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Executive Summary
Countries are taking action to price carbon in the electricity sector
This report considers policies to promote low-carbon electricity generation in six
major economies: Australia, China, Japan, South Korea, the UK and the US.
These six countries accounted for just under half (46 per cent) of global
emissions (excluding LULUCF) in 2008 (CAIT, 2010). In all six countries,
including those without emissions trading schemes or carbon taxes, domestic
policies are creating some financial incentive to produce low-carbon electricity
and, consequently, an implicit price on carbon.
The aim of this report is to capture the extent to which policy in a country
increases the incentive for low-carbon electricity generation; either through
increasing the price received, or reducing the costs incurred, by low-carbon
generators. Figure 1 and Table 1 show the estimate of the implicit carbon price
in the electricity generation sector for each country analysed.
Under this definition, the UK is taking, by some distance, the strongest
action out of the six countries considered, with an implicit carbon price
estimated at US$28. South Korea has the lowest estimated implicit carbon
price, US$0.50. Policies in China result in a financial incentive to pursue lowcarbon generation of US$8 per tonne1 of CO2, while the US has an incentive of
US$5. Policies in Japan and Australia result in lower estimates of under US$5.
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Note that, throughout this report, CO2 should be taken to refer to emissions of all

greenhouse gases expressed in CO2 equivalents. All references to dollars are US
dollars unless otherwise specified.

ii

Countries are each adopting a different suite of policies
The range of policies in use is different in each country. Each country has its
own reasons for pursuing its particular set of policies. Domestic endowments
Figure 1

The implicit carbon price ranges from US$0.50 in South
Korea to US$28.46 in the UK

Source: Vivid Economics

of fossil fuels and renewable energy potential are likely to be two important
determinants; for example, Japan, with limited domestic coal mining, is the only
country to have imposed a coal tax, and the US, with significant wind
resources, derives a greater incentive from a renewable portfolio standard than
other countries.
Policies differ in terms of their cost and overall impact
Our methodology weights the importance of policies according to the proportion
of the generation sector affected. Policies which cover a larger share of overall
generation will generally provide the largest aggregate incentive. Policies
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covering the entire generation sector, such as an emissions trading scheme or
renewable portfolio standard, often have a larger impact (and often at a lower
cost) than policies with more limited scope. Of note is that there are few
policies which apply specifically to the coal sector, despite the fact that coal
generation has the largest share of any fuel in all of the countries in this report,2
and that coal has a higher emissions intensity than almost all other generation
sources. Those policies that do relate to the coal sector, such as the mandating
of certain types of technology in China, tend to have a larger impact than
policies which relate only to a small share of production, such as solar feed-in
tariffs.
The variation in implicit carbon prices across policies and locations suggest that
there is potential scope to learn from others’ experiences to lower the cost and
increase the effectiveness of policies designed to decarbonise the electricity
sector.
International comparisons of domestic action are difficult yet important
There are significant practical and conceptual difficulties in attempting to
compare the efforts being made to combat climate change across countries.
These difficulties are likely the reason why attempts to perform quantitative
cross-country analysis of comparable action have been limited. Yet, although
imperfect, such comparisons are informative and important as misconceptions
about relative international effort can be a roadblock to introducing domestic
policy. This study attempts to contribute towards this task by taking a particular
quantitative approach to assessing comparative action in a single sector,
electricity generation, with the hope of stimulating debate and further
methodological

and

data

improvements

which

will

assessments to be made in the future.
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With the exception of the UK where coal is second to natural gas.
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enable

improved

There are a number of conceptual decisions to be made in order to undertake
this comparison. The methodology section outlines some of these in more
detail. Some of the important difficulties are in determining the appropriate
business-as-usual scenario, which policies to include, and how to calculate the
additional costs imposed (particularly for non-market based policies).
Table 1

The implicit carbon price in US$ in each country can be
expressed using PPP or market exchange rates
Exchange rate

Implicit carbon price

Country
PPP

market

PPP

market

Australia

1.46

1.05

1.68

2.34

China

3.80

6.69

14.22

8.08

Japan

114.6

84.4

3.11

4.22

South Korea

807

1151

0.72

0.50

UK

0.62

0.64

29.31

28.46

US

1.00

1.00

5.05

5.05

1.00

1.00

9.52

9.52



RGGI states only

PPP exchange rates are sourced from the OECD and are for 2009, except for China where the
World Bank estimate for 2008 is used; market exchange rates are current as at September 2010
Source: Vivid Economics

The practical difficulties lie in assessing policies on a comparable basis when
they are operating in different economies, and in obtaining the required
information to perform the appropriate calculation. In many cases the data
which would ideally be used are simply not available, and so alternative
approaches or data sources need to be used.

v

This study focuses on a single sector, electricity generation, for which the
comparison of implicit carbon prices is likely easier than for other sectors: the
relevant technologies are global in nature, emissions and policies are
concentrated, and some information is available on a comparable basis from
Governments and international and other organisations.
Future analysis could, and should, extend the work in this study to a larger
range of countries and a wider sectoral focus. International organisations with
access to national government data and local country experts may be well
placed to continue this style of analysis.
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Introduction

In many countries, a belief that international competitors are not committing to
an equivalent amount of emissions reduction effort acts as a barrier to the
introduction of sufficiently robust emissions policies. These arguments are
based on a perception that the country contemplating action will increase the
costs faced by companies based in that jurisdiction with no similar cost
increase faced by companies in other regions, and that this will lead to a shortterm reduction in industrial competitiveness. This argument has been
successful in galvanising opposition to emissions trading in, among other
places, the US and Australia. In the EU, similar pressures are evident as
discussions unfold on whether the EU should increase its target emissions
reduction from 20 per cent to 30 per cent from 1990 levels. In South Korea, a
country with no obligation to reduce emissions under the Kyoto Protocol, policymakers are cognizant that a perception of inaction by emerging economies
could lead to border adjustments or other trade barriers being introduced.
The converse argument, that more robust emission policies could allow
countries to gain an important first-mover advantage in the transition to a lowcarbon economy, has not really gained traction until very recently. Again, this
may have been due to the perception that other countries or regions are
making little effort, and so there is unlikely to be a transition in which it could be
advantageous to move early.
Much of the debate to date on this topic has implicitly assumed that the only
indicator of effort to reduce emissions is the imposition of an explicit carbon
price established through either an emissions trading scheme or a carbon tax.
However, while an explicit carbon price has many merits, and is an obvious and
important indicator of effort, an explicit price is not the only indicator. Other
policies, such as subsidies, feed-in tariffs or minimum obligations for renewable
generation, are also relevant. To determine the extent to which countries are
establishing robust emissions policies, and hence already moving towards a
low-carbon economy, all of these policies need to be considered. In this work,
we seek to quantitatively compare a range of low-carbon policies in the
electricity sector to develop a measure of comparable effort across economies

1

with different sets of policy levers in action. In Chapter 2, the methodology by
which this comparison is made is outlined.
In Chapters 3 to 8 the key characteristics of each of the major policies to
encourage the development of low-carbon electricity are presented for each of
the six countries which are the focus of this report: Australia, China, Japan,
South Korea, the UK and the US. Data and calculations which convert each
policy into an equivalent measure of USD per tonne of CO2 are also included.
The aim of these calculations is to capture the extent to which policy in a
country increases the incentive to utilise low-carbon generation; either through
increasing the price received, or reducing the cost incurred, by low-carbon
generators. Conventional coal and oil-fired generation, which are defined as
high-carbon generation sources, are used as the counterfactual. Policies are
assessed according to the extent to which they reduce emissions by
incentivising the replacement of coal and oil-fired generation with low-carbon
generation.

2

2

Methodology

Comparison of a diverse set of policies across very different countries is a
difficult task with both practical and theoretical challenges, and it is therefore
important to be clear about the precise concept this report is seeking to
capture. Below we set out what is covered in our assessment and then
describe what is excluded.

2.1

What our analysis covers

The aim of this report is to calculate the extent to which policy in a
country increases the incentive to utilise low-carbon generation; either
through increasing the price received, or reducing the cost incurred, by
low-carbon generators.
This definition has been used as the metric of comparable action3 because the
expense

of

a

policy

is

of

concern in

discussions

of

international

competitiveness. Furthermore, because the aim is to capture the overall impact
of a policy, the implicit price is calculated on the basis of average costs rather
than marginal costs. In forthcoming work, the measures from this report will be
used to make an assessment of the impact of greenhouse gas regulations on
the international competitiveness of the Australian aluminium industry.
Low-carbon electricity is defined as all electricity generation with the exception
of oil and conventional coal. In particular, for the purposes of this study we
have defined low-carbon electricity to include advanced coal generation (such
as supercritical plant), nuclear generation, renewable generation, biomass and
natural gas generation. The impact of policies to encourage low-carbon
generation is measured against its complement; that is, the emissions intensity

3

There is much debate about the appropriate definition of comparable action. It may be

relevant to consider other factors such as the emissions intensity of an economy, the
level of GDP per capita in an economy or the marginal cost of abatement in the
country. These factors could be considered as components of effort, or as determinants
of the outcome for a given amount of effort.

3

of conventional coal and oil generation in each country.4 While in the short term
the marginal generation source in a particular electricity market may not be coal
and oil, in the long term it is these sources that low-carbon policy aims to
displace and so we consider this a more appropriate counterfactual than the
current average emissions intensity, which in any case will change as these
policies take effect. For comparison, the implicit carbon price is compared for
each of these two counterfactuals in Appendix 1.
In order to be assessed, policies must have a systematic impact on the
average financial incentive to produce low-carbon electricity, as opposed to
conventional coal or oil generation. This definitions means that subjective
grants (such as those awarded by a process of competitive tender) or one-off
assistance, for example granted by a local government, are not included.
The implicit carbon price for each policy is calculated by taking the quotient
between the total cost that the policy imposes, and the number of tonnes of
CO2 which the relevant production has saved relative to the counterfactual of
conventional coal or oil generation. The policy-specific carbon price is then
weighted by the share of national generation it applies to and the sum of these
gives the overall implicit carbon price for the country.5
The benchmark year for the policies considered was the latest full year for
which data was available. While this implies that comparability between
countries is not perfect, the alternative of using a year where data was common
to all countries would have resulted in ignoring a number of important
developments in many of the countries of interest in recent years.
Appropriate exchange rates are required in order to make international
comparisons of financial data. There are two choices to be made: the time of

4

This takes into account the different shares of coal and oil generation in each country

and, where country-specific information is available, the different emissions intensities
of each generation source in each country.
5

Note that some policies imply a high carbon price for tonnes covered, but only apply

to small amounts of total generation and so make a small contribution to an overall
price; many feed-in tariffs are examples of such a policy.
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the exchange rate, and whether to use market rates or purchasing power
parity (PPP) adjusted rates. Table 1 presents a summary of the calculated
implicit carbon price for each of the seven countries and regions considered in
this report (the RGGI states of the US are presented, in addition to the US as a
whole) and shows the relevant exchange rates used.
The most recent time period available has been used for both the market and
PPP exchange rates,6 even though some of the data in the calculations relates
to an earlier period. Recognising that exchange rates are constantly varying,
this decision was taken in order to use a consistent exchange rate across all
calculations; however, it is possible for the interested reader to recalculate the
figures for an alternative period using the information presented.
Broadly put, the estimates using market exchange rates should be used to
compare the impact on internationally traded goods, while the PPP estimates
should be used to compare the impact on consumers within a country. Market
exchange rates represent the rate at which currencies are traded in
international commodity markets, and are the rate at which tradable goods can
be compared across countries. By contrast, PPP exchange rates adjust for the
prices of non-tradable goods (such as many services) and are useful in
comparing prices as experienced by local consumers and in cases, such as
China, where the exchange rate is not perfectly flexible. The PPP adjusted
figures show the strength of the policies assessed relative to the price level of
all goods within the economy.
Understanding the relevant policies in each of these six countries has been a
very large task, and sourcing all the required data to undertake the calculations
on a comparable basis has also been a substantial challenge. In many cases, it
has not been possible to obtain the necessary data and approximations of
various degrees have had to be made. Further information or suggestions on
instances where these assumptions can be improved are welcomed.

6

Note that PPP exchange rates take some time to calculate and so the most recent

year is earlier than for market exchange rates.
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2.2

What our assessment does not cover

2.2.1

Other policies to reduce emissions

The implicit carbon price calculated in this report is not the only determinant of
the effect of emissions reduction policy on industrial competitiveness. Emission
reduction measures in sectors other than electricity generation will have an
impact; for example, regulation of direct emissions of glass or cement
producers. Therefore, from an international competitiveness perspective, an
equivalent carbon price in the electricity sector should not necessarily be
viewed as a comparable carbon constraint on a particular industry.
Of particular note is that this definition excludes energy efficiency schemes,
and other demand-side measures.7 Energy efficiency schemes in the electricity
sector aim to reduce emissions by reducing overall electricity consumption,
rather than by reducing the amount of carbon emitted for each tonne of
electricity consumed. Specifically, they do not lower the cost of production for
low-carbon generators, nor raise the price of electricity or the benefit received
by low-carbon generators (see Box 1 for a discussion of these policies in
Australia and China).
Finally, as noted above, policies that do not offer a systematic or predictable
level of support to low-carbon electricity generation, e.g. because the support
depends on the outcome of a competitive tender process, are excluded from
the assessment.

