level (policies at the local government
level were generally not included because they are not likely to be material to
Cross-country comparisons).

The Commission used two further criteria to identify the smaller number of policies
analysed in chapter 4 (electricity generation) and chapter 5 (road transport).
Generally, policies were analysed if they:

. penalise emissions or give an incentive for abatement (which covers explicit or
implicit taxes and subsidies, and regulations, but not voluntary codes)

. have a material impact on a country’s emissions in a sector and/or impose
significant total costs.

The stocktake was compiled by the Commission through a combination of its own
research, utilisation of existing stocktakes of emissions-reduction policiesl,
consultation with government agencies in each of the study countries, and
assistance from specialist consultants. Governments in each of the study countries
were given the opportunity to comment on a listing of their country’s policies, while
in draft form.

1 Datasets include those published by the International Energy Agency, the United Nations
Framework Convention on Climate Change and the Department of Climate Change and Energy
Efficiency (Australia).
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The Commission’s stocktake identified over 1000 policies across the nine countries,
with large numbers in nearly all of the countries studied (table 2.1).

Table 2.1 Number of policies in the stocktakes, by country
Australia China Germany India Japan NZ South UK US Total
Korea
Number 237 82 131 68 67 31 69 104 307 1096

The stocktakes include the key policies analysed in chapters 4 and 5, as well as
other policies identified in each country. However, it is unlikely to be exhaustive for
all countries. For example, given time and resource constraints, research for the
United States necessarily focused on federal government policies, similar policies
used in multiple states, schemes in which multiple states participated, and other
state government policies in the five states with the largest greenhouse gas
emissions.

Emissions-reduction policies were classified into specific categories using a
taxonomy based loosely on one developed by the International Energy Agency
(IEA 2011b). The Commission’s taxonomy has six broad categories and 33 policy

types (table 2.2).

Table 2.2

Taxonomy of emissions-reduction policies

Explicit carbon prices
Emissions trading scheme — cap-and-trade
Emissions trading scheme — baseline and
credit
Emissions trading scheme — voluntary
Carbon tax

Subsidies and (other) taxes
Capital subsidy
Feed-in tariff
Tax rebate or credit
Tax exemption
Preferential, low-interest or guaranteed loan
Other subsidy or grant
Fuel or resource tax
Other tax

Regulatory instruments
Renewable energy target
Renewable energy certificate scheme
Electricity supply or pricing regulation
Technology standard
Fuel content mandate
Energy efficiency regulation
Mandatory assessment, audit or investment
Synthetic greenhouse gas regulation
Urban or transport planning regulation
Other regulation

Support for research and development (R&D)
R&D — general and demonstration
R&D — deployment and diffusion

Direct government expenditure
Government procurement — general
Government procurement — carbon offsets
Government investment — infrastructure
Government investment — environment

Other
Information provision or benchmarking
Labelling scheme
Advertising or educational scheme
Broad target or intergovernmental framework
Voluntary agreement
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For the purposes of presentation in this chapter, most policies were also grouped by
sector. In particular, they were divided into those that have cross-sectoral coverage
and those that are specific to electricity generation, transport, forestry and
agriculture. This was done so that the documentation of key policies here aligns
with the sector-specific analysis in chapters 4 and 5.

The one exception to this sectoral approach was energy efficiency policies. The
main types of energy efficiency policies are summarised in the last section of this
chapter, with more detailed discussion on select policies in appendix C.

A number of industries (such as resource extraction, processing and manufacturing)
are not presented separately by sector in this chapter. Generally, this is because
there are few emissions-reduction policies that are specific to these industries in the
countries studied. Their emissions are covered (to varying degrees) through:

. cross-sectoral policies (such as emissions trading schemes (ETSs), carbon taxes
or emissions standards that apply to sources of emissions across an economy)

. energy efficiency policies (that target large users of energy, including electricity
oil, gas, coal and biomass).

Emissions in these industries are also indirectly covered to the extent that they use
an input covered by other policies (such as electricity or transport policies). For
example, while there are few policies specifically targeting manufacturing
emissions in Australia, approximately half of the sector’s total emissions are from
electricity that is already subject to a range of emissions-reduction policies
(chapter 1).

Details on individual policies analysed in chapters 4 and 5 are provided in
appendix B, and a full stocktake of policies can be found on the Commission’s
website (appendix P).

Copenhagen Accord commitments

In 2010, each study country made an international commitment to reduce or limit
the growth in their emissions by a 2020 deadline as part of the Copenhagen Accord
(table 2.3). However, the commitments are expressed in ways that are not directly
comparable. The 2020 targets for Australia, Germany, Japan, New Zealand, South
Korea, the United Kingdom and the United States are expressed as a percentage
reduction in emissions relative to the level of emissions in a base year. Base years
vary from 1990 (for Germany, Japan, New Zealand and the United Kingdom), to
2000 (for Australia), to 2005 (for the United States). Commitments for China and
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India are expressed as a reduction in emissions per unit of GDP (emissions
intensity) against the base year 2005.

McKibbin, Morris and Wilcoxen (2010) attempted to convert the various countries’
commitments into common terms — a percentage change in emissions relative to a
standard base year.2 They used the G-Cubed model of the global economy to
estimate emissions under a ‘no policy action’ scenario (business as usual), and
emissions resulting from a stylised implementation of the Copenhagen targets. The
authors used these two scenarios to reformulate the original Copenhagen targets into
equivalent targets with common base years of 1990, 2000, 2005 and 2020.

Table 2.3 Emissions-limitation commitments under the Copenhagen
Accord, by country

Country Commitment to limit emissions by 2020, relative to various base years
Australia 5 per cent to 25 per cent below 2000 level
Moving above 5 per cent is conditional on a global, comprehensive
agreement.
China 40 per cent to 45 per cent cut to 2005 emissions intensity level@

Increase the proportion of non-fossil fuels used in primary energy

consumption to 15 per cent, and increase forest coverage by 40 million

hectares and forest stock volume by 1.3 billion cubic metres relative to 2005.
Germany 20 per cent to 30 per cent below 1990 level

Moving above 20 per cent is conditional on a global, comprehensive

agreement for the period beyond 2012.

India 20 per cent to 25 per cent cut to 2005 emissions intensity level2

Japan 25 per cent below 1990 level
Conditional on all major economies joining a ‘fair and effective international
framework with ambitious targets’.

New Zealand 10 per cent to 20 per cent below 1990 level, conditional on a global,
comprehensive agreement.
South Korea 30 per cent below business as usual level

United Kingdom 20 per cent to 30 per cent below 1990 level
Moving above 20 per cent is conditional on a global, comprehensive
agreement for the period beyond 2012.

United States 17 per cent below 2005 levelP

& An ‘endeavour’ to reduce emissions intensity. b n the range of' 17 per cent.
Source: DCCEE (2010c).

McKibbin, Morris and Wilcoxen (2010) found that varying the base year used to
express a commitment can significantly affect its apparent stringency. They also
note that expressing emissions-reduction targets relative to a given base year gives
little useful information about the actual size of the reduction required by 2020
compared to a business as usual scenario. For example, Australia’s 2020

2 Where commitments are conditional or given as a range, the lower-bound levels were used.
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Copenhagen commitment to an unconditional emissions reduction of 5 per cent on
2000 levels is estimated to be equivalent to a 30 per cent increase in emissions on
1990 levels, an 18 per cent reduction relative to 2005 levels, and a 35 per cent
reduction against business as usual emissions levels in 2020.

When expressing Copenhagen commitments in terms of reductions against business
as usual projections by 2020, McKibbin, Morris and Wilcoxen (2010) estimated that
Japan has committed to the largest reduction (48 per cent), Australia’s commitment
is in line with that of Europe (36 per cent) and the United States (33 per cent), while
China’s commitment is smaller (22 per cent). India’s commitment is estimated to
result in an increase in emissions of 0.4 per cent by 2020, compared with business
as usual.3

2.2 Cross-sectoral policy measures

Most of the policy measures in the countries studied apply to a particular sector. But
there are some cross-sectoral policies that target emissions more broadly. The most
widely applied cross-sectoral policies are emissions trading schemes. Carbon taxes
are not currently used, but are under consideration in Japan and South Korea. The
United States is in the process of introducing greenhouse gas emissions standards
for all large stationary emitters.

Emissions trading schemes

ETSs are the only policy type that involve an explicit market price on emissions.
The most common form of ETS is a cap-and-trade scheme that sets a limit on the
amount of emissions, with permits issued that allow holders to emit greenhouse
gases up to a quantitative cap. Permits can be traded, thus establishing a market
‘price’ for emissions.

Among the countries studied, the United Kingdom and Germany participate in the
European Union’s cap-and-trade ETS. The scheme applies to multiple sectors
covering around 40 per cent of EU emissions. New Zealand operates a national ETS
that is currently in a transition phase — there is no binding cap on total emissions
and the government has effectively capped the price of emissions certificates. The
New Zealand ETS covers a range of sectors accounting for around 45 per cent of
the country’s emissions. A cap-and-trade ETS is planned for a group of western

3 McKibbin, Morris and Wilcoxen (2010) did not report estimates for South Korea and New
Zealand.

18 CARBON EMISSION
POLICIES IN KEY
ECONOMIES



states in the USA, although it is likely that the scheme will only cover California by
2012 (box 2.1).

The Australian Government has announced that it is planning to introduce an ETS
in July 2012, with a fixed price on emissions permits for the early years of the
scheme (chapter 1). Japan and South Korea have also proposed the introduction of
an ETS, although implementation has been delayed (Reuters 2010). China is
considering trialling a pilot ETS in some of its provinces (Reuters 2011). Japan,
South Korea and China currently operate voluntary ETSs of limited scope. ETSs
that apply exclusively to electricity generation are discussed in section 2.3.

Carbon taxes

A carbon tax is an alternative mechanism for effectively putting an explicit price on
emissions. Carbon taxes have generally not been used to date in the countries
studied. However, some governments have taxed the use of fossil fuels. For
example, the UK Climate Change Levy (introduced in 2001) is a tax on energy used
by business and the public sector (including electricity, gas and coal). The tax rate
depends on the energy content of the fuel rather than emissions. The Japanese
Government has announced that the Petroleum and Coal tax — a pre-existing
(revenue) tax on crude oil and petroleum products — will be increased in stages
over the next four years based on the ‘emissions content’ of fossil fuel inputs. South
Korea is considering introducing a carbon tax from 2012. In its early years,
Australia’s fixed price ETS would be equivalent to a carbon tax.

US greenhouse gas emissions standards

An ‘emissions standard’ places restrictions on the type and quantity of emissions
that can be released into the atmosphere from a specified source. The US
Environmental Protection Agency (USEPA) has the power to regulate greenhouse
gas emissions under the US Clean Air Act 1963. In January 2011, the USEPA
progressively began requiring large stationary greenhouse gas emitters to hold a
permit to continue emitting. Initially, permits are being required only for the largest
emitters (covering fossil fuel electricity generators and petroleum refineries).
Eventually, they will be required for any type of stationary installation emitting
more than 50 000 tonnes of greenhouse gases per year (covering approximately 70
per cent of US emissions).
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Box 2.1 Cross-sectoral emissions trading schemes

European Union

The European Union Emissions Trading Scheme (ETS) commenced in 2005 and
operates in 30 countries (including Germany and the United Kingdom). It covers CO»
emissions from power stations, combustion plants, oil refineries, iron and steel works,
and factories making cement, glass, lime, bricks, ceramics, pulp, paper and board.
Transport fuels, agriculture and forestry are not covered. Aviation fuels will join the
scheme in 2012 with the petrochemicals, ammonia and aluminium industries and
additional greenhouse gases to be covered in 2013. Covered emitters are obliged to
surrender one European Union Allowance (EUA) for each tonne of CO, emitted. The
total number of EUAs issued is capped at a level consistent with the target for EU-wide
emissions, and permits are traded. Offset credits obtained under the Kyoto Protocol
Clean Development Mechanism can be used to meet obligations under the European
Union ETS. From 2013, the emissions cap will decline annually to achieve a
21 per cent reduction relative to 2005 levels by 2020. In May 2011, the spot price was
around €16-17 (A$22-23).

New Zealand

The New Zealand ETS commenced in 2008. It covers forestry, electricity generation,
transport fuels (including domestic aviation and coastal shipping) and industrial
processes. Waste and synthetic gases are scheduled to be covered from 2013, and
agriculture from 2015. Emissions include CO» from liquid fossil fuels, and CO, and
methane from electricity. By 2015, all sectors of the economy will be covered. Covered
emitters must surrender New Zealand Units (NZUs) to cover emissions. Currently, the
number of NZUs that can be issued is not capped. In the transition phase (July 2010 to
December 2012), firms with ETS obligations are only required to surrender one permit
for every two tonnes of emissions. Emitters may pay NZ$25 (A$20) instead of
surrendering a NZU, effectively capping the per-tonne price at NZ$12.50 (A$10). Offset
credits obtained under the Kyoto Protocol Clean Development Mechanism can be used
to meet obligations under the New Zealand ETS. From 2013 onwards, one permit will
be required for each tonne of CO5-e. Early 2011 spot prices for NZUs have ranged
from NZ$19-21 (around A$14-16).

United States

The Western Climate Initiative was intended to cover seven US states (California, New
Mexico, Washington, Oregon, Montana, Utah and Arizona) and four Canadian
provinces (British Columbia, Ontario, Québec and Manitoba). The initiative aims to
reduce emissions to 15 per cent below 2005 levels by 2020. Currently, it appears that
only California is fully committed to implementing an ETS by 2012. The Western
Climate Initiative has recommended that the 2012 cap be the same as projected
emissions for that year. Therefore, it is likely that the permit price and abatement will
be close to zero in 2012.

Sources: Appendixes B, F, H, J, K.
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The USEPA is in the process of establishing the first industry-specific greenhouse
gas emissions standards that will apply to permit holders. Draft emissions standards
for electricity generation are scheduled for release in July 2011, and for petroleum
refineries in December 2011. The mechanisms that will be used to meet the new
standards are still unclear at this point. In the case of electricity generation, the EPA
has indicated the types of abatement technologies that may be used. These include
fuel switching (from coal to gas), carbon capture and storage (CCS), and
improvements in generation efficiency (USEPA 2011a; 2011b). Technology
standards that apply specifically to electricity generation and transport are discussed
in sections 2.3 and 2.4 respectively.

2.3 Policy measures specific to electricity generation

Renewable energy targets (using certificate schemes) and feed-in tariffs (supported
by capital subsidies and preferential loans for renewable generation) are the most
widely applied policies targeting electricity generation in the countries studied.
Technology standards and ETSs have been adopted to varying degrees. Fossil fuel
taxes, differential electricity taxes, and direct tax incentives are used to a lesser
extent (table 2.4).

Renewable energy targets

A renewable energy target — a type of technology standard — requires that a
quantity or proportion of electricity be generated using specified renewable
technologies over a given period of time. In some countries targets are aspirational.
Targets can be met through renewable energy certificate schemes or various other
policy instruments (such as feed-in tariffs).
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Table 2.4 Emissions-reduction policies specific to electricity generation, by country
The jurisdictional coverage of a policy may be national (N), sub-national (S) or European Union (EU).

Australia China Germany India Japan NZ South UK us
Korea

Feed-in tariffs ga N,S N N,S N N N S
Renewable energy N sb N NC N sd
certificate schemes
Other technology se N N N,Sf
standards
Capital subsidies N,S N,S N,S N,S N,S N N N,S9 N,S
Preferential loans N N,S N N N N
Emissions trading sh Si EUI NK NI NL EUI sm
schemes
Fossil fuel taxes N N
Differential electricity N
taxes
Tax incentives S N N N N N

& Each state (apart from Tasmania) operates its own policy. b A certificate trading scheme is under development. € From 2012. d Mandatory in 36 states; most of
these states use certificate schemes. € Queensland Gas Scheme. f From January 2011, the US Environmental Protection Agency began the regulatory process for
setting national emissions standards for all stationary installations that emit more than 50 000 tonnes per year. At least 6 states have their own current emissions
standards. 9 In Scotland, Wales and England. h NSW and ACT Greenhouse Gas Reduction scheme (baseline and credit). ' Several Chinese cities have implemented
voluntary emissions trading schemes (including Beijing, Tianjin and Shanghai). | Cross-sectoral ETS that also applies to electricity generation. k Japan operates a small
voluntary ETS. It appears that introduction of a national ETS has been delayed. | South Korea operates a small voluntary baseline and credit ETS. A national ETS is
scheduled for 2015 although it appears that this has been delayed. ™ Ten states participate in the Regional Greenhouse Gas Initiative. The Western Climate Initiative is
a framework to establish a cross-sectoral ETS, and intends to cover seven western US states and four Canadian provinces. Only California has committed to
implementation by 2012.

Sources: Appendixes B, D—K.
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Renewable energy certificate schemes are the most common instruments for
implementing mandatory renewable energy targets among those countries studied.
Under such schemes, tradable certificates are issued to renewable electricity
generators for the units of electricity they produce. An obligation is placed on
generators or electricity retailers to surrender these certificates to a regulator to meet
the renewable energy target. Renewable generators receive the market price for the
electricity they produce, and earn an additional subsidy by selling the certificate to a
retailer or generator with obligations under the scheme. The rules governing how
renewable electricity is certified vary between schemes, altering which renewable
generation technologies are eligible for a subsidy, as well as the level of subsidy
received per megawatt hour of electricity.4

Mandatory renewable energy targets of varying magnitude and using different
instruments have been adopted in Australia, the United Kingdom and Germany
(under European Union mandates), Japan, South Korea, and in a majority of US and
Indian states. China has adopted an aspirational renewable energy target with
sub-targets for different renewable generation technologies. New Zealand has an
aspirational target (table 2.5).

Other technology standards

Diverse other technology standards are applied in the electricity sectors in the
United States, the United Kingdom, China and Queensland. Generally, technology
standards place requirements or restrictions on the construction or operation of
generation technologies.

In the United States, a number of states place limits on the emissions intensity of
new electricity generators. In the case of California, the emissions standard
effectively prohibits new coal-fired power stations without CCS. In the United
Kingdom, any new coal-fired power station with a capacity of over 300 megawatts
(MW) is required to be ‘carbon capture ready’. Cross-sectoral emissions standards
being implemented by the USEPA are discussed in section 2.2.

China’s Large Substitute for Small policy is a unique technology standard that
requires the decommissioning of small, inefficient thermal power plants to allow the
construction of larger, more economically efficient and less emission-intensive

4 Rules can govern: tethering — the type of generation technology eligible for
certification; banding — the number of certificates created per megawatt hour of electricity; or
carve outs — a mandate that a percentage of the renewable energy target must come from a
designated technology.
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electricity generation. Up to 2011, the policy focused on closing small plants (below
50 MW capacity), larger older plants (less than 100 MW and in operation for over
20 years), and plants of less than 200 MW that have reached the end of their design
life. Between 2011 and 2020, more plants between 100 and 200 MW will be closed.

Table 2.5 Renewable energy targets, by country

Country Target Instrument for meeting the target

Australia@ 20% by 2020 A tradable certificate scheme (the Large-scale

(National) Mandate Renewable Energy Target) covering large-scale
renewable energy projects (such as wind and solar
farms, and hydroelectricity schemes).

China 15% by 2020 Various instruments including capital subsidies and

(National) Aspirational feed-in tariffs for wind, biomass, solar and
hydroelectricity. Individual targets are set for each
source of generation.

Germany 20% by 2020 Feed-in tariffs.

(National) EU Mandate

India From less than 1% to  Renewable energy certificate trading is under

(At least 21 states)

Japan
(National)

New Zealand
(National)

South Korea
(National)

United Kingdom
(National)

United StatesP
(At least 41
States)

14% by 2010-11 to
2015-16
Mandate

Around 1%
Periodic mandate

90% by 2025
Aspirational

10% by 2020
Mandate

20% by 2020
EU Mandate

Varies by state
Mandate and
aspirational

development. Eligible technologies differ across
states. Separate targets are set for solar and
non-solar generation.

The government imposes a periodic obligation on
electricity retailers to use a certain amount of
renewable electricity. Eligible technologies include
solar photovoltaic, wind, biomass, small
hydroelectricity and geothermal.

To be implemented by removing ‘unnecessary
regulatory barriers’ faced by renewable energy
generation.

From 2012 companies with power generation facilities
of more than 500 MW (currently 13) will be required to
purchase renewable energy up to the target.

Tradable certificate scheme — different technologies
receive different levels of support depending on their
cost.

Most states have renewable tradable certificate
schemes. Some states use feed-in tariffs. Eligible
technologies differ across states.

a Australia also operates the Small-scale Renewable Energy Scheme (SRES). This rewards owners of
small-scale renewable generation such as heat pumps and solar water heaters, which receive Small-scale
Technology Certificates. Electricity retailers are required to purchase a number of certificates each year.
Thirty-six states have mandated targets and five states have aspirational targets.

Sources: Appendixes B, D-K.

In Australia, the Queensland Government operates the Queensland Gas Scheme.
The scheme requires electricity retailers to source a minimum percentage of their
electricity from eligible gas-fired generation. The mandatory target increased from
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13 per cent in 2008 to 15 per cent in 2010. By 2020, the target will rise to
18 per cent.

Feed-in tariffs

Feed-in tariffs pay a guaranteed tariff for electricity produced with prescribed
technologies (generally renewable sources such as solar photovoltaic (PV) and wind
generation). FITs are available for larger-scale generation (such as wind farms,
biomass and biogas) and smaller-scale generation (such as domestic solar PV).
Tariffs can be calculated on a net or gross basis. A net approach pays a tariff for
surplus energy that is exported to the grid and not consumed on-site. A gross
approach pays a tariff on all electricity produced. These tariffs are often higher than
those paid by general consumers.

Feed-in tariffs apply at a national level in Germany, Japan, South Korea, and the
United Kingdom, and at a state level in Australia. China and India operate national
and sub-national schemes (figure 2.1). FITs also exist in some US states where they
operate mainly as commercial arrangements between utilities and small-scale
generators that the utilities use to meet their renewable energy target obligations.
New Zealand does not use FITSs.

The types of renewable technology eligible for FITs vary by country. South Korea
and Germany offer FITs for hydroelectricity, biomass, biogas, wind and solar PV,
while Australia and Japan offer FITs only for solar PV. FIT rates also vary between
generation technologies. The level of FITs is highest for solar PV and lower for
more established technologies such as wind, hydroelectricity and biomass. Average
FITs are above average annual wholesale electricity prices in each study country,
except for non-solar PV generation in South Korea.>

Capital subsidies

Capital subsidies are direct financial transfers from governments to households or
firms investing in low-emissions electricity generation (such as solar PV cells or
wind farms). Capital subsidies can have multiple objectives in addition to
greenhouse gas reduction, such as addressing barriers to the adoption of energy
efficiency measures and providing industry assistance. Capital subsidies are

5 South Korean average FITs for hydroelectricity, biomass and biogas are below the average
South Korean wholesale electricity price. Average Korean FITs were calculated using fixed
tariffs that appear to be below the average wholesale electricity price and a variable tariff often
set above the wholesale electricity price.
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typically offered by all levels of government in the countries studied. Subsidies are
provided for widely varying purposes, from assisting in the provision of large-scale
generation capacity to helping individual households and small businesses install
small-scale generation. In many cases, subsidies are provided in addition to other
financial incentives for renewable generation, such as feed-in tariffs and renewable
energy certificates.

Figure 2.1  Average feed-in tariffs for different technologies, by country2
A$ (2010)

EIWEP B Hydro [ Biomass Biogas BIWind Solar PV
0.6
0.5
0.4
0.3
0.2
0.1
0 1x 2

FIT rate (A$/kWh)

3

Australia=  China  Germany India Japan South UK
Korea

& Where multiple FITs exist for a given generation technology, unweighted averages have been calculated.
Average FITs were not adjusted for net and gross differences and have been converted to 2010 Australian
dollars. The wholesale electricity price (WEP) is an estimate of the 2010 average annual price per kilowatt
hour paid to non-renewable generators. The Australian WEP is the unweighted average price for each
National Electricity Market state. The Chinese WEP is for November 2010. The Indian WEP was not available.
The South Korean WEP is for the year to 31 March 2010. South Korean average FITs were calculated using a
mixture of fixed tariffs that appear to be below the average WEP and a variable tariff often set above the WEP.
WEP Wholesale electricity price. PV photovoltaic. FIT feed-in tariff.

Sources: Appendixes B, D-G, H-J.

Preferential loans and guarantees

Preferential loans reduce the cost of borrowing to invest in low-emissions
generation technologies. These can be in the form of low or zero interest rate loans,
or loan guarantees where the government takes on the default risk.

A wide range of preferential loan schemes operate at the national or sub-national
level in most of the study countries. These can provide small-scale support (such as
the Indian Government’s Off-grid and Decentralised Solar program that provides
low interest loans for small solar power generation), or large-scale assistance (such
as the US Government’s Loan Guarantee Program for emissions-reduction projects
with total costs over US$25 million).
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Low-interest loans and loan guarantees may appear to increase the availability of
capital for low-emissions generation projects. However, they do represent costs to
government. The difference between the market cost of borrowing and the
preferential interest rate is financed by the taxpayer. In cases where guaranteed
loans are not repaid, governments may incur large liabilities.

Emissions trading schemes

Two study countries have implemented ETSs that are specific to their electricity
sectors. Ten US states are party to a regional cap-and-trade ETS that applies solely
to electricity generation. In Australia, the New South Wales Government operates a
baseline and credit ETS for emissions in the electricity sector above a benchmarked
target (box 2.2). Cross-sectoral ETSs in Germany and the United Kingdom (through
the European Union ETS), and New Zealand, also cover electricity generation
(section 2.2).

Box 2.2 Emissions trading schemes specific to electricity generation

US Regional Greenhouse Gas Initiative

The Regional Greenhouse Gas Initiative is a state-based cap-and-trade emissions
trading scheme (ETS) covering ten north-western US states (Connecticut, Delaware,
Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode
Island and Vermont). The Regional Greenhouse Gas Initiative commenced in 2009,
and aims to reduce CO, emissions by 10 per cent below 2009 levels by 2018.
Generators larger than 25 megawatts (capacity) in the participating states must
purchase an allowance for CO, emissions. The scheme caps CO, emissions until
2014, after which the cap will be reduced by 2.5 per cent per year until 2018. The 2011
permit price currently sits at around US$2.05/t CO, (A$2.20).

NSW Greenhouse Gas Reduction Scheme

The NSW Greenhouse Gas Reduction Scheme is a baseline and credit ETS for
emissions in the electricity sector above a benchmarked amount. The scheme has
operated since January 2003. It requires electricity retailers and other buyers or sellers
of electricity in New South Wales to meet mandatory emissions benchmarks based on
the size of their share of the electricity market. Parties that emit CO, at a rate higher
than their benchmark targets are required to purchase offsets (a NSW greenhouse
abatement certificate) from eligible abatement projects or pay a penalty of A$12.00/t
CO,. The spot price of an abatement certificate over 2010 was around A$5.00/t CO,. A
similar scheme operates in the Australian Capital Territory.

Sources: Appendixes B, D, K.
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Fossil fuel taxes

India and Japan impose taxes on fossil fuels, including fossil fuels used to generate
electricity. These taxes raise the cost of production (and the retail price) of
electricity generated from these energy sources. The taxes implicitly subsidise
untaxed sources of electricity generation.

In India, the Clean Energy Tax imposes a levy of Rs.50 (A$1.20)6 per tonne of
coal, lignite or peat, which are domestically produced or imported. The tax revenue
is hypothecated to a National Clean Energy Fund established to fund research and
development in clean energy technology and environmental remediation programs.

Japan imposes a tax on petroleum and coal products. The tax rates are ¥2040
(A$25.50) per kilolitre of oil, ¥1080 (A$13.50) per tonne of natural gas or
petroleum gas, and ¥700 (A$8.75) per tonne of coal. Japan is proposing to
progressively lift these tax rates between 2013 and 2015 as part of its environmental
tax reform. The rates are expected to rise by 37 per cent for oil, 72 per cent for gas
and 96 per cent for coal.

Differential electricity taxes

Electricity taxes may be imposed at rates that depend on the generation technology
(for example, lower-emission electricity generation incurs a lower tax rate or an
exemption). These types of policies are not widely applied in the study countries.
One exception, is the United Kingdom’s Climate Change Levy that taxes
non-residential users of electricity (fossil fuels such as gas and coal are also taxed
but road transport fuels are not). Electricity generated from renewables (such as
solar and wind) and approved cogeneration schemes do not pay the tax.

Direct tax incentives

Direct tax incentives provide tax credits for investment in renewable generation, or
for the production of renewable electricity. These policies are not widely used in the
study countries.

In the United States, national investment tax incentives offer tax credits that provide
up-front payments for installed renewable capacity. A production tax incentive also
offers renewable generators up to US$0.022 (A$0.024) for each kilowatt hour

6 Conversion of foreign currency values to Australian Dollars (A$) in this chapter used average
exchange rates over January to April 2011 (RBA 2011).
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produced. In China, a national scheme offers a reduced valued-added tax rate for
electricity generated from renewables (including wind, small hydroelectricity and
biomass).

Research and development

All countries studied fund a wide range of programs that subsidise the research,
development and commercialisation of renewable electricity generation
technologies. For example, the UK Marine Renewables Deployment Fund provides
£50 million (A$84 million) to support research into wave and tidal technologies,
and the demonstration of these technologies.

Most countries also fund the research and development of clean coal technologies.
For example, the Australian Government funds the National Low Emissions Coal
Initiative — a program that subsidises low-emissions coal research and the
construction of demonstration projects. Governments in Germany, India, the United
Kingdom and the United States fund a range of similar programs.

Research and development programs for carbon capture and storage operate in
Australia, China, Germany, South Korea, the United Kingdom and the United
States. In addition, the Australian Government has established the Global Carbon
Capture and Storage Institute that aims to accelerate the development of
industrial-scale CCS projects internationally. The European Union has committed to
funding up to 12 demonstration CCS plants in EU countries (including Germany
and the United Kingdom). Some of these programs also fund CCS research in other
energy-intensive sectors (such as resource extraction and manufacturing).

2.4 Policy measures specific to transport

Emissions-reduction policies in the transport sectors of the countries studied
predominantly relate to road transport. The most widely applied policies concern
fuels, and passenger and light commercial vehicles (summarised in table 2.6).
Policies targeting heavy vehicles (such as freight transport) tend to be less widely
used. There is also a range of transport-related policies that may less directly reduce
emissions (such as public transport and freight infrastructure policies). Few
countries have policies targeting domestic maritime and aviation emissions.
Regulation of international emissions falls under the jurisdiction of the International
Civil Aviation Organisation, the International Maritime Organisation, and the
United Nations Framework Convention on Climate Change. There are currently no
binding agreements on reducing these emissions although negotiations are ongoing
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(ICAO 2011; IMO 2011). In the absence of an international agreement, some
countries have committed to unilateral action to regulate international emissions.
For example, the European Commission has committed to including domestic and
international aviation in the European Union ETS from 2012 (EC 2011a).

Fuel policies (road transport)

Fuel policies are taken to include any measure that taxes, subsidises or regulates
road transport fuels (such as petrol, diesel and liquid petroleum gas). Fuel taxes and
government assistance to biofuels are the most widely applied emissions-reduction
policies covering road transport fuels in the study countries.

Fuel taxes

Historically, fuel taxes have been imposed for a variety of reasons unrelated to
emissions reductions (such as to fund road construction and maintenance, to fund
public transport, or simply to raise revenue for general government purposes).
However, fuel taxes can also serve to reduce greenhouse gas emissions by reducing
demand for fuel.

All study countries impose fuel taxes at the point of consumption — as an excise
amount per litre of fuel or a consumption tax set at a percentage of the value of fuel
sales. There are marked differences in tax rates (table 2.7). Generally, broadly based
consumption taxes (such as value added taxes and goods and services taxes) are also
imposed on transport fuels.

Some countries also impose fuel taxes on the production of fuels. For example,
Japan imposes a Petroleum and Coal Tax on imported crude oil and refined
petroleum products used to produce transport fuels, while the New Zealand ETS
applies to transport fuels and is paid by fuel producers.

Recently, some governments have introduced taxes directly linked to emissions
from road transport fuels. For example, the New Zealand ETS applies to transport
fuels in addition to the already existing fuel excise (the European Union ETS does
not). The Japanese Government has announced an increase in its Petroleum and
Coal Tax based on the emissions content of the fuel category. The California
Cap-and-Trade ETS (expected to commence in California in 2012 as part of the
Western Climate Initiative) will cover transport fuels from 2015. South Korea is
considering imposing an economy-wide carbon tax that may apply to transport
fuels.
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Table 2.6 Emissions-reduction policies specific to road transport (passenger and light commercial vehicles), by

country
The jurisdictional coverage of a policy may be national (N), sub-national (S) or European Union (EU).
Australia China Germany NZ South UK us
Korea
Fuel policies
Fuel taxes N N N N N N N,Sa
Biofuel policies
fuel content mandates sb sc Nnd N N,Se
production subsidies (fuel tax exemptions) N N N N N
capital subsidies for fuel producers of N
Vehicle policies
Fuel efficiency/emissions standards Nd N EU Nd N EU N
Vehicle fuel efficiency labelling N sg N N N N N
Vehicle technology mandates EU EU N
Differentiated vehicle taxes N,sh N N N N
Subsidies for vehicle purchase N N N N N,Si
Capital subsidies for lower-emissions NI N N N N

vehicle research and manufacture

a Fuel taxes are levied in all 50 US states, the District of Columbia and at the federal level. P The Biofuels Act 2007 (NSW) sets a mandate for ethanol and biodiesel
content in New South Wales. € The National Scheme of Extensive Pilot Projects on Bioethanol Gasoline for Automobiles mandates a 10 per cent blend of ethanol in

petrol in five provinces (Heilongjiang, Jilin, Liaoning, Henan and Anhui), and cities in Hubei, Shandong, Hebei and Jiangsu provinces.

content mandates operate in nine US states and at the federal level.

Program. 9 Covers ten provinces including Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia and Shandong.
registration and Queensland and the ACT offer discounted stamp duty for lower-emissions vehicles. The Australian Government's luxury car sales tax is imposed at a
higher threshold for lower-emissions vehicles. ! California- ] The Australian Government’s Green Car Fund closed in January 2011.

Sources: Appendixes B, N, O.
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Table 2.7 Transport fuel tax, by country2
At the point of consumption, excluding broad-based consumption taxes, A$ (2010)

Petrol Diesel LPG
AS$/L AS$/L AS$/L
Australia 0.38 0.38
China 0.16 0.13 .
Germany 0.94 0.67 0.14
India (7.5% plus) 0.68 (7.5% plus) 0.19 (5%)
Japan 0.67 0.40 0.12
New Zealand 0.45 0.003 0.08
South Korea 0.70 0.49 0.21
United Kingdom 0.96 0.96 0.27
United StatesP 0.11 0.12 0.10

a Rates are current as at March 2011 and have been converted to 2010 Australian dollars. P Rates are the
sum of federal-level fuel excise and the weighted average state-level volumetric tax rate, as of December
2010. .. Not applicable.

Sources: Appendixes B, O.

Some countries have policies that can counteract the effect of fuel taxes. Fuel
subsidies (or fuel-price regulation) provide a subsidy (either on production or
consumption) to encourage the production and use of fossil fuels. These policies
aim to reduce the cost and expand access to fuels. For example, India and China
operate retail-price controls on some fuels, which set the price of fuel paid by
consumers. The US Government provides subsidies for the production of
compressed natural gas, liquefied natural gas and other fossil fuel products. In
Australia, the Fringe Benefits Tax on employer-provided vehicles applies to a
reduced taxable value the further a vehicle is driven. A recent government review
found that the policy may encourage individuals to travel unnecessary distances,
increasing pollution and road congestion (Henry etal. 2010). The Australian
Government has since announced it intends to amend the tax to apply a flat tax rate
independent of the distance travelled (Swan 2011).

Biofuel policies

The two main biofuels used for road transport are ethanol and biodiesel. Biofuel
policies may have objectives in addition to reducing greenhouse emissions (such as
regional development and agricultural assistance). The most common biofuel
policies in the study countries are fuel content mandates, and fuel production
subsidies (usually in the form of fuel excise exemptions). Capital subsidies for fuel
refineries are used to a lesser extent.
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Fuel content mandates are requirements for a minimum percentage of specified ‘low
emissions’ fuels to be blended with petrol or diesel. For example, in 2010, Germany
had a biofuel quota of 3.6 per cent for petrol and 4.4 per cent for diesel (measured
by energy content). All study countries, except New Zealand and Japan, use fuel
content mandates (table 2.8).

Table 2.8 Transport fuel content mandates, by country
(2009, 2010)

Country Mandate Biofuel type  Application National/ Voluntary/
sub-national mandatory
Australia 4 per cent All Per cent of NSW Mandatory?@
(petrol) total fuel
2 per cent consumption
(diesel)
China 10 per cent Ethanol Per cent blend Provincial Mandatory
in petrol
India 5 per cent All Per cent blend National Mandatory
in all fuels
Japan
Germany 3.6 per cent All Per cent of National Mandatory
(petrol) total fuel
4.4 per cent consumptionb
(diesel)
New
Zealand
South Korea 3 per cent Biodiesel Per cent blend National Voluntary
in diesel
United 3.25 per cent All Per cent of National Mandatory
Kingdom total fuel
consumption
United 8 per cent¢ All Varies by National and Mandatory
States jurisdiction state

& In practice, exemptions to the mandates have been granted where producers could not meet the required
fuel content level using domestically produced biofuels. b By energy content. € National 2011 Renewable
Fuel Standard across petrol and diesel. Additional mandates also apply in several states. .. Not applicable.

Sources: Appendixes B, N.

Production subsidies provide assistance to biofuel producers in various ways.
Assistance most commonly takes the form of an excise exemption on the tax rate
paid per litre of standard petrol or diesel for fuels containing biofuel. For example,
India provides a full excise exemption on ethanol (up to 5 per cent blends) and on
biodiesel (up to 20 per cent blends). In Australia, ethanol and biodiesel are subject
to the full fuel excise but producers receive grants that reduce the effective excise
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rate to zero.” Some countries pay direct subsidies to producers per litre of biofuel.
For example, New Zealand pays biodiesel producers up to NZ$0.45 (A$0.35) per
litre for biodiesel. All study countries, except the United Kingdom, provide biofuel
subsidies or tax exemptions to biofuel producers (table 2.9).

Capital subsidies for fuel refineries that produce ‘low-emissions’ fuels are less
widely applied. Government subsidies may take the form of direct payments, loan
guarantees or preferential loans for fuel refineries. For example, the Biorefinery
Assistance Program in the United States provides loan guarantees for the
development, construction and retrofitting of commercial-scale bio-refineries to
produce ‘advanced biofuels’ (such as cellulosic ethanol).

Table 2.9 Biofuel production subsidies, by country

Country Policies

Australia Biodiesel and ethanol are subject to the fuel excise but producers receive
grants reducing the effective excise rates to zero (changes are proposed from
December 2010).

China Subsidies, tax reductions and/or exemptions of the Value Added Tax are
provided to ethanol producers. Subsidies differ by province.

Germany Fuel tax exemption for biofuels.

India National excise exemption on ethanol (up to 5 per cent blends with petrol) and
on biodiesel (up to 20 per cent blends on diesel).

Japan Fuel tax exemption for ethanol and biodiesel.

New Zealand Ethanol is exempt from most fuel taxes compared to unleaded petrol.

Grants to biodiesel producers based on value of production.
South Korea Fuel tax exemption for biodiesel.
United Kingdom

United States A range of national and state tax credits for the production of ethanol.
Various payments to biofuel producers at federal and state levels.

.. Not applicable.
Sources: Appendixes B, N.

Governments in all countries studied also subsidise the research and development of
biofuels, and fund demonstration production projects to varying degrees. For
example, the Australian Government funds the Australian Biofuels Research
Institute, which coordinates research and development activities, and subsidises the
demonstration and commercialisation of biofuel technologies.

7 The Australian Government has proposed phasing out this arrangement from December 2011,
and gradually increasing the effective tax rates on biofuels.
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Vehicle policies

Fuel efficiency standards are the most widely applied emissions-reduction policy
targeting passenger and light commercial vehicles in the countries studied.
Differential vehicle taxes, and subsidies for the purchase of lower-emissions
vehicles, are also used in many of the countries. Policies targeting heavy vehicles
(such as freight transport) tend to be less widely applied.

Fuel efficiency standards

Historically, fuel efficiency standards have been linked with objectives other than
greenhouse gas emissions reductions. For example, the first fuel efficiency
standards were introduced in the United States in the 1970s as an energy security
measure in response to the first oil shock (Energy Policy and Conservation Act
1975 (US)).

Fuel efficiency standards impose a limit on the average amount of fuel that can be
consumed by a vehicle for a specified distance travelled. An alternative approach
used by some countries to limit fuel use is emissions standards. These impose a
limit on the average quantity of CO,-e a vehicle can emit per distance travelled.
(Emissions standards have also been imposed to reduce pollutants that are harmful
to human health or the environment, such as lead and sulphur dioxide.) Fuel and
emissions standards may apply to individual vehicles or as an average across a
manufacturer’s fleet. Heavy vehicles are generally not covered under vehicle fuel
efficiency or emissions standards. (One exception is the United States, which has
introduced standards for heavy vehicles that will apply from 2014.)

All study countries, except Australia, New Zealand and India, impose mandatory
vehicle fuel efficiency or emissions standards (figure 2.2). Australia® and New
Zealand have voluntary emissions standards. The Indian Government has
announced an intention to introduce mandatory fuel efficiency standards in the near
future.

Study countries have a range of vehicle policies related to fuel efficiency and
emissions standards. For example, all study countries have adopted, or are
implementing, fuel efficiency labelling of new vehicles. Some countries use vehicle
technology mandates that aim to reduce vehicle emissions in different ways. For
example, Germany, the United Kingdom (under European Union mandates) and the
United States have tyre standards designed to reduce fuel consumption. The United

8 The Australian Government is considering the introduction of a mandatory scheme (ATC/EPHC
Vehicle Fuel Efficiency Working Group 2009).
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Kingdom and Germany (also under European Union mandates) limit the use of
synthetic greenhouse gases in vehicle air conditioning systems.