7

For example, Australia’s GreenPower scheme, where households and businesses

can opt to pay a premium to receive renewable electricity.
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2.2.2

Policy efficiency

This assessment does not capture the efficiency of a country’s low-carbon
policies. A country which had expensive but ineffective policies (in terms of
abatement induced) would result in a high carbon price under our approach. An
alternative measure which would capture the efficiency of policies would be to
ask how much abatement in total has been induced by policies in each country,
and then calculate the comprehensive carbon price which would induce
equivalent abatement. A country with expensive but ineffective policies would
achieve a lower carbon price using this methodology.
This study does not attempt to calculate the efficiency of particular policies for a
number of reasons. First, we are most interested in ‘effort’, as defined by the
financial incentive given to the generation sector to pursue low-carbon options.
From the perspective of the impact of policy on international competitiveness,
the average financial incentive is more important as a measure of carbon
pricing than the efficiency of government intervention. Second, it is difficult, if
not impossible, to assess the marginal abatement induced by each policy and
by an economy-wide price. Finally, even if one knew the abatement induced, in
order to know the equivalent economy-wide carbon price that would give the
same outcome, it would be necessary to have accurate MAC curves for the
power sector in each country; these are not available.
In all countries it is likely that the implicit price taking into account efficiency
would be lower than the calculated number due to inefficiencies in the existing
policy mix, i.e. it is not always the case that the lowest-cost abatement is
encouraged by the policies. In some countries the inefficiency of government
policy would be higher than in others. Although an assessment of efficiency has
not been made, this is one of the strongest arguments for a comprehensive,
economy-wide carbon price as it allows the market to reveal the lowest cost
abatement opportunities. Where abatement is cheaper than the carbon price, it
would be expected that abatement will take place without a need for
policymakers to explicitly identify the opportunities available. Following this
logic, it is likely that the UK, given its involvement in the EU ETS, would likely
have more efficient policies than the other countries.
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2.2.3

A full determination of comparable action

There is more to a complete measure of comparable action than the costs each
country is imposing on electricity generators, and this report does not provide a
complete picture of the overall action a country is taking. Nonetheless, it does
provide a quantitative and consistent measurement of action within electricity
generation, which is an important sector.
McKibbin et al (2010) used the G-Cubed model of the global economy to make
an estimate of the economy-wide carbon price which would be required to meet
the commitments each country made under the Copenhagen Accord (although
not for South Korea). The McKibbin et al modelling results show that Western
Europe and Japan adopted the most ambitious targets, while China and
Australia adopted the least ambitious.
Table 2 compares the price required from the McKibbin analysis with the
measure of each country’s action in the electricity generating sector which this
report produces. It shows that the implicit price estimated in this report is lower
than the required price calculated by McKibbin et al. This tentatively suggests
that countries are not on target to meet their Copenhagen targets although a
number of caveats are important. It could be that in some countries the targets
can be met without the need for a further price signal in the electricity sector,
perhaps because the price of low-carbon generation is already lower than highcarbon, or that the target will be met by action outside of the electricity sector,
such as transport or land use.
A further point to note is that a domestic carbon constraint is not the only
determinant of impact on GDP. While the impact on trade exposed industry is
likely to be captured by a carbon price, the impact on a country’s GDP will not
necessarily be proportional to the domestic implicit or explicit carbon price. For
example, countries which export carbon-intensive goods, such as fossil fuels,
will be affected by emissions reductions policies in foreign countries even if
there is no domestic action. Some countries with lower implicit carbon prices
may suffer larger falls in GDP because of issues, such as this, related to the
composition and structure of their economy. Other countries may see increases
in GDP as carbon pricing stimulates additional economic activity in new
sectors.

8

Table 2

The implicit prices estimated in this report are lower than
required to meet Copenhagen Accord commitments

Country

Copenhagen

Economy-wide

Implicit electricity

commitment

2012 CO2 price

sector CO2 price

consistent with
(% change in 2020

commitment

(2010 US$)

emissions relative
to BAU)

(2006 US$)

Australia

-35

$15.91

$2.34

China

-22

$15.22

$8.08

Japan

-48

$50.36

$4.22

W. Europe

-36

$56.76

$28.46 (UK)

US

-33

$28.09

$5.05

Source: Vivid Economics and McKibbin et al (2010)
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3

Australia

This section presents our understanding of the policies to reduce the carbon
intensity of electricity supply in Australia, and a set of calculations which aim to
express the incentive such policies provide in terms of an equivalent carbon
price. In Australia, our estimate of the overall effect of these policies is
equivalent to a carbon price of $2.34 per tonne of CO2 measured at market
exchange rates, or $1.68 using purchasing power parity (PPP) exchange
rates.8
Table 3 provides some generic information on the Australian electricity sector;
followed by sub-sections on each of the policies.

8

See Table 1 for details of the exchange rates used.
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Table 3

Generic information on the Australian electricity sector and
other relevant data

Variable

Unit

Year

Value

Source

tCO2/MWh

2006

0.8939

CAIT (2010)

Brown coal-fired emissions intensity

tCO2/MWh

2006

1.3

CES (2006)

Black coal-fired emissions intensity

tCO2/MWh

2006

0.9

CES (2006)

Gas-fired emissions intensity

tCO2/MWh

2009

0.57

TCG (2009)

tCO2/MWh

2006/07

1.0467

Calculation

Total electricity production

GWh

2007

254,965

IEA (2009b)

— of which coal

GWh

2007

194,243

IEA (2009b)

— of which oil

GWh

2007

2,180

IEA (2009b)

— of which gas

GWh

2007

39,166

IEA (2009b)

— of which biomass

GWh

2007

2,031

IEA (2009b)

— of which hydro

GWh

2007

14,724

IEA (2009b)

— of which solar PV

GWh

2007

10

IEA (2009b)

— of which wind

GWh

2007

2,611

IEA (2009b)

AUD/USD

2010

1.0530

Bloomberg

Average national grid carbon
intensity

Average national coal/oil plant
intensity

Exchange rate

Source: Vivid Economics
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3.1

Feed-in tariffs for solar PV and other
renewables

A number of states have introduced feed-in tariffs for renewable electricity
production from solar PV and other sources. The key details for those policies
that were introduced before 2010 are shown in Table 4.
Table 4 distinguishes between gross and net feed-in tariffs. Gross feed-in tariffs
pay the identified tariff for all electricity generated by eligible technology; net
feed-in tariffs only pay for the electricity that is not consumed on the premises
but instead exported to the grid. When comparing gross and net feed-in tariffs,
a typical unit is presumed to export around 65 per cent of its output to the grid.9
The feed-in tariffs for Victoria, Queensland and South Australia are all net; that
is, they only apply to electricity which is exported to the grid and not to the
proportion that is consumed by the household. In the Australian Capital
Territory, where the FIT is paid on all output (i.e. gross), some generation from
households receives a premium feed-in tariff. No distinction is made in the
emissions intensity of displaced generation because all the states and
territories with feed-in tariffs are connected to the national grid.

9

Subsequent correspondence suggests that this may be an upper bound to the

proportion of electricity exported to the grid.
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Table 4
State

Australian Feed-in Tariffs introduced before 2010
Introduced

Gross

Technology

or Net

eligibility

Tariff (cents/KWh)

Duration (years)

Solar PV, wind in
domestic, small
March

50.05 for <10kW;

ACT

Gross

business and

20

2009

40.04 for <30kW
education of <30kW
(only solar taken up)
Solar PV (<10kW for
single phase

QLD

July 2008

Net

connection; <30kW

44

20

44

20

60

15

for three phase
connection)
Solar PV (<10kW for
single phase
SA

July 2008

Net

connection; <30kW
for three phase
connection
Solar PV in
domestic, small

November
Net

Victoria
2009

business, schools,
community <5kW
Source: Various state and territory government documents
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Table 5

Victorian feed-in tariff calculations

Variable

Unit

Year

Value

Source

Price paid for solar electricity

AUD/MWh

2009

600

Table 4

Estimated percentage of output

65%

exported to the grid
Wholesale price of electricity
Cost to utilities per unit of
generation

AUD/MWh

2009

AUD/MWh

Emissions intensity of coal plant

tCO2/MWh

Cost to utilities

AUD/tCO2

Exchange rate

AUD/USD

Cost to utilities

USD/tCO2

2008

2010

Source: Vivid Economics
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Environment
ACT (2009)

36.28

AEMO

366.42

Calculation

1.05

Table 3

350.08

Calculation

1.0530

Bloomberg

332.46

Calculation

Table 6

South Australian feed-in tariff calculations

Variable

Unit

Year

Value

Source

Price paid for solar electricity

AUD/MWh

2009

440

Table 4

Estimated percentage of output

65%

exported to the grid
Wholesale price of electricity
Cost to utilities per unit of
generation

AUD/MWh

2009

AUD/MWh

Emissions intensity of coal plant

tCO2/MWh

Cost to utilities

AUD/tCO2

Exchange rate

AUD/USD

Cost to utilities

USD/tCO2

2008

2010

Source: Vivid Economics
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Environment ACT
(2010)

55.31

AEMO

250.05

Calculation

1.05

Table 3

238.90

Calculation

1.0530

Bloomberg

226.88

Calculation

Table 7

Queensland feed-in tariff calculations

Variable

Unit

Year

Value

Source

Price paid for solar electricity

AUD/MWh

2009

440

Table 4

Estimated percentage of output

65%

exported to the grid
Wholesale price of electricity
Cost to utilities per unit of
generation

AUD/MWh

2009

AUD/MWh

Emissions intensity of coal plant

tCO2/MWh

Cost to utilities

AUD/tCO2

Exchange rate

AUD/USD

Cost to utilities

USD/tCO2

2008

2010

Source: Vivid Economics
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Environment ACT
(2010)

33.30

AEMO

264.36

Calculation

1.05

Table 3

252.57

Calculation

1.0530

Bloomberg

239.86

Calculation

Table 8

Australian Capital Territory feed-in tariff calculations

Variable

Unit

Price paid for solar
electricity

Year

AUD/MWh

2009

normal

Table 4
400.4

AUD/MWh

Percentage receiving premium
price
Cost to utilities per unit of

Source

500.5

premium

Wholesale price of electricity

Value

2008/9

38.85

2009

73%

AEMO
Environment ACT
(2010)

AUD/MWh

434.62

Calculation

Emissions intensity of coal plant

tCO2/MWh

1.05

Table 3

Cost to utilities

AUD/tCO2

415.25

Calculation

Exchange rate

AUD/USD

1.0530

Bloomberg

Cost to utilities

USD/tCO2

394.35

Calculation

generation

2010

Source: Vivid Economics

3.2

Renewable Energy Target

The Renewable Energy Target (RET) is a tradable certificate regime which is in
place to deliver a target of renewable electricity output of 45,000 GWh by
2020 (projected, together with pre-existing renewable generation, to be around
20 per cent of electricity supply in 2020). The scheme works by issuing a
renewable energy certificate (REC) to accredited generators of renewable
electricity for each MWh of renewable electricity generated. RECs are also
provided for eligible installations of small generation systems and solar water
heaters.
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Each year, liable entities (mainly electricity retailers) are required to surrender
RECs representing a proportion of their electricity purchases, or pay a charge
per MWh shortfall – implying that renewable generators can sell their
certificates to these liable entities and hence generate higher revenues for each
unit of renewable generation.
In 2009, the target was 8,100 GWh and this year has been used in the
calculations for consistency with the other policies. However, it should be noted
that the scheme has recently been amended and is now separated into
separate small-scale and large scale components. The large-scale component
includes annual targets including a 2020 target of 41,000 GWh, while the smallscale component is uncapped.
In 2010, certificates were trading at around A$40 per MWh. Although modelling
commissioned by DCCEE indicates that the average price of RECs in longterm contracts is around $65 to $70, our analysis uses the spot price as the
value of RECs in longer term contracts will include information on the
expectation of future prices, which are expected to be higher as the target
becomes tougher. The spot price is used for consistency, as all policies are
assessed on the basis of their current strength.
Table 9

Australia’s Renewable Energy Target calculations

Variable

Unit

Year

Value

REC price

AUD/MWh

2009

40

RET target

GWh

2009

8,100

DCCEE

Emissions intensity of coal plant

tCO2/MWh

2008

1.05

Table 3

Value of REC

AUD/tCO2

2009

38.22

Calculation

Exchange rate

AUD/USD

2010

1.0530

Bloomberg

Value of REC

USD/tCO2

36.29

Calculation

Source: Vivid Economics
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Source

Green Energy
Markets

3.3

New South Wales Greenhouse Gas
Reduction Scheme

The New South Wales Greenhouse Gas Reduction Scheme is a baseline and
credit scheme that requires electricity retailers (and some large electricity
consumers who can opt in) to surrender credits up to a stated CO2 target for
each retailer. Credits can be purchased from those who undertake abatement
activity. In addition, RECs under the national RET scheme can also count
towards achievement of the target. An identical scheme also operates in the
ACT, with a few minor differences; the schemes are administered jointly and
Table 10 refers both to NSW and the ACT.
Ignoring RECs and emission savings not from power generation, just over
20 million certificates were surrendered in 2008. Certificates on average cost
A$5.85 implying a total cost liability from the scheme of around A$120 million
(IPART, 2009). If participants do not reduce emissions or buy enough
abatement certificates they incur a shortfall charge, which rises annually and
was equal to A$12.50 in 2009 and A$14.00 in 2010.
Table 10

NSW greenhouse gas reduction scheme calculations

Variable

Unit

Year

Value

Source

NGACs price

AUD/tCO2

2008

5.85

IPART (2009)

Total certificates surrendered

million

2008

20.456

IPART (2009)

Total cost implication

million AUD

119.670

Calculation

million tCO2

227.9

AUD/tCO2

0.53

Calculation

1.0530

Bloomberg

0.50

Calculation

Nationwide electricity
emissions
Average cost per unit of
national emissions
Exchange rate
Average cost per unit of
national emissions

AUD/USD

2010

USD/tCO2

Source: Vivid Economics
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Calculation from
Table 3

3.4

Solar Homes and Community Plan (SHCP)

The SHCP provided rebates of up to A$8,000 for one kW of PV installed in
residential buildings and 50 per cent of the cost of PV for up to 2 kW installed
on community buildings, subject to eligibility criteria. The amount of solar PV
installed under this scheme in 2009 was 56.8 MW and 84 MW has been
installed in total. The scheme was abolished in July 2009 but is still included as
units that benefitted from the incentive are still generating renewable electricity.
Table 11