Figure 2.2  Vehicle emissions standards, by countryabp
Grams of CO» per kilometre travelled
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& Each country’s fuel efficiency or emissions standard has been converted grams of CO2 per kilometre
travelled on the New European Drive Cycle. b Australia has a voluntary 2010 target for average emissions for
all new light-duty vehicles. China has committed to a 2015 target for average passenger vehicle fuel
efficiency. The European Union (including Germany and the United Kingdom) has a 2012 target for average
fleet emissions with a commitment of 95 gCO2/km by 2020. Japan requires average fleet fuel efficiency of
16.8 km/L (equivalent to 125 g CO2/km New European Drive Cycle). New Zealand has a voluntary 2015
target for average emissions for new and used light vehicles. South Korea has committed to a 2015 target for
average fuel efficiency with offset credits of up to 10 g CO2/km available for implementing tire pressure
monitoring systems, low-rolling resistance tyres, and gear shift indicators. The United States has committed to
a 2016 target for average fleet emissions or fuel efficiency. India does not currently have a fuel efficiency or
emissions standard.

Sources: ICCT (2011); Appendixes B, C.

Vehicle taxes

All study countries impose some forms of vehicle taxes. Generally, these take the
form of once-off sales taxes and annual vehicle registration fees.

Vehicle taxes have been in place in study countries for a number of years without
being explicitly linked with emissions-reduction objectives. However, the level of
vehicle taxes often varies with vehicle characteristics that are correlated with
emissions (such as engine size, weight or fuel efficiency). For example, most states
in Australia set annual car registration fees based on engine size or vehicle weight.

Some vehicle taxes more directly relate to the level of a vehicle’s CO, emissions.
For example, the US Gas Guzzler Tax — introduced in 1978 to discourage the
production and purchase of fuel inefficient cars — requires producers or importers
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to pay a dollar amount on passenger vehicles with fuel efficiency rating below
22.5 miles per gallon. The tax increases as vehicle fuel efficiency falls — from
about US$1000 (A$1090) for 22 miles per gallon (9.4 kilometres per litre) up to a
maximum of US$7700 (A$8370) for vehicles of less than 12.5 miles per gallon
(5.3 kilometres per litre).

More recently, other study countries have introduced differentiated vehicle taxes
based on a vehicle’s emissions. For example, Germany and the United Kingdom
charge annual vehicle taxes based, in part, on a vehicle’s emissions intensity. In
Germany the tax rises by €2/g CO,/km (A$2.70) in excess of 120 g CO,/km. In the
United Kingdom, annual vehicle registration taxes are calculated on average
emissions per kilometre. Germany, India, Japan, South Korea, and the United States
offer lower sales tax rates or exemptions for electric or lower emissions vehicles.
Some states in Australia offer discounted car registration (NSW, ACT and Victoria)
and/or discounted stamp duty (Queensland and ACT) for lower emissions vehicles.
The Australian Government’s luxury car sales tax is imposed at a higher threshold
for lower emissions vehicles.

Vehicle subsidies

An alternative approach to reducing taxes on lower-emissions vehicles is to
subsidise their purchase. Subsidies can be offered to consumers that purchase
specific vehicle types, such as hybrid or electric cars. For example, the UK
Government offers a 25 per cent subsidy up to £5000 (A$8380) when purchasing a
low-emissions vehicle. China, Germany, Indian, Japan, South Korea, the United
Kingdom and the United States also offer such subsidies.

Some study countries encourage the supply of lower-emission vehicles through
capital subsidies to vehicle manufacturers (either for the production of particular
vehicle types or for research, development and deployment activities). Government
subsidies (in the form of grants or loans) can reduce the development or production
costs of lower-emissions vehicles. The effect of these types of subsidies on
emissions is difficult to discern. They also have the effect of supporting domestic
car production and can be seen as a form of industry assistance or trade protection

policy.

Among the countries studied, the US Government operates the Advanced
Technology Vehicle Manufacturing Loan Program, which funds projects that help
vehicles manufactured in the United States meet higher fuel -efficiency
requirements. The Australian Government’s Green Car Fund — closed in January
2011 — subsidised research, development and commercialisation of lower-emission
vehicle technologies and their uptake. Major grants provided under the scheme

CHAPTER 2: 37
EMISSIONS-
REDUCTION POLICIES



include A$149 million to General Motors Holden to build the four cylinder car
‘Cruze’, A$35 million toward Australian production of the Hybrid Camry, and
A$42 million to develop a more fuel efficient engine for the Ford Falcon. Germany,
South Korea and the United Kingdom also subsidise the development or production
of lower-emissions vehicles.

Government fleet policies

Government fleet policies — guidelines or rules on government vehicle purchases
and leasing — can include fuel efficiency targets, or quotas for particular vehicle
types or fuels. Most countries studied use these types of policies. For example, the
US Federal Fleet Management Guidance sets a target to reduce vehicle fleet petrol
and diesel consumption by 2 per cent annually, and to increase the use of
‘alternative fuel’ (biofuels and gaseous fuels) by 10 per cent annually to 2015 (from
a 2005 baseline). It also includes mandates for using ‘alternative fuel’ vehicles and
hybrid electric vehicles.

Other land transport-related policies

There are a range of other land transport policies that may less directly result in
emissions reductions. Many of these policies have other explicit objectives, and
complex and indirect impacts on emissions, making it difficult to attribute
emissions reductions to them (chapters 3 and 5). Policies of this kind include:

« investment in passenger and freight transport infrastructure, including:

— high-speed rail. For example, China, India, South Korea, the United
Kingdom and the United States are investing in new high-speed passenger
and/or freight networks connecting large population centres and heavy freight
corridors. The Australian Government has commissioned a feasibility study
into a high-speed rail network on the east coast of Australia (including
consideration of a Newcastle to Sydney *‘spine’, northward links to Brisbane
and southwards links to Canberra and Melbourne (DIT 2011.)

— transport infrastructure to encourage modal shifts to lower-emissions forms
of transport. For example, new subway projects are under construction or
planned in the Indian cities of Delhi, Chennai, Kolkata and Bangalore. The
city of Sydney operates a bus corridor program that has established priority
bus lanes on existing roads and bus-only roadways such as the
Liverpool-Parramatta T-way rapid transit line. In 2009, the South Korean
Government enacted a law expanding the construction of bicycle only lanes.
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The UK Government is subsidising the construction of a public plug-in
network for electric vehicles.

— lower emissions public transport infrastructure. For example, the UK and US
Governments are funding the electrification of fossil fuel powered rail
networks. The ACT Government is progressively changing over the
Territory’s bus fleet to compressed natural gas.

. ‘intelligent transport systems’. For example, Japan is rolling out a national
traffic control and information sharing system to reduce congestion and vehicle
emissions. The Queensland Government’s FreightSmart program encourages
alternative freight delivery systems that reduce urban congestion and vehicle
emissions.

 road pricing and road use policies, including:

— congestion pricing. For example, the city of London charges a fee for
vehicles entering central London between 7 am and 6 pm weekdays. Toll
charges on the Sydney Harbour bridge rise during morning and afternoon
peak periods, and fall overnight and during the day.

— road tolls based on fuel efficiency and distance travelled. For example,
Germany charges a truck toll for freight vehicles based on the distance
travelled, the size of the truck and its emissions category.

— rationing and auctioning of vehicle licences. For example, the city
governments in Beijing and Shanghai cap the number of new vehicle licences
issued in a month and auction them off.

— high-occupancy lanes and/or low-emissions vehicle-only lanes. For example,
Melbourne’s Eastern Freeway has a high occupancy vehicle lane during
morning peak times. In some US states, low-emissions vehicles are permitted
to use high occupancy vehicle lanes with only one person in the car.

Aviation and maritime policies

There are currently no multilateral agreements covering international aviation and
maritime emissions. Negotiations (between national governments, the International
Civil Aviation Organisation, the International Maritime Organisation, and the
United Nation Framework Convention on Climate Change) on how international
transport emissions will be counted, and what steps may be taken to reduce them,
are ongoing (ICAO 2011a, IMO 2011).

In the absence of an international agreement, the International Maritime
Organisation has developed a range of technical and operational energy efficiency
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measures for new and existing ships designed to reduce emissions, and is
negotiating with member countries to make the measures mandatory (IMO 2011).
The International Civil Aviation Organisation is coordinating a range of voluntary
measures to reduce aviation emissions (such as increased fuel efficiency of aircraft,
the development of aviation biofuels and offset markets for aviation emissions, and
improvements to air navigation practices (ICAO 2011a)).

Some of the countries studied have taken policy action to reduce domestic aviation
or maritime emissions. For example, the New Zealand ETS covers transport fuels
used for domestic flights and shipping (fuel used by international aviation and
marine transport is exempt). The Japanese Government has imposed a Petroleum
and Coal Tax on imported crude oil and petroleum used to make transport fuels
(including aviation and maritime fuels). This tax is to be progressively increased
from 2013 to 2015 (although petrol, light oils and jet aviation fuels will initially be
exempt).

Some countries have taken unilateral policy action to cover international emissions
that otherwise would have been be covered under multilateral agreements. These
policies are examples of businesses being subjected to the policies of foreign
governments. For example, the United Kingdom imposes an air passenger duty
(charged to the carrier) on flights departing the United Kingdom. The rate of the
duty increases with the distance flown. The European Commission has committed
to including domestic and international aviation (covering aircraft that arrive or
depart from EU airports) in the European Union ETS from 2012 (EC 2011a). The
European Commission has also publicly stated that the European Union will bring
all international shipping visiting EU jurisdictions into the ETS if there is no global
agreement on maritime emissions by the end of 2011 (EC 2011b).

There is a range of policies in the countries studied that support research and
development in relation to aviation biofuels. For example, the US Federal Aviation
Administration (in partnership with the aviation industry) funds the Continuous,
Lower Energy, Emissions and Noise Reduction Program to develop aviation
biofuels. The US Air Force is undertaking tests with private sector companies to
meet a goal of certifying all of its aircraft as able to use aviation biofuel blends, and
to be able to obtain 50 per cent of its aviation fuel needs from biofuels by 2016. The
US and Chinese Governments have signed a series of research partnerships between
the Boeing Company, US government agencies, and Chinese research institutions
and state companies to undertake aviation biofuels research (ICAO 2011b). The
European Union funds a range of aviation biofuel research programs, including
Sustainable Way for Alternative Fuels and Energy for Aviation (SWAFEA 2011).
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2.5 Forestry and agriculture

Forestry

Many of the study countries have made public commitments to emissions-reduction
policies in the forestry sector. Some policy commitments appear be aspirational
targets to increase the land area covered by forest or to increase forest stock. Other
policy commitments involve the use of financial incentives and land-use regulations
to increase forestry coverage and reduce emissions from land clearing.

For example, the National Mission for a Green India program — one of the eight
programs under the National Action Plan on Climate Change — aims to increase
forest cover on a total of 10 million hectares of land, and to increase CO,
sequestration in forests by 50 — 60 Mt per year by 2020. It is currently unclear how
these targets will be achieved. The Indian Government has allocated A$2.72 billion
to a Compensatory Afforestation Fund Management and Planning Authority to fund
programs for the conservation, regeneration and management of existing forests and
wildlife habitats. Details on how the money will be used are currently unclear.

China has adopted an aspirational target to increase forest cover by 40 million
hectares, and forest stock volume by 1.3 billion cubic metres by 2020 from 2005
levels. It is unclear how these targets will be achieved.

The Australian Government offers a tax deduction to businesses that plant forests
for the purpose of absorbing CO, from the atmosphere. Some state government
policies also encourage the expansion of forestry coverage (such as Victoria’s
Carbon Tender which pays landholders to permanently revegetate a portion of their
land) or emissions reductions through changes to land management practices (such
as Queensland’s Vegetation Management Act (1999) that regulates land clearing).

New Zealand has three main schemes that subsidise afforestation and the
maintenance of existing forests. The East Coast Forestry Project subsidises the
planting of commercially productive forest (up to 200 000 hectares by 2020). The
Afforestation Grants Scheme provides finance to smaller landholders for planting
new forests. The Permanent Forest Sinks Initiative encourages the establishment of
permanent forests on previously unforested land by granting landholders tradable
offset credits that they can sell on the domestic or international carbon markets.

The United Kingdom operates a number of schemes (such as the Woodland Grant
scheme and the Environmental Stewardship scheme) that provide financial
incentives for landowners wanting to create new woodland or improve land
management practices.
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The US Government and some state governments operate a range of policies that
provide financial incentives and technical assistance for voluntary sequestration of
emissions by private land owners.

Forestry sectors in some of the countries studied are covered by ETSs. The New
Zealand ETS has applied to forestry since its inception in 2008. The owners of
eligible forests can receive emission permits for increases in the carbon stock of
their forest and can trade these on the domestic emissions market or convert them to
Kyoto units to be traded overseas. Forest owners are required to surrender New
Zealand Units to the Government if carbon stocks fall (for example if a forest is
harvested). Units earned from forestry sequestration can be traded internationally to
meet obligations under the Kyoto Protocol. In addition, the US Western Climate
Initiative cap-and-trade scheme, in principle, will permit offsets from forestry
activities. The European Union ETS does not currently cover forestry.

Agriculture

Agricultural food production (including cereals, grains, meat and dairy) can be a
significant source of a country’s overall greenhouse gas emissions. Currently, it
appears there are few emissions-reduction policies that apply to the agricultural
sectors of the countries studied.

China and South Korea have announced policies to reduce emissions from rice
growing. However, there is little detail on how these targets will be achieved.

A number of countries fund research into reducing agricultural emissions. For
example, Australia and New Zealand have a range of policies that fund research
into reducing emissions from various farming activities. The UK Government funds
research into reducing methane emissions from dairy cattle. Japan operates a
national program studying potential uses for biomass from the agriculture and
forestry sectors. A draft law before the Japanese legislature would set targets for the
proportions of biomass (such as cattle excrement, food waste, wood waste and
forestry residue) to be re-utilised by 2020.

Existing ETSs deal with agricultural emissions in different ways. The New Zealand
ETS will require the agriculture sector to report emissions from 2012 (with
agriculture scheduled to be covered from 2015). Agriculture will receive uncapped
permit allocations on an output intensity basis. Agricultural activities cannot
currently earn New Zealand Units for sequestration of emissions. The Western
Climate Initiative cap-and-trade scheme, in principle, will permit offsets for
agricultural activities. The European Union ETS does not cover agriculture.
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The Australian Government has introduced legislation to parliament to establish a
national Carbon Farming Initiative — a voluntary scheme that would enable
farmers, forest growers and other landholders to earn carbon credits for saving or
storing greenhouse gases through eligible sequestration activities (DCCEE 2011b).

2.6 Energy efficiency

All study countries use a wide range of policies designed to increase energy
efficiency, many of which are promoted as contributing to emissions reductions.
Energy efficiency policies apply to households, businesses and government
operations in the countries studied. Appendix C discusses some of the major energy
efficiency policies in electricity consumption and road transport in more detail.
Further information on specific energy efficiency policies is provided in the country
stocktakes on the Commission’s website (appendix P). Energy efficiency policies
that relate to road transport are also discussed in section 2.4,

The most widely applied policies aim to reduce household and commercial energy
consumption through:

. information provision. All study countries operate energy efficiency labelling
schemes for certain electrical appliances (such as energy efficiency star rating
labels on household appliances). Some countries also operate energy efficiency
rating schemes for residential and commercial buildings that require disclosure
of the building energy efficiency rating prior to rental or sale.

« minimum standards. AIll study countries set minimum energy efficiency
standards for specific electrical appliances. Generally, appliances that do not
meet these standards can not be sold in the country. Study countries also set
energy efficiency related building standards for residential and commercial
buildings through their respective building codes and regulations (covering areas
such as insulation, heating, cooling and lighting).

. direct financial assistance. Governments may provide zero or low interest loans,
or product subsidies and rebates, to encourage the purchase of energy-efficient
electrical appliances and the installation of energy efficiency building measures.

. market-based schemes. Governments can require electricity retailers to meet
energy savings targets by encouraging the uptake of energy efficiency measures
by residential customers or by purchasing offset certificates.

Study countries also operate a range of energy efficiency policies that specifically
target energy use by businesses. Primarily, these policies relate to electricity use,
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but can include other energy sources such as oil, gas, coal and biomass. Policies fall
into three broad categories.

Information and financial assistance to small and medium businesses to reduce
energy use. Voluntary programs can offer information and subsidies to
encourage the uptake of energy efficiency measures by businesses. For example,
the UK Carbon Trust and Low Carbon Australia are non-profit companies
established with seed funding from their respective governments. They provide
information and advice to businesses and the public sector on how to reduce
energy use, and subsidise the uptake of energy-efficient technologies. All
countries studied offer a range of these policies.

Partnership programs for ‘large’ energy users. These policies can include
voluntary or mandatory energy (or emissions) reporting, energy audits of
business operations, and the uptake of energy efficiency measures. Australia,
China, Japan, South Korea and the United States operate these types of
programs.

Market-based mechanisms for ‘large’ energy users. Market-based mechanisms
usually set a cap on energy use or an energy efficiency target for businesses,
then impose a penalty for not achieving targets (such as a fine or requirement to
buy an offset certificate). A number of countries have implemented, or are
considering, these types of schemes (box 2.3).

Study countries also target energy efficiency in government operations. This can be
through energy audits to identify energy efficiency opportunities, the mandating of
energy efficiency targets, and government procurement policies which set minimum
energy efficiency standards for government purchases of goods and services (such
as minimum fuel efficiency standards on car fleet purchases). All study countries
have incorporated energy efficiency objectives into aspects of their government
procurement policies.
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Box 2.3 Market-based energy efficiency schemes for business

In the countries studied, a range of market-based schemes that aim to improve energy
efficiency in business operations are in use or about to be implemented.

The Tokyo Metropolitan Government’'s baseline and credit trading scheme. The
mandatory scheme (commenced in 2010) covers emissions from the energy
consumption of approximately 1400 office buildings and 300 factories (about
20 per cent of Tokyo’'s emissions). The scheme aims is to reduce emissions by
25 per cent by 2020 from 2000 levels. Covered installations are set emissions
targets based on energy consumption and must buy offsets or pay a fine for energy
consumption above the target. Saitama Prefecture operates a similar scheme.

The Indian Perform, Achieve and Trade scheme. The scheme (to commence in
April 2011) requires approximately 700 of the most energy intensive industrial units
and power stations in India to reduce their energy intensity by a specified
percentage (depending on the current level of efficiency). Energy users that achieve
reductions above their mandated amount receive Energy Savings Certificates that
can be traded. The firms included in the scheme are responsible for around half of
India’s emissions.

The South Korean Greenhouse Gas and Energy Target Management Scheme. The
scheme (to commence in 2012) is a system of mandatory agreements covering
companies producing at least 25000 metric tons of emissions a year
(470 companies, including 36 power generators). The agreements would set energy
savings and emissions-reduction targets for each emitter. Emitters who would have
to buy offsets or pay a fine for not meeting a target.

The NSW Energy Savings Scheme. The scheme (commenced in 2009) is a
mandatory energy efficiency scheme for electricity retailers who are required to
meet energy savings targets. Electricity retailers meet their targets by implementing
energy saving activities (with households and business customers) or by purchasing
energy savings certificates from companies with recognised energy reductions.

Source: Appendix P.
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3  Methodology

Key points

« What all emissions-reduction policies have in common is that they generally impose
costs that someone must pay in order to reduce emissions. It is in this sense that
the Commission has interpreted ‘effective’ carbon price loosely to mean the cost of
reducing greenhouse gas emissions. This applies both to individual
emission-reductions policies and in aggregate.

« The Commission has adopted a partial equilibrium, comparative static approach that
compares, in the latest year for which data are available, a snapshot of the
post-policy situation to the counterfactual snapshot of no policy. Ideally the impacts
would be measured in terms of changes in economic welfare, taking into account
influences on both the supply and demand sides, divided by the abatement
achieved.

e On the supply side, the Commission has estimated subsidy equivalents as proxies
for resource costs. The subsidy equivalent is the amount of explicit or implicit
subsidy provided for low-emission products.

— While it overstates the resource costs involved, this measure provides some
basis for comparing the cost-effectiveness of different policies within and across
countries.

— Subsidy equivalents are also useful indicators of the resources that respective
governments are prepared to devote to encouraging abatement, either directly
through explicit financial subsidies or indirectly through higher prices paid by
consumers.

« On the demand side, the Commission has also endeavoured to estimate the overall
product price ‘uplift that results from the various supply and demand-side
interventions in each sector for each country, and using this information make some
inferences about consumption costs and demand-side abatement.

The terms of reference for this study essentially ask the Commission to capture the
various emissions-reduction policies being applied in a number of countries in a
single metric — an ‘effective’ carbon price. This would be a relatively
straightforward task if all countries applied economy-wide carbon taxes or quota
schemes.
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In that case, the carbon ‘price’ would be observable and comparable. But, as
chapter 2 has illustrated, none does, eschewing broadly-based explicit pricing for a
myriad of less transparent, more narrowly-focused interventions designed to assist
the production and consumption of selected, less emissions-intensive technologies,
or penalise particular emissions-intensive products and processes. Even those
countries that have carbon pricing schemes apply them only to a limited range of
emitting activities. This fragmented approach increases the cost of achieving any
given level of abatement, but it also makes comparable measurement problematic.

This chapter discusses the methodology used in this study. Section 3.1 outlines how
emissions-reduction policies work and section 3.2 looks at measurement issues.
Section 3.3 then considers summary measures. Some key terms used in this study
are outlined in box 3.1.

Box 3.1 Subsidy equivalent, abatement and cost terminology

e Production subsidy equivalent — the assistance provided per unit of output through
a particular policy measure (implicitly or explicitly) to suppliers of low-emissions, but
high cost, products to enable them to be competitive with high emission but low cost
products.

o Subsidy equivalent — the production subsidy equivalent multiplied by output.

— The total subsidy equivalent is the sum of the subsidy equivalents at the sectoral
level.

o Abatement — a reduction in greenhouse gas emissions. In this study abatement
has been calculated by comparing the emissions of the low-emissions product or
technology supported by a policy measure with the emissions of the counterfactual
high-emissions product or technology.

— Total abatement is the sum of abatement from all policies at the sectoral level.

o Implicit abatement subsidy — the subsidy equivalent divided by the amount of
abatement. An indicator of relative cost effectiveness.

— The average implicit abatement subsidy is the total subsidy equivalent divided by
total abatement.

e Resource costs — the value of labour, capital and other primary factors of
production used directly and indirectly in the production of a good or service.

e Consumption costs — households’ valuation of the goods that they give up as a
result of a price rise, less their valuation of other goods that are purchased with the
diverted expenditure. (When a tax on a good increases its price, households use
less of the good than they would otherwise prefer and divert more expenditure to
other, less-preferred goods.)
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3.1 How emissions-reduction policies work

Understanding how different policies operate is an important first step to measuring
and aggregating their effects.

‘Carrots and sticks’

Despite the variety of policy instruments, all policies designed to promote lower
greenhouse gas emissions essentially must either provide incentives to abate or
disincentives to emit greenhouse gases, or both. Broadly speaking, all policies can
be classified as those that:

« encourage substitution of low-emissions technologies and products (for example,
renewable electricity and biofuels) for higher-emissions technologies and
products (such as coal-generated electricity and fossil fuels) — these policies
essentially focus on the production or supply side

« discourage consumption of products that generate emissions, either through price
increases of those products and/or non-price induced decreases in demand for
emissions-intensive products — these policies work through the demand side.

But whichever side of the market policies target, they will have implications for the
other. Policies that effectively tax one commodity implicitly subsidise others.
Effective subsidisation of a commodity implicitly taxes others. Put another way, to
achieve their objective, policies that seek to reduce greenhouse gas emissions must
alter relative prices to favour products that involve low emissions and to discourage
products with the opposite characteristics.

Carbon taxes and quotas

It 1s generally recognised that the most direct and, consequently, most efficient way
of implementing the ‘relative price’ change required to discourage consumption of
high-emission products in favour of low-emission ones, is through a global,
broadly-based carbon tax or quota scheme (emissions trading scheme). Placing a
‘price’ on emissions through these mechanisms means that an additional cost must
be taken into account in all decisions involving production and consumption of
competing products that have varying amounts of emissions embodied in them or
which emit varying amounts of carbon in their use. Production of
emissions-intensive products will decline as consumers reduce their purchases in
response to higher prices, and as producers switch to comparatively cheaper,
low-emission production technologies and intermediate inputs. Because these
adjustments can be made on the basis of consumer and producer assessments of

METHODOLOGY 49



relative costs and benefits to them, any given amount of abatement will be achieved
at least cost.!

Emissions trading schemes (ETSs) limit the total quantity of emissions, but in effect
work in a similar fashion to taxes, by directly raising energy prices to consumers
and implicitly subsidising producers of ‘clean’ products. Therefore, any ETS has a
‘tax equivalent’ that would deliver precisely the same amount of abatement from
the same sources for the same resource cost. Assuming perfect compliance, the two
approaches also would have identical distributional impacts, delivering the same
revenues to government, if permits were auctioned.

However, no country currently imposes an economy-wide tax on greenhouse gas
emissions or has in place an economy-wide ETS. Of the study countries, the United
Kingdom, Germany, some parts of the United States and New Zealand have
emissions trading schemes operating — but these apply only to particular sectors,
such as electricity generation. In some cases too the imposition of generous caps,
combined with the impacts of economic recession, have meant that, at least in the
early years, the caps have not been binding to any great extent and prices of
emission permits have been low (for example, the Regional Greenhouse Gas
Initiative in the United States).

Emissions trading schemes or taxes that focus on the electricity sector alone
nevertheless work in the same way as more broadly-based taxes and quotas, though
the potential abatement options are more limited. They increase the price of
non-renewable energy and reduce energy consumption overall (assuming some
price sensitivity of demand).?2 At the same time, they implicitly subsidise lower
emissions-intensity energy production, because they raise the price that renewable
energy producers can charge energy buyers (and still compete with other
producers). Non-renewable energy production will thus be squeezed on two
‘margins’ — by lower demand for energy overall, and by the increased
competitiveness of renewable energy production.

An emissions tax in the electricity sector effectively taxes consumption of all
energy. The revenue raised from taxation of high emissions-intensity energy
production accrues to government, and the revenue from higher prices for low

I This presumes that the tax or quota scheme is costless to implement. In practice, the costs of
administration and compliance would make it uneconomic to attempt to cover all goods and
services in all situations, and hence price effects will differ. However, to the extent that such
exemptions are based on marginal benefits and costs, the resulting consumption patterns would
be optimal from the community’s perspective.

2 Reductions in energy consumption could be countered by compensation payments, particularly
arrangements linked to energy use, such as rebates rather than lump-sum income supplements.
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emissions-intensity energy production accrues to producers as an effective subsidy
(box 3.2). The rate of subsidy, or producer ‘price uplift’, for renewable production
is equal to the rate of tax on emissions-intensive production.

Subsidies, renewable targets or mandated production standards

Chapter 2 sets out an extensive range of policies that subsidise the production or
consumption of particular ‘clean’ technologies, or that mandate targets for the use
of these technologies by producers.

Regulations or schemes that set quotas, standards or targets for renewable energy,
or which mandate prices for generating certain types of renewable energy (such as
solar feed-in tariffs), implicitly subsidise their production (box 3.3). In this case, the
subsidy rate is equal to the producer price uplift required to induce the amount of
renewable energy set by the target or quota. The ‘subsidy equivalent’ of a policy
will equal this subsidy rate times the quantity of renewable energy produced.

Except for explicit, taxpayer-funded subsidies, such schemes must also ‘tax’
consumers to pay for the higher cost of supplying energy from renewable
technologies. Higher energy prices in turn will induce some reduction in overall
energy use, leading to some additional abatement. To the extent that energy
consumers were compensated for the additional energy cost, this additional source
of abatement could be diminished, depending on the nature of the compensation
payment.

It is important to note, however, that even if the full costs of implicit production
subsidies are passed on to energy consumers, the resultant increase in the price of
energy will not have the same effect as imposing a tax on emissions that led to the
same uplift in consumer prices. Such a tax would induce different, lower-cost
abatement and, almost certainly, would generate different levels of abatement
(higher or lower) than the renewable target.
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Box 3.2 How emissions taxes and permits work

Price
($/MWh)

Output (MWh)

This figure presents a stylised market for electricity generation with non-renewable
baseload electricity being provided at a constant unit cost equal to price ab, and no
renewable electricity generation (represented by the supply curve Sg). A carbon tax is
then imposed, driving up the price of electricity from ab to ae.

This higher price will have two effects. One, household and business demand for
energy falls (from am to ai) (they use less energy either through adopting more energy
efficient processes or by curtailing activities and production that use energy). Two, at
the same time, provided the tax is high enough, energy generated from renewable or
less emissions-intensive sources will come on line in response to the higher consumer
price for energy from non-renewable sources (as drawn, supplying ah).

Amount hi is still supplied from non-renewable energy sources. Tax revenue collected
from non-renewable energy production is represented by area gfkj. A quota or permit
scheme that only allowed total emissions consistent with this output from
non-renewable sources would have the same price and abatement effects as the tax,
but the distribution of the revenue represented by area gfkj will depend on whether
permits or quota entitlements are given away or sold.

Shaded area befg represents the ‘subsidy equivalent’ to renewable energy producers,
paid by consumers of energy. The economic costs of the scheme are the additional
resource cost of producing renewable energy (area bdfg) plus the consumption cost
(the loss of consumer surplus represented by triangle jk/). Consumers, however, not
only curtail their energy consumption, but pay more for what they continue to consume
— in total, area bekj, which comprises tax payments to government (or payments for
permits) and the ‘subsidy’ to producers of renewables.
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Box 3.3 How subsidies and renewable energy targets work

Price
($/MWh)

Output (MWh)

This figure again depicts a stylised electricity generation market, with non-renewable
baseload electricity being provided at a constant unit cost equal to price ab,
pre-intervention. Total consumption is am. A mandatory renewable energy target is
introduced that is assumed to induce supply from low-cost (for example, biomass),
medium-cost (wind) to high-cost (solar) sources. The supply curve for these options is
shown as Sg. If the renewables target is set at quantity ah, the price required by
marginal generators will be ae.

o The implicit subsidy paid per MWh to renewable producers is be, and the total
subsidy equivalent (TSE) the shaded area, befg. Total abatement would be equal to
the difference in emissions intensities of the baseload generator and the renewable
generators, multiplied by the amount of renewable electricity ah.

o Part of the TSE, area def, is producer surplus to renewable suppliers — the size of
this depends on the excess of the price received over their costs of production. The
remainder (area bdfg), is the additional resource cost of supplying ah (that is,
additional to the cost of the baseload generation being replaced).

The renewables target will increase the average cost of generating electricity and lead
to an increase in the electricity price from ab to ac (as drawn, the full cost of the
subsidy is passed on to consumers so area befg is the same as area bckj). This will
induce a reduction in consumption of energy and some additional abatement. If the
subsidy to renewable energy producers was paid by taxpayers instead, the consumer
price of electricity would not change, but the average cost of producing energy would
still rise.

Biofuel policies

There are a range of assistance measures designed to increase the production of
biofuels and displace the consumption of cheaper but more emissions-intensive
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conventional fuels (petrol and diesel). These include production subsidies as well as
fuel content mandates that specify a minimum percentage of biofuel in the volume
of petrol or diesel sold. The mandated increase in demand allows biofuel producers
to sell at a higher price than conventional fuels (adjusted for energy content) and
thus provides an implicit subsidy for their production (box 3.4).

Fuel taxes

Fuel taxes raise the price of fuel and therefore reduce fuel consumption and
greenhouse gas emissions from fuel use. Thus they result in abatement on the
demand side. As with supply-side abatement there is a cost, but in this case it is less
obvious than the additional resource costs that are involved in supply-side
abatement. With demand-side abatement, consumers end up driving less and
diverting more of their expenditure to other goods than they otherwise would prefer.
Measurement of this consumption cost requires assumptions about the demand
curve and how responsive consumers are to increases in fuel prices.

Energy efficiency measures

In addition to policies that increase prices of energy products, there are many
policies designed to compel or encourage consumers and firms to invest in more
energy-efficient durable products, such as fuel-efficient cars and energy-efficient
appliances. The switch to such products is intended to reduce the demand for energy
and, hence, emissions. However, the ultimate impact on emissions will also be a
function of the level of their use. Because the energy operating costs are reduced,
‘rebound’ effects can mean usage can increase, offsetting some of the initial
savings. Further, the effect on abatement in some instances will depend on the
emissions intensity of energy or fuel production displaced — higher-cost renewable
products could be displaced instead of cheaper but more emissions-intensive
products.

There are substantial difficulties in evaluating these programs and calculating their
effects. There are resource costs in producing the additional energy-efficient
durables, but there are also expected future savings in resource costs from using less
energy (box 3.4). And both the additional production costs and the expected future
cost savings are difficult to measure.
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Box 3.4 How fuel content mandates work

Price Dg (with mandate)

($/litre)

Sp

h i ym

D

/7

Quantity petrol equivalent (litres)

This figure depicts a market where both petrol and biofuel can be supplied by imports
at world prices ab and ad and the two are considered to be perfectly substitutable in
use after adjusting for energy content. Without intervention, am litres of petrol are
consumed and no biofuel is consumed as it is not competitive with petrol.

Consider the introduction of a binding fuel content mandate that requires demand for
biofuel to be ai and allows this to be met by imports or domestic production. The
domestic biofuel price is set by the world price and the quantity of domestic production
depends on its marginal costs MCp. At price ad domestic production of biofuel is ah
and imports are hi. The additional costs required to replace petrol with biofuel are bcfkj
which are the additional resources used in producing domestic biofuel bcfg and to
purchase the biofuel imports gfkj. The subsidy equivalent of the biofuel mandate is the
shaded area bdkj, which is greater than the additional resource costs by the value of
producer surplus cdf.

In contrast, where imports are not permitted to meet the mandate ah, the price that
domestic biofuel producers receive will reflect domestic costs of production. That is, the
price will be determined by domestic producers’ marginal cost at the mandated quantity
of biofuel. In this case, with domestic biofuel price ae domestic production of biofuels is
al, the total subsidy equivalent is belj, the additional resource costs are bclj leaving
producer surplus cel.

Although not shown in the figure, the fuel mandate also increases the price of the
petrol-biofuel blend and thus also has demand-side effects.

The difficulty in measuring production costs of additional energy efficiency is that
energy efficiency products generally do not exist on their own. Instead, energy
efficiency attributes are embodied in durable products along with other attributes.

Measuring the expected decrease in future energy costs is also difficult, because it
depends on whether investors underestimate the benefits of energy savings
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(box 3.5). The ‘energy paradox’ is that there appears to be a reluctance to invest in
seemingly cost-effective energy-efficient durables. Why this is so is contentious.
The net result depends on whether the apparent reluctance reflects investor
misperceptions, or whether it reflects some unobserved cost of additional energy
efficiency (such as search costs, high borrowing costs, or a preference for product
attributes other than energy efficiency).

Therefore, the net costs of efficiency standards depend critically on assumptions
regarding investor perceptions. For example, Parry, Evans and Oates (2010)
provided estimates suggesting that in the United States, the marginal costs of using
auto standards to reduce economy-wide emissions by several percent can vary from
roughly —US$100 to +US$100 per US (short) ton of CO,.

3.2 Measurement issues

The crux of the challenge for this study is how disparate, limited policies of
selective application can be measured and aggregated in a useful way. If all
greenhouse gas emissions were ‘priced’ directly, comparing prices across countries
would be meaningful. Even so, any differences in carbon prices would not reveal
whether some were too high or some too low — that would require an assessment
of the desirable level of abatement globally. Some differences would also occur
where the coverage of schemes differed.

In the absence of explicit carbon prices or taxes being imposed on all emissions in
an economy, the total economic (welfare) costs of individual policies and their
associated abatement effects ideally need to be estimated.3 Measurement of total
costs and abatement would allow calculation of average costs per tonne of
CO, abated under the schemes analysed, which in turn would allow comparison of
the cost-effectiveness of the various policies.

3" Price and quantity adjustments induced in markets will also likely generate real adjustment costs
involving capital write-offs and labour relocation. Implementation and ongoing administration
and compliance costs should also be taken into account but are difficult to measure.
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Box 3.5 How energy efficiency standards work

MB, MC
($) MC

MB,

MB,

Additional fuel economy (km/litre)

A large number of policies promote the production of and investment in more
energy-efficient durable products, buildings and equipment, with the objective of
reducing the demand for energy. The above figure is a stylised representation of the
marginal benefits and costs of investing in a durable product (a car) that gives greater
fuel economy. Marginal costs represent the resource costs used in producing the
product, whereas the marginal benefit to investors depends on the value of expected
future fuel savings discounted over the product lifespan (less any other transaction
costs).

Expected fuel costs are the discounted value of the expected distance travelled in each
future year, multiplied by the expected price of petrol divided by the fuel economy
(km/litre). Marginal benefits are the change in fuel savings (that is, the negative of the
change in expected fuel costs) from a change in fuel economy. With higher petrol
prices, greater distance travelled and/or a lower discount rate, there are larger marginal
benefits.

Many studies have suggested that buyers seemingly undervalue increased fuel
economy. That is, marginal benefits are perceived to be MB; rather than the ‘true’
MB; and actual investment ab is less than the desirable level ag. This ‘energy paradox’
could result from imperfect information or excessive discounting. In this case, a
mandatory vehicle fuel economy standard ag is seen as achieving the desired
production level and net benefits — the increase in production costs bceg is less than
fuel savings bdeg giving net benefits cde.

However, if investors correctly evaluate fuel savings, then marginal benefits are
represented by MB; and a mandated fuel economy standard ag results in additional
production costs bceg less fuel savings bcfg. In this case, the vehicle fuel economy
standard leads to over-investment in fuel economy with net costs cef. Thus, the costing
of mandated energy efficiency standards such as fuel economy is particularly
problematical and depends critically on the assumption about the extent to which
investors may misperceive costs and benefits (to themselves).
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An inherent difficulty of these measurements is that they involve comparing an
existing situation with an unobserved ‘counterfactual’. Calculating the effects of an
existing or committed policy requires an assessment of what would have happened
in the absence of the policy. This requires assumptions about, or estimates of, the
supply and demand responses to the policy. Yet there is often considerable
uncertainty about these responses, and the underlying models that are used to
measure them can be quite different (and are sometimes only implicit). Some
models are based on engineering estimates with little behavioural response, whereas
others allow for behavioural supply and demand responses.

These considerations are especially important when attempting to construct
comparable measures across diverse policies and countries. In some cases,
sophisticated models allow consistent measurement across policies in a single
country,* but for most there are no available models, and also significant data
limitations. Costs of a policy derived from even a fully-specified model in one
country will not be comparable to those calculated from more ad-hoc methods in
another.

For policies that assist producers of low-emission products, the value of the
assistance (‘subsidy equivalent’) is more easily calculated than their resource costs
and i1s more comparable across policies and countries. These production subsidy
equivalentsd are of interest in themselves, because they capture the often hidden
transfers to producers. Also, they are indicative of the true (resource) costs, though
they generally will overstate them.

Measuring economic costs and subsidy equivalents

A (relatively) simple case: explicit production subsidies for low-emissions products
Measurement is simplest in the case of production of low-emission products such as
renewable energy and where it is assumed that:

1. there is an explicit subsidy paid for each unit of production of the low-emissions
product

4 For the United States, a comprehensive and consistent measurement of the economic cost
effectiveness of a wide range of energy policies has been produced by Resources for the Future
and National Energy Policy Institute using a version of the US Energy Information
Administration’s National Energy Modelling System (NEMS) (Krupnick et al. 2010).

5 The OECD (2010) uses the terminology ‘producer support estimates’ for these measures in
relation to agricultural assistance policies.

58 CARBON EMISSION
POLICIES IN KEY
ECONOMIES



2. it is assumed that there would be no production of the low-emissions product
without the assistance policy

3. consumers consider the low-emissions product (for example, electricity
generated from renewable sources) to be perfectly substitutable for a
higher-emissions product (such as electricity generated from coal)

4. the higher-emissions product is produced at constant marginal costs.

In this case, the subsidy equivalent from government — the production subsidy
equivalent multiplied by annual production — provides additional revenue to low-
emissions producers that is used to pay for the additional resource costs of
producing their output® and, depending on costs, leaves some producer surplus.

On the basis of the commonly-used approximation that the marginal costs of
producing the low-emissions product is linear, the additional resource costs will be
greater than one-half of the subsidy equivalent and at most equal to the subsidy
equivalent. To split the subsidy equivalent into additional resource costs and
producer surplus, the marginal cost of producing low-emissions products is
needed”’, but is generally unknown. For this reason, it is necessary to rely on an
estimate of the subsidy equivalent as a proxy for the additional resource cost, even
though it will generally overstate it.

More complicated cases

In addition to explicit production subsidies (assumption 1) there are a large number
of other less transparent policies that assist the production of low-emissions
products and thus implicitly subsidise them. In these cases, it is necessary to
estimate the production subsidy equivalents.

This is straightforward with renewable energy certificate schemes, where the
certificate price is equivalent to a production subsidy. And the production subsidy
equivalent of a feed-in tariff is the tariff rate less the wholesale price of electricity.

In other cases, estimation of production subsidy equivalents is less straightforward.
With input subsidies, for example, it is necessary to convert them to a per unit of
output basis to make them equivalent to a production subsidy. Up-front lump sum
capital subsidies have to be converted to an annual basis to determine the
production subsidy equivalent. With an ETS, the production subsidy equivalent for

6 These resource costs of producing the low-emissions product are those additional to the cost of
producing the higher-emission equivalent.

7 This can be seen in boxes 3.1 and 3.2 where the subsidy equivalent is area befg, additional
resource costs are area bdfg and producer surplus is area def.
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a low-emissions producer is equal to the permit price times the difference between
their emissions intensity and that of higher-emissions producers.