Australia’s Solar Homes and Community Plan calculations

Variable

Unit

Year

Value

Source

Budget

million AUD

2009

454.4

IEA (2010c)

Capacity installed

MW

2009

56.8

IEA (2010c)

Output per MW

MWh/year

1450

IEA (2010c)

Economic life

20

Assumption

Subsidy per MWh of generation

275.86

Calculation

1.05

Table 3

263.56

Calculation

1.0530

Bloomberg

250.30

Calculation

Emissions intensity of coal plant

tCO2/MWh

Value of subsidy

AUD/tCO2

Exchange rate

AUD/USD

Value of subsidy

USD/tCO2

2008

2010

Source: Vivid Economics

3.5

Queensland Gas Scheme

The Queensland Gas Scheme commenced operation on 1 January 2005 and
was established to boost the state's gas industry and reduce greenhouse gas
emissions. It requires Queensland electricity retailers and other liable parties to
source a prescribed percentage of their electricity from gas-fired generation.
Gas-fired generation is electricity generated from eligible fuels such as natural
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gas (e.g. liquefied natural gas or compressed natural gas), coal seam
gas (including waste coal mine gas), liquefied petroleum gas, and waste gases
associated with conventional petroleum refining; certificates (GECs) are then
issued for eligible generation and each generator is obliged to surrender the
prescribed number.
The mandatory target for gas-fired generation in the state increased from 13
per cent to 15 per cent in 2010. The mandatory target will remain at 15 per
cent for 2011 with the option to increase the target to 18 per cent by 2020.
If a liable party does not meet their annual liability by the compliance date, they
are required to pay a penalty. The penalty is calculated by applying a shortfall
charge according to the formula specified in the Act, which was $12.75 per MW
for the 2009 year. This shortfall charge is likely to be an overestimate of the
additional cost incurred by electricity generators to meet the target, as the
target was exceeded in 2009; accordingly, we use an estimate of $9.30 (ACIL
Tasman). The penalty of the shortfall charge will be a determinant of the price
of certificates in the scheme in any case.
Table 12

Queensland gas target calculations

Variable

Unit

Year

Value

Source

Estimated GEC price

AUD/MWh

2009

9.30

ACIL Tasman

Emissions intensity of gas

tCO2/MWh

0.57

TGC (2009)

Emissions intensity of coal/oil plant

tCO2/MWh

1.05

Table 3

Implied value of target

AUD/tCO2

19.51

Calculation

Exchange rate

AUD/USD

1.0530

Bloomberg

Implied value of target

USD/tCO2

18.53

Calculation

2008

2010

Source: Vivid Economics
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3.6

Other support

There are a wide range of other grants and subsidies available from both the
Federal and state governments to support renewable power generation e.g.
CCS Flagships, Solar Flagships and Renewables Australia. All of these
schemes disburse grants through competitive bid processes rather than being
automatically provided on receipt of eligible application. The extent to which
they reduce the carbon intensity of electricity generation either now or in the
future will therefore depend on who wins these competitive grants and so
cannot be included in the calculations.

3.7

Weighted carbon price calculation

The implicit carbon price in the Australian electricity generation sector is
calculated at $2.34 per tonne of CO2.
In Table 13, we weight the carbon price of each instrument according to the
proportion of national generation it covers. In undertaking this assessment it
has not always been possible to adopt an identical approach to weighting each
instrument due to both data constraints and the way in which some instruments
are designed i.e. some relate to electricity generated, others to electricity
supplied. However, the likely error of this weighting, in the context of the
assessment, is considered small.
Australia’s Renewable Energy Target makes the largest contribution towards
the overall implicit carbon price, followed by the state-based policies of the
Queensland Gas Scheme and the New South Wales Greenhouse Gas
Scheme. Together these three policies account for 95 per cent of the implicit
price signal favouring low-carbon generation in Australia. Feed-in tariffs and the
SHCP, despite having the highest internal carbon prices, constitute a minor
part of the overall incentive.

22

Table 13

Calculation of the overall implicit carbon price in the
electricity generation sector in Australia
Contribution

Carbon price

Electricity

Percentage

of instrument

capacity

electricity

(USD/tonne)

covered (MW)

covered

332.46

0.9

0.002%

0.01

SA solar FIT

226.88

0.9

0.002%

0.00

Qld solar FIT

239.86

0.6

0.001%

0.00

ACT solar FIT

394.35

2.5

0.005%

0.02

RET

36.29

3.2% of supply

1.15

Policy

Victoria solar
FIT

NSW GHG
scheme

5.55

SHCP

250.30

Qld gas taget

18.53

8,100 GWh of
supply
20.456 million

8.5% of

tonnes of

electricity

emissions

emissions

82.36 GWh of

0.03% of

supply

supply

1,574

3.1%

Total

to weightedaverage price
(USD/tonne)

0.50

0.08

0.57
2.34

Source: Vivid Economics; Note: Total electricity production in 2007 was 267,680 GWh and total
capacity was 51,068 MW
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4

China

This section presents our understanding of the policies to reduce the carbon
intensity of electricity supply in China, and a set of calculations which aim to
express the incentive such policies provide in terms of an equivalent carbon
price. In China, our estimate of the overall effect of these policies is equivalent
to a carbon price of $8.08 per tonne of CO2 measured at market exchange
rates, or $14.22 using purchasing power parity exchange rates.

4.1

Overview

China has implemented a number of pieces of legislation which may be
effective in reducing overall emissions, such as by encouraging renewable
energy and increasing energy efficiency. In China it can be difficult to translate
Government statements into specific quantitative impacts and incentives.
Climate change is generally equated with energy efficiency, with a particular
focus on measures of emissions per unit of GDP rather than absolute supplyside metrics. Many other policies focus on encouraging the manufacturing of
renewable energy capital goods rather than incentivising their use.
Provincial policies are generally not included in the calculation because of their
often ad hoc nature, small scale, and, most importantly, lack of transparent
information. Nonetheless, there are some important regional policies which are
based upon national laws, plans and programs. Some of these, such as the
regional variation in wind feed-in tariffs, have been included in the calculations
where data has allowed it.
Table 14 summarises some of the key statistics on Chinese electricity sector
and other data used in the calculations. Of the total generation from coal and
peat, supercritical and USC coal generation is estimated to account for 282,599
GWh (IEA, 2009a,c), or 10.6 per cent of the coal and peat total. The average
coal generation output is calculated by comparing the 2,656,434 GWh of
electricity generated from coal-fired thermal capacity in 2007 (IEA, 2009c) with
the 524 GW of coal-fired thermal capacity (IEA, 2009a).
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Table 14

Generic information on the Chinese electricity sector and
other relevant data

Variable

Unit

Year

Value

Source

Total electricity capacity

MW

2007

713,000

Minchener (2010)

tCO2/MWh

2006

0.8445

CAIT (2010)

MWh/kW

2007

5.07

GWh

2007

3,279,233

IEA (2009c)

GWh

2007

2,656,434

IEA (2009c)

— Crude Oil generation

GWh

2007

33,650

IEA (2009c)

— Gas generation

GWh

2007

30,539

IEA (2009c)

— Nuclear generation

GWh

2007

62,130

IEA (2009c)

— Hydro generation

GWh

2007

485,264

IEA (2009c)

GWh

2007

2,310

IEA (2009c)

— Solar PV generation

GWh

2007

116

IEA (2009c)

— Wind generation

GWh

2007

8,790

IEA (2009c)

0.95

DoE (2010)

6.689

Bloomberg

Average national grid carbon
intensity
Average generation output
from coal thermal capacity
Electricity generated
— Coal and peat
generation

— Combustibles
generation

Emissions intensity of
subcritical coal
Exchange rate

tCO2/MWh

yuan/USD

2010

Source: Vivid Economics
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Calculation from
IEA (2009a,c)

4.2

Chinese feed-in tariffs

A major piece of legislation is the Renewable Energy Law (REL), passed in
2006, which institutes a feed-in tariff for renewable energy. The REL applies to
wind, biomass, solar, wave and geothermal; hydropower pricing was not
changed. For comparison, the average tariff for coal in 2008 was 0.34 yuan per
kWh (BusinessGreen, 2009).

4.2.1

Biomass

The price for electricity from biomass is set relative to the local price for
desulfurized coal with an additional premium of 0.25 yuan per kWh. For a multifuel project, conventional fuel cannot supply more than 20 per cent of total
generation.
The subsidy is available for the first 15 years of operation of a plant, but from
2010 the subsidy for new projects is reduced by two per cent per year e.g. for a
project approved in 2010 or earlier it is 0.25 yuan per kWh, for one in 2011 it is
0.245 yuan per kWh. We use a premium of 0.25 yuan per kWh to reflect the
current strength of the policy for biomass generation.
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Table 15

Biomass feed-in tariff calculations for China

Variable

Unit

Year

Premium over

yuan per

2005-

desulfurized coal

kWh

2010

Value

Source

0.25

Baker and McKenzie (2009)

0

Assumption

2310

IEA (2009c)

Emissions
intensity of

tCO2/MWh

biomass
Biomass

GWh

generation

2007

Calculation – assuming all
Total cost of policy

million yuan

577.5

biomass generation benefits
from the policy

Total emissions

thousand

reduced

tonnes

Value of
emissions abated
Exchange rate
Value of
emissions abated

yuan/ tCO2

yuan/USD

2010

USD/ tCO2

2194.5

Calculation

263.16

Calculation

6.69

Bloomberg

39.34

Calculation

Source: Vivid Economics

4.2.2

Solar, tidal, geothermal

Prices for solar, tidal and geothermal are fixed by the Government according to
the principle of reasonable production costs plus reasonable profit.10 These
additional costs are recovered through a surcharge on end users. Because of
the lack of any comprehensive data on solar feed-in tariffs, the calculations

10

Tidal and geothermal generation is negligible in China.

27

presume that the tariffs for solar energy are, on average, the same as for wind
energy (as reported below, 0.5975 yuan per kWh).
According to the Ministry for Environmental Protection (July 2009), the National
Energy Administration has decided to expand the country's solar power
capacity to 2 GW in the next two years, with a subsidized price for solar power
of 1.09 yuan per kWh (for ground-mounted solar). This implies that in future
years a higher tariff may be appropriate.

4.2.3

Wind

The wind power pricing system is very complicated. Prices can be established
through a bidding process at the national level, or through prices adopted by
local bureaus at the provincial level. While the tariff for any particular project will
vary, the average tariff for all wind in 2008 was 0.5975 yuan per kWh (Baker
and McKenzie, 2009).
Table 16

Wind feel-in tariff calculations for China

Variable

Average tariff for wind/solar

Unit

yuan per
kWh

Year

Value

Source

2008

0.59

2008

0.34

BusinessGreen (2009)

Baker and
McKenzie (2009)

Average tariff for

yuan per

desulfurized coal

kWh

Wind generation

GWh

2007

8790

IEA (2009c)

Solar generation

GWh

2007

116

IEA (2009c)

Value of emissions abated

yuan/tCO2

263.16

Calculation

Exchange rate

yuan/USD

6.69

Bloomberg

Value of emissions abated

USD/tCO2

39.34

Calculation

2010

Source: Vivid Economics
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4.3

Golden Sun solar subsidy program

The Golden Sun solar subsidy program pays a subsidy of 20 yuan per Watt of
installed capacity of roof mounted solar. This subsidy is projected to cover
around half of the installation cost and provide 200 megawatts of power in total.
To date the policy has paid out 10 billion yuan for 642 MW of capacity.11
Table 17

China’s Golden Sun subsidy calculations

Variable

Average subsidy for
solar capacity

Average output

Unit

Year

Value

Source

yuan per Watt

2009

20

www.frankhaugwitz.info

2009

1050

IEA (2010c)

kWh per kW per
year

Economic life

years

20

Assumption

Subsidy per MWh

yuan/MWh

952.38

Calculation

tCO2/MWh

0.95

DoE (2000)

yuan/tCO2

1002.51

Calculation

6.69

Bloomberg

149.87

Calculation

Emissions intensity of
subcritical coal
Value of emissions
abated
Exchange rate
Value of emissions
abated
Capacity installed
Output covered by
subsidy

yuan/USD

2010

USD/tCO2

MW

total

642

www.frankhaugwitz.info

MWh

total

674,100

Calculation

Source: Vivid Economics

11

http://www.frankhaugwitz.info/doks/pv/2009_11_25_China_PV_Golden_Sun_SEMI.pdf
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4.4

Infrastructure loans in China

Renewable energy projects enjoy a two per cent interest rate discount. A total
of 222 power generation projects with 8.444 billion kWh of on-grid electricity
have received 2 billion yuan of subsidy.12
Table 18

Implied carbon price from infrastructure loans in China

Variable

Unit

Year

Value

Source

Total generation subsidised

MWh

2008

8,444,000

www.china5e.com

Total subsidy

million yuan

2008

2,000

www.china5e.com

Value of emissions abated

yuan/tCO2

249.32

Calculation

Exchange rate

yuan/USD

6.69

Bloomberg

Value of emissions abated

USD/tCO2

37.27

Calculation

2010

Source: Vivid Economics

4.5

Fossil fuel subsidies in China

Under the definitions of fossil fuel subsidies agreed by the G20, which focus on
inefficient subsidies which encourage wasteful consumption, China does not
have any fossil fuel subsidies. Fossil fuel producers using urban land for
construction and production are offered tax relief, but this does not encourage
excessive consumption or depress fuel prices. However, the IEA (2010b) uses
a price-gap methodology to estimate that implicit fossil fuel subsidies resulting
in lower prices for consumers and generators in China amounted to $42 billion
in 2008. We use the IEA data in Tables 19 and 20.
The value of these subsidies is estimated using a high-level price-gap
approach, and so it is not possible to disaggregate the subsidy to end-use; it is
therefore necessary to make some assumptions regarding the end-use
distribution of the subsidy. In Tables 19 and 20, we assume that the subsidy