If assumption 2 is relaxed — that is, there would have been some production of the
low emission product without the policy — the link between the subsidy equivalent
and the additional resource costs of the policy becomes less direct. This is because,
depending on scheme design, the subsidies may flow to existing production as well
as incremental production, while the additional resource costs of the intervention
come only from the incremental units. For this reason, it is important that the
subsidy equivalent calculations used for cost comparisons across policies and
countries only included policy-induced production.

More measurement difficulties arise where high-emissions and low-emissions
products are imperfect substitutes (assumption 3 does not hold). For example,
biofuels are not perfect replacements for their conventional fuel counterparts. In
these cases measurement is difficult because in principle it is necessary to know the
supply and demand of the low-emissions product and how these change in response
to the policy. In practice, with biofuels it has been assumed that, after adjusting for
energy content, they are perfectly substitutable with conventional fuels (chapter 5).

There are further issues if assumption 4 is relaxed and there are increasing marginal
costs of producing the high-emissions substitute. This has implications for the
breakdown of the low-emissions product’s subsidy equivalent into additional
resource costs and producer surplus. Nonetheless, it remains the case that (with
linear marginal costs) the additional resource costs for low-emissions production
will be half or more of its subsidy equivalent.

Measuring price uplifts and consumption costs

Any policy that raises product prices to consumers will reduce their consumption
and impose costs on them. However, rather than considering the consumption costs
of each individual supply-side policy in a sector, the Commission has estimated the
price uplift for all policies combined and then made some illustrative estimates of
consumption costs.

The price uplift depends on who pays the subsidy equivalents. Where these are paid
for entirely by consumers, the uplift will equal the sum of the subsidy equivalents
for the sector divided by post-policy consumption (box 3.3). However, where it is
known that the subsidy equivalents were funded by taxpayers, they have been
excluded from the price uplift estimates. Where the subsidy equivalents are paid by
consumers, the price uplift is estimated using the subsidy equivalent on all
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production, not just the subsidy equivalents on policy-induced production (which
are used as a proxy for resource costs).

The consumption cost is a measure of the value to consumers of foregone
consumption of a good, minus the value of other goods that can be purchased
instead.8 In chapter 4, consumption costs are approximated by taking one half of the
product of the change in quantity and price uplift. This commonly-used
approximation (based on the demand curve being linear) is best for small price
changes. For the larger fuel price changes considered in chapter 5, consumption
costs have been calculated assuming a constant elasticity of demand.

It is also important to note that there are also costs if the subsidies are paid by
taxpayers and not consumers. Because additional taxes further distort individual
decision-making, they reduce efficiency and thus introduce an additional excess
burden or welfare cost on the broad economy. However, no estimates have been
made of these costs.

Measuring abatement

In addition to measuring the subsidy equivalents of individual policies, it is
necessary to calculate the abatement brought about by each policy. The difficulty
again is that this requires a counterfactual; namely, how much abatement would
have happened in the absence of the policy?

Another issue is that policies aimed at supply-side abatement can also generate
demand-side abatement if they raise product prices by reducing the quantity
demanded and thus emissions. However, it 1s more convenient to consider first the
supply-side abatement of individual policies, and to introduce later the effects of all
the sectoral supply-side policies on the demand for the sector’s product and
emissions.

Supply-side abatement

A simple case is a policy that encourages production of a low-emissions product
that then replaces production of a higher-emissions product. In this case, abatement
is the additional quantity of the low-emissions product multiplied by the difference
in carbon intensities between the high-emissions and low-emissions products.

8 In boxes 3.2 and 3.3, the consumer valuation of the foregone consumption is iklm, while ijim
would be diverted to the consumption of other goods and reflects the valuation of those other
goods. This leaves the consumption cost, that is, a net loss, of jk/.
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Nonetheless, identifying the counterfactual can be complicated where the marginal
operator varies depending on the circumstances (for example, peak-load electricity),
and this can have a substantial impact on the amount of abatement that might
reasonably be attributed to a policy. In the case of electricity generation, it is
conceivable that at certain times some types of renewable electricity production
replace (relatively low emissions) hydro or gas-fired electricity rather than
(relatively high emissions) coal-fired electricity, for example.

It is even more complicated when a number of piecemeal, seemingly independent,
policies interact. Here, the unintended consequence can be that the abatement
impacts of the policies are not additive. One policy may increase the production of a
zero-emissions product such as electricity from solar, but it may act to displace
another zero-emissions product such as electricity from wind generation.”

Furthermore, it is necessary to measure net abatement in cases such as biofuels
which, by replacing conventional fuels, reduce emissions, but in their production
use fossil fuels, which increases emissions. This necessitates using a life-cycle
approach to measuring emissions.

Demand-side abatement

Demand-side abatement is important for policies that push up the price of products
that embody emissions. These policies obviously include explicit carbon taxes,
ETSs and fuel taxes. In addition, to the extent that subsidies increase the prices to
users — and demand elasticities are not zero — this will provide an additional
source of abatement and, ideally, should be taken into account. In this study the
Commission has used estimates of the elasticities of demand for electricity and
transport fuels to make some inferences about the likely short-term abatement that
the policy measures might achieve, presuming that all costs are passed through to
consumers.

Other measurement issues

The timeframe

Ideally, emissions-reduction policies would be assessed over multiple years. This is
because:

9 In these cases, as abatement from one policy goes to zero then abatement costs per tonne of
CO, for that policy goes to infinity. Nonetheless, the combined abatement and costs from the
two policies would be included in the sectoral averages.
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« policies are often designed to induce capital investments, such as the building of
renewable electricity generation, which can take years to complete and result in
abatement over many years

« it is common for policies to be phased in over a period of years, such as an
increasingly stringent target for the share of electricity generated from renewable
sources.

However, this can add considerable complexity, and so its advantages have had to
be weighed against the time constraint on the study. In measuring the costs and
abatement of policies, the Commission has adopted a partial equilibrium,
comparative static approach that compares, in the latest year for which data are
available, a snapshot of the post-policy situation to the counterfactual snapshot of
no policy.

This is not to say that longer-term issues cannot be accommodated in the
framework. For example, a capital subsidy that encourages investment in
low-emissions generation, has a one-off upfront cost, but may contribute to
abatement over many years. To account for this divergence in costs and benefits, the
value of the subsidy can be amortised over the life of the project and expressed on
an annualised basis. This can also be done for previous years’ capital subsidies, as
some of these previous up-front payments also contribute costs today when
considered on an annualised basis. Similarly, the costs of policy measures that bring
forward investment that might reasonably be assumed to have occurred in the future
can be approximated in similar ways by use of appropriate discount rates
(chapter 4).

‘Additionality’

Some policies promote other domestic objectives (such as revenue raising or
reducing local pollution), while having the ‘by-product’ effect of achieving
emissions reductions. (This issue is more likely to arise for policies that are not
explicitly intended to target greenhouse gas emissions, such as fuel excise.) Where
such policies deliver domestic benefits and would have been undertaken regardless
of their impact on greenhouse gas emissions, the marginal costs of any associated
abatement will be negligible. Given that policies can have multiple objectives and
that it in most cases it is not possible to decompose abatement estimates (or for that
matter costs), it is arguable how much can or should be attributed to abatement
objectives.
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Sensitivity analysis

Given the measurement challenges just outlined, it is inevitable that there will be a
degree of uncertainty associated with estimating abatement costs. The Commission
has accordingly produced a range of estimates, rather than a single number, for
different policies and for each sector in each country. This involved sensitivity
analysis, with key assumptions varied within plausible ranges.

3.3 Addingitup

Ideally, the full economic costs and abatement of the various interventions in the
study countries would be measured. Given the measurement challenges, for each
policy measure, a subsidy equivalent (as a proxy measure of resource costs), and
where possible, an implicit abatement subsidy (cost per tonne of CO, abated) have
been reported. Implicit abatement subsidies could not be estimated for every
measure, because,, as noted earlier, in some cases it has not been possible to isolate
the abatement effects of individual policies.

Although these proxy measures will typically overstate resource costs, to the extent
that they do so consistently across countries, they provide some basis for comparing
the cost effectiveness of different measures within and across countries in these
sectors. They will also be useful indicators of the resources that respective
governments are prepared to devote to encouraging abatement, either directly
through explicit financial subsidies or indirectly through higher prices paid by
consumers.

As far as possible, the Commission has also endeavoured to estimate the overall
product price increase or ‘uplift’ that results from the various interventions in each
sector for each country. This information has been used to make some inferences
about consumption costs and demand-side abatement. It has been done only after
aggregating the subsidy equivalents for each sector. But given the large degree of
uncertainty about demand elasticities, estimates of consumption costs can only be
illustrative.

The Commission’s approach to estimating the sectoral price uplift resulting from
the various policies is essentially the same as that followed by Vivid Economics
(2010) in a report it undertook for the Climate Institute. Vivid Economics weighted
its estimates of the costs of each policy by the share of electricity generation to
which that policy applied, to give the price uplift (box 3.6). Vivid Economics
referred to this as the sectoral ‘implicit carbon price’ by expressing it per tonne of
CO..
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Box 3.6 Issues in ‘implicit carbon prices’
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In its report for the Climate Institute, Vivid Economics calculated the cost of abatement
for each policy measure, weighted these results by the proportion of electricity
generation to which that measure applied, and then summed them. The result was
termed the ‘implicit carbon price’ for that country’s electricity-generation sector.

This weighting system is appropriate for calculating electricity price uplifts (when all
costs are passed on to consumers). However, it will give a different result for countries
that are identical in abatement and costs, but which differ in their cost and emissions
intensity of baseload electricity. The result also depends on whether the assistance
provided to renewable generators comes via direct intervention or by imposition of a
carbon tax or ETS.

Take three countries, each of which devotes the same amount of resources (as proxied
by the total subsidy equivalent, and shown as the shaded area in each diagram above)
to supporting renewable generators. In country A the quantum of assistance provides
one unit of renewable electricity, and in country B it provides two units. This is because
in country A, baseload is half the cost in country B, and twice as much subsidy is
required to induce the renewable technology supported by country A’s intervention. (To
simplify the figure, country A and B are assumed to target different technologies hence
the different cost functions, but this does not affect the outcome.)

If baseload electricity in country A is assumed to be twice as emissions-intensive as in
country B (2t CO,/MWh compared with 1t CO,/MWh), each country achieves the
same amount of abatement at the same additional cost (and hence would have the
same implicit abatement subsidy). But Vivid Economics’ weighting would mean that
country A’s assistance would be weighted by a factor of 0.25 (one unit of renewable
electricity in four units in total) and country B’s would be weighted by 0.5. In other
words the ‘implicit price of carbon’ in country B would be twice that of country A,
despite both having the same amount of abatement and the same cost of abatement
per tonne of CO..

(Continued next page)
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Box 3.6 (continued)

Now let country C (which has the same characteristics as country B) impose a carbon
tax instead of a technology-specific regulation or subsidy. In this example, the carbon
tax provides the same uplift in the prices received by renewable generators, and the
same total subsidy equivalent. But because the Vivid Economics approach gave the
carbon tax (for its estimate of the United Kingdom) a weighting of 1.0, it contributes
more again to the implicit price.

In summary, the abatement subsidy is $10/t CO, for all three countries and they all
achieve the same abatement, but the implicit prices that would be derived from the
Vivid Economics’ approach are $2.50, $5.00 and $10.00/t CO, for countries A, B and C
respectively.

This is a highly stylised example that uses large hypothetical differences in emissions
intensity and cost, but it serves to illustrate some of the issues in interpreting a single
measure of costs that is weighted by shares of generation.

These three scenarios can also be used to illustrate what would happen to electricity
prices if the full amount of the tax equivalent was passed through to customers. The
tax equivalent for countries A and B is equal to the subsidy equivalent, but in country C
the total tax equivalent equals the full revenue from the carbon tax, some of which
accrues to renewable generators as a subsidy and some to government. For both
country A and country B the price uplift would be $5/MWh, but because of the different
cost base this would represent a 50 per cent increase in country A and a 25 per cent
increase in country B. Full pass-through of the carbon tax in the case of country C
would result in a $10/MWh rise in electricity prices, a 50 per cent increase. Thus, in this
example, country A with the lowest ‘implicit carbon price’ has the (equal) highest
percentage increase in electricity prices.

This example also illustrates that the Vivid Economics ‘implicit carbon price’ can be
interpreted as (and is equivalent to) the price uplift per MWh divided by the baseload
emissions intensity. That is, dividing the price uplift for each country ($5, $5 and
$10/MWh for A, B and C respectively) by their emissions intensity (2.0, 1.0 and
1.0 t CO,/ MWh) gives the country’s ‘implicit carbon price’ ($2.50, $5 and $10/ t COy).
Thus, all else the same, the higher the emissions intensity, the lower the ‘implicit
carbon price’.

To demonstrate this, the Commission has calculated from Vivid Economics’ published
figures that their average abatement subsidies for Australia and the United States
would be US$15.27 and US$15.38/t CO,, respectively. Using Vivid Economics
weighting, these translate into electricity price uplifts in the two countries of
US$2.45 and US$4.80/MWh. Based on emissions intensities for the two countries
(1.05 and 0.95), their ‘implicit carbon prices’ are US$2.34/t CO, and US$5.05/t CO..

Finally it is important to note that these ‘implicit carbon prices’ cannot be compared to
explicit carbon prices of the same value. In the above example as drawn if country B
converted its ‘implicit carbon price’ of $5 into an explicit carbon tax of $5, it would
achieve no abatement and have no abatement costs (with demand unresponsive to
price) while raising $20 in revenue.
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The Commission’s estimates of price uplift are expressed per unit of output and
comparisons are made across countries of the percentage increase in output prices
as a result of the emissions-reduction policies examined. While these price uplifts
are one important metric in cross-country comparisons of the effects of carbon
policies, it is necessary also to compare abatement achieved and the economic costs
incurred. Countries could have similar abatement and costs with different price
uplifts or vice versa (box 3.6).

It is also important to note that the estimated price uplift is not a carbon price
equivalent. That is, the imposition of an economy-wide carbon price that would
result in the same price uplift would not achieve the same abatement as the existing
sectoral policies, nor would it have the same costs of abatement.

Conceptually, there are a number of different economy-wide carbon prices that are
equivalent to existing sectoral policies in a single aspect of their impacts but not
others (box 3.7). The imposition of an economy-wide carbon price that would result
in the same amount of abatement as existing policies would not involve the same
cost nor would it achieve the same price uplift. Or the imposition of an
economy-wide carbon price that imposed the same costs as existing policies would
not result in the same abatement. In other words, there is no single economy-wide
carbon price that would bring about precisely the same level, type and cost of
abatement as a scheme that assists a narrow subset of abatement options.
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Box 3.7 The elusive ‘implicit’ carbon price equivalent of a subsidy

There are a number of different carbon price equivalents that could capture a particular
aspect of the impacts of a subsidy scheme.

First, it would be possible to estimate the carbon price or tax that would deliver the
same average increase in electricity prices as a renewables subsidy (assuming that the
subsidy is paid for by electricity consumers rather than taxpayers). But this carbon
price would be too low to support the level of renewable production that the subsidy
brings forth and, indeed, too low to generate much abatement from any other
low-emissions technology. Moreover, for any given abatement cost, this particular
carbon price will be lower, the greater the emissions intensity of baseload generation.

Second, there will generally be a carbon price level or rate of tax capable of inducing
the same amount of renewable energy as a renewables subsidy. Indeed, that carbon
price or tax would need to equal the (explicit or implicit) unit subsidy. But unlike the
subsidy scheme, this level of carbon price or tax would also lead to additional
abatement by increasing consumer prices and reducing consumption of electricity
overall, and by encouraging other production technologies (for example, gas-fired
generation). (And the broader the base of the carbon price or tax, the greater the
abatement for any given price.)

Third, there will be a carbon price or tax that would generate the same costs as the
subsidy scheme, but this carbon price will be lower than the unit subsidy and would
also likely generate greater abatement from different sources to the subsidy scheme
(again depending on the coverage of the carbon price scheme).

A fourth approach would be to calculate the carbon price or tax that would deliver that
same total amount of abatement as the renewables subsidy, from the most efficient
(lowest-cost) sources. While this would be equivalent to the subsidy in that particular
respect, the resulting abatement would not come from the same sources or occur at
the same cost. That said, such a calculation would usefully highlight to governments
the relative cost effectiveness of the mitigation policies they have in place. (But these
‘efficient’ carbon price equivalents, assuming they could be estimated for each country,
would still provide little guidance as to whether countries should undertake more or
less abatement.)
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A

The electricity generation sector

Key points

The Commission estimated the total subsidy equivalent and the abatement
attributable to a subset of policies that are having the greatest impact in the study
countries. The estimates give an indication of the resources the countries are
devoting to emissions reductions, the level of abatement that policies are achieving,
and their cost effectiveness.

When expressed as a proportion of counterfactual electricity-sector greenhouse gas
emissions, the total abatement from the policies analysed is estimated to be highest
for Germany, followed by the United Kingdom, Australia, the United States, China,
Japan and South Korea.

Likewise, when total subsidy equivalent estimates are expressed as a proportion of
GDP, the estimate is highest for Germany, followed by the United Kingdom,
Australia, China, South Korea, the United States and Japan.

The estimated implicit abatement subsidies — which give an indication of the cost
per tonne of abatement in each country — were highest for South Korea, followed
by Japan, Germany, the United Kingdom, Australia, the United States, China and
New Zealand.

Implicit abatement subsidy estimates can be used to compare the relative costs of
different approaches to reducing emissions:

— The European Union Emissions Trading Scheme delivers significant abatement
in the United Kingdom at a relatively low resource cost.

— Policies that encourage large-scale renewable energy projects were found to be
the next least costly, but impose higher costs where some policy instruments are
used.

— Subsidies for solar photovoltaic systems were consistently found to have been
the most costly way of achieving abatement for all countries.

— The Chinese Government’s policy of shutting down small coal-fired power plants
and replacing them with more efficient plants, appears to have been
cost-effective in its own right, because the savings in operating costs from using
more efficient technologies outweigh the costs of new plant.

lllustrative calculations, based on various simplifying assumptions, suggest that the
analysed policies have induced little demand-side abatement in percentage terms,
except in Germany and the United Kingdom.
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This chapter presents the Commission’s quantitative analysis of abatement and
costs of a selection of policies in the electricity generation sector of the study
countries. The analysis is restricted to electricity generation — the use of fuel
(fossil, nuclear or renewable) to create electrical energy. Electricity transmission,
distribution and retail are not included in the analysis. The first section describes
the types of policies that were assessed and the approach taken. Section 4.2 sets out
comparisons of the estimates for the supply side of the electricity generation sectors
in the study countries. Section 4.3 sets out the supply-side results for each country.
Section 4.4 contains illustrative estimates of the effects of the policies on electricity
prices and demand-side abatement.

4.1 Reducing emissions from electricity generation

The terms of reference requested the Commission to ‘estimate the effective carbon
price per tonne of CO,-e faced by the electricity generation sectors’ in the study
countries. For the reasons set out in chapter 3, the Commission’s approach was to
estimate the total subsidy equivalent for a range of policies in each country, and the
abatement (from the supply side and demand side) attributable to these policies.

The scope of the quantitative analysis

Governments use a range of policy instruments to reduce emissions from electricity
generation — well over 100 policies were identified in the policy stocktakes for the
study countries (available on the Commission’s website). Quantitative analysis was
restricted to a subset of policies that:

. actdirectly on electricity generation
« penalise emissions or provide an incentive for lower-emissions generation

« have a material effect on electricity-sector emissions and/or involve significant
resource costs for the study countries.

In general, the analysis covered the policies that were having the most material
effects in each country in the relevant period. However, time and data constraints
meant that some policies that could have met these criteria were not included in the
quantitative analysis. In addition, numerous smaller policies that were not included
in the analysis could, in combination, have material effects (this is potentially
significant for the United States). Where the exclusion of policies may have had a
material effect, this is noted in the relevant section. In general, the omission of
policies from the analysis is likely to have led to underestimates of subsidy
equivalents rather than of abatement.
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The policies that were analysed fit into three broad categories:

Production subsidies operate by paying a subsidy to lower-emissions generators
for each unit of electricity they supply into the grid. Commonly-used instruments
include renewable energy certificates (RECs), feed-in tariffs (FITs), and
production tax credits (chapter 2).

Capital subsidies are transfers that subsidise the capital costs of investment in
low-emissions generators. Instruments include direct cash transfers, investment
tax credits, government-provided loans, and loan guarantees.

Emissions trading schemes (ETSs) change the marginal costs of electricity
generation — the more emissions-intensive the technology, the greater the
increase in its marginal cost. Depending on the price of emissions permits, this
can make low-emissions electricity less costly than higher-emissions electricity,
and increase the market share of gas and renewables.

All study countries have a similar suite of regulatory policies directed at improving
the energy efficiency of products and buildings using electricity. These include:

compulsory energy efficiency labelling and minimum performance standards for
a range of household appliances and some commercial and industrial machinery

mandatory energy efficiency standards for new residential and commercial
buildings and major renovations to existing buildings

requirements for government agencies to increase the energy efficiency of their
operations

mandatory energy audits and reporting for large energy users

direct financial assistance to consumers and businesses to encourage the
purchase of more energy efficient appliances and machinery and the
improvement of energy efficiency in buildings

requirements for electricity providers to subsidise energy efficiency
improvements by their customers or the wider community.

A number of these policies are outlined in more detail in chapter 2 and appendix C.
The policy stocktakes on the Commission’s website provide a more complete listing
of the energy efficiency policies implemented in individual study countries.

Energy efficiency policies will generally reduce the demand for electricity and lead
to lower greenhouse gas emissions. However, as outlined in chapter 3, their effects
— and particularly their costs — are very uncertain and hence are not estimated
here (appendix C discusses these issues in some detail). However, while the breadth
and diversity of policies across countries makes comparisons difficult, Australia
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generally has a similar mix and stringency of energy efficiency regulations for
electricity usage to those in most other study countries.

In addition, as previously discussed, research and development policies were not
included in the quantitative analysis, because of their uncertain effects and the fact
that outlays in one year are unlikely to have much impact in the same year of
analysis.

What the Commission has estimated

The policies chosen for the quantitative analysis all provide a subsidy (explicit or
implicit) for electricity generation from lower-emissions sources (generally
renewables or gas). The Commission estimated how much these policies reduced
emissions in the most recent year for which data were available (generally 2009 or
2010), the costs of the abatement and the cost effectiveness of policy instruments
and technologies.

Detailed descriptions of the methodological approaches and data are set out in
appendixes D-L (available on the Commission’s website). The estimates were
based on publicly-available information, and information provided by the
governments of the study countries and by contractors. Governments were given the
opportunity to comment on drafts of the appendixes that related specifically to their
countries.

Estimating subsidy equivalents

For each policy, the Commission estimated a subsidy equivalent. This measures the
outlays required to ‘buy’ certain amounts of abatement from particular sources. A
subsidy equivalent is also an upper-bound proxy for resource costs; that is, the
economic costs of the policies designed to promote lower-emissions generation. The
subsidy equivalent was estimated in different ways for each policy instrument
(details are set out in appendixes D-K).

Where several policies provide subsidies for the same unit of renewable generation,
the subsidy equivalent estimate for each policy was included in the analysis.

It should be noted that for some policies, only a portion of the total outlay was
counted toward the subsidy equivalent. This is the case where policies provide a
subsidy to generation that would have occurred in the absence of any policy
intervention (such as a subsidy to pre-existing hydroelectricity under some REC
schemes). This portion of the subsidy is essentially a transfer and does not
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contribute to the resource costs of the policy, although such payments will involve
real economic costs being imposed on consumers or taxpayers, depending on who
has to pay. (Hence, transfers are counted in the analysis of electricity price uplifts.)

To account for these transfers, the Commission estimated how much additional
generation can be credited to each policy through an assessment of the policy design
and changes in the use of low-emissions generation since the introduction of the

policy.

Estimates of the subsidy equivalents for the various policies were added to derive an
estimate of the total subsidy equivalent for each country.

Estimating abatement

The Commission also estimated the abatement attributable to the set of policies that
were analysed for each study country. In many cases, policy overlaps meant that it
was not possible to attribute abatement to individual policies. Instead, to avoid
double counting, in many cases the Commission estimated the abatement that arose
in each country through different technologies (for example wind or solar power).

Abatement was estimated against a counterfactual of no policy intervention. That is,
what would greenhouse gas emissions have been if the policy were not in place? To
do this, it was necessary to identify the source of electricity that would have been
used in the absence of the subsidised low-emissions generator. Abatement is
reported in tonnes of CO, (t CO,), rather than tonnes of CO, equivalent (CO,-e),
because in most cases the available estimates of greenhouse gas emissions from
electricity generation only included CO,. Other gases (such as methane and
nitrogen oxides) were not included. However, CO, generally accounts for
98 per cent of greenhouse gas emissions from fossil fuel combustion (or higher), so
excluding these gases is not likely to have had material effects on the overall results.

Implicit abatement subsidies

The estimated implicit abatement subsidy for a policy, technology or the electricity
generation sector of a country as a whole is calculated by dividing the subsidy
equivalent by the abatement induced. This gives an indication of the cost
effectiveness of the abatement options being pursued. (The higher the implicit
abatement subsidy, the less cost-effective a measure or set of measures is likely
to be.)
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Demand-side effects

The Commission estimated the effects of the policies on electricity prices,
consumption costs and greenhouse gas emissions in the study countries
(section 4.4). These estimates are assumption-driven and should be regarded as
illustrative.

Sensitivity analysis

Estimates of subsidy equivalents and abatement attributable to policies were based
on assumptions about the characteristics of the electricity generation sectors in the
study countries, the cost of capital and some other variables. Where such
assumptions played an important role, estimates were subjected to sensitivity
analysis — systematically varying parameter values to demonstrate the effects of
changes. The results are reported in a range that reflects the sensitivity analysis.

4.2 Subsidy equivalents and abatement compared

This section presents the results for the supply side of the electricity generation
sector, including international comparisons of abatement and total subsidy
equivalents, comparisons of the cost effectiveness of various technologies, and
detail on the results for each study country.

Comparing abatement across countries

For each study country, abatement was estimated for the set of policies that were
analysed. While the analysis was restricted to a subset of the emissions-reduction
policies in each country, for most countries those that were assessed are likely to
have captured the majority of the subsidised low-emissions generation. Analysing
additional policies in most countries would not be expected to lead to significantly
higher estimates of total electricity sector abatement in the years of analysis.

Differences in the characteristics of the study countries mean that estimates of total
abatement are not directly comparable in absolute terms. One reason is the size of
the countries — in proportionate terms one tonne of abatement represents less
‘effort’ for a large country than for a small one. A second issue is that each of the
study countries has different natural resource endowments and patterns of energy
use. This means that achieving a given amount of abatement requires different
levels of effort for each country. For example, if all countries applied the same
policy measure (such as a production subsidy of A$50 per megawatt hour (MWh)
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for wind power), the abatement from that policy would be expected to differ among
countries.

One way to make cross-country comparisons more meaningful is to scale the
estimates according to what the country’s total electricity-sector greenhouse gas
emissions would have been in the absence of the policies (table 4.1, figure 4.1). The
results show that, relative to total electricity-sector emissions, the policies that were
analysed for Australia were estimated to have led to less abatement than in the
United Kingdom and Germany, and more abatement than the policies analysed for
South Korea, Japan, China and the United States.

Table 4.1 Estimates of policy-induced abatement

Country Total electricity Estimated Abatement as a percentage of
sector emissions  abatement counterfactual electricity-sector emissions2

Mt CO, Mt CO, %

Australia 196 7-11 3-5

Chinal 3370°¢ 41-52 1-2

United States 2270 67 3

United Kingdom 151d 12-27 8-15

Germany 299d 67-73 18-20

Japan 396¢€ 34 <1

South Korea 191€ 1 <1

& Counterfactual emissions are calculated as the sum of actual electricity-sector emissions and estimated
abatement. P Results for China do not include the ‘Large Substitute for Small’ program. € Productivity
Commission estimate of China’s electricity-sector emissions in 2010. d 2009 data. © 2008 data.

Sources: Appendixes D—K.
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Figure 4.1  Abatement as a proportion of counterfactual electricity sector
emissionsa
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Source: Productivity Commission estimates.

Comparing total subsidy equivalents across countries

The estimates of the subsidy equivalents of each policy were added to derive a total
subsidy equivalent for each country. This shows the outlays that countries are
making to ‘buy’ abatement. As with the estimates of abatement, estimates of total
subsidy equivalents are more meaningful when put into context, reflecting the
characteristics of the study countries. For this reason, the estimates are reported in
dollar values, and as a proportion of GDP (table 4.2, figure 4.2).

The results suggest that, as a proportion of GDP, the estimated total subsidy
equivalent for electricity sector policies in Australia is somewhat larger than for the
policies that were analysed for Japan, the United States, South Korea and China,
and significantly less than for the United Kingdom and Germany.

In interpreting these estimates, it should be noted that some of the policies that were
not included in the analysis could have had a material effect. In particular, for the
United States, the analysis included two large federal-level programs and
13 state-level programs. However, there are numerous state-level programs that
were not included in the analysis because of time and data constraints. It is likely
that some of these policies provide material subsidies to low-emissions generators.
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Excluding these policies from the analysis will underestimate the total subsidy
equivalent.

Table 4.2 Estimates of total subsidy equivalents

Country GDP Total subsidy equivalent Total subsidy equivalent as a
percentage of GDP
A$b (2010) A$m (2010) % GDP

Australia 1343 473-694 0.04-0.05

China 6 402@ 1835-2 309 0.03-0.04

United States 15936 2 886-3 339 0.02

United Kingdom 2437 2 042-2 433 0.08-0.10
Germany 3572 10 019-11 947 0.28-0.33

Japan 5959 669-940 0.01-0.02

South Korea 1101 313-379 0.03

& GDP figure for China does not include Hong Kong.
Source: Appendixes D—K.

Figure 4.2  Total subsidy equivalents as a proportion of GDP2
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Comparing implicit abatement subsidies across countries

The implicit abatement subsidy for each country’s electricity generation sector is
the total subsidy equivalent divided by total abatement. The results are reported in
A%/t CO,, and can be interpreted as an upper-bound estimate of the average
resource costs of a tonne of abatement. The implicit abatement subsidy is not a
‘carbon price’. Rather, as noted in chapter 3, it gives an indication of the cost
effectiveness of the set of policies that were analysed for each country in achieving
abatement.

Two factors have a particularly significant influence on the implicit abatement
subsidy estimates. The first is the emissions intensity of each country’s electricity
generation sector. Specifically, for a given total subsidy equivalent, the implicit
abatement subsidy will be lower in countries where renewable energy sources
displace emissions-intensive sources. For example, a given total subsidy equivalent
to renewable energy in a country where renewables displace coal will yield a lower
implicit abatement subsidy than the same total subsidy equivalent in a country
where renewables displace gas, other things being the same.

A second relevant factor is the rate of the production subsidy provided to
renewables. The higher the production subsidy (expressed in A3/MWh), the higher
the implicit abatement subsidy, other things being equal. Production subsidy rates
tend to be related to the costs of technologies, and reflect decisions to favour
particular technologies.

Bearing in mind the difficulties in making cross-country comparisons, it is
reasonable to draw the following conclusions from the results (figure 4.3):

« The lowest implicit abatement subsidy estimate internationally is for New
Zealand, for which only one electricity sector policy was analysed — the
recently-introduced New Zealand ETS.

« Despite their participation in the European Union ETS, the estimated implicit
abatement subsidies for Germany and the United Kingdom are relatively high
because of the generous subsidies that the two countries provide to renewables.

. Policies analysed in Japan and South Korea achieved relatively low levels of
abatement, but at a relatively high cost (mainly because of large production
subsidies paid to high-cost solar photovoltaic (PV)).

« The implicit abatement subsidy range estimated for Australia (A$44-98) is
lower than for some countries, but high relative to the New Zealand and
European Union Emissions Trading Schemes (discussed further below).
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For reasons set out in the section on subsidy equivalent estimates, the implicit
abatement subsidy for the United States should be regarded as a lower-bound
estimate.

Figure 4.3  Implicit abatement subsidies2
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Comparing emissions-reduction technologies

In some cases, it was possible to estimate the implicit abatement subsidies
associated with individual policies. Where these policies support a particular
technology, the results can be used to compare the cost effectiveness of using
different technologies to achieve emissions reductions (figure 4.4). The results
support some significant conclusions.

First, emissions trading schemes are found to have been the most cost-effective
instruments identified. The European Union ETS appears to be leading to abatement
by encouraging a switch from coal to gas. The effects are more pronounced in the
United Kingdom than in Germany, because Germany had less surplus gas-fired
generation capacity in the year of analysis. Sources of abatement under the New
Zealand ETS are not yet clear, because the scheme has only applied to electricity
generation since 2010, and current transition arrangements mean that the scheme
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has probably not yet had a significant effect on the day-to-day production decisions
of New Zealand electricity generators. Moreover, around three-quarters of
electricity generation in New Zealand is already from renewables (mainly
hydroelectricity, geothermal and wind power), with most of the remainder coming
from gas. This suggests that there are limited opportunities for New Zealand to
further reduce the emissions intensity of its electricity generation sector, compared
to other countries that rely more heavily on fossil fuels.

Figure 4.4  Implicit abatement subsidies — technologies and policiesap
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component of the Renewable Energy Target. ‘'SRET’ refers to the small-scale component. Both components
were analysed for 2010.

Source: Productivity Commission estimates.

A second clear finding is that solar PV is currently a relatively costly abatement
option. Solar PV is a high-cost technology (box 4.1), and hence subsidy rates for
solar PV need to be high to make it competitive at prevailing market prices.
Furthermore, subsidy rates for solar PV often have been set at excessive levels,
essentially providing windfall benefits to households that install solar PV. In
Australia in 2010, the combined effect of the Renewable Energy Target and state
and territory FITs was estimated to have provided a subsidy equivalent to solar PV
of A$149-194 million. Abatement from solar PV through these policies was
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estimated to be 0.2-0.3 Mt CO,, which implies implicit abatement subsidies for
solar PV of A$432-1043/t CO, — some of the highest identified in this study.

Box 4.1 The costs of electricity sources

The levelised cost of electricity (LCOE) is a widely-used measure of the cost of
electricity generation technologies. Estimates of the LCOE are sensitive to
assumptions about factors such as capital costs, the useful life of assets and the
technical efficiency of generation technologies. As such, they should be treated as an
indicative guide to the relative costs of various technologies.

The Electric Power Research Institute (2010) reported estimates of the LCOE of
various sources of electricity in Australia, including:

« coal-fired electricity (without carbon capture and storage) — A$78-91/MWh

« combined-cycle gas turbines (without carbon capture and storage) — A$97/MWh
e wind — A$150-214/MWh

o medium-sized (five megawatt) solar PV systems — A$400-473/MWh.

Smaller domestic PV systems are likely to have higher costs again. The high LCOE for
solar PV is one of the reasons that policies that subsidise solar PV have high implicit
abatement subsidies.

Source: Electric Power Research Institute (2010).

The results for large-scale renewables are less clear. The implicit abatement
subsidies are higher than for ETS-induced coal-gas switching, and generally lower
than for solar PV. However, there is significant variation in the implicit abatement
subsidy estimates. Some of this is accounted for by differences in the costs of
renewables in the study countries. Another factor is the different instruments used to
subsidise renewables. The two most common are renewable energy certificate
(REC) schemes and feed-in tariffs (FITS).

REC schemes work by setting an overall target for the use of renewables. Under a
REC scheme, all renewables receive the same subsidy per MWh, and the market
determines the mix of renewables that will meet the target at the lowest cost. FITs
operate by setting a guaranteed payment for electricity from renewable energy
sources that is fed into the electricity transmission grid. FITs are generally set at
different rates for different technologies. Inevitably, FIT rates are set at higher
levels than would be necessary to induce the least-cost mix of renewables, and the
overall resource cost of using a particular level of renewables will be higher than
under a REC scheme.
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4.3 Results for each country

The following sections set out the results for each country that have been drawn on
above. Key drivers of abatement, total subsidy equivalents and implicit abatement
subsidies for each country are explained, and significant policies are described in
greater detail. Full explanations of how subsidy equivalents and abatement were
estimated for each policy are provided in appendixes D-K (available on the
Commission’s website).

Australia

A large number of emissions-reduction measures apply to Australia’s electricity
generation sector. The quantitative analysis was restricted to a subset of measures
that were considered likely to have had a material effect on the total subsidy
equivalent and/or total abatement estimates in 2009 or 2010 (the years of analysis).
Specifically, the analysis included:

. the large and small-scale components of the Renewable Energy Target (RET)
« state and territory solar PV FITs

. the NSW and ACT Greenhouse Gas Reduction Scheme (GGAS)

. the Queensland Gas Scheme.

It should be emphasised that the estimate of the abatement attributable to the
Queensland Gas scheme is an upper-bound estimate. It is likely that some of the gas
generation that has been subsidised by the scheme would have been in service even
without the incentives provided under the scheme.

A number of federal, state and territory capital subsidy programs (such as the Solar
Flagship program, various Solar Schools programs, the Victorian Large Scale Solar
Project, and the Low Emissions Energy Development Fund) were not included in
the analysis as they were not considered likely to have led to material abatement or
to have had significant resource costs in 2010.

In proportionate terms, Australia’s total abatement and total subsidy equivalent
were the third highest of the study countries (behind only Germany and the United
Kingdom) (table 4.3). The average implicit abatement subsidy is lower than for
South Korea, Japan, Germany and the United Kingdom, and higher than for the
United States, China and New Zealand.
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Table 4.3 Effects of emissions-reduction policies, Australia

2009, 2010
Policy name Policy type Subsidy Abatement Implicit abatement
equivalent subsidy
A$m (2010) Mt CO, A$/t CO,
Renewable Energy Target REC scheme 335-556 4.3-8.0 42-129
Large-scale component 283-459 4.1-7.6 37-111
Small-scale component 52-98 0.2-0.3 152-525
State and territory solar
feed-in tariffs FITs 96 -a
New South Wales 43 —a
Victoria 22 —a
Queensland 21 _a
Western Australia 2 _a
South Australia 6 _a
ACT 2 _a
GGAS (New South Wales Emissions offsets 3 0.6 5
and ACT) scheme
Queensland Gas Scheme Target for 38 2.1P 18
gas-fired electricity
Total for solar PVC 149-194 0.2-0.3 431-1 043
Total 473-694 7-11 44-99

@ No abatement is attributed to the state and territory solar FITs, because in 2010 the schemes overlapped
fully with the RET (box 4.2). b Abatement estimates for the Queensland Gas Scheme should be treated as an
upper bound, as they probably include some gas-fired generation that would have been brought into service
even if the scheme was not in place (appendix D). ¢ Combined effects of the small-scale component of the
RET and the state and territory FITs. — Nil or rounded to zero. .. Not applicable.

Source: Appendix D.

A key finding from the analysis is that subsidising the installation of small-scale
solar PV systems significantly increases the average implicit abatement subsidy and
hence the resource costs of abatement. The implicit abatement subsidy for the
programs that subsidise solar PV (the small-scale component of the RET and the
state and territory FITs) was estimated to be in the range of
A$431/t CO,—A$1043/t CO,. If these policies did not exist, it is likely that there
would have been much less small-scale solar PV installed, and the electricity sector
average implicit subsidy would have been around 25-30 per cent lower
(A$31-73/t CO, rather than A$44-99/t CO,). Furthermore, because the state and
territory FITs overlapped completely with the RET in 2010, they did not lead to any
additional abatement, and only added to the total financial costs of meeting the
target (box 4.2). In fact, due to a peculiar effect of the RET scheme in 2010, the
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F

ITs could have actually led to higher emissions than if there had been no FIT

schemes.

S

ubsidies for large-scale renewables under the RET were responsible for more than

half of the estimated abatement. The large-scale component of the RET was less
costly than subsidies for solar PV, but its implicit abatement subsidy was still high
relative to more cost-effective policies (such as the European Union ETS).

It is worth noting that the Commission’s implicit abatement subsidy estimates for
individual policies are broadly comparable to estimates by others of the costs of
abatement of the policies (box 4.3).

Box 4.2 State and territory solar FITs — high cost and minimal
abatement

All states and territories in Australia offer FITs for solar PV. In 2010, the state and
territory FITs overlapped completely with the national RET, as each MWh of electricity
subsidised through FITs in 2010 was also eligible for subsidies under the RET. Given
that the RET set a binding target for the use of renewables, each MWh of solar
electricity simply offset abatement from other renewable sources, and hence the FITs
did not lead to any additional abatement.

In fact, the Commission’s analysis found that if the state and territory FITs increased
the installation of solar PV systems, the result could have been a net increase in
emissions in 2010. The reason is that owners of solar PV were granted five RECs for
every MWh of electricity generated. Therefore, each ‘solar-generated REC’ was
equivalent to only 0.2 MWh of renewable electricity. Other renewable generators
received only one REC per MWh. Hence, each ‘solar-generated REC’ that was
surrendered in 2010 would have reduced the net generation from renewables by
0.8 MWh, leading to higher total emissions than if the solar PV system had not been
installed. This anomaly was addressed through changes to the RET scheme in 2011.
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Box 4.3 Other estimates of the cost of abatement

The Renewable Energy Target

The Commission’s estimate of the implicit abatement subsidy of the large-scale
component of the RET (A$37-111/t CO,) is in a similar range to other published
estimates of the cost of the RET, including:

o Grattan Institute (Daley and Edis 2011) — A$30-70/t CO, (depending on the
certificate price)

« Ministerial Council on Energy (2002) — A$44-73/t CO,
« Electricity Retailers Association of Australia (ERAA 2005) — A$60-80/t CO,.

Queensland Gas Scheme

The Grattan Institute estimated that the cost of abatement under the Queensland Gas
Scheme has been in the range of A$20-A3$40/t CO,. The Commission’s estimate is
slightly lower than the lower bound of this estimate. This appears to be due to the lower
permit price in 2009.

Greenhouse Gas Reduction Scheme

Estimates of abatement induced by GGAS vary, due to differing assumptions regarding
the additionality of the scheme. For example, DCC (2010) reported ‘induced’
abatement of 4.7 Mt CO,. This was revised to 0.7 Mt CO, in DCCEE (2011e). The
Commission’s estimate was based on the most recent DCCEE estimate.