12

http://www.china5e.com/show.php?contentid=2816.
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benefits each unit of consumption of the fuel within the country equally. For
example, the value of coal subsidies is $11.7 billion and total coal use is 2.5
billion tonnes and so the subsidy is approximately $4.68 per tonne of coal; with
a tonne of coal emitting 2.735 tonnes of CO2, this equates to a subsidy of $1.74
per tonne of CO2.
Subsidies to coal and oil are defined as high-carbon policies and so calculated
as a negative carbon price, while subsidies to gas are considered a low-carbon
policy and so contribute towards a higher implicit price.
Table 19

Estimates of China’s coal and oil subsidies in 2008

Total

Unit

value of

Total

subsidie

cons’n of

s (US$

this fuel

billion)

% of
elec’y
from
this fuel

Implied

Implied

carbon

carbon

Tonnes

price in

price

of CO2

use of

weighted

per unit

this

by share

fuel ($/to

of elec’y

nne)

prod’n

Coal

kt

11.7

2,454,333

81

2735

-1.74

-1.41

Oil

kt

24.1

619,411

1

3100

-12.55

-0.13

Total

-1.54
Source: IEA (2010b) and Vivid Economics calculations
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Table 20

Implied carbon price from natural gas subsidies in China

Variable

Unit

Emissions intensity of coal

Value

Source

tCO2/MWh

0.95

DoE (2000)

Emissions intensity of gas

tCO2/MWh

0.60

DoE (2000)

Total subsidy

billion USD

2008

7.2

IEA (2010b)

terajoules

2007

2,750,864

IEA (2009d)

GWh

2007

764,190

IEA (2009d)

GWh

2007

30,539

IEA (2009c)

4.00%

Calculation

million USD

287.7

Calculation

million tCO2

10.69

Calculation

USD/tCO2

26.92

Calculation

Economy-wide consumption of
gas
Economy-wide consumption of
gas
Electricity generated from gas

Year

Percentage of subsidy assumed
to go to electricity generation
Total value of the gas electricity
subsidy
Emissions saved by use of gas
rather than coal
Implicit carbon price of the
subsidy

Source: Vivid Economics

4.6
4.6.1

Restrictions on coal technology
Large substitute for small program

China’s electricity regulators used to have a policy of dispatching load equally
to all generators; which was effectively a subsidy to small plants as in the
absence of this policy they would achieve a lower market share due to their
higher generation costs. This meant that the numbers of small plants actually
increased until the government intervened in 2006.
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The ‘large substitute for small’ (LSS) policy13 will close around 50 per cent, or
114 GWe, of small generation facilities by 2011.14 Specifically, the policy aims
to close all units below 100 MW by 2010, and all those below 200 MW by 2020.
To replace them supercritical and USC (ultra-supercritical) technologies should
be deployed first, followed by IGCC and coal-based polygeneration
technologies.
In order to build a new 600 MWe station, the policy apparently requires that 420
MWe

of

old

small

capacity

must

be

closed

(Minchener,

2010).

13 GWe (13,000 MWe) equivalent of small capacity was scheduled to be
closed under this program in 2009, and 14.4 GWe in 2007. National guidelines
are that coal-generation units with a net heat rate 15 per cent higher than the
national average should be closed. However it is clear that this policy is not
being applied to all new build subcritical capacity: around 55 GW of new
subcritical capacity was built in 2007 and only 14.4 GW of small capacity
closed. Therefore, we assess this policy as the mandated early shutdown of
small capacity and bringing forward the date at which it is replaced by larger
sized plants. Given the otherwise rapid growth in China’s total electricity
generating capacity, this new capacity is deemed to be additional to that which
would otherwise have been built.
We have no information on the relative age of the plants that were closed under
this policy, and so we presume that the average plant closed was halfway
through its useful economic life. This balances off two factors. On the one
hand, much of the overall coal-fired generation capacity has been built in the
last ten years (Minchener, 2010) and so the average coal plant is likely to be
less than half way through its economically useful life. On the other hand, it is
likely that older plants will tend to be disproportionately shut under this policy.15

13

Details about this policy are taken from Minchener (2010).

14

The intention is that reduced demand caused by the ‘energy conservation power

generation scheduling’ program will then cause the remainder to close.
15

The actual cost of the policy is given by the difference between the costs of replacing

the existing plant today and the costs, discounted to today, were replacement to take
place when the existing plant reach the end of their useful economic life. If the point of
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If we take the average capital cost of new subcritical capacity to be 3,750 yuan
per kW (Table 5.3, IEA (2009a)), and discount this by 50 per cent to account for
the assumed depreciation of the existing plant, then the cost of this policy is
1,875 yuan per kW. With 14,400 MW of capacity closed, the capital component
of total cost of the policy becomes 27 billion yuan.
However, larger plants will have lower operating costs than smaller plants. In
the absence of more detailed information, we assume that larger plants have
operating costs which are 15 per cent lower than small ones, in line with the
efficiency standard mandated in the policy. According to the EIA (2009),
variable operating costs of conventional coal plants account for 24.7 per cent of
the total levelized cost (excluding transmission) while capital costs were 71.5
per cent. Therefore the levelized operating costs of the subcritical plant in the
preceding paragraph may be approximated by 1,295 yuan per kW
(1,295=3,750*0.247/0.715). If this is 85 per cent of the operating costs of
smaller plant, then the cost saving from building larger plant is 229 yuan per
kW. This represents a negative cost of 3.29 billion yuan.
Due to lack of data on the operating and shutdown costs of small power
stations, these are not considered. This will understate the magnitude of the
implicit carbon price associated with this policy.
The net cost of the policy therefore becomes 23.71 billion yuan.
Assuming that the closure of small capacity reduces emissions by 15 per cent
with reference to an average emissions intensity of thermal generation of
0.95 tonnes of CO2 per MWh with average generation of 5.07 MWh per kW of
capacity (from Table 14), then the total emissions reduced by this policy in
2007 was 10.403 million tonnes of CO2.

‘natural replacement’ is sufficiently far into the future, then the impact of discounting
means that the second term becomes close to zero and the policy cost is approximated
by today’s replacement cost.
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Table 21

Implied carbon price from China’s LSS program

Variable

Unit

Year

Value

Source

Small capacity closed

MW

2007

14,400

Minchener (2010)

Capital cost of new subcritical

yuan/kWh

2009

3,750

IEA (2009a)

50%

Assumption

72%

EIA (2009)

25%

EIA (2009)

Average depreciation of shutdown
capacity
Capital component of total
levelized cost
Variable operating component of
total levelized cost
Reduction in emissions from
replacement of capacity
Implied change in operating
costs (i.e. savings)

Total cost of the policy

Total emissions reduced (based
on average generation rate and
subcritical emissions intensity)

Assumption based

tCO2/kWh

15%

yuan/kW

-229

Calculation

23.71

Calculation

10.403

Calculation

2,279

Calculation

6.689

Bloomberg

340.71

Calculation

billion
yuan

million
tCO2

Value of emissions abated

yuan/tCO2

Exchange rate

yuan/USD

Value of emissions abated

USD/tCO2

2010

Source: Vivid Economics
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on policy

4.6.2

Mandating of coal technologies

The Chinese Government has some policies in place which encourage the
growth of supercritical and ultra-supercritical (USC) coal thermal plants, rather
than the conventional sub-critical capacity. For example, the ‘energy
conservation power generation scheduling’ program gives energy efficient units
a higher place in the merit order,16 and this will drive supercritical and USC
plants to be preferentially built as new capacity is added.
The additional cost of supercritical and USC plant in China has been a matter
of some controversy. In particular, proponents of such advanced coal plant
have

sought

to

seek

accreditation

under

the

clean

development

mechanism (CDM) of the United Nations Framework Convention on Climate
Change (UNFCCC) in order to receive credits for the reduced emissions from
such plants as opposed to conventional coal plants. As part of this process,
project developers provide information on the additional costs incurred in
building advanced coal plants as, in order to be eligible for credits, the
proponent must show that the business-as-usual case (i.e. subcritical capacity)
would result in lower costs. Total levelized cost estimates of generation for a
range of recently submitted projects are shown in Table 22. These cost
estimates have yet to be validated by the UNFCCC.
These figures suggest that sub-critical plant have a slightly lower levelized cost
than super-critical and ultra super critical plants. From 2006 to 2007, total coal
fired capacity increased from 454 GW to 524 GW; of this, around 45 GW was
subcritical coal, 18 GW supercritical coal, and 7 GW USC (IEA, 2009a).
Under the counterfactual that all new plants built would be subcritical, this gives
the average annual implicit capital subsidy as 504 million yuan. Given that
supercritical plants use 3.1 per cent less coal per kWh and USC plants use 6.8
per cent less, then the additional capacity in 2007 resulted in emissions
reductions of 4.6 million tonnes. This gives an average value of emissions
reduced of $16.38 (109.6 yuan) per tonne. Total clean coal capacity in 2007
was around 60 GW, generating around 282,599 GWh per year.

16

The rules for this particular program were issued in 2007 but, as of early 2010, it is

unclear as to whether they have been fully implemented (Minchener, 2010).
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Table 22

Estimates of the levelized cost of different coal technologies
in China
USC

Super-critical
Price

Project

Price

(RMB

Capacity M

(RMB

Capacit

(RMB

y (MW)

per

W)

per

y (MW)

per

Anhui
1000

y
Zheijian
g

2*1000

Jiangxi
Xinchan

2*660

g
Shangh
ai

2*1000

Caojing
Zhejiang
Guodian

2*1000

Beilun
Zhejiang
Jiaxing
Averag
e

2*1000

0.3317

0.250
6

0.366
0

0.327
4

0.338
1

0.366
0

0.341
9

kWh)

0.248

1200

4

0.359

2x600

0

0.326

2x600

2

0.336

2x600

7

2x600

0.359

0.322

2x600

5

0.3253

kWh)

1200

2x600

2x600

2x600

2x600

2x600

0.3228

Source: http://cdm.unfccc.int

37

Date

Price

Capacit

kWh)

Wenerg

Sub-critical

0.243

09/12/200

1

9

0.356

09/10/200

0

9

0.323

17/09/200

9

9

0.334

17/09/200

3

9

0.356

09/10/200

0

9

0.323

09/09/201

5

0

Table 23

Implied carbon price from technology mandating in China

Variable

Levelized cost of new
subcritical capacity
Cost excess of supercritical
over subcritical capacity
Cost excess of USC over
subcritical capacity

Additional annual supercritical
capacity induced by the policy

capacity induced by the policy

reduction

Value

yuan/kWh

2009

0.3228

yuan/kWh

2009

0.0025

yuan/kWh

2009

0.0089

Source

Submissions to
UNFCCC (2009-10)
Submissions to
UNFCCC (2009-10)
Submissions to
UNFCCC (2009-10)
IEA (2009a), assuming

GW

2007

18

all new capacity is
policy-induced

GW

2007

7

all new capacity is
policy-induced

million

Total cost of policy

emissions

Year

IEA (2009a) , assuming

Additional annual USC

Average

Unit

yuan

supercritical
plants
USC plants
2007

542.8

Calculation

3.07%

Minchener (2010)

6.80%

Minchener (2010)

5.07

IEA (2009a,c)

Average generation rate

MWh/kW

Subcritical emissions intensity

tCO2/MWh

0.95

DoE (2000)

Total emissions abated

‘000 tCO2

4,954

Calculation

Value of emissions abated

Yuan/tCO2

109.57

Calculation

Exchange rate

Yuan/USD

6.69

Bloomberg

Value of emissions abated

USD/tCO2

16.38

Calculation

2010

Source: Vivid Economics
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4.7

Excluded policies

There are a number of policies within China which aim to reduce greenhouse
gas emissions which have not been included in the calculations for a variety of
reasons, such as: it is not clear that the policy creates a systematic financial
incentive, it has not been possible to collect sufficient information, or the policy
has been excluded through the methodological choices outlined in Section 2.
Some of the excluded policies are set out below for information.

4.7.1

Renewable portfolio standards

China has implemented a number of national targets including 10 per cent of
primary energy from renewable by 2010 and 15 per cent by 2020, 100 GW of
wind by 2020, 20 GW solar by 2020, 300 GW hydro by 2020, 5 GW offshore
wind by 2015 and 30 GW by 2020.
However, it is unclear how enforceable these are, as opposed to being
aspirational, and how much of an incentive they provide; there do not appear to
be any tradable certificates associated with any of the targets.
The policies in place to achieve this target which provide a financial incentive
are included separately in the calculation (such as the feed-in tariffs), and so no
additional element is added to the overall implicit price beyond this.

4.7.2

Biomass subsidy

A sum of 130 to 150 yuan ($19-22) is given to one ton of biomass pellet made
by agricultural or forestry residue to encourage the collection and process of
sorts of agricultural waste to a more efficient energy utilization (REN21, 2009).
It has not been possible to find information on how many tonnes of pellet
receive this subsidy, and so this policy has not been included in the
calculations.

4.7.3

Regulatory fiat

Many governments operate by regulatory fiat, and this may be a particularly
important channel in China. In some cases, such as in the ‘large substitute for
small’ program, we have been able to make an estimate of the implicit carbon
price implied by the action under a set of assumptions. However, there are
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other examples of regulatory fiat where it has not been possible to obtain
enough information about the Government’s specific intentions to make such
an estimate. Policies to encourage hydro-electric and nuclear power in China
are two particular cases of this.

4.7.4

Energy efficiency targets

Energy efficiency targets (see Box 1) are not included as part of our
calculations, as outlined in Section 2, because reducing the demand for energy
does not explicitly support the development of low-carbon sources. However,
they may be important policies in reducing overall emissions. China, in
particular, has made energy efficiency a major element of its approach to
climate change. China made a commitment under the Copenhagen Accord to
lower CO2 emissions per unit of GDP by 40 to 45 per cent by 2020 compared
to 2005, while energy conservation is set as a national policy in the Energy
Conservation Law of 2007. The 11th Five-Year Plan for the Development of
National Economy and Society (2006-2010) sets a target to decrease the
energy consumed per unit of GDP by 20 per cent from 2005 levels between
2006 and 2010; targeting an annual savings rate of 4 per cent (Townshend et
al, 2010).

Weighted carbon price calculation
The implicit carbon price in the Chinese electricity generation sector is
calculated at $8.08 per tonne of CO2.
In Table 24, we weight the carbon price of each instrument analysed according
to the proportion of the national sector it covers. Policies mandating the closure
of small coal-fired power stations and the construction of supercritical and ultrasupercritical thermal coal capacity account for the majority of the implicit price
signal in Chinese electricity generation. Both of these policies are measures
which are implemented by regulatory fiat rather than by a market-based
mechanism; accordingly, there is greater uncertainty in calculating the financial
incentive generated. The implicit subsidies to fossil fuel use created by holding
prices of oil and coal below market prices is equivalent to a subsidy to highcarbon generation of $1.54 per tonne of CO2. Removing these subsidies would
have an impact greater than if all other support offered via feed-in tariffs,
subsidies and loans was doubled.

40

Table 24

Calculation of the overall implicit carbon price in the
electricity generation sector in China

Internal carbon
Policy

price
(USD/tonne)

Biomass FIT

covered (GWh)

electricity
covered

Contribution to
weightedaverage
price (USD/tonne)

39.34

2310

0.07%

0.03

39.34

8906

0.27%

0.11

149.87

674

0.02%

0.03

37.27

8,444

0.26%

0.10

coal

-1.74

2,656,434

81.01%

-1.41

gas

26.92

30,539

0.93%

0.25

oil

-12.55

33,650

1.03%

-0.13

340.71

73,001

2.23%

7.58

16.38

304,172

9.28%

1.52

Wind/solar
FIT
Solar
subsidy
Infrastructure
loans
Fossil fuel subsidies

Electricity

Percentage

LSS program
Mandating
technology
Total

8.08

Source: Vivid Economics; Note: Total electricity production in 2007 was 3,279,233 GWh
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Box 1: Energy efficiency policies in Australia and China
Energy efficiency targets are not included as part of our calculations, as outlined in
Section 2, because reducing the demand for energy does not explicitly support the
development of low-carbon sources. Nonetheless, energy efficiency policies are an
important tool in combating climate change and, as with other policies, countries are
pursuing this goal in different ways.
In Australia, the two largest states of New South Wales and Victoria have both
introduced market-based energy efficiency schemes (the energy savings scheme,
ESS, in NSW and the Victorian Energy Efficiency Target, VEET, in Victoria).
In the case of the ESS, electricity retailers and generators have an obligation to
undertake a specified amount of energy efficiency activity, in addition to their
obligations under the NSW Greenhouse Gas Reduction Scheme (see section 3.3).
Certain energy efficiency activities result in certificates being issued, and retailers and
generators are required to surrender specified numbers of certificates in order to meet
the target set. With the certificates being tradable, obligated parties have the option to
undertake the activities themselves, or to purchase the certificates from activities
carried out by third parties; in this way, the scheme should encourage compliance at
lowest cost. There is a penalty rate if an obligated party does not surrender sufficient
certificates, currently set at A$24.50 per MWh, equivalent to a carbon price of A$27.22
if black coal generation is displaced (NSW Government, 2009).
The VEET scheme creates certificates based upon the number of tonnes of CO2
abated by the activity. Again, these certificates are tradable. The scheme commenced
in 2009 and certificates representing 2.7 million tonnes of CO2 are required to be
surrendered each year. Examples of activities which generate certificates under the
scheme include installing high efficiency hot water systems, air heater/coolers, lighting,
draught proofing and window treatments and the purchase of high efficiency
appliances. The shortfall charge under the VEET is A$40 per tonne of CO2 (ESC,
2010).
China, in contrast, adopts an approach based upon regulatory fiat, and views energy
efficiency as a major mechanism through which to lower CO2 emissions in the long run.
For example, China made a commitment under the Copenhagen Accord to lower CO2
emissions per unit of GDP by 40 to 45 per cent by 2020 compared to 2005, while
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energy conservation is set as a national policy in the Energy Conservation Law of
2007. The 11th Five-Year Plan for the Development of National Economy and
Society (2006-2010) sets a target to decrease the energy consumed per unit of GDP by
20 per cent from 2005 levels between 2006 and 2010; targeting an annual savings rate
of 4 per cent. However, this target is not strictly enforced and China did not meet this
target, at least in the early years of the scheme (Yang, 2008).
According to Townshend et al (2010), there is no signal of any new climate change
legislation in the relevant policy documents in China. Instead, China prefers to relay
mainly on the Energy Law of the People’s Republic of China, the Energy Conservation
Law of the People’s Republic of China (Energy Conservation Law), and the 2005
Renewable Energy Law of the People’s Republic of China (Renewable Energy Law).
These three laws, while all pursuing goals that may result in lower emissions, do not
directly address climate change. Some of the goals set in the legislation are vague, but
clearer targets are set by some specific ministries. There is some evidence, however,
that these goals have been effective in driving lower emissions in China; for example,
Garnaut (2010) reports that the Chinese Government is “shutting down aluminium
smelters and targeting other heavy industry to meet tough energy conservation
targets”.
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5

Japan

This section presents our understanding of the policies to reduce the carbon
intensity of electricity supply in Japan, and a set of calculations which aim to
express the incentive such policies provide in terms of an equivalent carbon
price. In Japan, our estimate of the overall effect of these policies is equivalent
to a carbon price of $4.26 per tonne of CO2 measured at market exchange
rates, or $3.14 using purchasing power parity exchange rates.
Table 25 provides some generic information on the Japanese electricity sector;
followed by sub-sections on each of the policies.
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Table 25

Generic information on the Japanese electricity sector and
other relevant data

Variable

Unit

Year

Value

Source

Carbon intensity of average grid

tCO2/MWh

2008

0.4163

CAIT (2010)

Carbon intensity of coal generation

tCO2/MWh

2007

0.88

METI (2008)

Carbon intensity of oil generation

tCO2/MWh

2007

0.70

METI (2008)

tCO2/MWh

2007

0.55

METI (2008)

Carbon intensity of coal/oil plant

tCO2/MWh

2007

0.82

Calculation

Total electricity generated

GWh

2007

1,133,711

IEA (2009c)

— of which coal

GWh

2007

310,796

IEA (2009c)

— of which oil

GWh

2007

156,275

IEA (2009c)

— of which natural gas

GWh

2007

289,880

IEA (2009c)

— of which biomass

GWh

2007

15,757

IEA (2009c)

— of which waste

GWh

2007

7,262

IEA (2009c)

— of which nuclear

GWh

2007

263,832

IEA (2009c)

— of which hydro

GWh

2007

84,234

IEA (2009c)

— of which geothermal

GWh

2007

3,043

IEA (2009c)

— of which solar PV

GWh

2007

8

IEA (2009c)

— of which wind

GWh

2007

2,624

IEA (2009c)

JPY/USD

2010

84.38

Bloomberg

Carbon intensity of natural gas
generation

Exchange rate

Source: Vivid Economics
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The estimate for solar PV output reported in Table 25 of 8 GWh is inconsistent
with other sources. The National Survey Report of PV Power Applications in
Japan (IEA, 2010c) reports that the volume of solar PV purchased by utilities in
2008 was 762.8 TWh (i.e. 762,800 GWh) from PV power generation. Japan for
Sustainability, a non-governmental organisation, estimates that the total
generation in 2008 from solar PV was 2,311 GWh.
In order to reconcile these different estimates, a bottom-up approach is used.
The IEA (2010c) report that the total installed solar PV capacity in Japan in
2008 was 2.144 GW (2.627 GW in 2009). Using the output rate of 1050
kWh/kW/year, which is of the same order of magnitude as the rate reported for
Australia, solar PV output can be estimated at 2,251 GWh in 2008 (2,627 GWh
in 2009) very close to the figure reported by Japan for Sustainability. This could
be consistent with the headline IEA (2010c) figure of 762.8 TWh if, instead, it is
presumed as 762.8 GWh, as not all produced electricity is sold to utilities. In the
calculations below, the IEA (2010c) units are presumed to be GWh, and the
output generated from subsidised solar PV installation is calculated using a
bottom-up approach.

5.1

Feed-in tariffs for solar PV

The New Purchase System for Solar Power-Generated Electricity obliges
electric utilities to purchase excess power produced from solar PV energy at
specified prices depending on whether it is produced by households or nonhouseholds (e.g. schools and hospitals).
The rate paid is JPY48 per kWh from households and JPY24 per kWh from
non-households. The comparable rate paid to coal generators is JPY8 per
kWh (METI, 2010).
Total solar PV generation purchased by utilities, as outlined above, is estimated
at 762.8 GWh in 2008 (IEA, 2010c). Due to the rapid growth of solar PV
installations in Japan during this time, this is adjusted by 23 per cent, which is
the rate of growth in installed PV capacity in Japan from 2008 to 2009 (IEA,
2010c) to give an estimated total of 941.07 GWh of solar PV purchased by
utilities in 2009.
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Table 26

Japanese feed-in tariff calculations

Variable

Unit

Year

Value

Source

FIT for household production

JPY/kWh

2009

48.00

IEA (2010c)

FIT for other production

JPY/kWh

2009

24.00

IEA (2010c)

2009

89.5%

IEA (2010c)

JPY/kWh

2009

45.48

Calculation

JPY/kWh

2009

37.48

METI (2010)

Proportion of PV from
households
Implied average FIT

Premium of implied FIT over
wholesale price

Percentage of solar PV

36%

generation sold to grid
Cost to utility of FIT per unit of
solar generated

JPY/MWh

2009

Calculation from IEA
(2010c) data

13,321

Calculation

Carbon intensity of coal plant

CO2/MWh

0.82

METI (2008)

Cost to utilities

JPY/tCO2

16,249

Calculation

Exchange rate

JPY/USD

84.38

Bloomberg

Cost to utilities

USD/tCO2

192.57

Calculation

Solar PV purchased

GWh

941.07

Calculation

2010

2009

Source: Vivid Economics

5.2

Solar PV subsidies

Around 2,200 MW of capacity have been supported by this scheme from
January 2009 to March 2010 in which a subsidy of JPY70,000 is paid for each
kW

of

solar

PV

installed

in

distributed

applications

by

domestic

households (IEA, 2010c). On average a solar PV installation generates
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1,050 kWh per kW per annum and is estimated to have a useful economic life
of 20 years. This implies a subsidy per kWh of JPY3.33. The total capacity
covered by the subsidy in 2009 is estimated to be 80 per cent of the 2,200 MW
i.e. 1,760 MW. If this capacity was added evenly throughout 2009, then the
output covered would be 924,000 MWh (calculated as 1,760*1,050*0.50).
Table 27

Japanese solar PV subsidies calculations

Variable

Unit

Year

Value

Source

Subsidy value

JPY/kWh

2009

70,000

IEA (2010c)

Output per unit of capacity

kWh/KW/year

1050

IEA (2010c)

Economic life

years

20

Assumption

Total lifetime output

kWh/kW

21,000

Calculation

Subsidy

JPY/MWh

3333

Calculation

Coal/oil plant intensity

tCO2/MWh

0.82

METI (2008)

Implicit carbon price of subsidy

JPY/tCO2

4,066

Calculation

Exchange rate

JPY/USD

84.38

Bloomberg

Implicit carbon price of subsidy

USD/tCO2

48.19

Calculation

Output covered by subsidy

MWh

924,000

Calculation

2010

Source: Vivid Economics
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5.3

Tokyo specific policies for solar PV

In April 2009, Tokyo introduced a support scheme of JPY100,000 for each kW
of solar PV installed. This is in addition to the national subsidy that is available.
Table 28

Tokyo solar PV subsidies calculations

Variable

Unit

Year

Value

Source

Subsidy value

JPY/kWh

2009

100,000

IEA (2010c)

kWh/KW/year

1050

Assumption

Economic life

years

20

Assumption

Total lifetime output

kWh/kW

21,000

Calculation

Subsidy

JPY/MWh

4,762

Calculation

Coal/oil plant intensity

tCO2/MWh

0.82

METI (2008)

JPY/tCO2

5,809

Calculation

84.38

Bloomberg

68.84

Calculation

10,149

TMCCCA (2010)

Output per unit of
capacity

Implicit carbon price of
subsidy
Exchange rate
Implicit carbon price of
subsidy

Estimated take-up

Average capacity per
installation
estimated output from
Tokyo scheme

JPY/USD

2010

USD/tCO2

units

kW per unit

to
date
to
date

MWh/year

3.67

39,074

Source: Vivid Economics
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National average from
IEA data

Calculation

5.4

Project for promoting local introduction of
new energy

A subsidy of up to half of the installation cost is available to local authorities
and non-profit organisations installing renewable energy. The budget support of
JPY22,370 million FY 2009 supported around 676 projects.
We have been unable to identify how much capacity or output has been
supported by this scheme as a whole, but this information is available for the
solar portion of the scheme; therefore, we have imputed overall program
figures from information about the solar PV element of the program.
It is unclear whether these subsidies are paid out automatically or involve a
competitive mechanism, but we presume that they are automatic.
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Table 29

Local introduction of new energy subsidy calculations
(Japan)

Variable

Unit

Year

Value

Source

Subsidy budget

million JPY

2009

22,370

IEA (2010)

Output per unit of capacity

kWh/kW/year

1050

Assumption

Economic life

years

20

Assumption

2009

676

IEA (2010)

2009

547

IEA(2010)