Sources: Daley and Edis (2011); DCC (2010); DCCEE (2011e); ERAA (2005); Ministerial Council on
Energy (2002).

China

Six measures were analysed. Five provide incentives for renewables in the form of
capital subsidies or FITs. The sixth, the ‘Large Substitute for Small’ (LSS) program,
targets the efficiency of China’s coal-fired electricity generation.

A number of policies were not included in the analysis, as research suggested that
they were not likely to have been material relative to the policies that were analysed
(appendix E). However, some other policies that were excluded from the analysis
on data grounds may have material effects. Overall, it is likely that the policies that
were analysed capture a large proportion of the types of measures being pursued in
China’s electricity generation sector in 2010, the subsidies they provided to
low-emissions generation, and the abatement achieved.

Relative to counterfactual -electricity-sector emissions, the estimate of total
abatement from the Chinese policies analysed is the third lowest of the study
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countries, and the total subsidy equivalent is estimated to be the fourth lowest
relative to GDP. Most of the subsidies paid (and abatement achieved) are attributed
to wind power. Biomass contributes some abatement, and solar PV a negligible
amount (table 4.4).

Table 4.4 Effects of emissions-reduction policies, China

2009, 2010
Policy name Policy type Subsidy Abatement Implicit
equivalent abatement
subsidy

A$m (2010) Mt CO, A%/t CO,
FITs for large-scale renewables

Wind FITs FITs 1346-1731 35-45 30-49
Biomass FITs FITs 353-397 5-6 58-81
Solar PV programs?@
Jianagsu Solar PV feed-in tariffs  FITs 83 0.2 356-435
Golden Sun Subsidy Scheme Capital subsidy 43-81 0.3 124-285
Subsidies for solar PV in Capital subsidy 10-18 0.1 72-168
buildings
‘Large Substitute for Small’ Generator 0-1 251P 119-174 0-11
upgrades
Total (not including LSS) 1835-2 309 41-52 35-57
Total (including LSS abatement)C 1835-2309  159-226 8-15

a pue to overlap between the Jiangsu FITs and the solar PV capital subsidies, the Commission assumed that
20 per cent of the abatement from the capital subsidies overlaps with the abatement attributed to the Jiangsu
FITs. P The lower-bound estimate of the subsidy equivalent for the LSS program was estimated to be less
than zero. However, because negative numbers are not meaningful, the lower bound is reported as zero.
C Does not include the subsidy equivalent for the LSS.

Source: Appendix E.

The LSS program appears to be financially cost effective, with the savings in
operating costs that come from using large, modern power plants outweighing the
capital costs of the new plants under most assumptions (box 4.4). The implication is
that if production and investment decisions in China’s electricity sector were based
on market incentives, it is likely that the smaller plants would have been replaced by
more efficient plants without government intervention. In other words, the
abatement achieved through the LSS program would have been achieved anyway.
For this reason, the estimates of the impacts of the LSS program are reported here,
but the program is excluded from the international comparisons. This is consistent
with how cost-effective improvements in the efficiency of generators in other
countries have been treated.
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Box 4.4 The ‘Large Substitute for Small’ Program

The ‘Large Substitute for Small’ program (LSS) aims to decommission small inefficient
thermal power plants and replace them with larger, more advanced plants. Since its
introduction in 2006, the LSS has resulted in the closure of around 71 gigawatts (GW)
of small thermal plants. According to data from the International Energy Agency, over
the same period, around 569 GW of new coal power plants have been built
(IEA 2010c).

It appears that the program has been pursued for a number of reasons, including
increasing the efficiency of the electricity supply system, energy security, reducing
greenhouse gas emissions and other environmental reasons.

The LSS program involves financial costs (the capital costs of the investment in new
plants) and benefits (the operating cost savings from using more efficient
technologies). Taking these into account, the Commission estimated that, under most
assumptions about parameter values, the LSS program delivers a net financial benefit
— the estimated savings in operating costs exceed the annualised capital costs of new
plants

Improvements in the efficiency of coal-fired generation were estimated to deliver
emissions reductions in the range 119-173 Mt CO,. However, this is not included
when making cross-country comparisons of abatement in this study, because the LSS
program does not impose a cost on the Chinese economy (relative to the
counterfactual of not upgrading China’s coal-fired plants). In order to be consistent
internationally, such ‘no regrets’ measures have not been counted.

Source: IEA 2010c; Appendix E.

Even with abatement associated with the LSS program excluded from the total, the
lower-bound implicit abatement subsidy estimate for China (A$35/t CO,) is the
lowest of all the study countries apart from New Zealand. This is partly due to the
high emissions intensity of China’s electricity generation sector, which leads to a
relatively high amount of abatement when renewables are used. It also reflects the
relative cost effectiveness of large-scale wind and biomass, which account for over
90 per cent of the total subsidy equivalent.

Under the twelfth Five Year Plan (2011-2015), the Chinese Government has
committed to energy and emissions intensity targets that may have an effect on the
electricity generation sector. There is little detail available on how these targets will
be achieved, although the twelfth Five Year Plan establishes a goal of ‘gradually
establish[ing] a carbon trading market’ (Pew Center on Global Climate
Change 2011, p. 2). Media reporting also suggests that the Chinese Government is
proposing to trial the introduction of some form of emissions trading scheme in six
provinces before 2013 and nationwide by 2015 (Reuters 2011).
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United States

The analysis covered two federal renewable energy policies (a production subsidy
and a capital grant), nine state-based renewable portfolio standards (which set
targets for renewables), and a range of Californian subsidies for solar power.
Overall, the estimates account for most large-scale renewable energy in the United
States (through the federal schemes) and around 70 per cent of US solar generation
(through the Californian schemes).

The US abatement estimate is high in absolute terms, but below those of Germany,
the United Kingdom and Australia as a proportion of counterfactual electricity
sector emissions. As a proportion of GDP, the total subsidy equivalent estimate is
lower than all study countries except Japan (table 4.5).

However, the total subsidy equivalent estimate for the United States is likely to be
an underestimate. This is because, due to time and data constraints, many state and
federal policies could not be included in the analysis (appendix K). In aggregate, it
iIs likely that many renewable generators that received subsidies through the policies
that were analysed also received additional subsidies through policies that were not
included in the analysis. These unaccounted subsidies are likely to play an
important role in the investment and production decisions of renewable generators,
and as such their exclusion from the analysis is likely to understate the resource
costs of using these technologies. On the other hand, because the renewable
generators are likely to have been included through the analysis of other policies,
most of the abatement associated with the policies that were excluded from the
analysis is probably already captured. Any underestimation of the total subsidy
equivalent would flow through to the implicit abatement subsidy.

Subsidies for renewables in the United States range from relatively modest (the
federal production tax credit offers a A$24/MWh subsidy to wind, compared to the
subsidy offered under Australia’s RET of around A$40-60/MWHh) to very generous
(the Californian capital subsidies for solar PV, which equate to a subsidy of around
A3$200-250/MWh). However, the aggregate effect of the solar subsidies is
relatively minor, because they constitute a small proportion of the total subsidies for
renewables. The relatively low subsidies to large-scale renewables provide a further
explanation for the relatively low implicit abatement subsidy.
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Table 4.5 Effects of emissions-reduction policies, United States

2010
Policy name Policy type Subsidy Abatement Implicit
equivalent abatement
subsidy
A$m (2010) Mt CO, A$/t CO,
Federal policies and renewable portfolio standards 2 684-3 047 66 41-46
Renewable Electricity Tax credit 1708 a
Production Tax Credits
Treasury grants Capital subsidy 418-782 a
State renewable portfolio REC schemes 557 .a
standards
Californian capital subsidies 202-292 0.4-0.7 305-651
Californian Solar Initiative 125-148 b
New Solar Homes 2-4 b
Self Generation Incentive Program 42-78 b
Emerging Renewable Program 33-62 b
Total 2 886-3 339 67 43-50

@ Due to overlaps between the federal policies and the state renewable portfolio standards, the Commission
estimated abatement and implicit abatement subsidies for these policies as a group. b Dpue to overlaps
between the Californian subsidies for solar PV, the Commission estimated abatement and implicit abatement
subsidies for these policies as a group. .. Not applicable.

Source: Appendix K.

As well as the subsidies for renewable energy, there is one regional ETS that is
currently operating in ten north-eastern states, and another ETS that is scheduled to
begin in 2012 (box 4.5). These schemes are not currently leading to significant
abatement, although this may change in future years as the emissions caps tighten.

Another measure that could have significant effects on emissions from the US
electricity generation sector is the US Environmental Protection Agency’s
emissions standards for large emitters of greenhouse gases (chapter 2). Under these
standards, large emitters will have to hold permits to continue to operate.
Eventually, the requirements could apply to around 70 per cent of US greenhouse
gas emissions (US EPA 2011b).
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Box 4.5 Emissions trading schemes in the United States

The Regional Greenhouse Gas Initiative

The Regional Greenhouse Gas Initiative covers the electricity sector in ten
north-eastern states. The objective of the scheme is to reduce electricity-sector
emissions in these states to 10 per cent below 2009 levels by 2018.

The initial cap was set to stabilise electricity-sector emissions in these states at
171 Mt CO, annually until 2014. This cap does not appear to be binding, as emissions
in 2009 were approximately 112 Mt (NYSERDA 2010b), and as such the ETS cannot
be credited with any supply-side abatement. This observation is supported by the
permit price, which was at the minimum reserve price throughout much of
2010 (US$2.05/t CO, (A$2.23)). As the cap begins to tighten, the permit price may
rise, leading to some supply-side abatement in the future.

In May 2011, the Governor of New Jersey announced that the state would withdraw
from the scheme, leaving nine states remaining (AP 2011).

The Western Climate Initiative

The Western Climate Initiative is an agreement to implement an ETS in seven US
states and four Canadian provinces in 2012. The WCI (2010a) has recommended that
the initial cap on emissions be set at the level of projected business-as-usual
emissions. Therefore, it is expected that, if implemented, the permit price and
abatement will initially be close to zero. As the cap tightens, the scheme could lead to
significant abatement. The Californian Air Resources Board (CARB (US) 2010)
projected that the permit price in California in 2020 will be in the range of US$25-
US$162/t CO, (A$27-176), depending on the extent of complementary policies in
place.

Currently, it appears that only California is fully committed to implementing an ETS in
2012. Arizona and Utah pulled out of the scheme in 2010, New Mexico in early 2011,
and as yet Oregon, Washington and Montana have not passed enabling legislation.

Sources: AP (2011); CARB (US) (2010); NYSERDA (2010b); WCI (2010a).

United Kingdom

The analysis for the United Kingdom covered four policies: the European Union
ETS; the Renewables Obligation (a REC scheme); the Climate Change Levy (a
differential electricity tax with lower rates for electricity from renewable energy
sources); and the Offshore Wind Capital Grants Scheme. These policies cover the
main technologies leading to abatement in the United Kingdom — gas, combined
heat and power, and renewables. However, there are significant interactions
between the policies, and thus attributing abatement and an implicit abatement
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subsidy to each policy was not possible (appendix J). Instead, implicit abatement
subsidy estimates for the United Kingdom are attributed to technologies.

Relative to the other countries, estimates of total abatement (as a proportion of
counterfactual electricity sector emissions) and the total subsidy equivalent (as a
proportion of GDP) are high in the United Kingdom — behind only Germany, and
around double that of the next highest country (Australia) (table 4.6).

Around half of the abatement was estimated to have come from the incentive that
the European Union ETS gives electricity generators to switch from coal to gas. The
resource cost of this abatement is relatively low (the implicit abatement subsidy is
equal to the European Union ETS permit price, which was around A$29/t CO, in
2009-10). The estimates of the subsidy equivalent and abatement are reported in a
relatively wide range (A$115-A%$403 million and 4-14 Mt CO, respectively). This
reflects uncertainty about the extent of fuel switching in the United Kingdom. The
estimates were based on academic literature that suggests that the European Union
ETS has increased the use of gas-fired generation by between 5 and 20 per cent.

Most of the rest of the abatement was attributable to subsidies paid to renewable
energy — primarily through the Renewables Obligation (a REC scheme). This
scheme also accounts for the majority of the total subsidy equivalent estimate. The
Renewables Obligation mainly appears to subsidise wind, biomass and waste,
which are generally relatively low cost. However, the Renewables Obligation target
has not been met, and as such the permit price is driven by the ‘fine’ for not
surrendering a certificate. This leads to a relatively high implicit abatement subsidy
for large-scale renewables in the United Kingdom. (The relatively low emissions
intensity of the counterfactual electricity source also plays a role in elevating the
implicit abatement subsidy.)

An important factor to take into account when assessing the UK results is that
because the United Kingdom participates in the European Union ETS, any
abatement in the electricity sector that is achieved through subsidies to renewables
or combined heat and power will simply be offset by higher emissions elsewhere in
the European Union. This is because the European Union ETS sets a binding cap on
total European Union emissions from a number of sectors (including electricity
generation). If the UK Government chooses to subsidise high-cost abatement
through renewables, this simply reduces the burden on other countries. Overall,
European Union emissions will ultimately be determined by the ETS cap.
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Table 4.6 Effects of emissions-reduction policies, United Kingdom
March 2009 — April 2010

Policy name Policy type Subsidy Abatement Implicit
equivalent abatement
subsidy

A$m (2010) MtCO,  A$/tCO,

Coal—gas switching
European Union ETS ETS 115-403 4-14 29

Subsidies to combined heat and power

Climate Change Levy Differential electricity tax 30-38 2 21-26
Subsidies to renewable energy 1897-1 993 7-12 160-294

European Union ETS ETS 278 a

Renewables Obligation REC scheme 1508-1 573 a

Climate Change Levy Differential electricity tax 105-131 a

Offshore Wind Capital Capital grants 6-11 a

Grants Scheme

Total 2 001-2 258 12-27 75-198

a policy overlaps meant that it was not possible to estimate the abatement attributable to individual policies
that provide subsidies to renewable energy sources. .. Not applicable.

Source: Appendix J.

Germany

The analysis covered three policies: the European Union ETS, FITs for renewables,
and production subsidies for combined heat and power. Of all the countries
analysed, Germany has the highest total subsidy equivalent estimates (both in
absolute terms and as a proportion of GDP), and the highest abatement relative to
counterfactual electricity sector emissions (table 4.7).

In Germany, the European Union ETS has led to some relatively low-cost
abatement through fuel switching (from coal to gas). The implicit abatement
subsidy is equal to the European Union ETS permit price (around A$20/t CO, in
2010). However, in the year of analysis (2010), Germany had relatively little
surplus gas-fired generation capacity. This placed a constraint on the ability of
German generators to increase their use of gas in the short term, and meant that
abatement through coal-gas switching was less than in the United Kingdom in the
same year. In the longer term, the European Union ETS gives electricity generators
an incentive to invest in more gas-fired capacity, which would be expected to lead
to emissions reductions.
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Table 4.7 Effects of emissions-reduction policies, Germany

2009, 2010
Policy name Policy type Subsidy Abatement Implicit abatement
equivalent subsidy
A$m (2010) Mt CO, A%/t CO,
Renewable Energy Sources Act FITs 8 1049 789 59 137-166
Combined Heat and Power Act  FITs 399 7-10 40-55
European Union ETS ETS
Switch from coal to gas 15-80 1-4 20
Interaction with feed-in tariffs 1365 a
Indirect subsidy to combined 136 b
heat and power
Total 10019-11769  67-73 137-178

a Abatement was attributed to the Renewable Energy Sources Act. b Abatement was attributed to the
Combined Heat and Power Act. .. Not applicable.

Source: Appendix F.

At the other end of the scale, Germany’s FIT regime is relatively costly. Implicit
abatement subsidies were estimated to be as high as A$864/t CO, (for solar PV)
(appendix F). Furthermore, because Germany participates in the European Union
ETS, this abatement is offset completely by an increase in emissions from other
sectors, and from other countries that participate in the scheme. For example, Traber
and Kemfert (2009) found that Germany’s FIT-induced electricity-sector emissions
reductions would be offset by higher emissions from electricity generators in Spain
and Italy. This could be described as ‘intra-Europe carbon leakage’. German
electricity consumers face higher electricity prices to pay for the FITs, but any
emissions reductions in Germany are entirely offset by higher emissions in other
countries that do not impose the same burdens on their consumers.

Japan

Seven policies were analysed — the Renewable Portfolio Standard, two capital
subsides for wind, the Petroleum and Coal Tax, and three measures relating to solar
PV. The results suggest that Japan achieved relatively little abatement through these
policies in the year of analysis (ahead of only South Korea in proportionate terms),
and had the lowest total subsidy equivalent as a proportion of GDP (table 4.8).

The total subsidy equivalent is likely to be somewhat underestimated because the
Commission was unable to estimate the full effects of two national-level capital
subsidies for renewable energy that have been in operation since
1997 (appendix G). Including these policies in the analysis would likely increase the
total subsidy equivalent and abatement estimates. However, since 2002, the
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Renewable Portfolio Standard has covered the majority of renewable energy
generation in Japan. Thus, abatement from renewable generators installed after this
period is likely to have been covered in the estimates.

Moreover, the relatively little abatement that Japan achieved through these policies
was delivered at relatively high cost (the average implicit abatement subsidy was
estimated to be in the range A$156-A$287/t CO, — among the highest of the study
countries). Japan’s high implicit abatement subsidy is explained by two factors.
First, the relatively low emissions intensity of the electricity that is displaced by
renewables. Second, subsidies to solar PV are high, relative to its contribution to
total abatement.

Table 4.8 Effects of emissions-reduction policies, Japan
April 2009 — March 2010

Policy name Policy type Subsidy Abatement Implicit
equivalent abatement
subsidy
A$m (2010) Mt CO, A%/t CO,
Policies that support renewables other than solar  429-541 2_3a 145—239C
Renewable Portfolio Standard REC scheme 300

Program for Promoting the Local Capital subsidy 19-35
Introduction of New EnergyP

Project for Supporting New Capital subsidy 110-206
Energy Operatorsb

Solar PV programs 225-354 1€ 170—349d

National PV subsidies Capital subsidy 147-274

New Buyback Program FIT 76

Tokyo PV subsidies Capital subsidy 2-4
Petroleum and coal tax Fuel tax 13-39 . .
Total 669-940 3-4 156-287

& Due to overlaps between the Renewable Portfolio Standard, the Program for Promoting the Local
Introduction of New Energy, and the Project for Supporting New Energy Operators, abatement could not be
attributed to individual measures. Therefore, the Commission estimated abatement and the implicit abatement
subsidy from these measures as a group. b The Commission was only able to obtain data on the wind
component of these capital subsidies. © Due to overlap between the three solar programs, the Commission
estimated abatement and the implicit abatement subsidy from these measures as a group. .. Not applicable

Source: Appendix G.

No abatement was attributed to the Petroleum and Coal tax because at the current
level of the tax it was considered unlikely to have resulted in any fuel switching
between fossil-fuel sources (although the tax does provide a small subsidy to
renewables by increasing the price of electricity).
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The Japanese Government has also foreshadowed the introduction of an ETS and a
system of FITs that would replace the existing RPS. Little information is available
on these measures at this time. However, if they were to be introduced, they could
have a large effect on emissions, subsidies for low-emissions generation, and the
implicit abatement subsidy estimate for Japan’s electricity generation sector.

South Korea

As is the case for Japan, the policies that were analysed for South Korea appear to
have achieved relatively little abatement at relatively high cost (table 4.9). This is
largely a result of the focus of the South Korean policies on solar PV generation.
Overall, approximately 85 per cent of the estimated total subsidy equivalent was
provided to solar. The policy with the largest impact on the total subsidy equivalent
estimate — the FITs — offered rates of approximately A$555/MWh to solar,
compared to around A$15/MWh for wind generation.

The abatement estimate for the South Korean policies was the lowest out of the
study countries (in proportionate terms), while its implicit abatement subsidy is by
far the highest.

In contrast, the Korea Certified Emission Reductions (KCERs) scheme had an
implicit abatement subsidy that is 50 to 100 times lower than that of the FITs. The
scheme appears to be achieving abatement mainly through increasing the use of
gas-fired generation and efficiency improvements in existing generation. However,
this scheme is relatively small compared to the FITs, and thus it did not have a large
Impact on the estimated average implicit abatement subsidy for South Korea.

While the analysis included those emissions-reduction policies that were both
material and in operation over the study period, South Korea has committed to a
number of other policies that may lead to additional abatement in the future.
However, the subsidies these policies would provide to lower-emissions generation
are unclear. The policies include:

« a REC scheme commencing in 2012 that will replace the FITs, and will set a
target for 2 per cent of electricity to be sourced from renewable generation in
2012, rising to 10 per cent by 2022

. a system of mandatory emissions-reduction agreements, including agreements
covering 36 electricity generators commencing in 2012.

In addition, the South Korean Government has proposed an ETS for introduction in
2015. However, at this stage details of the policy are unclear.
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Table 4.9 Effects of emissions-reduction policies, South Korea

2010
Policy name Policy type Subsidy Abatement Implicit
equivalent abatement
subsidy
A$m (2010) Mt CO, A$/t CO,
Korean Feed-in Tariffs FITs 255 0.6-1 261-435
Korea Certified An offset scheme directed at 1 0.3 5
Emission Reductions non-renewable electricity
General Deployment  Capital subsidy 5-10 0.0 275-518
Subsidy Scheme
Regional Deployment  Capital subsidy 20-38 0.1 301-564
Subsidy
One Million Green Capital subsidy 16-29 0.0 617-1 156
Homes
Loan Incentive Low-interest loans 15-45 a a
Program
Total 313-379 1.2-1.4 225-401

& Due to overlaps with other policies, abatement and the implicit abatement subsidy for preferential loans were
not estimated. .. Not applicable.

Source: Appendix I.

New Zealand

Only one policy was analysed for New Zealand: its ETS. This has been in place
since 2008, with electricity being covered by the scheme since 2010. During the
transitional period, firms with ETS obligations are only obliged to surrender one
permit for every two tonnes of emissions, and have the option of paying
NZ$25 (A$19) rather than purchasing a permit. The net effect is that the implicit
abatement subsidy under the scheme is capped at NZ$12.50/t CO, (A$10). Permit
prices in 2011 have been around NZ$19-21 (A$14-16), meaning that the implicit
abatement subsidy has been around A$7-8/t CO,.

The Commission did not estimate how much abatement is being achieved under the
ETS. Emissions are not capped under the scheme and international permits or
offsets may be used for compliance. As a result, the permit price is low and it is
likely that supply-side abatement is currently modest. However, this could change
in the future depending on the policy settings and their impact on the permit price.

Emissions from New Zealand’s electricity sector are currently relatively low due to
the fuels used. In 2010, around 74 per cent of electricity in New Zealand was
generated using renewables (mainly hydro, geothermal and wind). This suggests
that New Zealand has fewer opportunities to switch fuels than is the case in
countries that use more fossil fuels. However, the New Zealand Ministry of
Economic Development (2010b) has forecast that, as a result of the ETS, the
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country’s only coal-fired power plant will close by around 2021, and that future
growth in electricity demand will be met by increased use of renewables.

4.4 Demand-side abatement

The previous section quantified the extent to which policies lead to supply-side
abatement (abatement due to generators shifting to less emissions-intensive
technologies). Emissions-reduction policies can also lead to demand-side abatement
by electricity consumers (abatement due to lower electricity consumption) if the
policies raise electricity prices.1

Given data and other constraints (discussed below), the Commission was not able to
precisely quantify the extent to which policies increase electricity prices and thereby
lead to demand-side abatement. Instead, this section presents illustrative estimates
of demand-side abatement based on a number of simplifying assumptions. The
consumption cost — defined as the consumer valuation of forgone electricity
consumption, less the valuation of other goods that can be purchased with the
diverted expenditure — is also illustrated by using simplifying assumptions.

The impact of emissions-reduction policies on retail electricity prices has been a
prominent issue in recent debate about Australia’s actions to address climate
change, and is likely to continue to be so under current regulatory arrangements
(Sims 2010). For example, the NSW electricity-market regulator (IPART 2011a)
recently issued a draft decision that would allow retailers to raise regulated tariffs
by around 18 per cent on 1 July 2011. Most of this increase (10 per cent) was to
cover a rise in network costs (transmission and distribution of electricity). However,
much of the remaining increase (6 per cent) was to cover the cost of changes made
to the RET in January 2011.2 This would be in addition to the cost previously
allowed for the pre-existing RET, which MMA (2010) estimated would have raised
retail electricity prices by around 4 per cent at a national level from 2010 to 2015.3
Feed-in tariffs and other emissions-reduction policies — such as the NSW

1 Demand-side abatement can also result from policies that encourage consumers to increase their
energy efficiency at a given electricity price. As noted in chapter 3, energy-efficiency policies
are not included in this study’s quantitative analysis due to uncertainty about their impacts.

2 About a month after IPART released its draft decision, the Australian Government (Combet and
Dreyfus 2011) announced adjustments to the ‘solar credits’ used for the small-scale component
of the RET, which it claimed would reduce the cost to electricity users by around half in 2012.

3 MMA (2010) estimated that, if the RET that applied in 2010 had remained unchanged, it would
have increased retail electricity prices by 4.0 per cent over 2010-2015, provided the Carbon
Pollution Reduction Scheme (CPRS) had started in 2013. The estimated price increase was
4.2 per cent if the CPRS started in 2014.
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Greenhouse Gas Reduction Scheme — have also been argued to have contributed to
the growth of electricity prices in recent years (Garnaut 2011).

Estimation approach and interpretation

Details about the approach and data used to quantify demand-side abatement and
consumption costs are provided in appendix L. In summary, the Commission
estimated a range within which demand-side abatement might occur, given the total
subsidy equivalent estimates from the supply-side analysis, and the bounds within
which the own-price elasticity of demand appears to lie.4

The resulting estimates should be considered illustrative, or at best only indicative,
rather than being a definitive assessment of demand-side abatement and final
consumer-price impacts. This is because it was necessary to make various
simplifying assumptions to complete the task within the time and data constraints
faced by the study. These include the following:

. It was assumed that the cost borne by electricity generators due to
emissions-reduction policies was passed through the value chain and ultimately
on to consumers, unless it was clear that the policy was explicitly funded by
taxpayers. This provides an upper-bound estimate of the actual increase in
electricity prices, since no account was taken of factors — such as retail-price
regulation and competitive pressures — that can limit producers’ scope to pass
cost increases on to their customers.

. Differences in policy coverage and electricity prices between different groups of
customers — such as residential, commercial and industrial — were factored
into the calculations where possible. However, the resulting estimates are
unlikely to be as accurate as those generated by industry models that more
accurately capture differences between customer groups, including their
responsiveness to price changes.

- No account was taken of the compensation that governments sometimes provide
to consumers to cushion the price impacts of emissions-reduction policies. Thus,
the estimates could overstate the reduction in electricity demand, associated
demand-side abatement, and consumption costs.

4 The own-price elasticity of electricity demand measures the proportional change in electricity
consumption in response to a unit change in the price. Estimates of this elasticity are typically in
the range of -0.2 to -0.7 (appendix L). On this basis, two alternative elasticities were used to
guantify demand-side abatement: -0.2 and -0.7. This provided a range within which the true
demand response seems most likely to occur, given the empirical evidence on elasticities.
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. For a given country, it was common for one or more variables used in the
calculations to be unavailable for the same year as the estimated total subsidy
equivalent. In such cases, a mixture of data for adjacent years had to be used.
Data constraints also led to inconsistent time periods across countries. Thus, the
estimates should only be viewed as being illustrative of recent impacts, rather
than a precise quantification of those in a specific year.

The supply-side estimates presented earlier in this chapter excluded implicit
subsidies that do not induce abatement. This was necessary in order to approximate
the resource cost of abating emissions. In contrast, the demand-side estimates
presented here include all implicit subsidies associated with a given policy,
regardless of whether any abatement is induced. This is done on the grounds that,
while no abatement may be achieved, there is a cost and, if it is not explicitly
funded by taxpayers, it will be passed on to consumers as higher electricity prices.>

[llustrative estimates

The illustrative demand-side estimates are provided in table 4.10. In summary, they
would suggest that demand-side abatement may have been relatively minor in
percentage terms in most of the analysed countries. This is due to average implicit
abatement subsidies and ETS revenues being relatively insignificant when spread
across a country’s total electricity consumption.

The exceptions are Germany and the United Kingdom, where the estimates suggest
that emissions-reduction policies may have raised electricity prices in the range of
12 to 17 per cent, and reduced emissions by 3 to 19 per cent. For Germany, more
than half of the price uplift was due to FITs, and almost all of the remainder was
due to the European Union ETS. For the United Kingdom, the price uplift was
largely due to four policies — the Climate Change Levy, Carbon Emissions
Reduction Target, Renewables Obligation, and the European Union ETS.

5 The cost of levying taxes to fund the administration of emissions-reduction policies, and to
finance taxpayer-funded abatement subsidies, could be passed on to electricity consumers
through means other than electricity prices. The Commission has not estimated this in its
demand-side analysis.
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Table 4.10

lllustrative estimates of demand-side impacts for electricity?

AustraliaP China® Germany
Unit Low High Low High Low High
Change in:
retail electricity price A$/MWh 3 4 1 1 25 28
electricity consumption GWh -479 -3772 -4 216 -28771 -14 982  -64 968
emissions Mt CO, - -5 -3 -29 -8 -71
Percentage change in:
retail electricity price % 1 2 1 1 12 14
electricity consumption % - -2 - -1 -2 -10
emissions % - -2 - -1 -3 -19
Consumption cost:d
total amount A$m 1 7 2 11 184 900
per tonne of abatement® A$/t CO, 3 2 - - 23 13
Japan New Zealand South Korea
Low High Low High Low High
Change in:
retail electricity price A$/MWh 3 3 1 1 - -
electricity consumption GWh -2050 -10482 -62 - 483 - -
emissions Mt CO, -1 -6 - - - -
Percentage change in:
retail electricity price % 1 1 1 2 - -
electricity consumption % - -1 - -1 - -
emissions % - -1 -1 -4 - -
Consumption costd
total amount A$m 3 14 - - - -
per tonne of abatement® A$/t CO, 3 2 1 1 - -
United Kingdom United States
Low High Low High
Change in:
retail electricity price A$/MWh 28 28 - -
electricity consumption GWh -13 260 -50 949 -1288 -9741
emissions Mt CO, -5 -35 -1 -9
Percentage change in:
retail electricity price % 17 17 - -
electricity consumption % -3 -12 - -
emissions % -3 -19 - -
Consumption cost.d
total amount A$m 185 711 - 1
per tonne of abatement® A$/t CO, 35 20 - -

a Monetary amounts are in Australian dollars, based on the following exchange rates for A$1: CNY 6.21;

€0.70; ¥79.37; NZ$1.30; £0.54; and US$0.92. b

Australian estimates understate current impacts because they

are based on 2010 RET certificate prices, which were low due to an oversupply of certificates. ¢ Chinese
estimates overstate impacts because they overlook the fact that electricity prices are often set below costs.
d Consumers’ valuation of forgone electricity consumption, less the valuation of other goods that can be
purchased with diverted expenditure. € This is typically greater for the ‘low estimate’ because the consumption
cost is spread across a smaller reduction in emissions. — Nil or rounded to zero.

Source: Productivity Commission estimates.
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In absolute terms, the estimates also suggest that there may have been a large
amount of demand-side abatement in China (emissions reduction in the range of
3-29 Mt CO,). However, this is likely to significantly overstate Chinese demand-
side abatement because it assumes that electricity generators always pass on their
costs, including those linked to emissions-reduction policies, to consumers. In
practice, it appears that Chinese retail electricity prices are often set below the cost
of production, particularly for coal-fired generators, and this has led to significant
losses for many producers (China Securities Journal 2011; EIU 2011; Lan 2010).

For Australia, the estimates suggest that the price increase from all analysed policies
was in the range of 1 to 2 per cent in 2010. It is possible that this national estimate
conceals significant differences between states and territories.

Most of the estimated price increase for Australia was due to the version of the RET
analysed in this chapter — the (expanded) RET that existed up until the end of
2010. In comparison, MMA (2010) forecast that that version of the RET would
increase electricity prices by around 4 per cent over 2010 to 2015. It appears that
MMA'’s higher estimate can be largely explained by the retail prices and REC prices
it used in its calculations:

« MMA based its estimates on a REC price of around A$55 to A$70 over 2010 to
2015, whereas the Commission used REC prices that ranged from A$37 to
A$60.

. MMA estimated its percentage price change relative to an expected retail price
of around A$115/MWh for 2010 to 2015, which was lower than the prices
observed by OTTER (2010) and used by the Commission in its calculations
(A$163/MWh and A$283/MWh).

Using the same REC and retail prices as MMA, the Commission’s approach would
result in an estimated retail price increase of up to 3.4 per cent in 2010 for the RET
alone, which is closer to MMA’s results.

Recent changes to the RET are likely to mean that the price increases estimated by
MMA are more representative of the RET’s future impacts.6 The RET scheme was
changed significantly in January 2011 by splitting it into small and large-scale
components. This was done in response to concerns that ‘the inclusion of
small-scale technologies and their impact on the renewable energy certificate (REC)
market [was] delaying investment in large-scale renewable energy projects’
(Australian Government 2010, p. 6; ECALC 2010, p.2). The number of RECs
created in 2010 was far greater than what had to be surrendered in that year. This

6 MMA (2010) estimated that, with the recent changes, the RET would raise retail electricity
prices in the range of 4.2 to 4.4 per cent over 2010 to 2015.
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placed downward pressure on REC prices, to the extent that it raised concerns that
the RET did not provide a sufficient incentive to invest in large-scale renewable
generation (ECALC 2010). As noted above, IPART (2011a) has proposed a
6 per cent increase in NSW regulated tariffs to cover the cost of the changes made
to the RET.”

7 This is more than the average national increase in retail electricity prices that MMA (2010)
estimated over 2010 to 2015 for the most recent version of the RET (4.2 to 4.4 per cent).
However, previous estimates by MMA (2009) suggest that the RET causes a higher percentage
increase in retail electricity prices in New South Wales than in other states.
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5

The road transport sector

Key points

The Commission has analysed the costs and abatement for a selection of road
transport fuel policies (fuel taxes and biofuel policies).

— This analysis provides an illustration of the challenges in estimating abatement
costs in sectors other than electricity.

— However, the limited coverage of the analysis means that the results do not
reflect all relevant policy-induced costs and abatement in the study countries.

Both fuel taxes and biofuel policies often have multiple objectives.

— Where policies are primarily in place for other reasons, reductions in emissions
could be seen as an incidental outcome, at low or zero cost.

In general, policies targeting greenhouse gas emissions from road transport that are
broad in scope are likely to reduce emissions more efficiently and cost effectively
than policies that target specific technologies or activities.

Across all study countries, biofuel policies make a small contribution to abatement in
the road transport sector at a relatively high cost.

— These policies are narrow in scope (and can be even narrower where preference
is given to particular biofuel feedstocks).

— The abatement from biofuel policies is highly sensitive to the feedstock used,
taking into account life-cycle emissions.

— Australia’s biofuel policies in 2010 led to abatement of 0.6 per cent of
counterfactual road transport sector emissions at a cost of A$364 per tonne of
CO,-e abated.

Fuel taxes are a broad based policy (within road transport) and can potentially have
a large impact on sectoral emissions at relatively low cost.

— However, fuel taxes are levied for a range of other purposes and it is difficult to
attribute the costs of fuel taxes to the abatement achieved.

— The average cost per tonne of abatement is higher in countries that have higher
fuel taxes.

— In 2009-10, fuel taxes reduced emissions from road transport by 8 to 23 per cent
in Australia at an average cost of around A$57-59 per tonne of CO»-e.
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This chapter presents the Commission’s quantitative analysis of abatement and
costs for a selection of road transport policies. The first two sections discuss the
scope of the quantitative analysis and the approach used to estimate abatement
costs. The final section presents results by country on both the supply side and
demand side.

5.1 Reducing emissions from road transport

The road transport sector includes all transportation of passengers and freight by
road, such as commercial and private vehicles, on-road public transport (for
example, buses), small and large commercial goods vehicles and government fleet
vehicles. Road transport represents a significant proportion of total greenhouse gas
emissions in all study countries, ranging from 5 per cent in China to 26 per cent in
New Zealand (figure 5.1). By focusing on road transport, the Commission’s
analysis covers the majority of emissions in each study country’s transport sector.
Further analysis of emissions and road transport fuel use is provided in Appendix M
(available on the Commission’s website).

A range of policy tools are being used by governments to reduce transport
emissions. For example, governments tax or subsidise fuels and vehicles based on
their greenhouse gas emissions intensity. Chapter 2 provides an overview of the
types of policies that study countries use to reduce emissions more generally in the
transport sector.

The scope of quantitative analysis

The Commission has identified over 100 policies that apply to the road transport
sectors of the study countries, and has selected a subset for more detailed analysis.
The quantitative analysis was restricted to road transport policies that:

« penalise emissions or provide an incentive for abatement

« have a material impact on a country’s emissions and/or impose significant total
costs

« have a reasonably direct impact on greenhouse gas emissions.
A further issue was whether it was feasible to quantify the costs and abatement of

policies — some policies met the criteria in principle, but could not be included due
to a lack of suitable data, or high levels of uncertainty regarding abatement or cost.
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Figure 5.1 Road transport greenhouse gas emissions as a percentage of
total national emissionsab
2008 (or most recent year available)
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a ‘Other domestic transport’ includes emissions from fuel used for domestic civil aviation, railways, domestic
water-borne navigation, pipeline transport, fishing, off-road transport and other non-specified domestic
transport emissions. Excludes emissions from fuel sold for use in aircraft or marine vessels engaged in
international transport. b As China and South Korea do not have official reporting obligations under the Kyoto
Protocol, national emissions are 2007 estimates from WRI (2010) and exclude emissions from land use
change and forestry. Road transport and other domestic transport emissions for China and South Korea are
2008 estimates from the IEA (2010a).

Sources: IEA (2010a); UNFCCC (2011a); WRI (2010).

Road transport fuels

One group of policies that satisfied the Commission’s criteria targets road transport
fuels (figure 5.2), comprising biofuel policies and fuel taxes.

o The analysis of biofuels covers several types of policy, including tax
exemptions, production subsidies and fuel content mandates (where material,
and sufficient data were available).

— Some policies, such as fuel content labelling requirements, were not analysed
as the extent to which these policies led to abatement is uncertain and the
linkages to greenhouse gas emissions too indirect (chapter 3).
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« The analysis of fuel taxes covers all taxes that specifically target fuels (such as
excise), but not broad-based consumption taxes, which usually do not provide
differential treatment of transport fuels.

— It also includes explicit carbon prices that cover transport fuels, as these are
typically levied on fuel suppliers in a similar way to fuel excise (at present, of
the countries studied only the New Zealand Emissions Trading Scheme
(ETS) covers transport fuels).

Figure 5.2 Road transport policies

Policies that target ...
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Labelling k€ and walking paihs Technology standards

Labelling

Not all transport-fuel policies can be considered primarily climate change measures.
For example, fuel taxes — which are in place in every study country — are levied
to meet a range of objectives, such as to fund road provision and maintenance,
reduce congestion or to raise general revenue. These taxes may have net benefits
where they address other objectives.

However, fuel taxes raise the price of fuel, and in so doing, reduce fuel demand and
greenhouse gas emissions. Some study countries, such as Japan, have raised (or
committed to raise) their fuel taxes with an explicit objective of reducing
greenhouse gas emissions (chapter 2). Although a relatively direct measure, fuel
taxes do not specifically target greenhouse gas emissions where they are levied as a
flat rate on each litre of fuel. Nevertheless, since fuel taxes clearly provide an
incentive for consumers to use less fuel — and thereby have a significant impact on
emissions — they have been included in the analysis.

Where policies meet other objectives, reductions in greenhouse gas emissions may
be an incidental outcome and thus any resulting abatement may occur at low or zero
cost. (However, it is difficult to separate the impacts and costs of multiple
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objectives of policies.) For example, biofuel policies often have a range of
objectives in addition to greenhouse gas mitigation, such as promoting regional
development or improving energy security. The Commission has not attempted to
apportion abatement by the objectives of a policy and thus the estimates provide an
“‘upper bound’.

Other road transport policies

Applying the criteria for policy selection to other policy types in the road transport
sector led to a large number of policies being excluded from the analysis. One
excluded category is transport infrastructure policies, such as the development of
public transport systems or road tolling. These are adopted by governments for
various purposes other than reducing greenhouse gas emissions. However, these
policies may have significant impacts on greenhouse gas emissions over long time
periods. For example, infrastructure and urban planning policies can affect the range
of transport modes available to individuals and thus can shape the ways in which
people respond to changes in fuel prices over time. In doing so, infrastructure and
urban planning policies have complex links to greenhouse gas emissions and can
interact with other policies, such as fuel taxes. These impacts are difficult to
measure.

Policies that target vehicles according to their fuel efficiency or greenhouse gas
emissions, such as differential vehicle registration and mandated emissions
standards, have also been excluded from the analysis (box 5.1). Governments may
utilise some of these policies in order to overcome deficiencies in the provision of
information — where consumers are not fully informed about the potential fuel
savings from purchasing more fuel-efficient vehicles — or as a way to internalise
the costs imposed on others from vehicle greenhouse gas emissions. However, there
are divergent views on the extent to which individuals understand the private costs
and benefits of fuel efficient (lower-emissions) vehicles, with significantly different
implications for the costs of these policies as a means of abatement (appendix C).

Further, policies that target vehicles are a relatively indirect measure to reduce
greenhouse gas emissions. While the average emissions intensity or fuel efficiency
of a vehicle can be observed, this is only one factor among several that can
determine the emissions from a vehicle over its lifetime. Total vehicle emissions
will also depend on the distance the vehicle is driven, the type of fuel used, road
conditions, where the owner lives and his or her driving style. Moreover, many
vehicle policies (such as fuel efficiency standards) apply only to new vehicles.
Thus, they affect the national vehicle fleet incrementally over long time periods.
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While the Commission has therefore not estimated cost and abatement for vehicle
policies, discussion of their likely impacts is provided in appendix C.