2009

73,480

IEA(2010)

kW

90,809

Calculation

Estimate of annual output supported

GWh

95.45

Calculation

Subsidy per MWh

JPY/MWh

11,731

Calculation

Implicit carbon price of subsidy

JPY/tCO2

14,309

Calculation

Exchange rate

JPY/USD

84.38

Bloomberg

Implicit carbon price of subsidy

USD/tCO2

169.58

Calculation

Number of installations
— of which are solar PV
Estimate of solar PV capacity

kW

Estimate of total capacity supported,
assuming solar PV capacity is
representative

Source: Vivid Economics
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2010

5.5

Project for supporting new energy
operators

This scheme provides support of either the lower of one third of installation cost
and 250,000 JPY per kW or a 90 per cent debt guarantee for private
businesses who introduce new and renewable energy. The budget support of
JPY30,070 million in FY 2009 supported around 600 projects.
Again, we have been unable to identify how much capacity or output has been
supported by this scheme as a whole but information on the solar component is
available; once more, we have imputed overall program figures from
information about the solar PV element of the program.
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Table 30

Subsidy to new energy operators in Japan calculations

Variable

Unit

Year

Value

Source

Subsidy budget

million JPY

2009

30,070

IEA (2010c)

Output per unit of capacity

kWh/kW/year

1050

IEA (2010c)

Economic life

years

20

Assumption

2009

660

IEA (2010c)

2009

561

IEA (2010c)

2009

52,139

IEA (2010c)

kW

61,340

Calculation

Estimate of annual output supported

GWh

64.41

Calculation

Subsidy per MWh

JPY/MWh

23,344

Calculation

Implicit carbon price of subsidy

JPY/tCO2

28,476

Calculation

Exchange rate

JPY/USD

84.38

Bloomberg

Implicit carbon price of subsidy

USD/tCO2

337.47

Calculation

Total PV capacity support

MW

66.369

IEA (2010c)

52.30%

IEA (2010c)

126.9

Calculation

133.25

Calculation

Number of installations
— of which are solar PV
Estimate of solar PV capacity

kW

Estimate of total capacity supported,
assuming solar PV capacity is
representative

19982009
1998-

PV projects as percentage of total

Estimate of total capacity supported

Estimate of total output supported
(assume all capacity still operates)

2010

2009
1998-

MW

2009

GWh

2009

Source: Vivid Economics
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5.6

Renewable portfolio standard

A renewable portfolio standard with tradable certificates exists with the intention
of increasing the amount of renewable generation to 14 TWh by 2014. The
2010 target is 12.2 TWh. At present all renewable generation is treated equally.
Between 2011 and 2014, solar PV will receive 2 certificates per kWh
generated.
Table 31

Japanese renewable portfolio standard calculations

Variable

Unit

Year

Value

Source

Price of RPS certificate

JPY/MWh

2010

5,200

ANRE (2010)

RPS renewable target

GWh

2009

10,330

ANRE (2010)

Equivalent carbon price

JPY/tCO2

6,343

Calculation

Equivalent carbon price

USD/tCO2

75.17

Calculation

Source: Vivid Economics

5.7

Tokyo cap and trade scheme

This is a mandatory scheme introduced in April 2010 which obliges participants
to reduce their emissions by eight per cent on 2000 levels. Fossil-based power
producers are not included in the scheme but the electricity purchased by
regulated installations will be included in the assessment of whether they have
met their target.
Participants can either reduce emissions directly or purchase credits from
others (although not credits created under the Kyoto protocol). One source of
credits will be from renewable energy production. Credits purchased from
renewable energy providers will count at 1.5 times the actual carbon saved.
We have been unable to find any estimates of likely credit prices, and trading
will only begin in 2011 and so the strength of the incentive as of today is weak.
Accordingly, this scheme has not been included in the calculations.
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5.8

Voluntary greenhouse gas reduction plan

5.8.1

Keidanren voluntary action plan on the environment

Ten major Power Producers have signed up to this voluntary scheme (FEPC,
2010). In the period from FY 2008 to FY 2012, the scheme aims to reduce the
CO2 emissions intensity per unit of end-user electricity by an average of
approximately 20 per cent compared to the FY 1990 level; equivalent to an
intensity of 0.34 tCO2 per MWh.
In 2009/10, Japanese power companies spent 77 billion yen on the scheme;
we assume that purchasing credits is the only way to meet obligations under
the scheme.
Table 32

Japanese voluntary greenhouse gas reduction scheme
calculations

Variable

Unit

Year

Value

Source

Cost of credit purchases

billion JPY

2009/10

77

Reuters (2010)

TWh

2009/10

939.74

FEPC (2010)

0.4163

CAIT (2010)

2009/10

391.21

Calculation

Power generation by top 10
utilities
Average Japan emissions
intensity

Estimated emissions covered

tCO2/MWh

million
tonnes

Equivalent carbon price

JPY/tCO2

2009/10

196.82

Calculation

Equivalent carbon price

USD/tCO2

2009/10

2.33

Calculation

Source: Vivid Economics

5.8.2

Japanese voluntary emissions trading scheme

This does not include the power sector and so is not included in our
calculations.
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5.9

Coal tax

Japan has a coal tax of 700 yen per tonne which applies to all mined and
imported coal. The carbon intensity of Australian coal exported to Japan is
estimated at 2.4 tCO2/tonne (DCCEE) and, as Australia accounted for 63 per
cent of Japanese coal imports in 2008 (Comtrade database), this figure is used
to apply to all coal used in Japan.
Table 33

Japanese coal tax calculations

Variable

Unit

Year

Value

Source

Rate of tax

JPY/tonne

2008

700.0

IEA (2008)

Embodied CO2

tCO2/t

2.4

Assumption

Electricity generated from coal

%

2007

27%

IEA (2009a)

Equivalent carbon price

JPY/tCO2

2009/10

291.7

Calculation

Equivalent carbon price

USD/tCO2

2009/10

3.46

Calculation

Source: Vivid Economics
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5.10

Weighted carbon price calculation

The implicit carbon price in the Japanese electricity generation sector is
calculated at $4.22 per tonne of CO2.
In Table 34 we weight the carbon price of each instrument analysed according
to the proportion of the national sector it covers. The Keidanren action scheme
accounts for more than half of the implicit price in Japan. Together with the coal
tax and the renewable portfolio standard, these three policies represent around
94 per cent of the overall price signal given to low-carbon generation. This is
despite many of the other policies (feed-in tariffs and subsidies) having much
higher internal carbon prices.
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Table 34

Calculation of the overall implicit carbon price in the
electricity generation sector in Japan

Policy

Solar FIT
Solar PV
subsidy
Tokyo solar
PV subsidy

Contribution to

Carbon price of

Electricity

Percentage

instrument

covered

electricity

(USD/tonne)

(GWh)

covered

192.57

941

0.083%

0.16

48.19

924

0.082%

0.04

68.84

39

0.003%

0.00

169.58

95

0.008%

0.01

337.47

133.25

0.012%

0.04

75.17

10,330

0.91%

0.68

2.33

100%

2.33

3.46

27%

0.95

weightedaverage price
(USD/tonne)

Local
introduction
subsidy
New energy
operators
subsidy
RPS
Voluntary
plan
Coal tax
Total

4.22

Source: Vivid Economics; Note: 1,133,711 GWh of electricity was generated in 2007 (IEA,
2009a)
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6

South Korea

This section presents our understanding of the policies to reduce the carbon
intensity of electricity supply in South Korea, and a set of calculations which
aim to express the incentive such policies provide in terms of an equivalent
carbon price. In South Korea, our estimate of the overall effect of these policies
is equivalent to a carbon price of $0.50 per tonne of CO2 measured at market
exchange rates, or $0.72 using purchasing power parity exchange rates.
Table 35 provides some generic information on the South Korean electricity
sector; followed by sub-sections on each of the policies.
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Table 35

Generic information on the South Korean electricity sector
and other relevant data

Variable

Average national grid carbon
intensity
Average national coal/oil plant
intensity

Unit

Year

Value

Source

tCO2/MWh

2006

0.4671

CAIT (2010)

tCO2/MWh

0.8569

Calculation from IEA
(2009b)

Total electricity production

GWh

2007

427,317

IEA (2009b)

— of which coal

GWh

2007

170,704

IEA (2009b)

— of which oil

GWh

2007

25,182

IEA (2009b)

— of which gas

GWh

2007

82,360

IEA (2009b)

— of which biomass

GWh

2007

367

IEA (2009b)

— of which waste

GWh

2007

206

IEA (2009b)

— of which nuclear

GWh

2007

142,937

IEA (2009b)

— of which hydro

GWh

2007

5,042

IEA (2009b)

— of which solar PV

GWh

2007

71

IEA (2009b)

— of which wind

GWh

2007

376

IEA (2009b)

— of which other

GWh

2007

72

IEA (2009b)

KRW/USD

2010

1151.40

Bloomberg

Exchange rate

Source: Vivid Economics

Alternative data is used to calculate the average output of solar and wind
capacity in South Korea. From the data in Table 36 it can be calculated that the
average output in 2007 of a solar PV system in South Korea is 2,148 MWh per
MW of installed capacity, and 4,863 MWh per MW for a wind system.
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Table 36

Renewable energy supply in South Korea in 2007

Source

Deployment (tonnes of

Installed capacity

oil equivalent)

(MW)

Solar thermal

29,000

Solar PV

15,000

Biomass

370,000

Wind

82,000

Hydro

781,000

Fuel Cells

2,000

Waste Energy

4,319,000

Geothermal

81.2

196.1

11,000

Total Renewable

5,609,000

Total primary energy consumption

236,454,000

Percentage of renewable energy

2.37%

Source: KEMCO (2010) and Vivid Economics calculations; Note: one tonne of oil is equivalent to
0.011630 GWh, but that these figures refer to primary energy supply and not just electricity

6.1

Feed-in tariffs for renewable electricity

A national feed-in tariff regime for renewable electricity exists with a large
number of different FITs applying depending on the technology and capacity.
Tables 37 and 38 summarise the latest feed-in tariffs. The average end-user
price for electricity in 2008 was 66.23 KRW per kWh for industrial customers
and 98.38 KRW per kWh for residential customers (IEA, 2010a), and the net
cost of the feed-in tariff system to generators is taken to be the excess over the
price paid by industrial customers. From 2012 the feed-in tariff regime will be
replaced by a renewable portfolio standard.
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Table 37

Standard prices of power sources in South Korea
Classification

Power

Capacity of

source

installation

Wind

Over 10 kW

-

Hydro

Under 5 MW

Typical

Standard fixed
price (KRW/kWh)

107.29

Atypical

Over 1 MW

86.04

Under 1 MW

94.64

Over 1 MW

66.18

Under 1 MW

72.8

Waste

Under 20 MW

-

Landfill

Under 50 MW

Over 20 MW

68.07

Under 20 MW

74.99

Over 150 kW

72.73

Under 150 kW

85.71
68.99

gas

Biogas

Under 50 MW

Biomass

Under 50 MW

Ligneous

Tidal

Over 50 MW

Tidal range

Embankment

62.81

No emb.

76.63

Embankment

75.59

No emb.

90.5

over 8.5m

Tidal range
under 8.5m

Fuel cell

Over 200 kW

Using biogas
Source: KEMCO (2010)
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234.53

For solar PV, the following FITs tariffs apply:
Table 38

Feed-in tariffs for solar electricity in South Korea (KRW per
kWh)

Start

Duration

Under 30

Under

Under 1

Under 3

3 MW

kW

200 kW

MW

MW

and over

01/10/2008

15

646.96

620.41

590.87

561.33

472.7

31/12/2009

20

589.64

562.84

536.04

509.24

428.83

01/01/2010

20

Notified every year
Source: KEMCO (2010)

We do not know how much was paid out under the feed-in tariff regime in any
recent years under each of these different tariffs or how much output received
the feed-in tariff, so we have assumed that all renewable output received the
feed-in tariff and taken a representative tariff level for each technology.
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Table 39

South Korean feed-in tariff calculations

Variable

Average industrial electricity
price
fixed standard
Wind

tariff
output
fixed standard
tariff for large

Hydro

Waste

plants

Unit

Year

Value

Source

KRW/kWh

2007

66.23

IEA (2010a)

KRW/kWh

2008

107.29

KEMCO (2010)

GWh

2007

376

IEA (2009b)

2008

86.04

KEMCO (2010)

2007

5,042

IEA (2009b)

2008

127.63

KEMCO (2010)

2007

206

IEA (2009b)

2008

74.10

KEMCO (2010)

2007

367

IEA (2009b)

2008

76.38

KEMCO (2010)

2007

0

IEA (2009b)

2008

268.54

KEMCO (2010)

2007

?

Presumed negligible

2008

590.87

KEMCO (2010)

KRW per
kWh

output

GWh

fluctuating

KRW per

standard tariff

kWh

output

GWh

energy

Bio-

typical fixed tariff

KRW per
kWh

energy
output

typical fixed tariff
Tidal

Fuel Cell

Solar

GWh
KRW per
kWh

output

GWh

fixed standard

KRW per

tariff

kWh

output

GWh

typical standard

KRW per

tariff

kWh
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output

GWh

Total cost of policy

million KRW

Total generation supported

GWh

Total emissions reduced

Value per tonne of
emissions abated
Exchange rate
Value per tonne of
emissions abated

2007

2007

thousand
tonnes

KRW/tCO2

KRW/USD

2010

USD/ tCO2
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IEA (2009b)

168,107

Calculation

6,062

Assume all renewable
generation benefits

5,194

Calculation

32,364

Calculation

1151.40

Bloomberg

28.11

Calculation

Source: Vivid Economics

6.2

Million Green Homes

This policy aims to create a million homes that use new or renewable energy by
2020; this is achieved by providing subsidies to households to install relevant
technologies such as solar PV, solar thermal, geothermal, small wind and bioenergy. We understand that the budget for this programme in 2009 was just
under 95 billion won; however, we do not know how much capacity or output
has been delivered with this subsidy.
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Table 40

South Korea’s Million Green Homes program calculation

Variable

Total amount spent on
subsidies
Total capacity of PV installed
under the program

Unit

Year

Value

Source

168,923

KEMCO (2010)

30.204

KEMCO (2010)

2,148

Table 36

years

20

Assumption

million MWh

1.298

Calculation

130,185

Calculation

0.86

DoE (2000)

151,932

Calculation

131.95

Calculation

million KRW

2008

MWh per MW

solar PV

per year

systems
Total lifetime generation
supported by the subsidy

Support per MWh

Carbon intensity of coal plant

Subsidy per tonne

Subsidy per tonne

2008
2004-

MW

Output to capacity ratio of

Economic lifetime of PV

2004-

2007

KRW per
MWh
tCO2 per
MWh
KRW per
tCO2
USD per tCO2

2008

Source: Vivid Economics

In earlier years (2008 and before) this policy just focussed on solar PV with a
target of installing 100,000 rooftop PV systems through the provision of grants;
between 2004 and 2008, this programme had supported 30,204 kW of solar PV
capacity using a subsidy of 168,923 million KRW. The calculations are made
presuming that the activities of the 100,000 solar-roof deployment program
from 2004 to 2008 are representative of the ongoing impact of the scheme.
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6.3
6.3.1

Subsidy programs
National renewable energy subsidy programs

The South Korean Government subsidises the deployment of new and
renewable energy (NRE) projects, with a focus on solar PV, wind and fuel cells
but also covering geothermal, small hydro and biomass and waste schemes.
The impact of these subsidies is calculated presuming that a typical solar
thermal heating system using fuel cells produces the equivalent of 3.65 MWh
per year (Energy Matters, 2010). Output rates for solar PV and wind are taken
from the calculations based on Table 36.
In 2007, according to the EIA (2010), South Korea had 1.592 GW of installed
hydroelectric capacity producing 3,595 GWh of electricity, giving an average
capacity to output ratio of 2,258 MWh per MW; for total non-hydro renewables
the corresponding figures are 0.414 GW and 984 GWh giving a ratio of 2,377
MWh per MW which is applied to geothermal in the subsidy calculations.
No information is provided on the capacity of biomass and waste systems
subsidised, and so these are excluded from the calculations. These account for
31 out of a total of 850 projects and so are presumed to receive 3.6 per cent of
the subsidy. Therefore, this amount of subsidy is excluded when calculating the
implicit carbon price for this measure.
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Table 41

South Korean national subsidy calculations

Variable

Unit

Total subsidy paid

million KRW

Economic life of average
asset

Year

19932008

years

MW

2008

MWh per MW
Capacity of subsidised

Value

Source

141,121

KEMCO (2010)

20

Assumption

16.708

2,148

per year

PV systems

KEMCO (2010)
and Table 36

subsidised
output (MWh

35,889

per year)
m

Capacity of subsidised
solar thermal systems

2

2008

number

80,656
291

KEMCO (2010)
and Energy

output (MWh

Matters (2010)

per installation

3.65

per year)
MW

2008

MWh per MW
Capacity of subsidised

101

2,377

per year

geothermal systems

KEMCO (2010)
and EIA (2010)

subsidised
output (MWh

240,077

per year)
Capacity of subsidised

MW

2008
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KEMCO (2010)

wind power systems

and Table 36

MWh per MW

4,863

per year
subsidised
output (MWh

262,602

per year)
MW

2008

MWh per MW

2,258

per year

Capacity of subsidised

9.106

KEMCO (2010)

small hydro systems

and EIA (2010)
subsidised
output (MWh

20,561

per year)
Subsidy presumed to go
to biomass and waste

million KRW

systems

Total subsidised output

19932008

MWh over

Estimate from

5,147

KEMCO (2010)

11,203,826

Calculation

KRW per MWh

12,136

Calculation

tCO2 per MWh

0.86

DoE (2000)

Subsidy per tonne

KRW per tCO2

14,164

Calculation

Subsidy per tonne

USD per tCO2

12.30

Calculation

Subsidy per MWh
Carbon intensity of coal
plant

economic life

Source: Vivid Economics calculations

6.3.2

Regional and General Deployment Programmes

The Regional and General Deployment Programmes are subsidy programmes
that support New and Renewable Energy Projects carried out by local
governments.

In

2008,

the

regional
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deployment

program

provided

KRW178,652 million of subsidy, while the total for the period 1996 to 2008 was
KRW404,864 million; we do not know how much capacity or output this
programme has supported.
We have no information on the size of the subsidy or the amount of capacity or
output supported by the General Deployment Programme. Assuming that the
rate of support per tonne of CO2 saved and economic life was the same as for
the national subsidy program, which would be the case if the schemes had
been designed to have the same impact on emissions, then this program would
cover 1,607 GWh per year.
Table 42

South Korean regional subsidy calculations

Variable

Unit

Year

Total subsidy

million

1996-

paid

KRW

2008

Economic life of
average asset

years

Subsidy per

KRW per

MWh

MWh

Value

Source

404,864

KEMCO (2010)

20

Assumption

12,596

Assumed same as other
subsidy program

Total subsidised
output each

MWh

1,667,972

Calculation

year
Subsidy per

KRW per

tonne

tCO2

Subsidy per

USD per

tonne

tCO2

13,259

11.52

Assumed same as other
subsidy program
Assumed same as other
subsidy program

Source: Vivid Economics calculations
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6.3.3

Fossil fuel subsidies

South Korea has two major fossil fuel subsidies: one for the production of
anthracite coal and one for the production of briquettes (IEA, 2010b). These
subsidies are designed to ensure low income households have an affordable
supply of fuel in the form of briquettes; this is unlikely to have an impact on the
incentive to produce low-carbon electricity as briquettes are used directly rather
than as a fuel for electricity generation. In any case the value of these is
negligible.

6.4

Voluntary emissions trading scheme

A credit-based market system is in place; however, participation is voluntary
and the system has suffered from a lack of demand for the generated
CERs (KEMCO, 2010). Accordingly, the Government announced in 2008 that it
would buy the ‘KCERs’ generated through projects voluntarily implemented by
domestic businesses. A total of 1,620,000 tonnes were purchased at a cost of
around KRW9 billion.
We do not know the proportion of these projects which were generated by
activities in the electricity sector, but make the assumption that the share was
equal to the share of the electricity sector in total emissions excluding transport
and land use, land use change and forestry (LULUCF).
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Table 43

South Korea’s voluntary ETS calculations

Variable

Unit

Year

Value

Source

Total tonnes purchased

tonnes

2008

1,620,000

KEMCO (2008)

Total cost of purchase

million KRW

2008

9,000

KEMCO (2008)

Mt CO2e

2006

232.9

CAIT (2010)

%

2006

55.85%

CAIT (2010)

tonnes CO2

2008

904,770

Calculation

Implied price per tonne

KRW per tCO2

2008

5555.56

Calculation

Implied price per tonne

USD per tCO2

2008

4.83

Calculation

Average emissions intensity

tonnes CO2e

of electricity

per GWh

2006

467.1

CAIT (2010)

2008

1,937.0

Calculation

Electricity and heat sector
emissions
Electricity and heat share of
total emissions ex LULUCF
and transport
Tonnes purchased from
electricity sector

Generation covered
assuming average intensity

GWh

Source: Vivid Economics calculations

6.5
6.5.1

Excluded policies
Loans incentive

Loans are provided when customers install NRE systems, while Operation
Loans are provided to the manufacturer of NRE facilities or to operate and
manage such facilities; these loans are provided for up to 90 percent of the
total cost (up to 50 percent for large corporations). Up until 2008 just over
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KRW920 million in loans had been provided; however, we do not know the
associated total cost of the installation, the capacity that has benefitted from
these loans or the output produced by installations that have benefitted from
these loans. Furthermore; we do not know how concessional these loans are
relative to those that might be obtained from commercial lenders. Therefore,
these have not been included in the calculations due to insufficient information.

6.5.2

Tax incentive for voluntary agreements

Twenty per cent of total investment in installation of NRE systems can be
deducted from the income tax or corporate income tax. We do not know how
much capacity has benefitted from this tax saving, the output produced by this
capacity, nor the size of the tax saving that has been generated.

6.5.3

Public building obligation program

New public buildings larger than 3,000 square metres must spend five per cent
of total construction in installing renewable facilities. Between March 2004 and
2008, public institutions submitted 581 installation plans, according to which the
government invested 247 billion KRW in NRE systems; this amount accounts
for just 5.57 per cent of total construction expenses (4,439 billion KRW). We do
not know how much capacity and or output has been produced by these
installations, and so this measure has not been included in the calculations

6.5.4

Renewable portfolio agreement

The renewable portfolio agreement was agreed in July 2005 and is an
agreement between the South Korean government and nine public bodies in
the energy sector. The agreement stipulates that the nine bodies should spend
USD $700 million during 2006, 2007 and 2008 installing 359 MW of renewable
energy facilities. It is not possible to know the activities that would have
occurred without the agreement, and so the additional effect of this policy
cannot be estimated.

6.6

Weighted carbon price calculation

The impact of these policies in South Korea is equivalent to a carbon price of
$0.50 per tonne of CO2.
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In Table 44, we weight the carbon price of each instrument analysed according
to the proportion of the national sector it covers. All of the policies in South
Korea only cover a small proportion of overall generation. The policy with the
greatest scope, and accounting for around half of the overall price, is the
system of feed-in tariffs for renewable energy; although this policy is estimated
to be equivalent to a carbon price of only $0.10.
Table 44

Calculation of the overall implicit carbon price in the
electricity generation sector in South Korea

Carbon price of
Policy

instrument
(USD/tonne)

FITs

Electricity

Percentage

generation
covered (GWh
per year)

electricity
covered

Contribution to
weightedaverage price
(USD/tonne)

28.11

6,062

1.42%

0.40

131.95
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0.02%

0.02

12.30

560

0.13%

0.02

12.30

1,668

0.39%

0.05

4.83

1,937

0.45%

0.02

Million
Green
Homes
National
subsidies
Regional
subsidies
ETS
Total

0.50

Source: Vivid Economics; Note: Total electricity production in 2007 was 427,317 GWh.
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7

The United Kingdom

This section presents our understanding of the policies to reduce the carbon
intensity of electricity supply in the United Kingdom, and a set of calculations
which aim to express the incentive such policies provide in terms of an
equivalent carbon price. In the United Kingdom, our estimate of the overall
effect of these policies is equivalent to a carbon price of $28.46 per tonne of
CO2 measured at market exchange rates, or $29.31 using purchasing power
parity exchange rates.
Table 45 provides some generic information on the United Kingdom’s electricity
sector; followed by sub-sections on each of the policies.
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Table 45

Generic information on the United Kingdom’s electricity
sector and other relevant data

Variable

Unit

Year

Value

Source

Average national grid intensity

tCO2/MWh

2007

0.51

Defra (2010)

Average national coal/oil plant intensity

tCO2/MWh

2007

0.89

Calculation

Total electricity production

GWh

2007

396,143

IEA (2009b)

— of which coal

GWh

2007

138,321

IEA (2009b)

— of which oil

GWh

2007

4,692

IEA (2009b)

— of which gas

GWh

2007

164,474

IEA (2009b)

— of which nuclear

GWh

2007

63,028

IEA (2009b)

— of which biomass

GWh

2007

8,114

IEA (2009b)

— of which hydro

GWh

2007

8,948

IEA (2009b)

— of which solar PV

GWh

2007

11

IEA (2009b)

— of which wind

GWh

2007

5,274

IEA (2009b)

USD/GBP

2010

1.5698

Bloomberg

1

Exchange rate
1.

The emissions intensity of UK coal generation is presumed to be the same as Australian
black coal generation.
Source: Vivid Economics

7.1

Renewables Obligation

The Renewables Obligation system is a tradable certificate regime that places
an obligation on generators to source an increasing proportion of their
electricity from renewable sources. The target in 2009/10 was 0.097
Renewable Obligation Certificates (ROCs) per MWh. In 2010/11 the target will
increase to 0.104 ROCs per MWh (DECC, 2010). Generators can purchase
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ROCs from renewable generators which provide them with an additional source
of certificates over and above that from electricity sales.
In 2009/10, the weighted average price of a ROC at auction was £50.40. Just
under 21 million ROCs were issued in 2009/10 and just over 25 million MWh of
eligible renewable electricity was generated (equivalent to 6.7 per cent of total
electricity generation in this period). The difference between the number of
ROCs and MWh of eligible renewable generation is explained by the fact that,
since 2009, banding has been introduced to the regime. This means that
different renewables technologies receive different numbers of ROCs for each
MWh of electricity they generate.
Table 46

The UK’s Renewables Obligation calculations

Variable

Unit

Year

Value

Source

Renewable electricity generated

MWh

2009/10

25,210,000

DECC (2010)

ROCs issued

2009/10

20,844,691

Ofgem (2010)

ROCs per MWh

2009/10

0.83

Calculation

Average price

GBP

2009/10

50.40

EROC (2010)

Emissions intensity of coal plant

tCO2/MWh

2008

0.89

Table 45

Implicit carbon price

GBP/tCO2

46.64

Calculation

Exchange rate

GBP/USD

1.56

Bloomberg

Implicit carbon price

USD/tCO2

73.22

Calculation

6.70

DECC (2010)

Electricity classed as renewable
under the obligation

%

2010

2009

Source: Vivid Economics
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7.2

Levy Exemption Certificates

The Climate Change Levy (CCL) taxes electricity used for most non-domestic
purposes at a rate of £4.70 per MWh. Electricity generated from renewable
sources is exempt from this tax; providing an additional financial incentive for
renewable electricity generation. Levy exemption certificates (LECs) have to be
surrendered in order to qualify for the exemption. LECs are issued to
renewable generators for each MWh of electricity generated by accredited
generators.
The percentage of electricity generated that is liable for the CCL is around 35
per cent (31 per cent as supplied to households; 4 per cent as generated from
eligible renewable sources). Assuming full cost pass-through of the tax to
customers, this implies it increases average electricity prices by just over £3
per MWh.
Table 47

The UK’s levy exemption certificates calculations

Variable

Unit

Year

Value

Source

Value of LEC

GBP/MWh

2009

4.70

Ofgem (2010)

%

2008

35

Estimate

3.05

Calculation

0.89

Table 45

3.41

Calculation

1.57

Bloomberg

5.36

Calculation

Percentage of electricity exempted from
the climate change levy
Impact on average electricity price

GBP/MWh

Emissions intensity of coal plant

tCO2/MWh

Implicit carbon price

GBP/tCO2

Exchange rate

GBP/USD

Implicit carbon price

USD/tCO2
Source: Vivid Economics
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2008

2010

7.3

EU ETS

UK electricity generating facilities are covered by the EU ETS. In 2009/10 the
average spot price for allowances in the scheme was €13.6 per tonne.
Table 48

Emissions trading scheme calculations for the UK

Variable

Unit

Year

Value

Source

Euro/tCO2

2009/10

13.64

www.ecx.eu (2010)

Exchange rate

USD/Euro

2010

1.33

Bloomberg

Implicit carbon price

USD/tCO2

18.19

Calculation

Average EU ETS allowance
price

Source: Vivid Economics

7.4

Recent policy developments

Three policies which have been announced but either not yet introduced or
introduced only within the past few months have not been included due to a
lack of data and uncertainties as to how they will operate in practice.