Box 5.1 Key transport terms used in this study
« Biodiesel — a form of diesel fuel that is derived from plant or animal matter.

« Conventional fuels — the two most widely used road transport fuels, petrol and
diesel.

« Diesel — a middle distillate derived from a petroleum refining process (also referred
to as light fuel oil, distillate fuel oil or automotive gas oil in some countries).

« Ethanol — ethyl alcohol, most commonly derived from biomass and used as a
vehicle fuel.

« Ethanol-blended fuel — a mixture of petrol and ethanol. The name used in some
countries refers to the proportion of ethanol (for example, E10 is 10 per cent ethanol
and 90 per cent petrol).

« Export parity price — the price that fuel producers could receive by selling fuel for
export rather than selling fuel domestically.

o Import parity price — the cost of importing fuel (including transport and import
costs).

o LPG — liquefied petroleum gases used as vehicle fuel.

o Petrol — automotive gasoline distilled from petroleum (this includes ‘regular
unleaded’ and ‘premium unleaded’ in Australia).

« Petrol equivalent — a measure to compare fuel volumes (for example biofuels or
diesel) consistently by energy content. It is the volume of petrol that has the same
energy content as one litre of a given fuel.

o Petroleum — liquid hydrocarbons as extracted from the earth (often called oil or
crude oil).

« Terminal gate price — the advertised price of fuel for sale at the terminal gate of
refiners or importers, which is often used as a reference to determine actual
wholesale prices to customers.

What this means for the scope of the road transport analysis

While emissions-reduction strategies in the road transport sector clearly extend well
beyond biofuels and fuel taxes, the focus has been restricted to these policies. This
narrowing of scope was necessary because other policies in the sector either do not
provide costs or incentives that are sufficiently closely linked to greenhouse gas
emissions, or result in costs and levels of abatement that are particularly difficult to
assess. This means that reported estimates do not fully capture the costs of
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emissions-reduction policies in the road transport sector nor the policy-induced
abatement.

An analysis of road transport fuels provides a useful illustration of the difficulties in
estimating abatement costs in a sector other than electricity. For one thing, the
methodological approach (chapter 3) cannot be applied to the road transport sector
in the same way. There are some key differences between these sectors which affect
the process required to estimate abatement and costs. In particular, the transport
sector does not involve one homogeneous product. Also, fuels are commonly traded
on international markets.

It 1s important that estimates for road transport fuels are viewed in this context, and
not interpreted as necessarily representative of abatement costs, or levels of
abatement being achieved, in the road transport sector more broadly.

What the Commission has estimated

There are a range of biofuel assistance measures and fuel taxes in place in all study
countries (table 5.1). The approach taken to estimating abatement costs for these
policies differs for the two broad policy types, and also across individual policies.

Biofuel policies

All eight study countries provide some form of support to biofuels and often utilise
several policy instruments for this purpose (table 5.1). To the extent that they are
effective, biofuel policies can induce an increase in domestic biofuel consumption
and displace consumption of more emissions-intensive conventional fuels (such as
petrol and diesel) (box 5.1). This abatement occurs on the supply side of the fuel
market.

The biofuel analysis focuses on the two main fuel markets in each country (petrol
and diesel) for which there are biofuel substitutes (ethanol and biodiesel). The
analysis was conducted separately for these two fuel markets.
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Table 5.1 Coverage of fuel policies?

Biofuel policies
Country Subsidies Fuel content mandates®  Fuel taxes
Australia Ethanol, biodiesel . Petrol, diesel
China Ethanol, biodiesel Ethanol Petrol, diesel
Germany Biodiesel, vegetable 0il¢ Ethanol, biodiesel Petrol, diesel, LPG
Japan Ethanol . Petrol, diesel, LPG
New Zealand Ethanol, biodiesel . Petrol, diesel, LPGY
South Korea Biodiesel . Petrol, diesel, LPG
United Kingdom . Ethanol, biodiesel Petrol, diesel, LPG
United States . Ethanol, biodiesel Petrol, diesel, LPG®€

a Only policies that were included in the quantitative analysis are listed in the table. Biofuel policies that are
not expected to lead to additional biofuel consumption have not been included. b Only mandatory schemes
were included in the analysis (this does not include the mandate in New South Wales). € Pure vegetable oil is
used in some vehicles in Germany, and is assumed to displace diesel. d Fuel taxes in New Zealand include
the New Zealand ETS. € Fuel taxes in the United States include federal and state-level taxes.

.. Not applicable.

Sources: Appendixes N, O.

In all study countries, some substitution occurs between petrol and/or diesel and
biofuels (usually with a low proportion of biofuel in a blend with conventional
fuel). While biofuels are not perfect substitutes for petroleum-derived fuels — there
are differences in energy content and octane or cetane rating — in most cases they
are used to displace these fuels. The Commission’s analysis assumes that
differences between fuel types — apart from energy content — do not significantly
affect the demand for transport fuels. Thus, it has been assumed that in the absence
of government policy, consumers will only purchase biofuels where these are price
competitive with petrol or diesel. That is, the prevailing market price of biofuels is
expected to equal the petrol (or diesel) price (adjusted for energy content) in the
absence of policy support.

The focus of the analysis is on consumption of biofuels in each country. Where
biofuels are imported, these are incorporated in the analysis. In contrast, biofuels
that are produced domestically, but exported and consumed in another country, are
excluded. This captures the costs of reducing greenhouse gas emissions through
biofuels that are consumed in the country only.

Estimating costs

In order to determine the average cost of abatement of biofuel policies, the
Commission has estimated their subsidy equivalents. The subsidy equivalent
represents the amount of financial assistance provided directly or indirectly to the
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biofuels industry under the policy. Subsidy equivalents also give an upper bound
estimate of the resource costs of these policies (chapter 3).

The Commission estimated subsidy equivalents for two types of biofuel policy:
production subsidies and fuel content mandates. Production subsidies provide a
subsidy to producers of biofuel for each litre of fuel produced, usually in the form
of an excise exemption on the tax rate paid per litre of petrol or diesel for fuels that
contain biofuel. Where an exemption or a reduced excise rate is provided for
biofuel, the Commission has assumed that the production subsidy is equal to the
rate of excise levied on petrol (for ethanol) or diesel (for biodiesel) minus the excise
rate (if any) on the biofuel. An alternative approach would have been to assume that
the ‘counterfactual’ excise rate (that is, the excise rate on biofuel without the
exemption or concessionary rate) would be equal to the excise rate for conventional
fuel adjusted for energy content. However, most study countries do not adjust their
fuel excise rates for energy content and it was not clear which study countries
would do so in the absence of subsidies for biofuels. As such, the counterfactual
excise rate for biofuel is assumed to be the excise rate for conventional fuel with no
adjustment for energy content.

Fuel content mandates can be in the form of blending requirements or quotas that
apply to all fuel distributors, or to particular groups (for example, government
agencies as part of government procurement policies'). Whatever their form,
mandates are likely to increase domestic consumption of biofuels where they are
‘binding’ — that is, where the mandate increases consumption above what it would
otherwise have been. By increasing demand for their product, the mandate provides
an implicit subsidy for biofuel producers. Rather than receiving the petrol price for
their output (adjusted for energy content), ethanol producers receive a premium
above the petrol price.

In order to estimate this price premium, estimates of country-specific terminal gate
prices for each type of fuel have been used (box 5.1). The analysis assumes that no
individual country has a significant influence on world prices for petrol and diesel.
Further, as each study country is a net importer of either crude oil or
petroleum-derived fuels, it is assumed that domestic petrol and diesel prices are
largely determined on international markets and are supplied at the import parity
price (that is, supply is perfectly elastic).

In countries where there is a combination of biofuel policies in place, it was more
challenging to determine the costs and abatement of individual policies. In

I Since government procurement schemes create a guaranteed demand for biofuels, they are
conceptually the same as a quota for biofuel consumption.
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particular, where fuel content mandates are used in conjunction with production
subsidies, careful consideration must be given to the extent to which each policy
leads to abatement in addition to that achieved by other policies. In these cases, cost
and abatement were quantified by taking a whole-of-market approach — where the
combined impacts of policies were examined, rather than quantifying the impacts of
each policy in isolation (box 5.2).

Box 5.2 Accounting for policy overlaps

In four study countries a combination of overlapping policies are used to support the
consumption of biofuels. This overlap can affect the approach taken to estimate
resource costs and abatement, particularly where a fuel content mandate is utilised in
conjunction with other policies.

Under a binding fuel content mandate, the volume of biofuel consumed in a country is
set by the mandate, meaning that other policies will generally not affect the overall
level of consumption of biofuel. Where this occurs, other policies can represent a
transfer to producers (both domestic and foreign depending on the eligibility
requirements for the subsidy) and may also increase the level of domestic biofuel
production relative to imported biofuels (where the mandate is met by a mix of imported
and domestic production). Where a subsidy shifts consumption towards higher cost
domestic producers and away from imported biofuel, this will also lead to additional
resource costs.

Where a fuel content mandate does not bind, other policies are inducing additional
consumption of biofuels rather than the mandate. In this case, the total subsidy
equivalent is estimated taking into account the costs of these policies.

Estimating abatement

The abatement attributed to a policy is determined by estimating the amount of
greenhouse gas emissions that occur in the year of analysis (with the policy) relative
to that which would have occurred without the policy (counterfactual emissions). In
order to determine counterfactual emissions, assumptions must be made about the
mix of fuels that would have been consumed if the policy had not been introduced
and their emissions intensity. It is difficult to estimate with any precision the
volume of biofuels and conventional fuels consumed in the ‘counterfactual’ (for
example, due to uncertainty about whether any biofuel producers would be
competitive in the absence of government assistance, or because data are not
available). Consequently, the default assumption adopted for each country is that no
biofuel would be consumed under the counterfactual scenario (box 5.3).
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Box 5.3 Consumption of biofuels without government assistance

The costs of producing biofuel vary by country or region and depend on a range of
factors including the type of feedstock used and the technology used to convert the
feedstock into fuel. In most parts of the world (with Brazil being a notable exception),
biofuels cost significantly more to produce than conventional petroleum-derived fuels
(IEA 2006b). Consequently, consumption and production of biofuel ‘has been, and
continues to be shaped profoundly by government policies’ (Steenblik 2007, p. 3).

In recent years, increasing oil prices combined with lower biofuel production costs have
improved the cost competitiveness of biofuels with conventional fuels. However, in
most countries biofuels are still not competitive with petrol and diesel without subsidies
(IEA 2006b). This is partly because it is not just the oil price that matters — the
opportunity cost of the feedstock is also a critical factor, and thus as feedstock prices
rise the cost competiveness of biofuel is reduced.

Nevertheless, it is impossible to definitively conclude that there would be no
consumption of ethanol or biodiesel in the study countries without government support.
There are several reasons why this may not be the case:

« Biofuel might be used as a fuel additive, for specific purposes.
« Some consumers may be willing to pay a premium for biofuels.

« Some biofuel producers may be able to compete with suppliers of petrol or diesel
when their production costs are low (for example, by producing biodiesel from
recycled cooking oil) or when conventional fuel prices are high (for example, due to
high world oil prices).

The potential for biofuel consumption in the absence of policy support was considered
in all study countries. While it was not possible to definitively conclude either way, in
most countries it appears unlikely that biofuels would be consumed at any significant
level without government assistance (with the United States being one possible
exception).

In some parts of the United States, ethanol is added to petrol as an oxygenate to meet
air quality regulations (by reducing emissions of particulates and toxic chemicals).
While ethanol is not the only chemical to be added for this purpose, it is the most
commonly used. Consequently, sensitivity analysis was conducted for the United
States to take into account ethanol used to meet air quality regulations in the regions
where these regulations are in place. Where there is consumption of biofuel in the
counterfactual scenario, this affects the level of abatement and cost attributed to a
given policy, but not the implicit abatement subsidy (average cost).

Sources: |EA (2006b); Steenblik (2007).

The Commission has used life-cycle emissions intensity estimates of different fuels
in its analysis, as there can be significant differences in the emissions generated
during the production and distribution of fuels. In particular, life-cycle emissions
can differ significantly depending on the type of feedstock used (appendix M). For
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each country, an average abatement factor is estimated that takes into account the
mix of feedstocks used. This indicates the average amount of life-cycle emissions
per litre of biofuel consumed.

Using the average abatement factors, abatement estimates were calculated for
specific policies where it was possible to separate out the impacts of a policy on
biofuel consumption. In addition, ‘whole of market’ abatement is estimated for
ethanol and biodiesel in each country. This was done by estimating how much
abatement is achieved by all policy measures for each biofuel type.

A detailed discussion of the approach, assumptions and data used for each country
in the biofuels supply-side analysis is provided in appendix N.

Fuel taxes

Fuel taxes — and ETSs that cover fuel — raise the price of fuel and therefore
reduce fuel consumption and greenhouse gas emissions from fuel use. Thus,
abatement occurs on the demand side of the fuel market. The approach to estimating
costs is different to that used for biofuel policies, which focused on supply-side
costs and abatement.

For example, in response to higher fuel prices, users of fuel will tend to reduce their
consumption by:

« substituting between vehicle types (for example, to more fuel-efficient cars or
those that run on a lower-taxed fuel, such as ethanol or LPG) or between modes
of transport (for example, greater use of rail)

« travelling less
« re-organising their supply chains and/or the spatial structure of production.

The consumption cost of reduced demand for fuel can be estimated as the net cost to
consumers (box 5.4).

Estimating costs

The magnitude of these consumption costs was estimated by comparing observed
prices and consumption relative to a counterfactual scenario (an estimate of how
much fuel would have been consumed had fuel taxes not been imposed).
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Box 5.4 The economic cost of fuel taxes

By raising the price of fuel, fuel taxes discourage consumption. Induced reductions in
consumption of fuel come at an economic cost. This economic cost is not the amount
of tax paid. Rather, it incorporates two kinds of costs (that are more difficult to
quantify):

« Loss of the greater enjoyment or utility a consumer would have received using the
fuel, for example by driving to work or going on a road trip.

« The costs of switching to different modes of transport (that use less fuel) but may
not have the same valued attributes as a consumer’s usual car.

Fuel taxes may also increase the amount of money that consumers spend on fuel,
which means they must forgo consumption of other goods or services.

These consumption costs can be estimated by quantifying the decrease in ‘consumer
surplus’ (less any transfers to the government through tax revenues) due to the
imposition of a fuel tax (appendix O). Consumer surplus is a concept used in
economics to measure the welfare effects of price and income changes.

The size of these costs depends on the characteristics of demand — in particular,
how consumers respond to increases in fuel prices by reducing the amount of fuel
they consume (appendix O). This is measured by the own-price elasticity of
demand. The Commission has used low and high elasticity values of -0.25 and -0.75
respectively. (A value of -0.25 means that a one per cent increase in the fuel price
leads to a 0.25 per cent reduction in fuel consumption). These values are based on
estimates of long-term elasticities in the literature (appendix O). Long-term
estimates have been used for this analysis, as they capture longer-term behavioural
responses to fuel taxes that have been in place for a considerable period of time in
most of the study countries. Long-term estimates also allow for changes in demand
that result from investment decisions, such as purchases of lower-emissions (more
fuel-efficient) vehicles.

Estimating induced abatement

Abatement due to a fuel tax includes the reduction in greenhouse gas emissions
associated with the direct reduction in fuel consumption induced by the tax, as well
as any change in emissions (positive or negative) that might occur due to consumers
switching to alternative modes of travel. This first element can be estimated using
the change in the level of fuel demand (the difference between the counterfactual
level and the current observed level of fuel consumption) and estimates of the
emissions intensity of fuels. The Commission estimated abatement over a one year
period in each country. However, where fuel taxes have been in place for long
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periods of time, abatement could be driven by cumulative changes in behaviour
Over many years.

Quantifying consumers’ substitution to non-road modes of transport (supply-side
abatement) and estimating the resulting change in emissions is more difficult. This
would require a substantial amount of detailed information on the extent to which
consumers switch between road and non-road forms of transport as fuel prices rise,
as well as estimates of the emissions intensity of other modes of transport.
Consequently, abatement could only be estimated on the demand side.

In order to estimate the average consumption cost of fuel taxes in each country, a
cost per unit of (demand-side) abatement for fuel taxes was estimated by dividing
estimated consumption costs by the estimated level of abatement.

A detailed discussion of the approach, assumptions and data used for each country
in the demand-side analysis for road transport is provided in appendix O.

Interpreting the results

In its biofuel analysis, the Commission has estimated:

« a subsidy equivalent for each policy (where possible) and fuel type, and a total
subsidy equivalent for each country

« abatement by policy (where possible) and fuel type, and total abatement for each
country

« an implicit abatement subsidy for each policy (where possible) and fuel type,
and an average implicit abatement subsidy for each country.

In its fuel tax analysis, the Commission has estimated in each study country:
« total consumption costs
« total abatement

« average consumption costs (per tonne of CO,-¢).

These estimates provide some insights into the effects of emissions-reduction
policies in the study countries. However, there is no single value that can be used to
measure the relative ‘effort’ of a country in reducing emissions or the impacts of a
country’s climate change policies on its emissions-intensive trade-exposed
industries (chapter 6). The Commission’s road transport analysis sheds little light on
these issues. However, this analysis does indicate the costs that countries are
bearing in order to implement biofuel policies and the potential cost-effectiveness of
these policies. Further, it also provides an illustration of the potential abatement and
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costs of fuel taxes. However, even then the results are only indicative and must be
interpreted carefully.

Total subsidy equivalents, consumption costs and abatement are not particularly
meaningful on their own. For example, high levels of abatement could come at great
cost due to inefficient policies or could indicate that a country has many low-cost
abatement opportunities. Further, the study countries vary significantly in size,
levels of total fuel consumption and the mix of fuels used in road transport. In
consequence, the results are presented with some contextual information, including
total abatement as a percentage of counterfactual emissions and the total subsidy
equivalent as a percentage of GDP.

The Commission has not aggregated estimates of costs and abatement for biofuel
policies and fuel taxes for each country, as these will not necessarily be
representative of abatement costs in the transport sector more broadly. Moreover,
the different methodological approaches used to analyse fuel taxes and biofuel
policies makes it difficult to directly compare results to provide an aggregate
estimate for road transport fuels.

Sensitivity analysis

For some policies sensitivity analysis was conducted — particularly when there
were differences across available sets of data — with the results reported in a range
around a ‘central’ estimate. The ‘central’ estimate is based on the set of assumptions
that the Commission considers to be the most accurate given the available data.

5.2 Supply-side results

Cross-country analysis

The Commission’s analysis of the supply-side abatement costs of biofuel policies
suggests that these policies are a relatively costly means of achieving abatement. In
all countries except China, the average implicit abatement subsidy was estimated to
be over A$300/t CO,-¢ (table 5.2). By way of comparison, this is well above both
the permit price of any existing ETS in these countries and the implicit abatement
subsidies estimated on the supply side for most electricity generation policies.
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Table 5.2 Average implicit abatement subsidies

2009, 2010

Total subsidy equivalent Total abatement Average implicit
abatement subsidy
A$m (2010) Mt CO,-e A$/t CO,-e
Australia 144 04 364

China@
Ethanol 1904 -1.4-0.8 -6 105
Biodiesel 94 0.2 592
Germany 1711 5.5 310
Japan 57 0.1 617-653
New Zealand 3 0.01 391
South Korea 196 0.2-0.5 415-831
United Kingdom 680 2.0 335
United States 12 470-17 477 19-26 604-672

a The average implicit abatement subsidy estimate for China is presented separately for biodiesel and ethanol
and only a central estimate for ethanol is given due to the negative abatement result.

Source: Appendix N.

The high average implicit abatement subsidies of biofuel policies reflect both the
large estimated total subsidy equivalents of these measures as well as the relatively
small amount of abatement they achieve. These findings are broadly in line with
those in a series of reports on assistance to biofuels by the Global Subsidies
Initiative (box 5.5).

The outlier among the eight study countries is China. There is considerable
uncertainty about the life-cycle emissions of ethanol in China (with abatement due
to ethanol policies presented as a range from -1.4 Mt to +0.8 Mt CO,-¢) (table 5.2).
It is important to note that the negative estimate of the implicit abatement subsidy
for ethanol (-A$6105/t CO,-e) is due to negative abatement — that is, induced
additional emissions — not negative costs. While significant costs are incurred, the
use of ethanol (as a replacement for petrol) is likely to increase emissions for
reasons explained below (although there is significant uncertainty surrounding the
estimates). At nearly A$2 billion, China’s total subsidy equivalent (which
comprises subsidy equivalents of A$1904 million for ethanol and A$94 million for
biodiesel) is the second highest among study countries. Although this cost is small
as a proportion of GDP (0.03 per cent) it is high when expressed as a unit cost
(AS$1.15 per litre of petrol equivalent of ethanol consumed in China) (table 5.3).
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Box 5.5 Global subsidies initiative studies into government support for
biofuel

The Global Subsidies Initiative (GSI) produced a series of reports over 2006 to 2010
addressing government support to biofuels in different countries, including Australia,
China and the United States. The GSI reports identify and quantify subsidies to biofuel
production, distribution and consumption as well as subsidies to producers of key
inputs into biofuel production. In estimating total assistance to ethanol and biodiesel,
the GSI studies have incorporated the costs of a broader range of policies than the
Commission’s analysis, including subsidies to agricultural producers, import tariffs and
research and development funding.

The GSI's estimates differ from the Commission’s primarily due to differing years of
analysis (consumption of biofuel has increased and there have been changes in the
number of policies and the design of specific policies since the GSI conducted its
analysis) and also because the GSI included a broader range of policies in its analysis.
Another key difference is that the GSI often presents abatement estimates by
feedstock, whereas the Commission’s results represent an average across the mix of
feedstocks used in a country.

Global Subsidies Initiative estimates for ethanol

Country Year Total assistance  Assistance per litre Assistance per tonne

(millions) of CO,-ed
Australia 2006-07 A$36.2 A$0.42 A$380 — A$790
China 2006 Us$114 ne ne
European Union 2008 €841 €0.24 €669 — €1 422
United States 2006 US$5 123 —US$6 782 US$3.97 — US$5.22 US$520

a Assistance per tonne of CO»-e abated is estimated by feedstock and presented as a range across the
different feedstocks used in a given country. These figures are not average assistance per tonne of CO;-e
abated like the Commission’s implicit abatement subsidies. ne Not estimated.

Sources: GSI (2006; 2008a; 2008b; 2010)

The average implicit abatement subsidy for Australia was estimated to be around
A$364/t CO,-e. This is similar to the estimates for New Zealand, Germany and the
United Kingdom. While Germany and the United Kingdom have the lowest average
costs, the volume of biofuels consumed in these countries is the highest, as are the
total subsidy equivalents as a percentage of GDP. In the United States, Japan and
South Korea, the average implicit abatement subsidies are relatively high. This
result for the United States is mainly due to a number of policy measures that have
substantial subsidy equivalents but may not be contributing substantially to
abatement.

There can be significant variation in the estimated costs and abatement of biofuel
measures in each country, depending on the data and assumptions used
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There can be significant variation in the estimated costs and abatement of biofuel
measures in each country, depending on the data and assumptions used
(appendix N). In order to interpret estimates of average implicit abatement
subsidies, it is important to also consider total subsidy equivalents and abatement by
country.

Total costs

The total resource cost of biofuel policies in each country, measured as the total
subsidy equivalent, varies widely (table 5.3). This is due to differences in the
amounts of biofuel that each country consumes, and differences in the level of
government assistance provided per litre of biofuel consumed (measured as the
production subsidy equivalent per litre of petrol equivalent).

At A$144 million, the total subsidy equivalent of Australia’s biofuel policies is the
third lowest of the eight study countries. This figure reflects a relatively low level of
consumption (275 ML petrol equivalent in 2009-10) and a moderate production
subsidy equivalent (A$0.52/L petrol equivalent). However, as a proportion of GDP,
the estimated total subsidy equivalent in Australia (0.01 per cent of GDP) is the
fourth highest of the study countries.

Biofuel policies in the United States have the highest estimated cost (in absolute
terms and as a percentage of GDP) of all the study countries: A$17.5 billion in the
central estimate (0.11 per cent of GDP), which is higher than the other countries
combined. This reflects that the United States consumes the largest amount of
biofuel (29 273 ML petrol equivalent in 2009) and that there is considerable
government support for biofuel consumption. The implicit abatement subsidy is also
high, since the production subsidy equivalents (A$0.57/L petrol equivalent for
ethanol and A$1.12/L petrol equivalent for biodiesel) are relatively high.

Abatement

Total abatement was estimated by multiplying the amount of policy-induced biofuel
consumption by an average abatement factor, which reflects the abatement per unit
of biofuel (table 5.4). Total abatement ranged from 0.01 Mt CO,-e (New Zealand)
to 26 Mt CO,-e (the central estimate for the United States).
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Table 5.3 Estimates of total subsidy equivalents

2009, 2010

Total biofuel Average GDP Total subsidy Total subsidy
consumption  production equivalent equivalent as a
subsidy percentage of
equivalent GDP
ML petrol  AS$/L petrol  A$b (2010) A$m (2010) %

equivalent  equivalent
Australia 275 0.52 1343 144 0.01
China 1731 1.15 6 4022 1998 0.03
Germany 3775 0.45 3572 1711 0.05
Japan 57 1.00 5959 57 0.001
New Zealand 6 0.56 152 3 0.002
South Korea 401 0.49 1101 196 0.002
United Kingdom 1419 0.48 2 437 680 0.03
United States 29273  0.54-0.62 15936 12470-17 477 0.08-0.11

Source: Appendix N.

For Australia, total abatement from biofuel policies was estimated at 0.4 Mt CO,-¢
(an estimated reduction of 0.6 per cent from the counterfactual where there are no
biofuel policies). However, the estimated reduction in greenhouse gas emissions
from biofuel policies was small for all countries relative to the counterfactual level
of road transport emissions. Only in Germany, the United Kingdom and the United
States was abatement due to biofuel policies higher than one per cent of
counterfactual emissions.

China’s abatement from ethanol use was estimated to be above that of Australia at
the high end, and negative at the low end. This reflects a very low (and potentially
negative) average abatement factor for ethanol. Together with the high unit cost
estimated, this explains the high cost of China’s ethanol policies in terms of
reducing emissions.

In most study countries, greater abatement per litre is achieved through policies that
increase the proportion of biodiesel in the fuel mix (relative to ethanol). For
example, in Australia, the average abatement factor for biodiesel
(2218 g CO,-¢e/L petrol equivalent) is significantly larger than that for ethanol
(1081 g CO,-¢e/L petrol equivalent) (table 5.5). The only country where ethanol
achieves, on average, greater abatement per litre than biodiesel is Germany (which
has the largest consumption of biodiesel of all study countries).
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Table 5.4 Estimates of policy-induced abatement

2009, 2010

Total road transport Total abatement Total abatement as a percentage of
sector emissions counterfactual road transport emissions
Mt COx-e Mt COo-e %
Australia 69 0.4 0.6

China@ 334
Ethanol . -1.4t0+0.8 -0.4to +0.2
Biodiesel . 0.2 0.05
Germany 146 5.5 4
Japan 208 0.1 0.04
New Zealand 13 0.01 0.06
South Korea 79 0.2-0.5 0.3-0.6
United Kingdom 119 2.0 1.7
United States 1537 19-26 1.2-1.7

a Abatement for China is presented separately for ethanol and biodiesel due to the negative abatement result
for ethanol.

Source: Appendix N.

The Commission has also estimated the abatement induced by biofuel policies on
the demand side. This can occur when biofuel policies lead to higher fuel prices,
although the abatement that results is generally much smaller than the abatement
that occurs on the supply side. However, both the costs and abatement on the
demand side are estimated to be relatively small (box 5.6)

Table 5.5 Average abatement factors by country
Central estimates

Average abatement factor

Country Ethanol Biodiesel
g CO4-€/L petrol g COz-€e/L petrol

equivalent equivalent

Australia 1081 2218
China -224 464
Germany? 1593 1416
Japan 1576 .
New Zealand 1277 2033
South Korea . 771
United Kingdom 1594 1442
United States 832 2318

a |n addition, an average abatement factor of 1691 g CO,-e/L (petrol equivalent) was used for the analysis of
vegetable oil in Germany. .. Not applicable.

Source: Appendix N.
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Box 5.6 Demand-side abatement from biofuel policies

The Commission sought to estimate the abatement induced by biofuel policies on the
demand side. This can occur when biofuel policies lead to higher fuel prices, although
the abatement that results is generally much smaller than the abatement that occurs on
the supply side.

lllustrative estimates were calculated using the same approach used for fuel taxes,
where the ‘tax’ or price increase is a measure of the cost that some biofuel policies can
impose on consumers of transport fuels. For example, fuel suppliers may pass on the
cost of meeting a fuel content mandate to consumers in the form of higher prices,
which reduces demand and can induce some abatement.

Specifically, the subsidy equivalent was divided by the volume of fuel that is affected.
This was done only for policies where the costs are borne by consumers rather than by
governments (such as fuel content mandates). As a result, estimates were calculated
only for Germany, the United Kingdom and the United States (the results are provided
in Appendix O).

In all cases, the estimated total consumption cost and abatement attributable to
demand-side impacts of biofuel policies are smaller than the corresponding values for
the supply side. This is largely because the estimated impact on fuel prices is small
(given the large volume of petrol and diesel that are consumed in most countries
relative to biofuels) — approximately A$0.01/L to A$0.02/L in each country. The
average cost of demand-side abatement is also relatively low in all three countries,
ranging from less than A$1/t CO,-e (for biodiesel in the United States) to A$5/t CO.-e
(for both ethanol and biodiesel in Germany).

Source: Appendix O.

Australia

Australia provides significant support to biofuel — both ethanol and biodiesel —
through production subsidies. These involve payments to biofuel producers that
offset the amount of fuel excise that they pay. The analysis did not include the New
South Wales biofuels mandate because, during the year of analysis, the minimum
sales percentages required under the Act were not enforced due to domestic supply
constraints (Office of Biofuels, NSW Land and Property Management Authority,
pers. comm., 15 April 2011). Hence, this mandate is not likely to have induced a
significant amount of biofuel consumption in addition to the production subsidies.

Australia’s biofuel policies are estimated to achieve total abatement of
0.4 Mt CO,-¢ (0.6 per cent of counterfactual road transport emissions) at a total
subsidy equivalent of A$144 million (table 5.6). This incorporates A$108 million
for support to ethanol producers through the Ethanol Production Grants program,
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and A$35 million for support to biodiesel producers through the Cleaner Fuel
Grants Scheme.

Support to ethanol producers was appreciably higher than support to biodiesel
producers as the volume of ethanol consumed (275 ML) was considerably higher
than the volume of biodiesel consumed (90 ML). However, the Ethanol Production
Grants program did not generate significantly more abatement than the Cleaner Fuel
Grants Scheme. This was because the average abatement for a given quantity of
biodiesel was higher than that for ethanol.

The implicit abatement subsidies of the individual policies reflect these differences
in average abatement. The implicit abatement subsidies for the Ethanol Production
Grants program and the Cleaner Fuel Grants Scheme were A$532/t CO,-e¢ and
A$186/t CO,-¢ respectively.

However, the biofuel production subsidies are to be gradually reduced as effective
tax rates are gradually increased from December 2011. The changes are likely to
significantly alter the costs and abatement associated with these policies (although
the changes do not affect the Commission’s estimates, which are estimated for the
2009-10 financial year).

Table 5.6 Biofuel policies, Australia
July 2009 — June 2010

Policy Type Subsidy Abatement Implicit abatement
equivalent subsidy
A$m (2010) Mt CO,-e A$/t CO,-e
Ethanol Production Grants Production subsidy 108 0.2 532
Cleaner Fuel Grants Production subsidy 35 0.2 186
Scheme
Total 144 0.4 364
Abatement (%) . 0.6

a Abatement as a percentage of counterfactual emissions from road transport. .. Not applicable.

Source: Appendix N.

China

The Chinese government provides significant financial and regulatory support for
domestic ethanol producers. All ethanol produced and consumed in China is
sourced from five authorised producers (which are majority state-owned). In
contrast, biodiesel plants tend to be small, privately owned enterprises and are more
numerous and geographically dispersed than ethanol plants.
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Differences in the level of support for ethanol and biodiesel are reflected in the
subsidy equivalents shown in table 5.7. Total support for ethanol (A$1.96 billion)
dwarfs that for biodiesel (A$94 million). However, the abatement attributable to
ethanol policies does not reflect the level of support provided, with the results
suggesting ethanol policies actually increased emissions by 312 kt CO,-e¢ in 2009
(using the central estimate). In contrast, abatement due to biodiesel policies was
estimated to be 158 kt CO,-e.

Abatement estimates for ethanol policies in China must be interpreted with care.
Taking into account the mix of feedstocks used, ethanol appears to have, on
average, higher life-cycle emissions intensity than petrol. This suggests that any
policy that increases the share of ethanol in total fuel consumption relative to petrol
increases total greenhouse gas emissions.

The drivers of this result are the estimates for life-cycle emissions intensity for
ethanol produced using maize and wheat, which are higher than those used for other
countries (maize and wheat ethanol represent 90 per cent of all ethanol produced in
China). This is likely to be due to high fertiliser application rates during the
production of the feedstock and the relatively high level of energy that is used to
refine feedstocks into fuel in China (Ou et al. 2009).

However, estimated abatement is highly sensitive to the life-cycle assessment
method used and assumptions regarding the inclusion of land-use change or the
treatment of recycled or waste feedstocks (appendix M). Recognising this
uncertainty, sensitivity analysis was undertaken. This suggests that abatement from
ethanol policies could range from -1.4 to +0.8 Mt CO,-e.

The implicit abatement subsidy for ethanol is estimated to be -$§A6105/t CO,-¢ (for
the central estimate) and A$592/t CO,-e for biodiesel. The high costs and small
negative central estimate for abatement from ethanol policies are the principal
reason the implicit abatement subsidy for ethanol is so large and negative. It
suggests that these policies are effectively acting as a substantial subsidy for
emitting rather than for abating.
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Table 5.7 Biofuel policies, China

2009
Policy Type Subsidy  Abatement  Implicit abatement
equivalent subsidy
A$m (2010) Mt CO,-e? A$/t CO-e?
Tax incentives Production 744
subsidy
Flexible subsidies for loss Production 640
subsidy
National Scheme of Guaranteed 614
Extensive Pilot Projects on  market and
Bioethanol Gasoline for production
Automobiles subsidy
Totals
Ethanol . 1904 -141t0+0.8 -6 105b
Biodiesel . 94 0.2 592
Abatement (%)© Ethanol .. -0.4to0+0.2
Biodiesel 0.05

a Dye to the policy overlaps it was not possible to estimate abatement and implicit abatement subsidies for
each ethanol policy separately. b The implicit abatement subsidy for ethanol is presented for the central
estimate only due to the negative estimate of abatement € Abatement as a percentage of counterfactual
emissions from road transport. .. Not applicable.

Source: Appendix N.

Germany

A large domestic market for biofuels exists in Germany, accounting for 5.8 per cent
of all road transport fuel sold in 2009. This market is underpinned by fuel tax
exemptions and mandates covering ethanol, biodiesel and vegetable oil used
directly as a fuel for road transport.

There is significant overlap between the fuel tax exemptions and the mandates.
Evidence suggests that the tax exemptions are driving consumption of biodiesel and
vegetable oil, as the mandate did not bind for these fuels in 2009. However, the
mandate did lead to incremental consumption of ethanol and was found to bind in
2009. Consequently, the tax exemptions are unlikely to have led to additional
consumption of ethanol, in part because only a small proportion is eligible for tax
relief (less than three per cent).

Due to this overlap, the Commission has not estimated costs and abatement for each
policy individually, presenting subsidy equivalents, abatement and implicit
abatement subsidies for each of the three fuel types and for all three fuel types
combined.
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In combination, the tax exemptions and mandates imposed significant costs — the
total subsidy equivalent for Germany was estimated at A$1.7 billion. Support for
biodiesel accounted for the largest share of this with a subsidy equivalent of
AS$1.1 billion (table 5.8).

Total abatement due to Germany’s biofuel policies was estimated at 5.5 Mt CO,-e,
or 3.6 per cent of counterfactual emissions in the road transport sector. The Energy
Tax exemption is likely to account for the majority of the abatement (and cost) as it
1s the main support measure for biodiesel and vegetable oil which together account
for more than three quarters of total abatement.

The implicit abatement subsidy for the policies combined 1s estimated at
A$310/t COy-e. Of the individual fuels, the cost of abatement was highest for
ethanol, with an implicit abatement subsidy of A$444/t CO,-e, followed by
biodiesel and then vegetable oil with implicit abatement subsidies of A$275 and
A$242/t CO,-¢ respectively.

Table 5.8 Whole of market estimates, Germany

2009

Fuel type Subsidy equivalent Abatement Implicit abatement
subsidy
A$m (2010) Mt CO,-e A$/t COs-e
Ethanol 533 1 444
Biodiesel 1130 4 275
Vegetable oll 48 0.2 242
All fuels 1711 6 310

Abatement (%)3 . 4

a Abatement as a percentage of counterfactual emissions from road transport. .. Not applicable.
Source: Appendix N.

Japan

Japan consumes only a small quantity of ethanol (0.1 per cent of petrol) and a
negligible quantity of biodiesel. Consequently, only one biofuel policy was
analysed — an exemption from fuel taxes for ethanol. A tax exemption for biodiesel
was also considered for analysis in Japan, but eliminated on the grounds of both
immateriality and insufficient information.

The ethanol tax exemption in Japan is still small in scale relative to policies in other
countries. The subsidy equivalent for the policy was estimated at A$57 million.
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Total abatement was also low, at between 87-92 kt CO,-e, or around 0.04 per cent
of counterfactual emissions from the road transport sector (table 5.9). Abatement is
expressed as a range due to uncertainty about the share of ethanol produced from
different feedstocks and the method of feedstock cultivation (both factors affect the
emissions intensity of ethanol production). While this uncertainty does not lead to a
wide abatement range, it does have a significant impact on the range of the implicit
abatement subsidy. The implicit abatement subsidy for Japan is estimated at
between A$617-A$653/t CO,-e.

Table 5.9 Ethanol fuel tax exemption, Japan
April 2009 — March 2010

Fuel type Subsidy equivalent Abatement Implicit abatement

subsidy

A$m (2010) Mt CO,-e A$/t CO,-e

Ethanol 57 0.087-0.092 617-653
Abatement (%) . 0.042-0.044

a Abatement as a percentage of counterfactual emissions from road transport. .. Not applicable.

Source: Appendix N.

New Zealand

Demand for biofuel in New Zealand is driven by a tax exemption for ethanol and a
production subsidy for domestic biodiesel producers. The estimates of the total
subsidy equivalent (A$3 million) and abatement (8 kt CO,-¢) for these policies is
very low in comparison to other countries, reflecting low levels of consumption.
Total consumption of biofuels in 2010 was just 5.6 ML (petrol equivalent). Most of
the cost and abatement was attributable to the ethanol tax exemption, with ethanol
accounting for around 80 per cent of all biofuel consumed.

The average implicit abatement subsidy for New Zealand was estimated at
A$391/t COy-e. The implicit abatement subsidy is A$479/t CO,-¢ for ethanol
compared to A$163/t CO,-e for biodiesel (table 5.10). These figures are in line with
the results for comparable policies in Australia. As was the case in Australia, the
estimates suggest that the cost of abatement for biodiesel policies is significantly
lower than for ethanol policies, mainly reflecting higher average abatement per litre
consumed.
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Table 5.10 Biofuel policies, New Zealand

2010
Policy Type Subsidy equivalent  Abatement Implicit abatement
subsidy
A$m (2010) Mt CO,-e A$/t COs-e
Ethanol fuel tax exemptions Tax 2.7 0.006 479
exemption
Biodiesel Grants Scheme Production 04 0.002 163
subsidy
Total 31 0.008 391
Abatement (%)2 . 0.06

a Abatement as a percentage of counterfactual emissions from road transport. .. Not applicable.

Source: Appendix N.

South Korea

South Korea is alone among the study countries in providing support only to
biodiesel and not to ethanol. The absence of policy support for ethanol may reflect
the relatively low proportion of petrol consumed in South Korea — petrol accounts
for just 30 per cent of road transport fuel consumed (appendix M).

The main source of government support for biodiesel is through a rebate of fuel tax.
The subsidy equivalent for this policy was estimated to be A$196 million and
abatement at 0.2—0.5 Mt CO;-e during 2010 (table 5.11). Abatement is estimated as
a range due to significant uncertainty with regard to the emissions intensity of
biodiesel consumed. Abatement due to the policy is equivalent to between 0.3 to
0.6 per cent of counterfactual road transport greenhouse gas emissions.

The implicit abatement subsidy due to the tax rebate was estimated at between
A$415-A%$831/t CO,-e. At the high end of this range, this is a larger subsidy per
tonne of abatement than any other study country.

Table 5.11 Biodiesel tax rebate, South Korea

2010
Fuel type Subsidy equivalent Abatement Implicit abatement subsidy
A$m (2010) Mt CO,-e A%/t COze
Biodiesel 196 0.2-0.5 415-831
Abatement (%)2 . 0.3-0.6

a Abatement as a percentage of counterfactual emissions from road transport. .. Not applicable.

Source: Appendix N.
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United Kingdom

The United Kingdom provides support to biofuel producers by mandating the
amount of biofuel consumed each year (as a percentage of total fuel consumption)
through the Renewable Transport Fuels Obligation. The total subsidy equivalent for
the Renewable Transport Fuels Obligation was estimated at A$680 million in fiscal
year 2009 (April 2009 to March 2010) (table 5.12). Thus, while there is no budgeted
government expenditure for support to the biofuel industry, government support for
biofuels through regulation involves significant resource costs.

Table 5.12 Renewable Transport Fuels Obligation, United Kingdom
April 2009 — March 2010

Fuel type Subsidy equivalent Abatement Implicit abatement subsidy

A$m (2010) Mt CO,-e A$/t CO,-e
Ethanol 214 0.5 424
Biodiesel 465 1.5 305
All fuels 680 2.0 335
Abatement (%) . 1.7

a Abatement as a percentage of counterfactual emissions from road transport. .. Not applicable.
Source: Appendix N.

The average implicit abatement subsidy was estimated at A$335/t CO,-e, with
around 2 Mt CO,-e abated as a result of the Renewable Transport Fuels Obligation
in 2009. This level of abatement is small relative to the counterfactual road
transport sector emissions, representing approximately 1.7 per cent of total
emissions from road transport in the United Kingdom (that said, abatement as a
proportion of counterfactual emissions is larger than in many other study countries).

The implicit abatement subsidies by fuel type suggest that while ethanol achieved
greater abatement for each additional litre of ethanol induced, it did so at a higher
cost — with the implicit abatement subsidies for ethanol and biodiesel estimated to
be A$424/t CO,-¢ and A$305/t CO,-e respectively.

United States

A large volume of biofuel — mostly ethanol produced from maize — is consumed
each year in the United States. There is considerable government support for biofuel
consumption, consisting of subsidies for domestic producers, concessional rates of
fuel excise, fuel content mandates, government procurement regulations and an
import tariff.
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The total subsidy equivalent of biofuel policies in the United States was estimated at
AS$17.5 billion in US fiscal year 2009 (October 2008 to September 2009), most of
which can be attributed to support for ethanol (A$16.1 billion) (table 5.13).

Table 5.13  Total subsidy equivalent, United States
October 2008 — September 2009

Subsidy equivalent
Policy Level of government Ethanol Biodiesel Total
A$m A$m A$m

(2010) (2010) (2010)
Alcohol and Biodiesel Fuel National 5718 922 6 640
Credits
Bioenergy Program for National 8 7 15
Advanced Biofuels
State-level excise concessions Sub-national 3029 0 3029
for ethanol
Renewable Fuel Standard@ National 7321 472 7793
Federal Fleet Management National 1 0 0.8
Guidance
Total - 16 076 1401 17 477

@ The central estimate of the subsidy equivalent is reported for the Renewable Fuel Standard. This includes
the impact of the tariff on most ethanol imports. .. Not applicable.

Source: Appendix N.

Abatement from these policies was estimated to be around 19-26 Mt CO,-e, which
was equivalent to 1.2—1.7 per cent of road transport emissions in the counterfactual
scenario (where there is no policy support for biofuels). This translates to an
average implicit abatement subsidy of around A$604—672/t CO,-¢ (table 5.14).

These estimates were calculated using a ‘whole of market” approach (for each of
ethanol and biodiesel), due to significant overlaps between policy measures.
Accordingly, the total subsidy equivalent was calculated by adding up the subsidy
(explicit or implicit) that each US policy provided for the consumption of biofuel.

THE ROAD 131
TRANSPORT SECTOR



Table 5.14 Whole of market estimates, United States
October 2008 — September 2009

Fuel type Subsidy equivalent Abatement Implicit abatement

subsidy

A$m (2010) Mt CO»-e A$/t CO,-e

Ethanol 11 337-16 076 16-23 617724

Biodiesel 1133-1439 3 389-494

All fuels 12 470-17 477 19-26 604-672
Abatement (%)@ . 1.2-1.7

a Abatement as a percentage of counterfactual emissions from road transport. .. Not applicable.
Source: Appendix N.

The amount of biofuel consumed in fiscal year 2009 was determined by the
mandates in the Renewable Fuel Standard. However, ethanol and biodiesel that
were used to meet this mandate could also benefit from production subsidies, excise
concessions or import tariffs. While these other policies do not affect the total
amount of biofuel consumed, they would be expected to increase the level of
domestic production at the expense of imports. This can increase the cost of
biofuels (by favouring higher-cost domestic production over lower-cost imports)
and can affect the level of abatement (by changing the types of feedstocks that are
used).

The range of results presented reflects different assumptions about the
counterfactual level of biofuel consumption and the effect of differing wholesale
prices of fuel (which were used to calculate the subsidy equivalent of the
Renewable Fuel Standard). The counterfactual assumption was changed from the
default (of zero consumption) to illustrate a possible alternative in which around
one third of ethanol would have been consumed in the absence of biofuel policies.
This is because some ethanol is specifically added to petrol in some parts of the
United States to meet air quality regulations (by reducing emissions of particulates
and toxic chemicals)?2, and estimates of the volume used for this purpose have been
published.

2 Other chemicals can be added to fuels for this purpose, although some of these have been
banned in parts of the United States. While it is possible that ethanol could be used in this way
in other countries in the absence of policy support, estimates of the amount that would be used
were not available.
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5.3 Demand-side results

This section provides illustrative estimates of the cost and abatement from fuel
taxes in each study country. It is important to note that this analysis estimates the
abatement achieved due to the full amount of fuel tax applied in each country.
Further, abatement is estimated relative to a counterfactual scenario in which there
are no fuel taxes (and fuel has never been taxed). Estimated abatement does not take
into account the other reasons that countries impose fuel taxes and is accordingly
greatly biased upwards, as well as being very high for each country.

There are large differences in fuel tax rates across countries (table 5.15), reflected in
the significant variation in estimated consumption costs and abatement (table 5.16).
Countries that have higher average fuel taxes also have higher average consumption
costs per tonne of CO,-e, because higher tax rates induce a larger reduction in fuel
demand, which becomes increasingly more costly the larger the reduction (all else
equal). Correspondingly, the effect on consumers is larger and consumers may
make bigger changes to their behaviour.

Table 5.15 Fuel tax rates and volumes consumedap

Petrol Diesel LPG

Country Year rate volume rate  volume rate  volume

AS$/L ML AS$/L ML AS$/L ML
United States® 2009 0.11 504 844 012 132717 0.10 1022
China 2010 0.16 81554 0.13 82989 . na
Australia 2009-10 0.38 16 619 0.38 18053 . 2083
New Zealand 2010 0.45 2 505 0.0029 2161 0.08 208
Japan 2009d 0.67 54 795 0.40 2830 0.12 2701
South Korea 2009 0.70 10 132 049 15855 0.21 7782
Germany 2009 0.94 25 562 0.67 31174 0.14 942
United Kingdom 2010 0.96 19 982 0.96 24678 0.27 195

a Only fuel-specific volumetric taxes that are levied directly on vehicle fuels are shown. Note that in some
countries other taxes, such as road-user charges, may be levied differently (for example, diesel fuel in New
Zealand). b Tax rates have been converted to 2010 Australian dollars and are rounded to two significant
figures. © Tax rates for the United States include both federal and state taxes. d Figures for Japan are for
April 2009 to March 2010 (the Japanese fiscal year). .. Not applicable. na Not available.

Source: Appendix O.

China and the United States have the lowest fuel taxes of the study countries. While
the total consumption costs in these countries are high relative to others, they are
low in comparison to the size of each economy (around 0.01-0.02 per cent of GDP
in China and 0.01-0.03 per cent of GDP in the United States). Likewise, while the
absolute level of abatement is relatively high in both countries, when expressed as a
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percentage of estimated road transport emissions in the absence of fuel taxes, it is at
the bottom of the range.

Overall, the United States has the lowest average consumption costs, at
A$19/t CO,-e. The average consumption cost in China was estimated to be slightly
higher, at A$20-A$23/t CO,-e. This suggests that the cost of reducing a relatively
small proportion of emissions in these countries may be lower than in other
countries.

On the other hand, the United Kingdom has the highest average fuel taxes, followed
by Germany, Japan and South Korea. In these countries total consumption costs and
abatement are both high. Costs range from around 0.10 per cent to 0.33 per cent of
GDP in Germany, and from 0.14 per cent to 0.46 per cent of GDP in the United
Kingdom. The results also suggest that fuel taxes may have reduced emissions by
around 20 to 40 per cent from counterfactual levels in both countries.

However, the average cost of this abatement — in excess of A$100/t CO,-¢ in
Germany, the United Kingdom and Japan — is considerably higher than for other
study countries. This suggests that, at relatively high tax rates, there can be
significant costs incurred reducing an additional tonne of emissions. This suggests
that the marginal cost of reducing emissions becomes higher as more emissions are
abated (in other words, abatement may be cheaper per tonne at lower levels of the
fuel tax than are presently in place).

By contrast, the estimates for Australia and New Zealand (including the ETS in
New Zealand as well as fuel excise) appear to lie in the middle of the range of
countries. The results suggest that fuel taxes may have reduced emissions from road
transport by around 8 to 23 percent in Australia, and 7 to 19 percent in
New Zealand, relative to the counterfactual. For Australia, this could cost up to
AS$1.2 billion (0.09 per cent of GDP) each year. As a result, the average cost of
abatement is around A$57-A$59/t CO,-¢ in Australia, and somewhat higher in New
Zealand, at A$71-A$73/t CO,-¢.

Furthermore, the estimated cost of demand-side abatement from fuel taxes (per
tonne of CO,-e) is significantly lower in most countries than the cost of supply-side
abatement from biofuel policies. This reflects the broader base of fuel
taxes — which cover almost all road transport fuels — and the close link between
fuel consumption and emissions (although fuel taxes are also used to reduce fuel
consumption to target other objectives, such as reducing congestion or urban air
pollution). However, fuel taxes are generally not based on the emissions content of
each fuel.
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6 Conclusions and implications

Key points

The resources committed by different study countries to emissions-reduction
policies vary as a proportion of GDP.

- In electricity generation, Germany made the largest relative resource
commitment, the United Kingdom was next and Australia, along with China and
the United States, were in the middle.

— In biofuels, the US resource commitment was substantially higher than other
study countries, though Germany also devoted considerable resources to this
abatement policy.

The cost effectiveness of these actions in achieving abatement, and the amount of
abatement actually achieved, also varies widely, both across programs within each
country and in aggregate across countries.

— Explicit carbon pricing in the United Kingdom appears to have been a
cost-effective way of achieving considerable abatement.

— At the other end of the scale, policies to encourage small-scale renewable
generation are substantially less cost effective and have led to relatively little
abatement.

The impacts of supply-side policies on product prices appear to have been modest
for most countries, with the notable exception of electricity prices in Germany and
the United Kingdom, where impacts of over 10 per cent are estimated to have
occurred.

The relative cost effectiveness of a price-based approach is illustrated for Australia
by stylised modelling that suggests that the abatement from existing policies could
have been achieved at a fraction of the cost.

However, the estimates in this report cannot be used to determine the appropriate
starting price of a broadly-based carbon pricing scheme in Australia.

Similarly, the estimates provide only a small subset of the data required to make
assessments of what assistance would be needed to avoid undue levels of carbon
leakage, and competitive disadvantage. Additional countries and relevant industries
would also need to be assessed.
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This concluding chapter looks again at the approach taken and relevant caveats,
summarises some key results and then draws out some implications for assessing
comparative effort and competitiveness effects.

6.1 Recapping on the Commission’s approach

If all greenhouse gas emissions were ‘priced’ directly, comparing prices across
countries would be straightforward, but this approach is not common.

« The European Union emission trading scheme (ETS), covering both Germany
and the United Kingdom, is one point of reference. But permit prices are
influenced by the coverage of the scheme — which is still limited — and the cap
on emissions.

« New Zealand has introduced an ETS, and the carbon price has been capped as an
interim measure.

« Other countries are contemplating introducing explicit carbon pricing (Japan and
South Korea, for example, as well as Australia), but there has been no firm
indication of what the carbon prices will be.

When the analysis is broadened to include the impacts of the many non-price
emissions-reduction measures, the analytical task becomes much more complicated.
The idea that these impacts could be measured in price terms has broad appeal, but
there is no clear definition of, or basis in theory for, such a measure (chapter 3).

What all emissions-reduction policies have in common is that they generally impose
costs that someone must pay in order to reduce emissions. It is in this sense that the
Commission has interpreted ‘effective carbon price’ loosely to mean the cost of
reducing greenhouse gas emissions. This led to the conclusion that the best metric
for comparing disparate policies was abatement costs, which in this study has been
estimated by comparing the costs and associated emissions of each policy measure
(or bundle of measures) with a counterfactual of no policy.

But the abatement cost results cannot be said to be carbon prices. This is because an
explicit carbon price applied broadly to the economy would achieve abatement in
quite different, and most likely much more cost-effective, ways. Thus for example,
a country might be achieving some abatement through subsidising biofuel
production, which has been shown to be a high-cost abatement option (chapter 5).
Because a broad-based carbon tax would work on both the demand and supply sides
of the economy and encourage the lowest cost abatement options to be taken up
first, it would not need to be as high as the biofuel subsidy rate to achieve the same
level of abatement. Thus, while it is possible to calculate a tax equivalent that will

138 CARBON EMISSIONS
POLICIES IN KEY
ECONOMIES



give the same amount of abatement as the biofuel subsidy (or any other measure
that gave the same abatement), application of that tax equivalent would most likely
not induce abatement through biofuels.

Measuring abatement costs

Abatement costs should ideally be measured in terms of the impacts on total
economic welfare. This requires estimating the costs of inducing substitution on the
supply side (the additional resource costs of production) as well as the costs of
reduced consumption on the demand side where product prices are pushed up
(consumption costs).

On the supply side, the Commission estimated the subsidy equivalent for all
material policy measures for which data could be obtained. The subsidy equivalent
is the explicit or implicit subsidy provided to suppliers of low-emission, but
high-cost, products to enable them to be competitive with high-emission but
low-cost products. It is indicative of the true (resource) costs, but will generally
overstate them (where marginal costs are increasing). However, as long as they do
so consistently — and for similar bundles of technologies, such as biomass, wind or
solar photovoltaic this is a reasonable presumption — cross-country comparisons
can still usefully be made. Subsidy equivalents are also of interest in their own
right, because they capture the often hidden transfers to producers.

On the demand side, the Commission estimated consumption costs for those policy
measures that directly impact on firms and consumers, such as carbon taxes or fuel
taxes. It also estimated consumption costs for supply-side policy measures where
the subsidy is effectively paid for by firms and consumers — such as where the cost
of purchasing renewable energy certificates is passed on, in whole or in part, by
electricity retailers in electricity prices. This necessitated using some simplifying
assumptions about demand responsiveness and cost pass-through to provide
indicative results in this area.

Abatement was estimated relative to the counterfactual of what emissions would
have been in the absence of a given policy. This can depend on the circumstances.
In the case of electricity generation, for example, the marginal generator that is
replaced when renewable energy generators are dispatched can vary depending on
market circumstances, and this can have a substantial impact on the amount of
abatement that can be attributed to a policy.
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Some limitations

It is important to be clear about the uncertainties inherent in this analysis and the
assumptions that needed to be made.

Unsurprisingly, data proved difficult to obtain for some policy measures and
some technologies, particularly in the non-English speaking countries included
in the study. The Commission received valuable cooperation from most
governments and many research organisations, and it employed contractors to
help obtain information, but some uncertainties and gaps remain.

As noted, the ‘counterfactual’ scenario can differ depending on the
circumstances. Sensitivity analysis was accordingly used to capture the range of
possible outcomes.

The analysis only provides a snapshot for the most recent year for which data
were available. As some programs are ramping up over time, it can be expected
that, other things being the same, cost and abatement will rise. While the
Commission was asked to look at ‘committed’ policies, in most cases there was
insufficient data to estimate the cost impacts of these schemes, other than to
offer a qualitative indication.

Costs and abatement are attributed to some policies that have multiple objectives
and there is uncertainty about how much might reasonably be apportioned to
each. Sensitivity analysis was again used to test this. Thus, for example, the
analysis of fuel taxes considered the extremes of them being solely an
emissions-reduction measure or not.

The study countries provide a useful benchmark in the sense that they include
many of the largest emitters, but they are not the home to the competitors of
many Australian companies (competiveness issues are taken up below).

Some policy measures work in the opposite direction by implicitly encouraging
emissions. But as these may be achieving other objectives, and/or acting
indirectly, it would have been very difficult to factor these in to the analysis.

6.2 Some key results

The Commission estimated the total subsidy equivalent (as a proxy for the resource
costs), and the abatement attributable to the subset of policies that are having the
greatest impact in each country. Dividing the former by the latter gives the average
implicit abatement subsidy, which is the proxy for the unit cost of abatement. The
Commission also calculated some indicative estimates of the consumption costs on
the demand side.
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Electricity supply side

The implicit abatement subsidies — which are also measures of cost effectiveness
— varied considerably across policies and also across countries (table 6.1),
depending in part on each country’s policy mix.

The lowest implicit abatement subsidy estimate was for New Zealand, for which
only one electricity-sector policy was analysed — the recently-introduced ETS.

Despite their participation in the European Union ETS, estimated implicit
abatement subsidies in Germany and the United Kingdom are relatively high.
This is because of the generous subsidies that the two countries provide to
renewables.

Policies analysed in Japan and South Korea achieved very low levels of
abatement, at a relatively high resource cost (mainly because of high production
subsidies paid to high-cost solar photovoltaic), hence the implicit abatement
subsidies are high.

The range of the estimated implicit abatement subsidy for Australia (A$44-99)
was lower than for some countries, and at the low end, comparable with China
and the United States.

Table 6.1 International comparison table — electricity generation

policies
Country Total subsidy  Total subsidy Total Abatement as a Implicit
equivalent equivalent as abatement  percentage of abatement
a percentage counterfactual subsidy
of GDP electricity sector
emissions2
A$m (2010) % Mt CO, % A$/t CO,
Australia 473-694 0.04-0.05 7.0-10.7 3.5-5.2 44-99
China 1 835-2 309 0.03-0.04  40.7-52.1 1.2-1.5 35-57
Germany 10 019-11 769 0.28-0.33  67.1-73.1 18.3-19.6 137-175
Japan 669-940 0.01-0.02 3.3-4.3 0.8-1.1 156-287
New Zealand . " " . 8-10
South Korea 313-379 0.03-0.03 0.9-1.4 0.5-0.7 225-401
United Kingdom 2 042-2 433 0.08-0.10 12.3-27.4 7.5-15.4 75-198
United States 2 886-3 339 0.02-0.02 66.5-66.7 2.8-2.9 43-50

@ 2010 for China, 2009 for United Kingdom and Germany, 2008 for Japan and Korea. .. Not applicable.

Source: Appendixes D-K

In many cases, overlaps between policy measures makes it impossible to separately
report the abatement each achieves. But where they are separable (or at least can be
separated into one or more groups of policies), the implicit abatement subsidy
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estimates can be used to compare the resource costs of different technologies for
reducing emissions (figure 4.4) and the reliance of countries on particular policy
measures (figure 6.1). Notable features include:

Subsidies for solar-photovoltaic systems were found to be a relatively very
costly way of achieving abatement and generally little abatement resulted.
(These are visible as the very high thin bars in the charts for China, South Korea,
the United States and to a lesser extent Japan.) Although a feature of the policy
mix in Australia, solar subsidies were deemed to have overlapped with the large
and small renewable energy targets, and hence abatement could not be separately
identified.

Germany obtained most of its abatement from relatively high-cost feed-in tariffs
(the wide block at A$137/t CO,).

The United Kingdom had a mixed outcome, achieving low-cost abatement from
fuel switching through the incentives created by the European Union ETS (the
low flat bar at A$29/t CO,) and a similar amount of abatement from its much
higher cost Renewables Obligation (at A$176/t CO,).

The United States obtained most of its measured abatement from a combination
of three policy measures, two federal tax credits and the renewable portfolio
standards operated by many states (combined these are estimated to have an
implicit abatement subsidy of A$43/t CO,).

China’s main contributor was its wind feed-in tariff at around A$38/t CO,.

Australia’s suite of policies (discussed later), was dominated by the combined
effects of the large and small-scale components of the renewable energy target
and feed-in tariffs (giving an average implicit abatement subsidy of
A$62/t CO,).
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Figure 6.1 Marginal abatement costs — electricity-generation sectora

Graphs show the Commission’s ‘central’ estimates of abatement (as a proportion
of counterfactual electricity-sector emissions) and implicit abatement subsidies
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Road transport supply side — biofuels

Analysing the key policies for each country indicates that Australia’s implicit
abatement subsidy for biofuels was similar to the United Kingdom, Germany and
New Zealand. However, costs and abatement vary widely across these countries
(table 6.2).

« The United Kingdom, Germany and the United States — all with fuel content
mandates — had high estimated total subsidy equivalents and abatement.

— Germany stands out for having the highest abatement when measured against
counterfactual emissions for the transport sector (3.6 per cent) at an implicit
abatement subsidy of A$310/t CO,-e, which was at the lower end of the
results for all countries.

— The United States stands out for substantial abatement but at very high cost
(the implicit abatement subsidy was estimated to be in the range
A$604-A3%672/t CO,-e).

« New Zealand committed a very small amount of resources to biofuels and hence
was achieving very little abatement.

. Japan and South Korea had relatively high cost biofuel schemes, with minimal
abatement.

The results for China suggest that only under the most favourable assumptions
could its biofuel policies have been achieving net abatement. Under most plausible
scenarios, the net abatement was negative. This amounts to China having effectively
subsidised emissions rather than abatement. This result appears to be due to the high
application of fertiliser to grow feedstock for ethanol, and the emissions intensity of
refining processes in China.

In summary, while the results for biofuels vary and are particularly sensitive to
assumptions about life-cycle emissions intensities, most biofuel policies are
high-cost means of achieving abatement. Cost per tonne of abatement — as
measured by the implicit abatement subsidy — is typically A$300-A$600/t CO,-e
and possibly as high as A$800/t CO,-e. This cost is substantially higher than for
most supply-side measures in electricity generation (though broadly comparable
with solar subsidies).
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Table 6.2 International comparison table — biofuel policies

Country Total subsidy Total subsidy Total Abatement as a Implicit
equivalent equivalentas abatement percentage of abatement
a percentage counterfactual road subsidy

of GDP transport emissions
A$m (2010) % Mt CO,-e % A$/t CO,-e
Australia 144 0.011 0.4 0.6 364
China? 1998 0.03 . . .
Ethanol . .. -1.4t0+0.8 -0.41to0 +0.2 -6 105
Biodiesel . . 0.2 0.06 592
Germany 1711 0.05 55 3.6 310
Japan 57 0.001 0.1 0.04 617-653
New Zealand 3 0.002 0.01 0.06 391
South Korea 196 0.02 0.2-0.5 0.3-0.6 415-831
United Kingdom 680 0.03 2.0 1.7 335
United States 12 470-17 477 0.08-0.11 19-26 1.2-1.7 604-672

@ Results for China are presented separately for ethanol and biodiesel due to the negative abatement result
for ethanol. Only a central estimate is given for the implicit abatement subsidy for ethanol; this estimate
reflects negative abatement (not cost). .. Not applicable.

Source: Appendix N.

Road transport demand-side analysis

Of the biofuel policies analysed, the Commission has only explored the
demand-side impact of fuel mandates because these are the only type of biofuel
policy likely to affect retail prices. Fuel mandates were analysed for the United
States, Germany and the United Kingdom. These mandates tend to increase fuel
prices because they require petrol and diesel to be blended with more costly
biofuels. However, the Commission’s results suggest that the mandates appear to
have had only a modest effect on prices, with at most an impact of around 1-2 cents
per litre on retail prices of petrol and diesel.

By comparison, if regarded as emissions-reduction measures, the various taxes on
fuel, such as excise taxes, (but excluding broad based consumption taxes) may be
preventing emissions from road transport being much higher than they would
otherwise. As for electricity, the Commission had to make some simplifying
assumptions about demand responsiveness. In this case, these are even more
speculative given the much larger tax-induced changes in price. But even if demand
is only mildly responsive to price, it is likely that fuel taxes have led to substantially
lower emissions relative to the counterfactual of no fuel taxes. For example, the
high estimate for Germany indicated that abatement relative to the counterfactual
was approximately 41 per cent. The consumption costs associated with this also
appeared to be relatively modest.
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But in most countries these taxes have been used for general taxation purposes
and/or as quasi ‘road-user charges’. Therefore, any abatement could be considered
to be incidental. In some cases, such as the United Kingdom, recent adjustments to
fuel taxes have been justified in part on emissions reduction grounds, but so far
these increments are small relative to the pre-existing tax rates, and some countries
have made no such distinction. But if anything these results point to the added effect
a carbon tax could have on top of existing fuel taxes.

6.3 Implications for ‘effort’?

There is significant interest in understanding the relative effort of different countries
in mitigating climate change. ‘Effort” implies some sort of sacrifice that a country is
making to achieve a given level of abatement. But sacrifice is difficult to define. For
example, some see it as meaning that each country should reduce its emissions by
the same proportion, others that countries should suffer the same proportionate
losses in national income. The different commitments made by parties to the
Copenhagen Accord illustrate diverse views, with some countries committing to
absolute reductions from a past base year, others advocating reductions against
some business-as-usual projection, and yet others advocating decreases in emissions
intensity.

The economic impacts will vary according to the approach taken and the
characteristics of each economy. Even if all countries had identical carbon taxes, it
could not be said that each was making the same abatement effort.

Given the problems of defining and measuring effort, this study can only provide
some circumstantial evidence of relative effort. There are two ways it does this:
through an overview of the breadth and depth of the policy action each country is
taking; and scaling costs and abatement achieved by GDP and (counterfactual)
emissions, respectively.

Policy actions

Most study countries have adopted a large and diverse range of emissions-reduction
policies. For example, the Commission identified more than 300 significant state
and federal policies in the United States, and around 120 in the United Kingdom.
And Australia itself has around 200 policy measures (chapter 2). These include
ETSs in some countries (or regionally), and a range of less direct measures, such as
mandatory renewable energy targets, feed-in tariffs, energy efficiency measures and
capital subsidies for constructing or installing renewable energy technologies.
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Of course, sheer numbers of policies say little in themselves about the materiality or
effectiveness of the aggregate response made by governments. Australia and the
United States have many policies in place partly because they are federations and
their states are active in environmental policy. New Zealand, on the other hand,
which has a unitary system of government and a natural endowment of hydro
power, has achieved a more focused policy mix centred around explicit carbon
pricing.

Some of the breadth in the policy mix can be explained by the use of
complementary policies that are intended to address market failures other than the
externality associated with greenhouse gas emissions (for example, energy
efficiency policies that address information asymmetries). It can also be explained
through the rebadging of existing policy instruments. (For example, fuel taxes are
increasingly being seen as ways of discouraging fossil-fuel consumption and hence
greenhouse gas emissions).

But it is also evident that there is much overlap and inconsistency in the policy mix
of most countries. Different levels of government can be supporting the same
project, not adding to abatement but adding to cost (for example, the US Federal
Government subsidies for renewable energy and state mandatory renewable energy
targets). Even at the same level of government, overlaps exist. For example, the
United Kingdom and Germany are part of the European Union ETS — which
covers electricity generation — yet the United Kingdom has continued to employ a
mandatory renewable energy target and Germany has continued to employ very
generous feed-in tariffs. Perversely, Germany’s high level of support for renewable
electricity reduces the emissions-reduction burden that must be borne by the rest of
the European Union, lowering ETS permit prices, and leading to increases in
emissions in other EU countries at Germany’s expense (Traber and Kemfert 2009).

One feature of the policy mix of most countries is that they are in a state of flux.
With the European Union ETS now well established and its coverage growing, New
Zealand’s fledgling ETS, some regional schemes in North America, and other
countries such as South Korea, Japan and China intending to trial or adopt such
schemes, explicit carbon pricing appears to be coming to the fore. But it is not clear
if this will lead on to the rationalisation of other, more costly mechanisms.

Cost and abatement being achieved

The other way this study can shed some light on effort is by relating the cost
incurred by each country in reducing emissions to the size of their economies, and
comparing abatement to their sectoral emissions (table 6.1 and 6.2).
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Electricity generation

When the total subsidy equivalent of each country’s abatement policies was ‘scaled’
by expressing it as a proportion of GDP, Australia’s commitment of resources
(measured by the size of its bubble in figure 6.2) was much the same as for South
Korea and China. But relative to South Korea, Australia’s suite of measures was
much more cost effective and produced proportionately more abatement, and
relative to China they were about as cost effective, but achieved greater
proportionate abatement. Australia achieved more proportionate abatement than the
United States at about the same cost effectiveness, but devoted more of its GDP to
achieving this outcome.l The United Kingdom and Germany are again shown to
have devoted substantial resources to achieving abatement. Germany achieved
substantially more abatement than the United Kingdom but at a slightly higher
average cost. Japan’s resource commitment was smaller than most other countries,
the unit cost was high, and abatement small.

Figure 6.2 ‘Effort’ and reward — how countries compare
Electricity generation — central estimates
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Source: Appendixes D to K.

1 But as noted in Chapter 4, of all study countries, the results for the United States are more likely
to be underestimated due to the possible omission of other material policy interventions.
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Some care needs to be taken in interpreting the data. Other things being the same,
average costs of abatement would be expected to rise as abatement increases. This
might be expected if policy makers have targeted assistance at the lowest-cost
abatement options first. Indeed, if South Korea and Japan are excluded, the results
for all other countries exhibit this trend. However, other things are clearly not the
same. There are likely to be some large differences in the costs of the same
renewable generation technologies, if for no other reason than that some countries
will have different endowments of wind or solar resources (for example), and the
different mixes of policies will influence average costs.

Biofuels

Using the same approach for biofuels reveals that, as a proportion of GDP,
Australia’s commitment of resources to achieving abatement is less than for most
other study countries, but that cost effectiveness appears comparable to Germany
and the United Kingdom, being roughly in the range of A$300-A$400/t CO,-e
(figure 6.3). But Australia is achieving relatively less abatement when measured as
a proportion of transport-sector emissions. Germany is devoting considerable
resources to biofuels, but is achieving the highest proportionate amount of
abatement. The United States stands out in this analysis for having by far the
highest commitment of resources relative to GDP, for only moderate proportionate
abatement and hence low cost effectiveness.

Demand-side abatement and consumption costs

The demand-side abatement results discussed above could also be considered to
shed some light on effort, as indicative as they are. The impacts on UK and German
consumers of electricity and road-transport fuels stand out in this regard. Both
countries have costly policy measures supporting low-emissions generation, which
in combination with the European Union ETS, are estimated to have raised retail
electricity prices by over 10 per cent. In road transport, the impacts of fuel taxes on
abatement and hence consumption costs for most countries are considerable.
Germany and the United Kingdom stand out, with fuel taxes of A$0.78 and A$0.96
per litre respectively (table 5.16), with Australia mid-range at A$0.36 per litre.2 But
If these taxes are considered to be primarily for other purposes, such as funding
roads or as a revenue-raising measure, it is not valid to attribute high-tax countries
with additional effort.

2 These are weighted averages of the rates applying to different road transport fuels.
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Figure 6.3 ‘Effort’ and reward — how countries compare
Biofuels — central estimates
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In summary, such analysis can tell us relatively little about comparative effort
per se, other than that some countries have devoted proportionately more of their
national resources to achieving abatement than others, though with varying cost
effectiveness. The results also illustrate the traps in using simple metrics to indicate
effort.

« A relatively high implicit abatement subsidy does not necessarily indicate that a
country also experiences a greater proportionate impact on its economy, or
emissions, than other countries.

« A country that adopts high-cost abatement opportunities should not be given
greater credit than a country that achieves the same abatement at lower cost.
Indeed, the more cost effective the abatement policy, the greater the abatement
that becomes possible for a given cost.

Least-cost abatement

As noted above, the cost effectiveness of a country’s policy measures in aggregate
can be put into perspective by estimating the explicit carbon price (from either a
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carbon tax or emission permits) that would achieve the same amount of abatement
when applied on an economy-wide basis.

This can be illustrated using a (hypothetical) marginal abatement cost (MAC) curve
that shows all feasible abatement options in ascending order (including by reducing
relatively low-value consumption) (figure 6.4).

. For various reasons, governments have found it difficult to implement the
lowest-cost options first, meaning they may support a suite of relatively
high-cost options (shown as the ‘Policy MAC curve’).

. If instead, all abatement options were considered and adopted in order of lowest
to highest cost, the same amount of abatement could be achieved at a lower
(marginal) cost (P, versus P,).

. Conversely a much greater level of abatement could be achieved at the same
(marginal) cost (A™ instead of A”). (Note that total cost is measured by the area
under the respective MAC curves, and the average cost of abatement will be less
than the marginal cost.)

The abatement costs of the three existing policy measures analysed in this study for
Australia have been plotted in figure 6.5 to create, in effect, an Australian ‘policy
MAC curve’ for electricity. (The demand-side effect is shown separately and
labelled ‘electricity consumption costs’). The central estimates of abatement for
these policies comes to around 12.5 Mt CO..

Stylised modelling using an ‘off-the-shelf’ version of the MMRF model of the
Australian economy suggests that a carbon tax or ETS permit price would have
achieved the same abatement at much lower cost. For example, according to the
modelling, if applied only to the electricity sector, an explicit carbon price of about
A$9/t CO, (corresponding to P, in figure 6.4) is required.

This equates to about 11 per cent of the almost A$500 million estimated cost of the
existing policies. Alternatively, for the same aggregate cost, more than twice the
abatement could be achieved. One of the reasons an explicit carbon price would be
expected to be more cost effective at such low levels of abatement is that, as
modelled, it captures a considerable amount of low-cost abatement on the demand
side.
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Figure 6.4 Marginal abatement cost (MAC) curves and cost
effectiveness: a hypothetical illustration
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Figure 6.5 Marginal abatement costs, Australian electricity
‘Central’ estimates, 2009-10

70 7
60 -
FIT
£
- (0]
o g £
g @ § SRET
£ 40 ) 2 "
2 i : 8
> - R
3 5 o &
= £ O o
-l 2 o 3
S 3 o LRET
20 o o
> €
= [<H]
o Qo
= G
10 S
w
O T T T T T T
0 2 4 6 8 10 12

Abatement (Mt COy)

Source: Productivity Commission estimates.

This worked example is relatively simplified and cannot be used to infer what the
explicit carbon price would need to be to achieve Australia’s abatement objectives
(something that the Australian Treasury model is better equipped to address). But it
illustrates how much more cost effective abatement can be if, in place of other more
costly measures, an explicit carbon price is applied to both the demand and supply
sides of a broader set of emissions-reduction opportunities within the electricity
sector. Extending such a price across the economy would make it even more cost
effective. By the same token, a carbon price in combination with other measures
will generally be less cost effective than one operating on its own.

6.4 Implications for competitiveness?

When governments intervene to encourage the provision of low-emissions but
high-cost production in place of high-emission, low-cost production, they can
obviously have an effect on the competitiveness of businesses using that production
as an input. The potentially more vulnerable firms will be those that are energy
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intensive and trade exposed. In the context of this study, those firms would be the
larger users of electricity and/or road transport fuel.

But the actual impact on a firm’s costs will depend on how the government chooses
to intervene.

. Explicit budget subsidies decrease the costs of the low-emissions producers,
enabling them to be competitive at prevailing market prices. While businesses
using these products will not have to pay for the subsidies via higher prices,
taxes will need to be higher (or government spending lower elsewhere), with
ramifications throughout the economy.

« Implicit subsidies to low-emissions producers will generally be passed on via
higher prices to consumers and user industries, reflecting higher average costs of
production.

« Explicit carbon taxes or trading schemes will directly increase product costs
according to their emissions intensity, with these costs being passed on to
consumers and user industries.

In this study, the Commission has estimated the impact of a sample of
emissions-reduction policies on the retail prices of electricity and transport fuels.
With the exception of taxes on road-transport fuels, the estimates are illustrative or
at most indicative, for the reasons explained (section 6.1).

But even if these impacts were known with certainty, this information would still be
of limited use in assessing impacts on the competitiveness of individual firms. This
would require detailed information for particular firms and industries, including
knowledge of the cost functions for the comparable industries in the competing
countries, relative energy intensities, the net impacts of other policy measures
affecting the cost of production, and the ability to pass on costs. Moreover,
Australian firms may compete with firms in a wide range of countries — in many
cases including countries other than those in this study — and the position would
change as market conditions and exchange rates change.

The results for the electricity-generation and road-transport sectors vary
considerably and need to be considered separately. In road transport, the
Commission looked at support for biofuels as replacements for fossil fuels, and the
impact of taxes on fuel prices.

Road-transport fuels are used widely in all economies for private consumption
purposes, and as an input to business. Increases in the price of fuels could therefore
have wide and diffuse impacts on the economy, with some businesses more affected
than others.
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« All countries impose substantial taxes on transport fuels, which can increase the
cost of doing business. But the degree to which increases in fuel taxes might
impair competitiveness will vary according to how much firms can claw back
through tax credits or income tax deductions.

« Most biofuel policy measures are budget funded and (pre tax) fuel prices are
determined in international markets and hence there are no direct effects. The
only policies that do have impacts on retail prices seems to be the fuel mandates
operated in Germany, the United Kingdom, and the United States, where they
are binding. But even in these cases the impacts on fuel prices seem to be very
modest to date (less than A$0.02 per litre).

In the case of electricity generation, the results are a little different, partly because
electricity is generally not traded internationally and the industry can pass on cost
Increases to some extent. As this study has shown, most countries have some very
costly policy measures, such as feed-in tariffs for renewable electricity, which are
paid for by firms and households. The cost per unit of electricity from these
schemes might be high, but to date the overall amount of electricity generated
through these measures has, for most countries, been quite small. Hence, there has
only been a relatively small impact on product prices to date. For example, the price
Impacts for Australia appear to have been of the order of 1 to 2 per cent in 2010.
But there are exceptions, including Germany and the United Kingdom, where the
Impacts on retail prices appear to have been of the order of over 10 per cent. This
would be an issue for firms in those countries that consume large amounts of
electricity (and would work to the advantage of energy-intensive Australian firms
competing against those firms).

The finding that average abatement costs are not particularly useful in assessing
competiveness means that they are also not particularly useful for setting assistance
for emissions-intensive trade-exposed firms. The analytical framework for
considering assistance issues under the mixed bag of policies that apply in most
countries is perhaps even more challenging than it would be under explicit carbon
prices.

In summary, while the overall impacts of the policy measures analysed appears to
be relatively small for most countries, the consistent finding from this study is that
much lower-cost abatement could be achieved through broad, explicit carbon
pricing approaches, irrespective of the policy settings in competitor economies.
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A Study participants

As noted in chapter 1, for this study the Commission consulted with the business
sector, government agencies and other interested parties, and utilised research
expertise in the study countries. The tables below list the relevant parties and the
nature of their involvement in the study.

Table A1 Meetings with interested parties

Participant
AGL

Australian Energy Market Operator

Bureau of Infrastructure, Transport and Regional Economics (Australia)
Business Council of Australia

Clinton Foundation

Delegation of the European Union to Australia

Department of Climate Change and Energy Efficiency (Australia)
Department of Infrastructure and Transport (Australia)

Garnaut Climate Change Review

Independent Pricing and Regulatory Tribunal (New South Wales)
National Generators Forum

New Zealand Emissions Trading Scheme Review Secretariat
Refrigerants Australia

Rio Tinto

Treasury (Australia)
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Table A.2 Participants in the methodology roundtable
Melbourne, 1 December 2010

Participant

Australian Bureau of Agricultural and Resource Economics and Sciences (Australia)
Australian Industry Greenhouse Network

Bureau of Infrastructure, Transport and Regional Economics (Australia)
Centre for International Economics

Centre of Policy Studies (Monash University)

Climate Change Institute (Australian National University)
Commonwealth Scientific and Industrial Research Organisation
Department of Climate Change and Energy Efficiency (Australia)
Department of Resources, Energy and Tourism (Australia)

Energy Supply Association of Australia

Essential Services Commission (Victoria)

Garnaut Climate Change Review

Professor Peter Lloyd (University of Melbourne)

Treasury (Australia)

Vivid Economics

Table A.3 Productivity Commission presentations to industry groups

Date Industry group Location

1 March 2011 National Generators Forum Melbourne
18 March 2011 Business Council of Australia Sydney
23 March 2011 Australian Industry Greenhouse Network Canberra
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Table A4 Government agencies providing data and policy
information

Agency

Bureau of Infrastructure, Transport and Regional Economics (Australia)
Chief Minister’s Department (Australian Capital Territory)

Committee on Climate Change (United Kingdom)

Department of the Chief Minister (Northern Territory)

Department of Climate Change and Energy Efficiency (Australia)
Department of Energy (United States)

Department of Energy and Climate Change (United Kingdom)
Department of Environment and Conservation (Western Australia)
Department of Foreign Affairs and Trade (Australia)

Department of Innovation, Industry, Science and Research (Australia)
Department of Premier and Cabinet (New South Wales)

Department of Premier and Cabinet (Victoria)

Department of the Premier and Cabinet (Queensland)

Department of the Premier and Cabinet (South Australia)

Department of Premier and Cabinet (Tasmania)

Department of Resources, Energy and Tourism (Australia)

Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (Germany)

Ministry for the Environment (New Zealand)

Ministry of Economy, Trade and Industry (Japan)
Ministry of Environment (Japan)

National Development and Reform Commission (China)
Treasury (Australia)

United States Environmental Protection Agency
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Table A.5 Contractors providing data and policy information

Coverage
Contractor Countries Sectors
Energy Research Institute China Electricity generation and road

(National Development and

Reform Commission)

Frontier Economics

Korean Energy Economics

Institute

Resources for the Future

Vivid Economics, AEA
Technology and Covec

(consortium)

Australia, Germany and United
Kingdom

Korea

United States

Australia, China, India, Japan,
Germany, New Zealand, South
Korea, United Kingdom and United
States

transport

Electricity generation

Electricity generation and road
transport

Electricity generation and road
transport

Electricity generation and road
transport

Table A.6

Other organisations providing assistance

Organisation

Institute of Energy Economics, Japan
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Table A.7

Government agencies invited to provide feedback on data

Country

Agencies

Australia

China

Germany

India

Japan

New Zealand

South Korea

United Kingdom

United States

Chief Minister’s Department (Australian Capital Territory) (stocktake only)
Department of the Chief Minister (Northern Territory) (stocktake only)

Department of Environment and Conservation (Western Australia)
(stocktake only)

Department of Infrastructure and Transport

Department of Climate Change and Energy Efficiency

Department of Innovation, Industry, Science and Research

Department of Premier and Cabinet (New South Wales) (stocktake only)
Department of Premier and Cabinet (Victoria) (stocktake only)
Department of the Premier and Cabinet (Queensland) (stocktake only)
Department of the Premier and Cabinet (South Australia) (stocktake only)
Department of Premier and Cabinet (Tasmania) (stocktake only)
Department of the Prime Minister and Cabinet

Department of Resources, Energy and Tourism

Garnaut Climate Change Review

Treasury

National Development and Reform Commission

Embassy of the Federal Republic of Germany (Canberra)

Federal Ministry for the Environment, Nature Conservation and Nuclear Safety
German Emissions Trading Authority

Ministry of Environment and Forests (stocktake only)

Ministry of New and Renewable Energy (stocktake only)

Ministry of Power (stocktake only)

Ministry of Economy, Trade and Industry

Ministry of Environment

Ministry for the Environment

Ministry of Environment

Ministry of Knowledge Economy

Presidential Committee on Green Growth

Committee on Climate Change

Department of Energy and Climate Change

United States Department of Energy

United States Environmental Protection Agency
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B Policies selected for analysis

This appendix provides brief descriptions of the emissions-reduction polices that
have been quantitatively analysed in chapters 4 and 5. Policies are presented for the
electricity generation and road transport sectors in each study country (excluding
India, which chose not to participate in the study). Descriptions of all policies
identified by the Commission are provided in the country stocktakes, which are
available on the Commission’s website.

POLICIES SELECTED 163
FOR ANALYSIS



(ebed jxau panupuo))

9l

‘paresauab A)1011109]9 ||e o) (pajieisul sem Wwa)sAs ay) Jeak Jo awi) ay) Aojuie] jenden sjLe}

uo Buipuadap) UMM/0S 0$VY—01 03V pied ale (AN 0€ 03 dn) swalsAs Ad JBJOS JO SIaumQ awayog yle| ul-pas4 ueljesisny UI-pas} Jejos

‘pub ayy 0} papodxs eljesnsny syle}

Ayo1109818 SS99Xd 10} UMM/0F 08V Pred ale (A 01 03 dn) swajshs Ad Je|oS JO siaumQ Jue| ul-psa UJSISOA\ UI-pod) Jejos

‘pub ay} 0} payjodxa syLe}

Ay1o309]8 SS89X8 10} UMY/P 0V Pled a1e (A 01 03 dn) swia)sAs Ad JB|OS JO S1aumQ Syle] uI-paa4 JejoS  eljelisny Yyinos ul-pasy Jejos

‘pub ayy 0} papodxs awayog shuog Jejos syle}

A01130818 SS99X8 o) UMM/ 03V pred ale (A 0} 0} dn) swalsAs Ad JE|0S JO SIBUMQ  JUSWUIBAOS) pue|suaanyd) pue[|susany ul-pas} Jejos

‘puUB ay) 0} papodxas AjoLo9[e syle}

$S80Xd 10} YMM/09 04V 03 dn pied aie (A G 0} dn) swa)sAs Ad Je[oS JO SIBUMQ sylle] ul-pes4 wniwalid BLIOJOIA UI-po9} Jejos

‘(pojleisul sem wajsAs ayy usym uo Buipuadap) pajessusb A)oL308|8 || 10} UMN/0Z 0$Y solep syue}

10 YMM/09°0$V pred ase (MY 01 03 dn) swalsAs (Ad) dtejjorojoyd Jejos Jo sieumQ awayog shuog Jejos yinos MaN Ul-pasy Jejos

“1eak yoes 1os si paseyoind aq 01 palinbal abejuadlad ABojouyos)] ajess-|jews ay) pue awayos

106.e) |BIOUSH ||BJBAO UB BABY JOU S90P dwayds ay| “(siejesy Jajem Jejos pue sdwnd I=R]IIEED)

1eay ‘uonelausb-oioiw se yons) suone|eisul ABisus ajgemausal ajeds-|jlews a|qibie awayog Ablaug ABisus

JO S1aumo woly SHTY Jo Jaquinu uiepad e aseyoind 0} palinbai ale sia|ielal A)1oL09|g a|gemauay a|eos-||lews [euoileN 8|gemausy
UMD 000 Lt s! 1obJey |enuue sy}

0£0Z PuUe 0z0z usamiag "I 10z Ul ABisua ajgemaual ajeos-able| Jo UMD 001 Ol JO |9A9) awayos

[elUl UB WOJ) dWI} JOAO asealdul sjable) |lenuuy “uonelssuab ABiaus ajgemaual Jo Junowe I=R]INIEED)

[leJaA0 8y} 1o} s1ebie) [enuue aAsiyoe 0} (sOJy) sajeoliuad ABlsus ajgemaual ajeas-abie| 10b1e] ABiaug ABisus

aseyoind o0} palinbal aJe (siasn ablie| pue sigjie}al) AN01109|9 JO siaseyaind ajesajoypA a|gemauay a|eos-abie [euoileN o|gemausy

uonduasaqg auweu Aaijod uonaipsune  adAy Aaijo4

eljeJ}sny .:O_um._wcmm >“—_0_._a00_m 19 9|gel



S9L

(1 10z loqwada woJ} joaje aye)} 0} pa|npayds ale sjuswabuelie asay} 0} sabueyo) sjany
uodsuely snoaseb Jay1o 1o (9Hd7) seb wnsjosad payanbi) xe) Apuaind Jou saop Ing ‘(8sn peolt-yo

Joj sajeqgal ypm) 7/8¢°0$V JO diel dy} Je Ss[anjolq }Sow pue [9salp ‘|oJjad Uo 9SIOXd SSIAJ| eljelisny as10Xxa [an4 [euoneN Xe} |an4g
‘s|anjolq
JO Juaju0d ABJaua 8y} UO paseq Saxe} JO UOIONPOIIUL Y} YIM | L 0Z Joquiada( Ul paysijoge aq 0} SI
awayos sIy| "pied as1oxa [aNn) JO JUNOWER B} }9SHO O} |9Salp 8|qeMaual pue |[9salpolq JO slejodwil  awaydg sjueln Apisqgns
pue s19onpoud 0} (01-6002) /8 03V 40 JuswAed e sapiroid swaydg sjuels) s|an4 Jaues|d ayl sjend Jauea|) [euoneN uononpo.d
‘s[@njolq Jo jJuayuoo ABlaus ay) Uo paseq Saxe} Jo sjuelo
uonoNPOJIUL 8Y} YIM | L0z Jaquiadag wody Jno paseyd Ajjenpelb aq 0} si Apisqns siy| "asIoxa |any uononpo.d Apisgns
40 Junowe 8y} Jesyo 0} siednpold joueyie a|qiblje 0} papiaoid si (01-6002) 1/8€° 03V 40 Apisgns v joueyg j[euoneN uononpo.d
uonduasseq aweu Aoljod uolaipsune adA) Aaljo4
eljesysny ‘podsuel) peoy Z2'9g 9|qeL
‘020z Aq uad yad g| 0} 8sul |[Im pue QLQZ Ul uonesauab Jo jusd Jad G|
sem Jab.ey Alojepuew ay| ‘siojessusab seb a|qibig Aq paonpoud A)0u1098|8 JO YAIN Yoes Joy uonenbal
pajeald ale ey} sajeolian AJouoe|3 seo) Bullepualins AqQ Jaw aq jsnw sjuswalinbay "AloLjo9|e awayog seo Buioud Jo
paJiy-seb a|qibije wouy A}1o1109]8 J1vy) Jo abejuadlad wnwiulw B 824n0S }sSnw sJajiejal Alou10a|3 pue|suaand puejsusanp Alddns Ayoujo9a|3
"SUOISSIWS 0D Ul UOIoNpal 8uuo} auo e sjuasaldal 8)edlillad yoesa — yJewyouaq Hpalo
J19Y}] J98W 0} S8}eolIa) JUsWaleqy asnoyuaalio MSN @seyoind jsnw syuedioed aweyos pue aul@seq —
aWBYOS "SUOISSIWL }aSy0 jey} salliAloe abeinoous pue dojaAsp }SNW pue ‘aleys JayJew  UOoIONpay seo) sajlep\ @wayos Buipel
J19y} Uo paseq aJe jey} sjabie} suoloNPal-SUOISSIWS Alojepuell 198w }sSnw siajie}al A}IoLoa|g ashoyuaalo yinog mapN suoIssiwg
uoiduasaqg aweu Aoljod uoialpsLnpe adA) Aaljo4

(panunuoo)

l'd |lqel



991

‘leny Jodsuel} e Se pasn 547 UO Xe} ou S| alay] '|9salp JO 7/8°'0 AND pue josad Jo /1 AND

Jo sajel je xe] uondwnsuo, ayj ybnouy} [9A8] [euoiieu ay} je [asalp pue josjad saxe} euiyd
‘weJsboud siy} Jepun joueyid

A|ddns 0} s|ge ale siaonpold joueyie pasuoyine AjuQ ‘nsbueir ul S0 Al pue 1I9gaH Ul S0
XIS ‘@oulnold Buopueys ul sanlo uaAas ‘eoulnodd 19gnH Ul s8I0 aulu ‘(Inyuy pue IxBuens) ‘ueusH
‘Buloer ‘unp ‘BuellbuojisH) saouinoad XIS ul joueyle Juad Jad Q| ulejuod 0} palinbal s |o4}9d
‘gouewIopad |eloueul) jlenuue sJaonpold joueyle

[eNPIAIPUI YOBS JO UOoeN|BAd Ue Uo paseq SI Apisqns ay] "Jodsuely peod 1oy joueyie Buionpoud

Ul dpew sasso| Jo} ajesuadwod 0} siaonpoud [oueyd pasLioyine o) papiaoid ale salpisqns
"MOJ|e} IO |10 3|ge}aban pajoAoal uad Jad g/ }Ses| je asn jey} sieonpoud |asalpoig 0} pue
sJ9onpoud joueyla pasuoyine o0} Aldde Ajuo suondwaxs asay] “(Juad Jad /| 1e palrg|) Xe} pappe
anjeA ay} Joj sieonpoud o} pied si 8jeqal e pue 8sI0xa |an} woJj Jdwaxa ale |ouey}d pue [9salpolg

as19x8 |an4 [euoneN xe) |an4
$3|IqoWwoINy J0}
auljoses) [oueylaolg uo

sjo8loud 10]1d @AISUBIX] [euoneu piepueis
JO awayog |euoneN -qng Jusjuod |an4
SS07 Apisgns

104 s9Ipisqng 9|qIx9|4 [euoljeN  uonloNnpo.d

UO0ISS2U0D
uondwexg as1ox3 |an4 [euoneN Xe|

uonduossg aweu Aaljo4 uonaipsune  adA) Aaijo4

eulyo ‘Wodsuesy peoy g s|qel

‘sJojesauab wesboud |jewg sopelbdn

L1010 alow ‘Jable| yim siojesauab pall-|eod Jualole-ssa| ||ews Jo Juswaoe|day J0} |ynysqng ableq [euoiieN Jojelauan)
'sbulp|ing ul pajjejsul sbulp|ing

ale 1ey} Jajealb 1o Ajoeded AN 0G JO SWBISAS Ad Je[oS Jo) M/0Z AND 10 Apisgns [eyde)  ul Ad Je[oS 1o Apisqns [euoneN Apisgns [ejden

"(Juswisaaul [euded ay} Jo a9 Jad /) s1oefoid Ad Jejos pub-Jo pue (JUBWISSaAUl  BWSYIS uolessuows(

|eyded ayj Jo Jus9 Jad og) sjosloid Ad Jej0S pajosuuoo-plIb pa}os|es 10} salpisqng unsg uap|os) ay | [euoiieN  Apisgns |eyden
"110Z 40 pud 8y} Aq Ajoeded Ad 1e|os pajelsul JO MIA 00% 40} S| BWBYDS au}

Jo}10buey oyl *(110Z 40} aJ4e sajel) (UMM/6'Z AND) swalsAs Ad Jejos pajesbajul-buipjing pue Ad Je|jos 1o}
(UMMI/¥'Z AND) s1oeloud doyoos Ad Jejos ‘(UMN/F' L AND) Sulie} Ad Je|os Joj syLie) ul-paay  jJue] ul-pasd nsbuelr [e207] J\e} ul-paa

sseuwolg
"SSBWoIq Wolj pajelausb A)oLjoale 1oy UMM/GL 0 AND JO Jjlie} ul-pas 1o} jjue) ul-psse [euoileN Jjle} ul-pes

"UMM/L9'0 AND 0} UMM/LG'0 AND wolj Alen sajey "ul pajeso) ssulgqin|
aJe siojelauab ey ,auoz, sy} 0} Buipioooe Alea jey) uonjelsuab puim Joj SYLB) Ul-pad4  PUIAA IO} Jue] ul-pas- [euoneN Jle} ul-pas
uonduaseg aweu Aaljo4  uonaipsLne adA} Aoljo4

eulys ‘uonesauab Aoyos|g g'gojgel



191

‘(weabojy

Jad swelbijiw Q| JaA0 Juaiuod Jnydins ypm sjany Joy Jaybiy ale sajel xe)) |9salp 40 /.77 03
pue [os2d JO 7/S9°03 JO XE} B YIM ‘s|ony Jodsuel) JSoWw UO 8SI0Xd [an) SalAs| Auew.ag)
‘s[anjolq

|le Joj Juad Jad Gz'G pue (josed Yyym papus|q) [oueyye Joj Juad Jad g°g ‘(jasalp Yim papus|q)
[@S81poIq 40} JUdD Jad ' alem sejyonb g0z Ul (1usjuod ABlaus Jo swus) ul) 18s s (|9salp Jo
[os12d) [9ny [BUOIUBAUOD Ul [9nyoIq o uoiodold ay) ‘Jeak yoe3 ‘|josalp Jo |o4jad yum papusiq
J0o Jeau Jayyie ‘Jeak yoes |any Jodsuel) se pawnsuoo 8 }SNW [anjoiq JO jJunowe wnwiuiw
"1dwaxa Ajjny aJe joueyid 21so|n||99, pue (joueyie Juao Jad 0/ 1Se| e Ulejuod jeyy)

spus|q |oJjad jo Jusuodwod joueyid 8yl ‘6002 U! 1/6%0€ 03 PUE 1/¥€/.Z 03 O} JudjeAinba

asloxo |an4 [euonen

10V BloND |anjolg leuoneN

s[anjolg pspualg
pue aind Jo}

Xe) |on4

pJepuels
JUSJUoD [aNn4

uondwaxa ay} yum ‘soxe) [an} wolj Jdwoaxs Ajjeied ale |10 ajgeloban pue |osaipolg  uondwaxg xe| |an4 [BUOIIEN  UOISS92U0D XB |
uonduaseqg aweu Aaljod uonaipsLne adA} Aoljo4
Auewuan) ‘podsues) peoy 9'g a|qel
‘Aouaiolye syl pue azis sy ‘yueld 10V Jemod
ay} Jo abe ay) uo Buipuadap Alea jey} siojessusb Jjamod pue jeay pauiquiod 0} sjuswAed pue }JesH pauiquio) [euoneN Jue) ul-pas4
‘seb aulw pue saainos ABiaus ajgemaual wolj pajelausb 10V $82In0g
si Jeyy A1101109)9 ||e Jwsued) pue aseyoind 0} palinbai ase spub ANouiosie Jo siojesadg  ABusu3 sjgemausy [euoneN e} ul-pas4
"1eaA ey} ul swuiy 0} pajeso|e aq 0} sywuad Jo Jusd Jad Gg punoie Yim ‘¢Loz
W0l S|on} UoHBIAR JOAOD ||IM }INg S|an} Jodsuel) peos JI9A09 Ajjualind jJou Saop awayds ay |
"(0202—0102) @seyd
pJIy} 8y} Jo pus ay} Ag Jus9 Jad g/ 0} 8SeaIdUl 0} PBINPAYDS SI SIY] JUSWUISAOS) UBWISG
ay) Agq pauonone alom syNJ JO uonedoje s Auewlas) Jo uad Jad g punode pouad siy; buunp
‘1oAeMOH "suonebiiqo S 13 yum swiliy 0] pajesolje atam sywiad jo Auolew ayl {(8002—S002) (Auewen
S13 uolun ueadoing ay) Jo aseyd puooas ay} U] ‘sjwiad paped) Ajjeuoneuisiul awayos Buipnjour)

ale syN3 ‘Hwa Asy) apIxolp uogied Jo auuo} yoes 1o} (YN3J) aouemoly uoiun ueadoing

Buipes] suolssiwg  s8je)s Jaquiaw

awayos bBuipedy

8UOo Japua.ins 0} palinbai ale (s10j09s Jayjo awos ul suuly pue) siojesauab A}101109|3 uolun ueadoing uolun ueadoiny suoIssiwg
uonduossg auweu Aaijod uonaipsune adA) Aaijo4
Auewuag) ‘uonjesauab Ay1014309|3 G'ga|qel



891

"BY/S L L% JO
9d7 Uo xej e pue T/L'ZEx 1o xe] Buipuey |eseiq e sI aiay) ‘uonippe u| ‘AjgAnoadsel /g Gk pue

7/9° 8% JO Sojel Je ‘{(Xe] auljoses) [Bo0T PUB Xe| auljoses) ay}) [o43ad uo saxe} om} saina| ueder asIoX® |an4 jeuoneN XE} |8n4
SUOISSB2U0d

"9s19Xd [9n} wody Jdwaxa S| jonad yum papus|q si 1eyl joueyl] 9sI0X8 |onjolg |jeuoneN UOISSa2u09 Xe|

uonduose aweu Aaljo4  uoialpsun, adA} Aaljo4

uedepr ‘Juodsueu) peoy 8'g a|qel

‘leny yoes Jo Jusjuod SuoISsIWe QD 8y} Uo paseq

asealoul JO 8lel By} YlIM ‘,ainseawlsjuno) Bulwiep) [BqojS) 10} Uoiiexe| Uo UOISIAOId [eloads,
8y} Jo Jed se G0z pue ¢ g Usamiaq pasealoul aq ||Im salel asay | ‘wnajolad Jo /0L 0Zk
pue seb [einjeu JO /080 Lk ‘|e02 4O }/00 L% ©Je S8lel Xe} Jualin) ‘paxe} aJe spodwi paulaiun
pue paulal yjog "seb |ednjeu pue wnajoljad ‘|eod Buipnjoul ‘sjany |isso) papodwi uo xe |

"anoqge pajsi| salpIsqns [euolieu ayj o} uolippe ul papiaoid st Apisans siy L "MX/000 001 % JO

ajel ay) Je pied ‘sBuip|ing [enuapisal ul SWalsAs Ad Je|OS JO uone|elsul 8y} Jo} salpisqns |eyde)
(1102 Ul M\\Y/000 8 0} paonpal) pajjejsul Ad 1e|0S Jo \\M/000 0% Ssem Apisgns 8y} ‘6002

Jeak |eosyy uj “sbuip|ing |enuapisal ul SWa)sAS Ad JejoS JO uone||ejsul 8y} 1o} salpisqns |eyde)
(1 10z 1eak [edsl) ul UMM/Zy—2EX) 6002 JeoA [BOSY Ul pajlejsul swiaisAs 1o} UMM/SH—0Zk

JO sajel 1e) sieah (| Joj papiroid si yuey paxiy v -pub ayy

0} payuodxae swaisAs Nd Je|jos wol) AJI01j08]8 sS80xa aseyaind 0} palsinbal ate sanin A}1011109|3
"SUOI}OIIIS) SWOS UY)IM ‘SIeaA SS0I0E Pamoliog pue payueq aq ued sy "(MIA L

JaA0 sJojeiauab AjoujoslaolpAy Buipnjoxa) siojelausb A)0u3091904pAy pue [ewliayloab ‘ssewolq
‘PUIM ‘Ad JB|0S SI9A00 awayads ay| “(sD3y Puuspualins Aq panaiyoe aq os|je ued asueljdwo?)
Jeak yoes ABisus sjgemausal JO Junowe uleluad e aseyaind 1o ajeiauab jsnw sigjielal Ajouo09|3

Xe] [eoD
pue wnajoJad [euoneN
salpisqns
jendeo Ad oAqo | oo |
salpisqgns |ejded
Ad leuoiieN euoleN

dlejjonoloyd
Jejos Jo} weibold

Xe} |ony [ISSO4
Apisgns |eyde)

Apisgns |eyde)

uonduaseq

yoegAng meN oy L [euoheN Juey ul-pse
awayos

pJepuels oljojliod ajeolyueo Ablsua
a|gemauay |[euoieN a|gemauay

aweu Aaljo4  uonaipsune adA) Aaijo4
uedepr ‘uonjesauab A31011309|3 J'g9|qel



691

"paj|9ABI] 9OUB)SIP UO paseq ale jey) sabieyo

Jasn peou, Jo walsAs e ybnouy Ajewid paxe) si asn [9salp 92uls (T/1L.0°0$ZN UBU) SS3|) |an4 |9salp

uo xej |lews e st aiayl /0L °0$ZN JO 8jel e je HdT Uo palAg| I 8s10X3 “1/65°0$ZN JO 8jel [ejo) e je —
Xe | wnajoljod Ajluoyiny [Bo0T ay) pue AraT Bulioyuoly sjan4 aulbug winajoljad ay) ‘AaaT uonelodio)
uonesuadwod JuapIooy ay) ‘esioxa Buipnjoul — josjad UO SOXE] |BIOASS SBIAS| puB|BaZ MON

‘aJow

Jo yyuow Jad 73 0| JO SBIES YIM [9S81pOIq JO sieonpoid dsawop 1o} (6002) /52 0$2ZN 40 Apisgns v
‘len} uo AnaT uonielodio)

uonesuadwo) JuspIooy 8y wouj Jdwexa ale |joueyie Jo siauodwl pue siaonpoud oisawoq

"SUOISSIWS JO duuo} Jad paJsinbal aq [im Jiwlad suo €10 Woi4 "Saljijigel| }@aw 0} pasn aq

ued (S8]BOIILAD SUOIONPaY SUOISSIWT pauiia) Se Yons) S}asyo [Buoljeulajul swos ‘uonippe u| “jwJiad
e Bulspualins JO pea)sul JUBWUISA0S ay} 0} GZ$ZN Bulked Jo uondo ay} aABY SWlly PUB ‘SUOISSIWS
8- JO SBUUO} OM] JO} SaljljIgel| JOA0D 0} swily AQ palapualins aq ued (Jlun pueeaz maN) Jwlad

S 13 9uo (zLogz Jequadaq 0} 010z AInr) aseyd uonisues ay} uj “(sessadold [eusnpul pue Aljsaloy

9S19Xd [9Nn4 [euoneN
aweyog sjuels

|[9saipolg [euoljeN
uondwexa

Xe} |9n} joueyly [euolieN

awayos
Buipe. |
suolssiwg

Xe} |on4
Apisgns
uononpold

UOISS82U0D XB |

awayos bBuipedy

Buipnjour) s10308s J8yj0 awWos pue s|en} Lodsuel) ‘uoneiauab A)101j08|8 SI9A00 S 3 pue|eaZ MaN 8yl puejeaz maN |euoneN suolssiwg
uonduossg aweu Aaljo4 uonaipsune adA) Aaijo4
puejeaz maN ‘Modsues) peod pue uoijeiauab A}ou3o9|3 69 9|9el



0L}

"7/90° 122 M¥M 1810} Yoiym 947 0} Aldde sexe) JayiO ‘|osaIp JO 1/81°81LG MY

pue |on8d JO /68°G/. MEM dJe sojel Xe) |e10} 8Y] ‘Xe] |on4 JOJO|\ 8y} pue ‘xe| uoiesnp3l

oy} ixe] juswuoliaug ‘ABiaug ‘uonenodsuel] ay] :[@Salp pue |o4}ad UO PaIAS| BJe SOXe] |BJOASS
‘(oLoz w)

T/S2°82S MM 10 81egal Xe) |an) e 0} pajijua aJe |asalpolq Jo sieuodwi pue s1aonpoud onsawoq

9s10X8 [an4 [euoneN
|osalpoiq
Jojseleqal Xe|  |euoneN

Xey |on4

JIpato
10 @1eQal XB |

uonduosag

aweu Aaljo4 uonaipsLn,

adA} Aaljo4

Bal0y] YInog ‘Uodsues) peoy

laeiqel

‘(suonesodiod
abue| 1o} s}s09 JO Juad Jad QG 0} paonpal Junowe ay} Yym) swaisAs AbBlaus ajgemaual Bunerado
Jo Buljjeisul Jo 3800 8y} Jo Juao Jad gg 0} dn o} papiroid ale Sueo| JUSWUISACH }SalajuI-MOT

‘020z Aq ABisus

a|gemauad Buisn spjoyasnoy uoljjiw | Buiaey Jo wie ay} Yim (ssewolq pue [ewayjoab ‘puim
‘lewlay} Jejos ‘Ad Jejos Buipnjoul) siojelauab sjgemaualt a|eos-|jews 0} papiroid ale salpisqng
‘suolbal swos ul (38092 8y} Jo 1ud9d Jad 09 0} dn) swaisAs ABisus sjgemaual JO uolje|eisul sy} pue
(s1509 Jo 8o 4ad QQ|) ainonJselul uonelausb Ajouos|e Bulp|ing Joj papiroid ale saipisgng
‘'swio)sAs ABisus

a|qemaual uleuad Buijelsul Jo 1s09 8y} Jo uad Jad Qg 031 dn Joj papinoid ale saipisgns |eyden
200 ¥/S. ¥$V punole je sajedlyiad

1sow saseyalind juswuianob ay; ‘eonoeud uj “Ajlenuue 209D 1 00S AQ SUOISSIWS 8oNpal jey) sl
10} G00Z @ouIs uonetado ul usaq sey Sa)eoljI1ad UOIJoNPaI-SUOISSIWS 10) 193 ew AIBjun|oA v
2102 Ul swayds D3y B yum awayos siy) aoejdal

0} Buluue|d sI JUBWUIBAOS) UBSIOY YINOS 8y "S||199 |9n) pue [epl} ‘0IpAY ‘ssewolq ‘Jejos ‘puim
Buipnjoul ‘sa21nos A}1011}08|9 8|gemaual pue mau Jo abuel apim 0} papincid ale sjyLie) ul-pas

weibold
BAIJUSOU| SUBOT [euoneN

SOWOH
usai9) uolfjiw | [euoneN

Apisang
uswAholjde |euoibay |JeuoneN

Apisang
wswAojde |essuan) |euoneN
SuOooNpay suoIssiwg
pajie) ealoy] [euoljeN

Sjjlie] ul-pesH [euoljeN

ueo| [enualajeid

Apisgns |eyde)
Apisgns |eyde)
Apisgns |eyde)
awayos bBuipedy

suoissiwg

Sjjiie} ul-pas

uonduaseq

aweu Aoljo4 uonoIpsLnp

adA} Aaijo4

©a.0)| Ynog ‘uonesauab A}o11309|3

ol'd?°lqel



Ll

"aINsSealW UOI}ONPaJ-SUOISSIWS UB SB 9SI0Xd [9N) JO Sa)kel Ul S9Sealoul
payisnl sey wopbury payun 8yl "OdT40 1/.1°03 pue [9salp Jo |ojad Jo /.G 0F pebelane

sajel ay} 010z U] "wopbury pajun ayi ul sjany yodsuel} peol |e 0} paldde s| as1ox3 asI0Xa [an4 [euoneN Xe} [an4
‘6002 Ul /G103 Joj uonebigqo J1vy) Jo Jno Ang, pjnoo staiddns pue sa)eoia0 a|qeapel)
Sapn|oul 8wWayds ay] "0L0g JeaA |eosy ul Juad Jad G g 0} pasiel usaq sey sIy] ‘|eny
JO awnjoA Aq juao Jad Gz ¢ sem g00Z JedA |easy) Joj 18bie) ay| ‘jenjoiq aJe Aiddns Asay) jey)
sjeny yodsuel) peod Jo abejussiad payioads e Jey) ainsus O} S|an} [BUOIJUSAUOD paulal uonebigo sien4 pJepueis
Jo s1apodw pue saudulal d1sawop saldinbal uonebiigo s|end uodsuel] s|gemausy 8yl Modsuel] ajgemausy [euoneN JUBU02 |94
uonduosaqg aweu Aoijod uonolpsune adA} Aaljo4

wopBury pajiun ‘Jodsues; peoy  ¢£|'d s|qel

‘uone)s Jamod |euonuaAuod e Buipjing O 1S02 8y} JO SS9IXd

Ul S}S09 JO Jud9 Jad O 1B 19S ‘SWie) PUIM 8I0YSHO JO UOIJONJISUOD By} Jo} salpisgns |eyideD

‘pasn ABojouyos)] ay} uo Buipuadap YA 1od s81ed1111a9 JO slaquinu Juslayip

aAl90al siojelauab ajgemauay - aul, e Aed AjpAeuls)je 1o ‘siojelausb ajgemaual

Aq parealto sajeolyiian uonebligo ajgemauay aseyoind 0} pasinbal aie siajiejal Alouo9|3

"xe} 9y} wolj Jdwaxe aie swalsAs Jomod pue jeay pauiquod Ajjenb poob,

pue (0JpAy ajeos-able| Jo uondaoxa ay} Yym) AlIoL109|e a|gemausy "sajel Bulhien 1e paxe)

s|any 1SS0} Yym AJ01119318 10} UMMN/0LP00 0F Sem ajel ay) 010z Ul “(sjen) JWodsuesy snoaseb
pue weajs ‘Jeay ‘10 Buipnoxa) paxe;} si A}I0L}08[8 pue S|any [ISSO} JO 8SN J1}SBWOpP-UoU 8y |

awayos sjuels)
leyded puipy 810UsyO

uonebliqo
sa|gemausy

Ane ebuey) asjewnn

puelbug Apisgns |ejden

ajepuew Abisus
[euoneN a|gemauay

xe}
[BUOEN ©2In0Sal I0 |94

(wopbury psyun

awayos ay} Buipnjour)
Buipel] suoissiwg  saje)s Jaquiaw  dwayos Buipelsy
‘(Auewsan)) g g o|qe) 98S uolun ueadoing uolun ueadoing suoIssiwg
uonduaseqg auweu Aaijod uonaipsune adA) Aaijo4

wopBury pajiun ‘uonesauab Apowyo9l3  ZL'g slgel



cll

"(syoeloud Buisnoy sigeploye, 1o} sajel Jaybiy yim) walsAs ay) weibold
J0 9z|s pue adA} ay} uo Buipuadep ‘A/E$SN 01 dn si pied ajes ay] (MY 0G 0} dn) swiaysAs uonessushb  sajgemausay Apisgns
Ayouyos)e ABiaus ajgemaual |92 |9n) PUB PUIM [[EWS Pa}oauuod-pLb Jo uole|jeisul ay) Jo) sjuswAed Buibiowg eluiojiien [enden
"SWwI9)sAs welbolid
abeuoys ABisua paouenpe 1o} M/Z$SN PUe ‘|any ajgemaual Buish s[199 |any 4o} AN/0S ¥$SN ‘Sieny BAIJUBOU|
a|gemaual-uou Buisn s||99 |any 1o AM/0S Z$SN ‘PUIM 10} A0S LSS d.e suswAhed “swaishs ,abelols uoljesauss) Apisgns
ABisua paoueApe, pue s||99 |an} ‘saulgin) puim Buipnjoul swalsAs ABiaus pajngLysip 1o} sjuswAied -JI9S eljuiojiien [enden
‘sj08foud Buisnoy ajqeploye, uo sjpued Je|jos ||ejsul
ey} asoy} pue sjaued Je|os ||ejsul Jey} sasnoy a|diinw o siap|ing Joy sajel Jaybiy yum ‘A0S Z$SN diysiauped
sl Apisgns aseq ay | "wa)sAs ay) Jo aouewlopad pajoadxe ay) pue adA) Buisnoy ayy Agq Aiea SowoH Apisgns
salpisgng "swa)sAs ABJaus Je|os Jo uone|jelsul ay) Jo} saluadoid |eipuspisal mau Jo slap|ing 0} saIpisqns Jejog MaN ejulojien [eyden
‘(swo)sAs Ad Jejos jo uonelado Jo sieak aAl) )Sll) BY) JO) SYlIB) UI-paad)) SBAIJUSDUI PasSe(q
aouewlopad pue (swayos SeWOH Jejos a|geployy Allwel-9|bulg ay) pue umopAng paseg adouewlopusd SAleniu| Jejos Apisgns
pajoadx3 ayy) sjuswAed yseo juoudn Jo 1SISU0D 8Say ] ‘swaisAs ABiaus Je|os 10} salpisqng elulojljen elulojljen [enden
"(deo eoud e 1098y0 ul) aoueldwoos-uou Jo jiun Jad pred Ajeuad
B ‘S9)E]S BWOS Ul }SIxa sjuswAed aoueldwod aAileuIs)|Y, "SIBYJO Ul SIS[IE}S) UO pUB ‘S8)e)S aWwos Ul
sJiojelauab uo paoeld ale suonebiiqo seb [jypue| pue sjanjoiq ‘ssewolq ‘AJI0L1193[80IpAY ‘Ad JB|0S ‘puIM BIqWINIOD awayos
JOAOD SBWBYDS |V "S8]e)S SS0.I0e Jaylp ‘pauoddns saibojouyos) sjgemaual sy} pue ‘sawsyds asauy} Jo splepue}s 10 10L381Q 9]eoNIUad
ubisap ay | "sojels aAl) [eUOlIPPE UB Ul SBWaYIS AJBjUnjoA YIM ‘eiquinjod) JO 10u)SIg 9y} pue sajels 9¢ oljopiod ay} pue ABisus
Ul 1SIX3 (s91eoiuad Abiaus sjgemaual aney yoiym Jo jsow) syebie) ABiaus ajqemausl Aiojepuey a|gemauay solels g a|gemauay
"JIpaJD Xe] uononpold ANou09|3 a|gemausy ay} Jo JIpal) Xe| JUSWISaAU|
ABiaug ssauisng ay} Jaylia aAladal ued ‘AjpAneulsye ‘10 juelb siy} aA199a4 0] Jaylaym 8S00YD Ued SWili4 (el
"Jamod pue jeay pauiquiod pue Ainseal])
saulgJn}-osoiw ‘sdwnd jeay jewlayjoab Joy usod Jad Q| pue ‘sulew pue aysem (sdwnd jesy ueyy Jayjo) sjuels) Abieug
[ewlayloab ‘||ipue| ‘SSBWOIQ ‘pUIM [[BWS ‘IB|0S ‘S|[89 |on} J0) S1S0D JO Juad Jad g sIjuelb ay] ‘600z WO} a|gemausy Apisgns
92IAJ8S Ojul Jybnouqg ale jey) (uononnsuod Ajjioey) sjuswisaaul ABiaus ajgemaual 9|qibie 0} sjuelb yseny 09| uonoes |eJopo [enden
‘Juelo Ainseal] £09] UOIIDSS JUdBAINba UE 10 JIpal) Xe| JUBWISaAU|
ABsaug ssauisng ay} Jay}ie 8sooyo ued ‘AjaAljeulayje ‘1o Ipalo xey siy} Jdeooe 0] 8sooyd Ued sulli4 NpaID Xe |
"UMM/L L0 0$SN paAadal saounos ABisus ajgemaual JayjQ uononpoud
"YMMN/ZZ0 0$SN sem [ewtayjoab pue Jejos ‘ssewolq dooj-paso|d ‘puim 4oy 0L.0Z Ul 8jel ay] -uonelado Ajou309|3 UOISS9OU0D
118} JO sieaAk Q| 1SJi} 8y} 1o} sanjioe) paylienb wouy uononpold ABiaus ajqemaual 10} 1IPaId Xe) [enuue uy a|gemauay |eJapa- Xe|
uonduasaqg aweu Aaljo4  uonaipsLn, adA) Aaijo4
saje)g pajiun ‘uopesauab A)o1yo9l3 g d|qeL



€L}

'6002 Ul ©d710 (1/€0°0$SN) Uolieb/zL 0$SN pue ‘[asalp pue |oljad
Jo (71/90°0$SN) uojeb/Lz'0$SN punole pabesone saxe) aje)s “[asalp Jo (1/90°0$SN) uolieb/yZz'0$SN pue
[os32d o (7/S0°0$SN) Uo|eb/g1L 0$SN S48 SOJBI 9SIOXS |9AS|-|elopa ‘sa)e)s SSOJoe SWaISAS Xe} pue sojel

XE] Ul S90UaJIayIp Jueoyiubls yim ‘sajels pajiun 8y} Ul S|9AS| 8)e}S puUB [BUOIIBU 8U) 1B PaIAS| 8le Saxe} [an4  9SIoXa |an4 [euoieN Xe} [an4
"9|qepeJ) ale Yolym ‘sajeolyilia JaguinN Uoieoyijuap| ajqemausy Jo uoieald ay) ybnoiyy swayos ay}
JO sjuswalinbal ayj 198w ueo sialjddns |an4 aoueldwoo awayds 1o} pash aq 0} BLI8}IIO UOIJONPaI-SUOISSIWS
199w Os|e }shul |anjoiq 1o "(YoJels aziew Jou ‘sl jey}) s|anjolq ,padueApe, Jayjo pue [ouey}a
,0Ison||a9, o} 189S UsdQ aABY Sajepuew pue |[anjolg UIBJuoD }snw [9salp pue |o4jad yiog ‘010z @2uls “(Jeak pJepuels
1By} Ul |9nj0Iq UIejuod 0} palinbal sem pjos [oJjad |je Jo Juad Jad gz 0l 10) [9SaIpolq 8q O} pajoadxe sem [on4
(seuy| uol|jiq 6°1) suojjeb uol|lig G'0 YdIUm Jo ‘|onjoiq Jo (sauyl| uol|jiq Z1) suojieb uoliiq || | jo uojdwnsuod  s|gemausy piepuels
ay) Joy sem juswalinbal 8y} g0 U| Jeak yoes p|os aq snw jey} s|enjoiq JO SWn|joA wnwiuiw Y |eJapa- |[eJopa4 JU8U0I [BN4
(500Z 01 @Aneja)) GL0Z nun Jeak yoes juao Jad | Aq (sjenjoiq Buipnjoul) sjany aAijeula)e, Jo uodwnsuod aoueping
JIay) asealoul 1snw salouabe ‘uonippe U] “auljeseq GO0Z B 0} aAlejal Quad Jad g Aq syonpoud paausp juswabeuey uswainooid
-wnajoJjad Jo uonidwnsuod [enuue Jiay} 8aNpaJ 1SNW S3[OIYSA 8Jow JO 0 Yim salousbe Juswuianob |elepaq 199|4 |eiapa- [eJopad JUBWUIBAOL)
eljquinjod
‘(Joueyss jua9 Jad Gg yim papua|q |o2jad) 683 pue (saiels payun ay) ul joyoseb, pajes osje ‘joueyia Jusd  |ouey}g Joj Jo JuIsIg
Jad 0 yum papualq jos1ad) 0L 3 — Ss8ielS paliun ayj ul pjos Ajjeba| aq ued jey) spuajq [o41od-jouey)e OM]  SUOISSBIU0D 8y} pue  UOISSaOUO0D
ay} 0} paljdde uayo ale SUOISSEIUOD Xe) 9S8y "S8le)s awos Ul joljad uey) el Jamo| e 18 paxe] si [oueylq as10x3 sajels 0l xe]
‘(Jeak ayy uiyym uononpoud [euonippe) uononpoud |ejuswaloul, pue (JeaA snoinaid ay) Jano uononpoud s|anjoig
[e10} 0} [enba) uononpoud aseq, Jo) sajel JuswAed jualaylp Os|e ale alay] “'d|gejieAe Buipuny jo Junowe pasueApY
|e10} 8y} pue Ajij1oe) ay) JO 8zZIS 8y} ‘pasnh S)00)spasy ay) uo Buipuadap Jayip sajel JuswAed “(yoleis aziew 1o} welboid Apisgns
Buipnjoxa) ssewolq wody |any Jo uononpold ayy Jo) syuswAed aalgdal sieonpoud |anjoiq paoueApe, 9191613 ABisusolg |[eJspa4  uononpold
“1eak yoes paonpoud [anjoiq Jo suojeb uoljw G|
1414 8y} JaA0 (T1/€0°0$SN) Uojieb/0L 0$SN [euonippe ue A[@081 ued sieonpoud |lews a|qibi|3 “(spusiq
|osa1polg-|asalp Jo Jusuodwod [9salpolq ay} Buipnjour) peonpold [@salpolq jo (1/9Z°0$SN) uojeb/LgsSn  WpalD [end UOISS3OU0D
JO 1IpaJo Xe) e aAlI99al [any Jodsuel} peol e se pasn s| jey) (|Josalp a|gemausl pue) [9salpolq JO S1aonpold [@salpolg |eJapa- xXe]
"Jeak yoes paonpoud |enjoiq
JO suojjeB uol|iw G| 1sai 8y} 190 (7/£0°0$SN) uoleb/oL 0$SN leuonippe ue aAlgdal ued sieonpoud |[ews
2|q16113 (7/22°0$SN) uojeb/L0 L$SN S! S)ed [BJ0} B} Jey} Yons ‘ Jouey)d 21sojn||89, jo sisonpoid o} papirold
ale s}Ipalo Xe} [euonippy ‘(spuajq joueyla-josjad jo Jusuodwod joueyls ayy Buipnjoul) paonpoud joueyis Jo npain UOISS82U0D
(1/Z1°0$SN) uojeb/Sy 0$SN JO NPaID Xe) B dAI9dal [9ny Jodsuel} peod B Se pasn S| Jey} |OUBY)S JO SI80Npold |84 [0YOod|yY |eJapa- xXe]
uonduoseg oweu Aaljo4  uonaipsun,  adA} Aaljod

saje)ls pajun ‘Jodsues) peoy  Gl'g 9|deL






C Energy efficiency policies

Energy efficiency policies are directed at reducing the amount of energy required to
produce a unit of output or to achieve a particular outcome. Depending on the
source(s) of energy, to the extent that greater energy efficiency decreases energy
consumption, there may also be a reduction in greenhouse gas emissions per unit of
output.

C.1 Introduction

Mandating or encouraging improvements in energy efficiency are increasingly seen
as important components of the policy framework for reducing greenhouse gas
emissions in many developed and some developing countries. Indeed a similar suite
of policies are observed across many countries. A key rationale is that unrealised
profitable energy efficiency gains are seen as pervasive and offering a low (or even
negative) cost means of emission reduction.

For example, the International Energy Association (IEA 2009b) has postulated that
most of the greenhouse gas emission reductions needed to limit the global increase
in energy-related emissions by 2020 to 6 per cent over 2007 levels, could be
attained through improved energy efficiency.!

Non-price energy efficiency policies are also often easier to implement politically
than tax or price-based policies. Unlike pricing or taxation instruments, the costs of
energy efficiency regulations are often not apparent to those paying them.

In a number of key policy areas, most study countries have introduced substantial
regulation in both the electricity and transport sectors, although the precise policy
tools and stringency differ. In addition, most countries have adopted a diverse range
of smaller energy efficiency initiatives, as well as broader emissions-reduction

' This would be achieved largely by additional government regulation and a cap and trade
emissions trading scheme for the power and industry sectors of OECD and EU countries,
starting in 2013 and reaching a carbon price of US$50/tCO, (A$48) by 2020.
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policies that will also have some consequential effect on energy efficiency.? The
range of policies tends to be greater in countries with sub-national governments.

C.2 Establishing the costs and emissions reductions
from energy efficiency policies

To estimate the cost of abatement for the emissions reductions achieved through the
numerous energy efficiency policies implemented by many governments, it would
be necessary to determine both the abatement attributable to each of these policies
and the various costs involved in achieving it. However, there are significant
difficulties in making meaningful estimates of both.

Estimating abatement

For a number of reasons, it is often very difficult to estimate abatement attributable
to the diverse range of regulatory and information policies that have been used to
encourage greater energy efficiency.

Establishing the counterfactual

In an era of generally rising energy prices, significant technological and structural
change and increasing community focus on greenhouse gas emissions, ongoing
improvements in energy efficiency are likely to be observed. Particularly as new or
replacement high value assets are purchased, consumers and firms will place
increased emphasis on energy efficiency. If energy prices rise sufficiently, some
asset replacement will be brought forward to take advantage of more energy
efficient technology. Product technology also evolves to satisfy these demands. In
addition, some consumers simply exhibit preferences for improved environmental
outcomes and will seek energy efficient products. Some businesses also appear to
be becoming more aware of their ‘carbon footprint’ and the corporate reputational
issues attached to it and are making decisions, including investments in increasing
energy efficiency, to reduce that impact.

Hence, it is often difficult to identify what improvements in energy efficiency (and
the associated costs) are attributable to a particular policy over and above those that
would have occurred in the absence of the policy. This is further accentuated when

2 A more complete listing of energy efficiency based emission abatement policies implemented in
the countries under review is included in the individual country policy stocktakes published on
the Commission’s website.
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the impact of regulatory standards on energy use is uncertain, which can be
particularly important for heterogeneous assets like residential and commercial
buildings and industrial machinery.

If regulated standards wholly or partly reflect what the market would have delivered
anyhow, then the potential costs of overriding consumers’ preferences are
commensurately reduced, but the regulatory transactions costs would then be spread
over a smaller amount of emissions reductions.

‘Rebound effects’

By lowering operating costs of energy-using equipment — effectively making
marginal energy use cheaper — improved energy efficiency can cause a secondary
increase in the demand for energy. For example, more fuel efficient motor vehicles
make travelling cheaper and hence provide users with an incentive to drive further
and more often. This is called the energy efficiency direct ‘rebound effect’. While
the existence of rebound effects is well established, their size can be contentious.

Apart from possible direct effects, privately cost-effective energy efficiency
improvements will be wealth enhancing and will stimulate growth, particularly in
the sector concerned. Significantly greater indirect energy rebound effects may
occur as a result. This can contribute to a potentially large tofal rebound effect.

The Breakthrough Institute (Jenkins, Nordhaus and Shellenberger 2011), in a
review of the rebound effect literature, noted that in developed countries, studies
had typically identified direct rebound effects in the order of 10 to 30 per cent. It
argued that this was likely to be a good deal higher in emerging economies, where
demand for energy services was more elastic, with much greater scope to increase
demand than in developed countries. Allowing for growth-induced indirect effects
significantly increased the rebound effect for cost-effective energy efficiency
initiatives, often to over 50 per cent, with several studies predicting a rebound of
over 100 per cent — so called ‘backfire’.3 Conversely, indirect rebound effects
from policies that are not privately cost effective would be negative, as such
policies would be wealth diminishing.

In sum, the potential for rebound effects makes it difficult to determine the extent of
energy savings attributable to policy measures promoting energy efficiency. Energy
efficiency improvements that arise in response to higher energy prices do not face

3 While such productivity enhancements are to be welcomed, they do call into question the
emission-reduction benefits of such policies. Indeed, from a purely emissions reduction point of
view, energy efficiency regulation that is not privately cost effective will tend to generate
greater emissions savings, as it will decrease wealth.
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these difficulties, however, because they involve an unequivocal increase in net
energy costs.

Extent of abatement

For a given reduction in energy demand, the impact on greenhouse gas emissions
will depend on the energy source from which the reduction is obtained. For
example, if improving air conditioner energy efficiency is mandated, any electricity
reduction (net of rebound effects) is likely to occur in periods of peak demand, in
which case the electricity displaced may be provided by gas generation. Conversely,
falls in energy demand due to more efficient home lighting will involve mostly
base-load electricity, suggesting that demand for coal-fired capacity might be
reduced. In some cases, however, hydro electricity may be displaced, resulting in no
emissions reductions.

In an electricity industry with a mix of fossil fuel technologies and several
non-emitting energy sources, it will not always be clear what power source bears
the brunt of reductions in energy demand resulting from energy efficiency policies.
Electricity suppliers will reduce output from the highest cost source at the time.
Because energy efficiency measures do not place a price on greenhouse gas
emissions, they do not necessarily influence that decision in favour of reducing
fossil fuel-based generation. In a country like New Zealand, where over 70 per cent
of electricity already comes from renewable sources, emissions reductions are likely
to be relatively small and unit abatement costs commensurately higher.

Estimating the cost of abatement

Determining the net costs (or benefits) of energy efficiency policies is particularly
problematic. The costs associated with these programs are often diffuse and difficult
to identify or quantify. The size of the costs depends significantly on whether the
nature and extent of the intervention is commensurate with the market failures
present in the market for energy efficiency (box C.1), and on whether all costs have
been considered.

The market failures are mostly information related, and intervention that addressed
these directly and in a cost effective way could lead to net private and social
benefits. If this was the case, the net costs would be negative and the intervention a
true ‘no regrets’ measure. But there can be some important costs that are sometimes
overlooked. These are of two broad types: transactions costs and the costs of
overriding consumer preferences.
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Box C.1  Potential market failures in the demand for energy
efficiency

It has often been observed that apparently privately cost effective energy efficiency
savings are not taken up by consumers, firms and governments. The Commission
(PC 2005) identified a number of barriers and impediments that might explain this.
However, only if these represented market failures might policy intervention be
justified.

Information deficiencies

If consumers and producers do not have easy access to adequate information on
energy efficiency performance, they may ‘under invest’ in energy efficiency. Of
particular importance is information asymmetry, where sellers may have more
information than buyers regarding energy efficiency and do not share that information.
However, limited knowledge is not of itself a market failure — information is expensive
to provide and to obtain and hence it will generally be efficient to have less than perfect
information.

Split incentives

Differing incentives can arise when the purchaser of an energy-using product (for
example, a property developer or landlord) is different from the eventual user (for
example, a home buyer or tenant). This is a form of the principal-agent problem. Due
to uncertainty about the returns they may receive, developers and landlords can have
less incentive to provide appliances and buildings that are as energy efficient as
buyers or tenants actually desire. Such problems can be magnified by information
asymmetries, where builders or property owners have more knowledge about the
energy efficiency of a building than buyers or renters, and are not willing to fully share
that information. In principle, these issues could be dealt with in contract negotiations,
but in many cases this may be too complex and expensive given the potential savings.

Positive externalities (spillovers)

These occur where a firm’s actions provide benefits to others that it cannot capture.
Positive externalities relevant to energy efficiency relate to research and development
and demonstration effects of firms being the first to adopt energy efficient technologies.

Negative environmental externalities

The negative externalities associated with CO, emissions have provided significantly
added incentive for energy efficiency policy. In general, firms and individuals will not
take account of these impacts and will have inefficiently high consumption of emissions
producing energy. Among other things, this will mean an underinvestment in energy
efficiency, because the private cost of energy is less than the social cost. Governments
have implemented a wide range of policies encouraging or mandating individuals, firms
and government agencies to use more energy efficient products.
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Transactions costs that in principle should be considered include:
« the costs of obtaining and processing information

« the opportunity cost of management or consumers’ time in making decisions.
When combined with the often low share of energy in firms’ or consumers’
costs, this may lead to simple decision rules (rules of thumb) that fail to optimise
the use of energy, but economise on other scarce resources

o borrowing costs to finance investment in energy efficiency. These can be
increased by the uncertainty of the costs and benefits of some energy efficiency
investments (for example, in heterogeneous assets like buildings) and the capital
constrained position of some consumers such as first home buyers or low income
earners

« the costs of administering and complying with regulatory interventions. These
costs are likely to be higher and more difficult to estimate where there are many
small impact policies spread across all tiers of government. They will also
generally be higher if there are inter-jurisdictional differences in policies within
a country.

The cost of overriding consumer preferences is a highly contentious area. At its
simplest, this can be conceived of as the loss of other valued product attributes.
These might be overridden by regulation (for example, light quality of incandescent
light globes) or forgone because of the higher initial capital cost of achieving
greater energy efficiency. At a more complex level again, costs can depend on
whether consumers and firms are correctly perceiving the costs and benefits of
investing in durable goods that will save them energy relative to the counterfactual
(box 3.4).

All of these costs would ideally need to be estimated in order to determine the costs
of emissions reductions achieved through energy efficiency policies.

Private costs and benefits can also be difficult to identify because energy efficiency
attributes are embodied in products and are difficult to disentangle from other
product features.

Multiple policy objectives

In some cases, improved energy efficiency (often in conjunction with energy
conservation) and the concomitant reduction in greenhouse gas emissions, is only
one of a number of benefits justifying a particular policy. For example, a number of
countries include improving energy security as an important objective of energy
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efficiency regulations. Also many jurisdictions include achieving energy and
emissions savings in transport as a consideration when framing air pollution, public
transport and land use planning policies. In such circumstances, the private benefits
and emissions-reduction gains, if they could be reliably estimated, could both be
included in policy evaluation.

However, it is usually very difficult to disentangle the precise impacts on policy of
these sometimes competing objectives, and the costs and benefits involved. Only if
specific allowance were made in policy development for the value of greenhouse
gas emissions savings, and that allowance led to defined additional expenditure or
costs, could they be considered an identifiable and quantifiable abatement measure.
For example, urban planning policies involve many competing and at times
conflicting priorities, among which energy usage (and by implication emissions
reductions) is only one.#

Whilst it is usually not feasible to precisely allocate policy costs across these
various objectives, part of the costs of achieving abatement can be attributed to
them.

C.3 Energy efficiency policies in electricity
consumption

Chapter 4 presents a quantitative analysis of a number of measures directed at
influencing the technologies used to generate electricity in favour of lower
emissions sources. In addition to these measures, abatement policies in many
countries have also focused on improving the energy efficiency of a wide range of
household, business and government energy applications. Most of these relate to
electricity. A large number of diverse policies have been used. This section provides
an overview of several of the more important ones adopted in study countries.

Energy efficiency labels for appliances

There is a long history of information programs directly targeting perceived
deficiencies in energy efficiency information on more energy intensive appliances
and equipment. All study countries have some form of (usually mandatory)
appliance labelling policy covering a range of consumer, commercial and in some

4 In other cases impacts on energy efficiency are a coincidental outcome of particular policies.
For example fuel standards and engine design regulations to reduce urban air pollution from
motor vehicles will often reduce energy efficiency.
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cases industrial products. Rating standards differ somewhat between countries.
Sometimes mandatory schemes are supplemented by voluntary government
sponsored labels, while in some countries private organisations provide
endorsements or voluntary labels for energy efficient products (for example, the
Energy Saving Trust in the United Kingdom).

The United States introduced a labelling scheme for appliances in 1980. The
mandatory scheme now covers 11 products while the voluntary Energy Star label is
used on around 20 others. The European Union (incorporating the United Kingdom
and Germany) has had a mandatory labelling scheme since 1992 now covering
10 household appliance categories and has a voluntary Eco Label scheme used on
9 more. Japan has had a voluntary labelling system since 2000 applying to
16 household appliances.

South Korea has operated a compulsory labelling and standards program since
1992, that now covers 24 products. There is also a government sponsored high
efficiency appliance certification program covering over 40 items of commercial
and industrial equipment. China has voluntary energy labels for over 40 products
and a compulsory label which commenced in 2005 and now covers around
20 products. India commenced a voluntary labelling program for frost-free
refrigerators and tubular fluorescent lamps in 2006. Labelling for those products is
now mandatory along with air conditioners and distribution transformers. There is
voluntary labelling for several other products.

Australia has had a national mandatory energy efficiency labelling scheme since
1999, following more than a decade of individual state based labels. It now covers a
range of major electrical and gas household appliance groups. The IEA (2010j)
noted the very high compliance rates achieved by the scheme. In addition,
Australian governments have developed an energy rating web site to provide
information for consumers seeking an energy efficient appliance. New Zealand
commenced mandatory labelling in 2002 and sets its standards in conjunction with
Australia.

Minimum energy performance standards (MEPS) for appliances

All study countries have implemented some form of MEPS for new appliances — in
general prohibiting the sale of appliances which do not meet these minimum
standards. In some countries particular product types, such as incandescent light
globes are banned altogether. In all countries, the level of the standards and the
number of products covered have been increasing over time, including the coverage
of some products used in the commercial and industrial sectors.
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The United States has a long record of MEPS commencing, in the 1970s when
energy security first became a major concern. The first federal standards were
introduced in 1987. Initially 13 household appliances were covered and the number
of products (now around 40 and including some commercial sector appliances) and
the minimum performance standards have both increased over time. Several states
impose standards on additional products. Initially the European Union was inhibited
in introducing MEPS by the need for EU wide agreement to avoid obstructing EU
trade. However, since 2005 it has implemented a number of MEPS and is in the
process of significantly increasing the minimum allowable energy efficiency
performance of many appliances.

Japan has energy efficiency standards covering over 20 household and commercial
products. However, rather than setting minimum standards, each manufacturer and
importer is required to achieve a designated weighted average energy efficiency
performance for given appliance categories by a target year. These standards are set
by reference to the product with the highest energy efficiency performance (‘top
runner’) in the market in the base year — hence individual products are not
prohibited from sale. Intermittently these standards are raised to reflect rising levels
of achieved energy efficiency. Penalties for failing to achieve the average standard
are light, with moral suasion and negotiation being preferred. South Korea
commenced MEPS in 1992 and they now apply to over 20 household and
commercial products.

China has an extensive program of MEPS which commenced in 1989 and now
covers over 20 categories of residential, commercial and industrial appliances and
equipment. Zhou (2008) considered that these standards, in conjunction with
product labelling, had an important impact in reducing energy consumption, but that
compliance had been a major problem. /ndia commenced MEPS in 2007 with
standards starting at a relatively low level but gradually being ratcheted up.

Australia first introduced national MEPS for various residential and commercial
appliances in 1999, many evolving from earlier state-based standards. Australia and
New Zealand now adopt the same standards for around 20 electrical and gas product
groups. There are plans to further increase the product coverage and minimum
standards. The Prime Minister’s Task Group on Energy Efficiency (2010, p. 185)
noted that Australia has ‘a strong reputation internationally’ for its current MEPS.

Unlike many of the motor vehicle fuel efficiency standards discussed below, MEPS
have often been set significantly above the performance of the lower performing
products in a number of countries (including Australia) and minimum standards
have been raised over time. While rebound effects will have somewhat reduced
their impacts, these policies are likely to have led to significant reductions in energy
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use and greenhouse gas emissions in most countries. The costs of achieving this
abatement are unclear. Policy development and implementation costs for
government and business, particularly of the more intrusive MEPS, are generally
difficult to estimate. Further, net costs (or benefits if the standards corrected market
failures) to consumers of mandatory standards — which have restricted the options
available to consumers by removing some lower priced products from the market,
or leading to energy efficiency technology being incorporated at the expense of
other product attributes — are problematic.

Energy performance standards for buildings

All study countries regulate the energy efficiency of new residential and
commercial buildings. The level and extent of standards vary between countries and
for different climatic regions within countries. In some cases (for example,
Australia, the United States and India) they are imposed and/or regulated by
sub-national levels of government, with varying degrees of coordination at the
national level. In Australia they can also involve water efficiency measures as well.
A number of countries (including Australia, the United Kingdom and Germany)
now require disclosure of the energy performance of houses and commercial
buildings at the time of sale or lease, to increase the previously limited information
available about a building’s energy efficiency.

Mandatory building energy codes in the United States were initially stimulated by
energy security concerns following the 1970s oil crisis. Energy efficiency
regulations for houses and commercial buildings are regulated at a state and local
level with significant variations between jurisdictions, partly due to climate. Over
time, standards have been implemented in more states and become more stringent in
an effort to reduce greenhouse gas emissions, although a number of states still have
no energy standards. There are also various model standards and codes developed
by the federal government and private organisations, which can be adopted by the
states or used by builders to inform buyers or renters about the energy efficiency
and other attributes of a building.

In 2002 the European Union directed member states to set standards for the energy
efficiency of new buildings and to update these regularly. Individual countries have
responsibility for implementing this direction but requirements must be updated at
least every five years. In the United Kingdom, energy efficiency requirements for
insulation of new homes were first introduced into building regulations in 1965 and
have been tightened several times since then and expanded to cover commercial
buildings. Regulations were expanded and tightened in 2006 and further increases
in standards are proposed. Germany first introduced insulation standards for new
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buildings in the 1970s with ongoing increases in the stringency and coverage of
energy efficiency requirements since then. The IEA (2009¢) noted that German
standards for new buildings were the highest in the G8 countries and further
increases of over thirty per cent over current levels were in prospect.

Japan introduced energy performance standards for commercial buildings in 1979
and housing in 1980 and these have been strengthened over time to match European
and US cold region standards. Although technically voluntary, they contain ‘name
and shame’ provisions for larger projects (more than 2000 square metres) and
monetary penalties since 2008. Hong et al. (2007) report compliance rates of
32 per cent for residences and 74 per cent for commercial buildings in 2004. For
smaller buildings, standards are not mandatory and there are no penalties for
non-compliance. South Korea first implemented mandatory energy efficiency
standards (insulation thickness) in 1977 and standards were gradually expanded to
cover various commercial and residential buildings. It formally adopted a
mandatory building energy standard for larger commercial buildings and residential
complexes in 2004, based on the Japanese model.

China has a history of province-based building standards and codes to improve
energy efficiency in particular provinces, starting with housing in northern China in
1986. Standards were established for tourist hotels in 1993 and later for commercial
and government buildings and for retrofits. However, Kang and Wei (2005)
suggested that only 6 per cent of new buildings comply with the standards. Since
2008, China has required all provincial governments to increase urban energy
efficiency in buildings and public transportation to meet energy intensity goals. The
central government now audits local government plans. Chmutina (2010) noted that
energy efficiency performance of the Chinese commercial building stock was much
poorer than in developed countries.

Until 2007 there were no national energy efficiency requirements for new buildings
in India. Mandatory energy efficiency standards have now been introduced for
larger energy using commercial buildings and these are recommended for all other
buildings. As there is a significant amount of new building in both China and India,
standards will apply to a relatively greater percentage of the total building stock
than in developed countries. The low per capita income of both countries suggests
that the non-regulated level of energy use and energy efficiency in a building is
likely to be lower than in developed countries. Hence any given standard of energy
efficiency would tend to require a relatively greater increase in costs compared to
business as usual.

New Zealand’s Building Code provides minimum standards (which are reviewed
over time) for energy use for heating, ventilation and cooling and lighting of
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commercial buildings and for the energy performance of homes. As with
appliances, the relatively small share of fossil fuels in electricity generation will
limit the abatement benefits of these standards and increase the unit costs of
abatement.

In Australia, mandatory building energy efficiency standards for new houses were
introduced into the national building code in 2003. A number of jurisdictions had
previously included energy efficiency standards in their building codes. These
standards have since been extended to all new residential buildings and for
commercial building and for major renovations, sometimes in conjunction with
water saving and other environmental measures. Standards vary between climatic
regions and some jurisdictions have continued to impose additional or alternative
energy efficiency regulations. Development approval is only given when
compliance is proven. The standards have increased over time, with further periodic
tightening likely as part of an ongoing review process.

The wide variety of climatic zones covered by the study countries makes
cross-country comparisons of standards difficult. In particular, Australia has only a
small proportion of its population living in areas with extended periods of extreme
climate, so that investments in energy efficiency standards would generally give
lower returns. Also, because of the heterogeneous nature of residential and,
particularly, commercial buildings, it is difficult and potentially expensive to
accurately assess the costs and benefits of energy efficiency standards. In addition,
the usage patterns of individual occupants will significantly affect the outcomes.
The Commission has noted previously that it is difficult to assess both the impact on
emissions and the costs of energy efficiency codes (PC 2005).

Furthermore, these uncertainties would be one explanation of the apparently high
discount rates consumers and firms place on some investments in building energy
efficiency.

Energy efficiency reporting requirements for large energy users

In recent years, a number of countries have implemented energy efficiency
regulations directed specifically at the largest energy users, often requiring large
energy using companies to undertake energy efficiency audits. The objectives are
usually to encourage the businesses concerned to seek out further energy efficiency
improvements and to provide demonstration effects for other energy users.

Japan requires designated energy management factories (annually using more than
3000 kL of fuel or more than 12 GWh of electricity) to follow energy rationalisation
guidelines, prepare an energy rationalisation plan and appoint a number of licensed
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energy managers. Compulsory energy audits are also undertaken (free for smaller
companies) and the results monitored. In South Korea, businesses with annual
energy use of more than 2000 tonnes of oil equivalent must conduct an energy audit
every five years. Audits for smaller and medium-sized enterprises in this group are
subsidised.

China set energy saving targets for 2005 to 2010 for 1000 enterprises consuming
more than 5.3 petajoules per year (Top 1000 program), based on achieving energy
efficiency 1mprovements. The chosen enterprises’ average annual energy
consumption was 19.6 petajoules. Energy conservation agreements were signed
between the firms and local governments, with both parties being held accountable
for their achievement. Agreed savings averaged around 15 per cent (Price, Wang
and Yun 2008). In /ndia, companies in certain energy intensive sectors provide
information in their annual reports on energy use and energy savings undertaken.

Australia has an Energy Efficiency Opportunities program, that since 2006 has
required large energy-using corporations (those using more than 0.5 petajoules of
energy per year) in all sectors of the economy to undertake energy efficiency
opportunities assessments every five years and publicly report on the outcomes
including annual updates. Over 200 corporations incorporating around 1200
subsidiaries are affected. Verification of compliance is undertaken for a sample of
corporations. Decisions on undertaking identified opportunities are at the discretion
of the business. Some state governments also have energy auditing requirements,
sometimes in conjunction with other environmental goals. For example, in Victoria,
all commercial and industrial sites that use more than 100 terjoules of energy or 120
ML of water in a financial year are generally required to prepare environment and
resource efficiency plans and must implement all actions that have a three year or
better payback period. These firms are subject to ongoing monitoring and reporting
requirements. Queensland and New South Wales both have energy efficiency audit
and reporting requirements for certain large energy users.

New Zealand has far fewer large energy using firms than other study countries. It
provides subsidies up to NZ$10 000 or NZ$20 000 (up to one-third of the cost) for
energy efficiency audits for businesses, truck fleets and building designs where
relatively large energy use is involved. Recipients must commit to developing an
action plan from the audit.

Very large energy users might be expected to have already identified profitable
opportunities for energy efficiency improvements in the normal course of business.
However, by mandating such studies, these programs may help to identify more
marginal gains or bring forward improvements that would have been identified in
the future. It is problematic what part of energy savings identified by mandatory
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audits could be attributed to the existence of the programs and whether these
savings justify the costs involved. In countries with some form of carbon tax,
additional incentive to uncover and act on energy efficiency opportunities is
provided by the tax.

In summary, Australian governments at all levels have implemented a wide array of
regulatory policies designed to encourage or mandate improvements in energy
efficiency in the use of electricity by households, business and government. While
the breadth of policies used internationally makes it difficult to make comparisons
with overseas countries, this suite of programs appears to broadly match those of
other developed countries and generally surpasses that of developing countries.

C.4 Road transport

Chapter 5 examined quantitatively a range of fuel policies aimed at generating
emissions reduction in the road transport sector. Several regulatory policies
focusing on increasing the energy efficiency of new passenger motor vehicles,
along with motor vehicle ownership charges, are considered below.

Provision of fuel efficiency and emissions information

One potential cause of sub-optimal motor vehicle purchasing decisions is that
buyers might not possess sufficient knowledge to make an informed choice, despite
information on the attributes (including fuel efficiency) of motor vehicles being
available from a wide range of sources including automobile clubs, motoring
magazines and vehicle producers. Nonetheless, many countries — including all
study countries — have regulation or voluntary agreements for point-of-sale display
labels showing fuel consumption, and in many cases carbon dioxide emissions, for
new motor vehicles. Fuel and carbon dioxide emissions are estimated using
designated laboratory testing procedures, which often differ between countries and
have also changed over time in some countries. A number of countries (for
example, the United States, the European Union and Japan) are introducing
compulsory fuel efficiency labelling for tyres.

5 Several countries also have web-based facilities to assist buyers in comparing fuel efficiency
between vehicles. In Australia, the Department of Climate Change and Energy Efficiency’s
Green Vehicle Guide provides a low cost convenient means for buyers to compare fuel
efficiency and emissions performance of new passenger motor vehicles. A Truck Buyers Guide
gives advice to businesses on how to choose a small truck which is more fuel efficient, while
still suiting their needs. Consideration is being given to including fuel consumption and
emissions data in vehicle advertisements.
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These schemes are relatively low cost for government, vehicle producers and
consumers and they directly address any information market failure relating to
efficiency in the light vehicle market. They allow buyers to incorporate more
precise comparative fuel efficiency and carbon dioxide emission information into
their purchasing decision. As consumer preferences are not overridden, these
measures do not generate any loss of consumer surplus. Nonetheless, there is a
possibility that by providing explicit information on only energy efficiency and
emissions, the labels may detract from buyers’ relative consideration of other
vehicle attributes. If these attributes are inversely correlated with energy efficiency,
buyers may be encouraged to make sub-optimal decisions.

Australia has made similar efforts to most other developed countries in directly
addressing any information deficiencies with regard to fuel efficiency, through
labelling schemes and vehicle guides.

Vehicle fuel efficiency standards

Passenger motor vehicles account for a significant share of greenhouse gas
emissions — globally, light-duty vehicles contribute around 12 per cent of
energy-related emissions. This has led many countries to implement regulations or
voluntary agreements with vehicle producers aimed at increasing the fuel efficiency
of the new vehicle fleet. The major policy in this area has been establishing
minimum fuel efficiency standards for the new car sales of individual motor vehicle
manufacturers. The underlying engine efficiency of motor vehicles has increased
significantly over the last twenty years. However, in response to consumer
preferences, a trend towards vehicles with more energy-using equipment, and in
some cases larger and faster vehicles, has limited the improvement in observed fuel
efficiency in many countries. Australia’s experience has been somewhat contrary, in
that the gradual removal of very high levels of industry protection over the last
20 years has allowed smaller, more fuel efficient, imported vehicles greater access
to the market and to significantly increase their market share.

The United States first imposed fuel efficiency regulations for new passenger
vehicles and light trucks (pickups, minivans, sports utility vehicles) in 1978 for
reasons of energy security. These were in the form of a common Corporate Average
Fuel Economy (CAFE) target for each producer’s new vehicle sales — for
passenger cars starting at 18 miles per gallon (mpg) (13.1 litres per 100 km
(L/100km)) in 1978 and rising to 27.5 mpg (8.6 L/100km) by 1985, where it
remained largely unchanged for over 20 years. Fines apply to vehicle producers that
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do not meet the standards.® In 2007 significantly higher standards were established
for 2020.

However, new standards are now to apply from 2012 (around 33 mpg —
7.8 L/100km for cars), with the previous 2020 fleet-wide standard being brought
forward to 2016 (39 mpg for cars and 30 mpg for light trucks — averaging about
35 mpg for the whole fleet). An emissions standard, largely consistent with the fuel
efficiency standards, of 250 grams of CO, per mile for the vehicle fleet has been set
for 2016. Also each model will now have a separate target, which then converts to a
different sales weighted target for each producer. The inclusion of emissions as well
as fuel efficiency standards should improve the cost effectiveness in achieving the
abatement objectives underlying the policy.

While the standard has been surpassed for the national new fleet as a whole, some
overseas producers have sometimes not met it and have paid large fines.
Goldberg (1996) and Anderson et al. (2010) considered that the CAFE standards
had been binding on automobile producers. However, it is not clear how significant
that impact was. In the 1970s, consumers had already begun demanding more fuel
efficient new vehicles in response to higher oil prices and concerns about energy
security — actual new fleet fuel efficiency had risen from 13 mpg in 1973 to
20 mpg in 1978. In the meantime, standards did not increase after 1985, in which
time Knittel (2009) argues that nearly all improvements in fuel efficiency
technology were used by US producers to increase power and weight without
sacrificing fuel efficiency, suggesting a long-running consumer preference for these
features.

Costly market distortions which may have been caused by the CAFE program
include favouring a shift in production of larger vehicles towards sports utility
vehicles (classified as light trucks) (Anderson et al. 2010), distorting the choice
between import and local manufacture of both small and large vehicles (Goldberg
1996) and possible increases in road fatalities through effects on vehicle fleet
composition (Klier and Linn 2011). A variety of studies (including Green 2010,
Parry, Evans and Oates 2010 and Bento, Li and Roth 2010) highlight the
considerable uncertainty about whether the CAFE standards have provided net
benefits to consumers.

The increases in the standards by over 40 per cent by 2016 1s more likely to involve
capital costs that buyers would not otherwise have incurred, but will also provide
future savings in fuel expenses.

6 US$5.50 per tenth of a mile per gallon (A$5.32) under the standard for each vehicle
manufactured for that year. Since the inception of the scheme importers have paid over
US$500 million in fines.
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The European Union and Japan have traditionally had the tightest international
vehicle fuel efficiency and lowest carbon dioxide emissions targets, partly reflecting
an existing market preference for fuel efficient vehicles and smaller cars. In 1998,
the European Union (including the United Kingdom and Germany) established an
industry wide average voluntary target with vehicle manufacturers and importers on
the emissions of new vehicles of 140 grams of carbon dioxide per kilometre
(g COyx/km) (fuel efficiency of around 6.1 L/100km) by 2008. This was not
achieved — actual fleet-wide emissions were over 155 g COy/km (6.7 L/100km)
with wide variations between manufacturers. Now a mandatory average fleet
emissions target of 130 g CO,/km (equivalent to fuel use of around 5.6 L/100km)
for passenger vehicles for each producer by 2016 will be phased in from 2012.7 The
2016 standard for light commercial vehicles is 175 g CO,/km.

Japan first applied corporate fuel efficiency targets for new passenger vehicles from
1985. Energy security objectives were part of the rationale for the policy. The most
recent targets for various models equated to around a 6.7 L/100km fleet-wide
average fuel efficiency for petrol vehicles in 2010. There were substantial tax
savings on vehicles exceeding the standards before the 2010 target. In 2007, targets
were set for 2015, based on nine weight classes. These were based broadly on the
fuel efficiency of the best vehicle in class in the base year. The various targets
equate to around a 6 L/100km fleet-wide average fuel efficiency (equivalent to
emissions of about 125 g CO,/km)8. Targets are mandatory but monetary penalties
for not meeting them are small. In 2006, Japan introduced fuel-efficiency standards
for heavy trucks, requiring a 12 per cent improvement by 2015.

Following earlier voluntary programs, South Korea introduced mandatory corporate
fuel efficiency standards for domestically manufactured new car sales in 2006 and
in 2009 for importers with sales of less than 10 000 vehicles per year. Importers
selling more than 10 000 vehicles were subject to US CAFE standards. The
standard for vehicles under 1500 cc was about 8 L/100km and 10.4 L/100km for
those over 1500 cc. Further reductions were targeted for 2012 and a 2015 corporate
carbon dioxide emissions standard has now been set of 140 g CO,/km.

In 2005, China became one of the first developing countries to introduce fuel
efficiency standards for domestically produced new light vehicles, with standards
made about 10 per cent more stringent in 2008. Standards apply for 16 vehicle

7 Penalties apply of €5 per vehicle (A$7) for the first gram over the standard up to €95 (A$130)
for the fourth gram onwards.

8 Because Japan has a much lower percentage of diesel vehicles than Europe, a given emissions
target translates into a lower equivalent fuel efficiency target — diesel has both a higher energy
content and carbon content.
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weight classes and two transmission types and are applied to each model produced.
Models not meeting the standard cannot be sold. These standards are only surpassed
by the European Union and Japan. Imported vehicles which tend to be larger and
more luxurious were not subject to the fuel efficiency regulations. The regulations
have energy security and industry policy objectives as well as achieving emissions
reductions. This adds to the difficulty in ascribing costs of the policy to carbon
dioxide abatement. Oliver et al. (2009) considered that the standard did encourage
producers to include more fuel efficiency technology in vehicles sold on the
Chinese market but probably at somewhat higher prices.

India 1s developing a compulsory fuel efficiency standard for carbon dioxide
emissions (in the range of 130 to 140 g CO,/km) to be applied to the new car sales
of each vehicle manufacturer and importer by 2015.

New Zealand considered a compulsory fuel efficiency standard for new and used
light vehicles entering the fleet, but chose not to implement it because costs to
motorists (up to NZ$1500 (A$1200) for a large car) would have outweighed the
benefits.? However, it had set an average emissions objective for new and used
vehicles entering the fleet in 2015 of 170 g CO,/km. This objective is to be
supported by information provision, incentives and capability building.
New Zealand also has an emissions trading scheme that will encourage greater fuel
efficiency and fuel conservation for the whole vehicle fleet.

Australia has had a voluntary industry-wide average fuel consumption target for
new passenger petrol motor vehicles since 1978, when measured fuel consumption
of the new fleet averaged around 11 L/100km. Various gradually reducing
voluntary targets were negotiated over time with the industry, the latest being
6.8 L/100km by 2010.10 In 2005, the vehicle industry committed to its own
voluntary 2010 carbon dioxide emissions target of 222 g CO,/km averaged across
all new vehicles under 3.5 tonnes. The target was achieved in 2009. The
government has now announced that a mandatory fleet-wide carbon dioxide
emissions target will be set for 2015 with individual vehicle producers being given
regulated targets. Carbon dioxide emission levels of 190 g CO,/km by 2015 and
155 g CO,/km by 2024 have been given as the starting point for further consultation
with stakeholders. A Regulatory Impact Statement is to be prepared examining the
implementation of this standard.

9 Conversion of foreign currency values to Australian Dollars (A$) in this appendix used average
exchange rates over January to April 2011 (RBA 2011).

10 Changes in test procedures and vehicle coverage in 2003 significantly increased measured fleet
fuel consumption by over 10 per cent and, along with the failure to proceed with the anticipated
introduction of more energy efficient petrol, have made the 2010 target redundant.
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Historically, outcomes have been generally slightly over the targets. Although
average fuel efficiency of the new vehicle fleet has increased substantially (around
33 per cent) over the last 30 years, the Australian Transport Council (ATC 2009)
found no evidence that the targets have had any influence on this. As the targets
were voluntary and no individual producer was responsible for achieving them,
there seems little incentive for individual producers to deviate from their ‘business
as usual’ plans for fuel efficiency. Some of the improved fuel efficiency
technologies incorporated in new vehicles sold in Australia may have been
stimulated by overseas regulatory standards.

Until recent years, Australia’s regulation of new motor vehicle fuel efficiency
appears to have been in line with the relatively non-intrusive approach of a number
of other study countries, although the fuel consumption targets were higher than in
the (previously voluntary) European and (light-handed) Japanese schemes.
However, the significant cross-country variations in scheme design, specification of
standards and testing methods, and the difficulty in establishing non-regulatory
counterfactuals would make any comparisons of ‘relative effort’ particularly
imprecise. A number of countries, including Australia, have now announced
significant increases in their fuel efficiency targets for 2015 and beyond, with a
trend towards focusing on carbon dioxide emissions.

The effective stringency of standards expressed in fleet-wide terms, will depend
partly on underlying consumer preferences in the country concerned. In European
countries and Japan, which have high petrol taxes and are densely populated, with
high levels of urban traffic congestion in many cities, preferences tend to be
towards smaller, fuel efficient vehicles. Similar preferences exist for less wealthy
countries like China, India and South Korea. In large, wealthy and less densely
populated countries with relatively low petrol taxes, like the United States and
Australia, bigger and more powerful cars have a much higher market share.ll
Hence, any given fleet-wide fuel efficiency standard will be more difficult and
costly to attain and will generate relatively more emissions reduction in such
countries.

Also, in the absence of substantial market failures, the cost of abatement imposed
by fuel efficiency standards for new vehicles can be unnecessarily high. All of the
abatement burden is placed on new vehicles — no ongoing incentives are in place
to improve fuel efficiency of older vehicles, to update to more fuel efficient

Il The Federal Chamber of Automotive Industries (FCAI2010) noted that the combined
small/medium vehicles sector held similar market shares in Australia as in Germany and the
United Kingdom. However, large cars held nearly a quarter of the market in Australia compared
to 8 per cent in Germany and 5 per cent in the United Kingdom. Conversely, the share of light
vehicles was much lower in Australia.
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vehicles, use less polluting fuels or reduce kilometres travelled.12 Also, by further
increasing the up front capital cost of new vehicles, higher fuel efficiency standards
can discourage upgrading to new (usually already more fuel efficient) vehicles
thereby increasing emissions. Hence achieving emissions reductions by simply
emulating increasing overseas fuel efficiency standards may involve unnecessarily
high costs. For example, New Zealand has chosen not to implement fuel efficiency
standards for new motor vehicles, but rather will achieve transport emission
abatement more efficiently by including transport fuel in its emissions trading
scheme.

Vehicle charges related to fuel efficiency

Some taxes on vehicle ownership have provided incentives (often coincidentally
with primary policy objectives) to purchase more fuel and/or emissions efficient
vehicles, although often the relationship is only loose via vehicle weight or engine
size. A number of governments have now more closely aligned these taxes to fuel
efficiency or emissions.

o Since 1978 the United States has had a ‘gas-guzzler tax’ which is an excise on
manufacturers of new passenger cars that fail to meet a minimum fuel efficiency
standard (currently 22.5 mpg). The tax increases as tested fuel efficiency
decreases. However, it does not apply to light trucks including sports utility
vehicles. Vehicle registration fees (usually annual) are charged on a state and
even county basis. Some are flat fees, while others vary with a vehicle’s weight,
age or value.

o In the United Kingdom, first year registration tax and annual vehicle tax are both
based on a vehicle’s rated CO, emissions (13 steps from 100 to over
255 g CO,/km). First year registration ranges from zero to £950 (A$1489) and
annual fees from zero to £435 (A$682).

o Germany has annual ownership taxes for vehicles based on a combination of
engine size and rated carbon dioxide emissions — the latter increasing in a
continuous fashion once emissions go over 120 g CO,/km.

« In Japan, the vehicle acquisition tax rises step wise with engine size, as does an
annual automobile tax, while there is also an annual tonnage tax per
500 kilograms of vehicle weight.

12 The United States and Germany both introduced a temporary ‘cash for clunkers’ program in
2009. These schemes provided subsidies for scrapping older vehicles to purchase new ones, in
order to stimulate the economy during the global financial crisis. Such a scheme was also
proposed for Australia, but was abandoned prior to being implemented.
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o In South Korea, vehicle taxes are based on engine size, but consideration is
being given to switching to a fuel efficiency or carbon dioxide emissions-based
system.

« Excise rates on new vehicles in China vary in a step-wise fashion with engine
displacement. In addition, vehicles with engine displacement of 1.6 litres or less,
and which meet fuel efficiency standards, received a subsidy of
CNY 3000 (A$443).

« India levies excise on vehicles, which varies by vehicle class, and a special duty
which increases in three steps with engine displacement.

o New Zealand’s initial registration fee and annual vehicle licences are largely
invariant to vehicle size or fuel efficiency. However, New Zealand includes
transport fuels in its emissions trading scheme.

o In Australia, annual registration fees and stamp duty on vehicle purchase are
imposed by the States and Territories and are generally levied on the basis of
weight, engine capacity or number of cylinders. In some cases, registration fees
for passenger vehicles are fixed amounts while in others they vary with vehicle
weight. Stamp duty varies with the price of the vehicle, usually with some broad
stepwise rate increases for higher prices. In addition, the Australian Government
applies a ‘luxury car’ tax (33 per cent) to the GST-exclusive price of a vehicle
over a threshold value (around A$57 000). It does not apply to vehicles with
rated fuel consumption below 7L/100km, which cost below A$75 375.

Some countries have taxes on vehicle purchase and ownership that vary directly
with fuel or emissions efficiency while in others (including Australia), there is only
a rather indirect (in varying degrees) relationship, via vehicle size or price.
Australia’s passenger motor vehicle manufacturing industry is more concentrated in
the medium to larger cars, which tend to be less fuel efficient. Hence, vehicle taxes
which favour more fuel efficient vehicles will tend to disadvantage domestic
production.

Varying vehicle taxes according to estimated fuel efficiency or carbon dioxide
emissions is an indirect and hence generally less cost-effective means of achieving
emissions reductions. Unlike fuel taxes they do not provide incentives for
abatement through mechanisms such as reduced vehicle use, more efficient driving
practices and better vehicle maintenance. However, as the higher taxes are
aggregated into relatively large up-front and annual lump sums, consumers may be
more responsive to them.
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