A system of feed-in tariffs for domestic and small-scale commercial
generation was introduced in April 2010.



The Carbon Reduction Commitment scheme is a variant of an
emissions trading scheme aimed at energy efficiency in companies
which are not large emitters but could make cost-effective investments
in energy efficiency.



The Carbon Capture and Storage (CCS) Levy is a levy on electricity
generators, expected to be passed onto consumers, to fund coal-fired
generation CCS demonstration plants.
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7.5

Weighted carbon price calculation

The implicit carbon price in the UK’s electricity generation sector is calculated
at $28.46 per tonne of CO2.
In Table 49 we weight the carbon price of each instrument analysed according
to the proportion of the national sector it covers. Due to the prevalence of
market-based instruments in the United Kingdom, these calculations are
simpler than for many other countries. Around two-thirds of the price signal is
given by the EU emissions trading scheme, with the Renewables Obligation
and the Climate Change Levy exemption each accounting for roughly half of
the remainder. The UK is notable for the absence of policies with very high
internal carbon prices only covering a small proportion of generation which are
evident in some of the other countries, although the introduction of FITs may
change this in the future.
Table 49

Calculation of the overall implicit carbon price in the
electricity generation sector in the UK
Contribution to

Internal carbon

Percentage electricity

price (USD/tonne)

covered

ROCs

73.22

6.7%

4.91

LECs

5.36

100%

5.36

ETS

18.19

100%

18.19

Policy

Total

weighted-average
price (USD/tonne)

28.46

Note: The methodology for calculating the internal carbon price of the Levy Exemption Certificate
of USD 5.36 already adjusts for the proportion of electricity covered and hence the weighting for
this part of the calculation is set at 100%.
Source: Vivid Economics
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8

The United States

This section presents our understanding of the policies to reduce the carbon
intensity of electricity supply in the United States, and a set of calculations
which aim to express the incentive such policies provide in terms of an
equivalent carbon price. In the United States, our estimate of the overall effect
of these policies is equivalent to a carbon price of $5.05 per tonne of CO2. If the
10 states in the RGGI initiative are considered separately, the effect of the
policies is $9.52 per tonne of CO2.17
Of the various state based measures, only the Regional Greenhouse Gas
Initiative and Renewable Portfolio Standards are included in the calculations.
Other measures are not incorporated because they are not consistent
measures across the entire country or region, each apply only to a tiny
proportion of national generation, and are often at the discretion of local
legislators rather than being systematic support.
The average emissions intensity of the US grid in 2007 was 0.6080 tonnes of
CO2 per MWh, which is calculated from the composition of electricity generation
by fuel as given in Table 50.

8.1

Corporation tax credit

The Business Energy Investment Tax Credit is set at 30 per cent for solar, fuel
cells and small-scale wind projects and 10 per cent for geothermal,
microturbines and combined heat and power projects. There are some limits on
the maximum level of incentive which can be provided. In 2006, approximately
$550 million in tax credits were issued.
The renewable energy production tax credit is set at 2.2 cents per kWh for
wind, geothermal and closed-loop biomass. The rate is 1.1 cents per kWh for
other eligible technologies. This tax credit generally applies to the first ten years
of production. The renewable energy production incentive is for public and not-

17

Because PPP exchange rates use the US dollar as the reference currency, there is

no difference between market and PPP exchange rates for the US.
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for-profit generators and is set at 2.1 cents per kWh for the first ten years of
operation. Nuclear producers in the US receive a tax credit equivalent to 1.8
cents per kWh.
During the global financial crisis, these two measures were made available as
grants rather than as a tax credit, in order to preserve the incentive given by the
scheme.

8.2

Loan guarantee program

The US Department for Energy has authorised a loan guarantee program to
offer more than $10 billion in loan guarantees for energy efficiency, renewable
energy and advanced transmission and distribution projects. A total of $6 billion
of this was a temporary loan guarantee program for renewable energy power
generation and transmission projects.

8.3

Personal tax credit

The residential renewable energy tax credit provides for a 30 per cent personal
tax credit on upfront expenditures for solar hot water, photovoltaics, wind, fuel
cells, geothermal and other solar electric technologies in residential properties
up to specified maximum limits.

8.4

Fossil fuel subsidies

There are a large range of production tax credits for oil, coal, gas and other
forms of fossil fuel. One major subsidy is the Low Income Home Energy
Assistance Program, which provides $5.1 billion per year which is typically
provided

in

block

grants

to

subsidise

home

heating

and

cooling

expenditures (IEA, 2010b).

8.5

EIA analysis of Federal financial
interventions and subsidies

The EIA has produced estimates of the total value of the subsidies provided by
Federal schemes to electricity production, including all of those mentioned in
subsections 8.1 to 8.4. Electricity subsidies were estimated at $5,512 million in
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2007,18 accounting for 41 per cent of total energy subsidies, excluding
subsidies to transmission and distribution. The analysis of these subsidies is
broken down by fuel type which allows the relative incentive between lowcarbon and other generation to be calculated.19
The overall calculations for all Federal subsidies and support are presented in
Table 50. The average subsidy per megawatt hour was $1.65; the lowest
average subsidies were for coal ($0.44) and municipal solid waste ($0.13),
while the highest were for refined coal ($29.81), solar ($24.34) and
wind ($23.37).
Refined coal is presumed to produce 21.65 per cent fewer tonnes of CO2 per
MWh than standard coal (EVG Energy, 2010), while emissions intensities for
other generation types are taken from Table 1 in DoE (2000).
The average subsidy is counted as a weighted average across all fuel types,
where the weights are the net generation of each source. The subsidies are
presumed to apply equally to all states.
As an example, consider the rate of subsidy given to natural gas. Natural gas
generation produces emissions of 0.60 tCO2 per MWh and receives support of
$0.25 per MWh. This is $0.19 less support per MWh than received by coal
generation and natural gas produces 0.35 fewer tonnes of CO2 per MWh than
coal; this differential implies a carbon price of -$0.54 per tonne as compared to
coal generation. Comparing now to an average unit of generation, natural gas
produces 0.01 tCO2 fewer emissions per MWh and receives an average
subsidy of $0.25 per MWh.

18

This therefore excludes the impacts of some of the recent changes in subsidy regime

i.e. the switch from tax credits to grants.
19

The data for subsidies in the US is in a different format to those in China, and so the

calculation is accordingly different. The methodology used by the EIA in calculating
subsidies for the US is different to that the IEA and OECD used to calculate fossil fuel
subsidies; in particular, the EIA calculations are based upon a bottom-up analysis of
the policies, and the balance of subsidies in the US is calculated on a net basis, taking
into account subsidies on low-carbon and high-carbon electricity sources.
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The quotient of these gives the implied carbon price relative to an average
emissions counterfactual of $28.09.
Table 50

US Federal interventions and subsidies calculations
Support per
2007 net

Source

generation
(billion
kWh)

2007

unit ($ per

CO2

subsidy

MWh)

intensity

support

per tCO2 saved ($)

(tCO2

($
million)

Value of support

total

excess

per

excess

compared

over

MWh)

over

to

coal

average

coal

Coal

1,946

854

0.44

0.00

0.95

0.00

-1.29

Refined Coal

72

2,156

29.81

29.37

0.74

142.73

-218.63

919

227

0.25

-0.19

0.60

-0.54

28.09

794

1,267

1.59

1.15

0.00

1.21

2.62

40

36

0.89

0.45

0.62

1.38

-52.50

Geothermal

15

14

0.92

0.48

0.00

0.51

1.51

Hydroelectric

258

174

0.67

0.23

0.00

0.24

1.10

Solar

1

14

24.34

23.9

0.00

25.15

40.03

Wind

31

724

23.37

22.93

0.00

24.13

38.44

Landfill Gas

6

8

1.37

0.93

0.60

2.65

153.94

9

1

0.13

-0.31

0.62

-0.95

-7.67

2.85

2.43

Natural Gas
and Liquids
Nuclear
Biomass (and
biofuels)

Municipal
Solid Waste

Weighted average over all production

Source: Vivid Economics calculations from EIA (2008), EVG Energy (2010) and DoE (2000) data
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8.6

Regional Greenhouse Gas Initiative

The Regional Greenhouse Gas Initiative (RGGI) is a mandatory, market-based
effort in the United States to reduce greenhouse gas emissions. Ten
Northeastern and Mid-Atlantic states have capped total emissions, and operate
a cap and trade scheme to regulate this. The allowances are predominantly
allocated by auctioning. Auctions are held quarterly, but there is more frequent
trading on secondary and futures markets. The 2009 annual RGGI report
(Potomac Economics, 2010) quotes average prices in the fourth quarter of
2009 of $2.26 per short ton ($2.49 per metric tonne). The RGGI applies
specifically to installations with a capacity of 25 megawatts or greater, and
requires them to hold allowances equal to their CO2 emissions over a threeyear control period.
Table 51

RGGI calculations (Northeast and Midatlantic US states)

Variable

RGGI price

Unit

Year

USD/

2009

tCO2

Q4

Total electricity emissions in

million

RGGI states

tCO2

Total nationwide electricity

million

emissions

tCO2

Value

2.49

Source

Potomac
Economics (2010)

2008

155.8

EIA

2008

2,507.6

EIA

Source: Vivid Economics
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8.7

Renewable portfolio standards

A number of states have introduced renewable portfolio standards, which all
differ in terms of their targets, timescales and regulations. The Berkeley
National Laboratory (Chen et al, 2007) published a meta-study which attempted
to evaluate all of the existing evidence on a comparable basis; Figure 2, taken
from that document, summarises the findings.
Over 75 per cent of US generating capacity is in a state with an RPS, and the
median retail rate increase induced by the schemes was estimated at 0.7 per
cent, or 0.04 cents per kWh ($0.40 per MWh). The median change in monthly
bill was estimated at $0.38 on average, but this was $0.82 in the northeast (where renewable resources are relatively scarce) and $0.13 in the west
and mid-west. Therefore, the median retail rate increase induced by RPS
schemes in the RGGI states is estimated as $0.86 per MWh (calculated as
0.40*0.82/0.38=0.86). Table 52, below, summarises the current status of RPS
schemes in the US. Table 53 presents the calculations whereby the individual
state RPS schemes are combined to give an overall incentive in terms of a
carbon price.
Since the Chen et al (2007) study was done, the RPS targets in the states
covered in that report have increased the proportion of total emissions covered
by an average of 7.7 per cent (7.8 per cent in RGGI states), and so the cost
estimate of $0.40 per MWh in the Chen et al study is increased
accordingly (this assumes that the cost increase induced by an RPS scheme is
proportional to the target).
Some states now have RPS schemes but were not included in the Chen et al
study; the cost increase for these states is presumed to be, on average, the
same as for those states which were included in the Chen et al study.
A total of 75.24 per cent of US generation is in a state which has adopted an
RPS (100 per cent in RGGI states), therefore, the national average cost
increase per MWh attributed to the state RPS schemes is $0.32 (calculated as
0.4*1.077*0.7524=0.32). In RGGI states the corresponding increase is $0.86
(calculated as 0.86*1.078*1=0.93). The average RPS has a target of 16.64 per
cent (23.40 per cent in RGGI states) and the carbon intensity of coal plant is
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0.95 tCO2 per MWh; therefore the RPS schemes cause, on average, a
decrease in emissions of 0.16 tCO2 per additional MWh of generation (0.22 in
RGGI states).
It is assumed that electricity generators pass additional costs onto their
customers, so that the estimate of the average increase in electricity bills is
also an estimate of average generation cost increase.
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20%

30%

27%

20%

25%

40%

105 MW

25%

California*

Colorado*

Connecticut

DC

Delaware

Hawaii*

Iowa*

Illinois

20%

15%

Kansas

Massachusetts*

Indiana*

15%

Arizona*

2020

2020

2025

1990

2030

2025

2020

2020

2020

2010

2025
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For class I, II and III renewable
respectively. Class I includes wind, solar,

None enacted yet but study done

Voluntary 1000 MW of wind by 2010

Study was 20% by 2020

New Hampshire

10% for Co-ops and municipal utilities;
study was 10% by 2015

Oregon*

Oklahoma

Ohio

New York*

Nevada

New Mexico

New Jersey*

Nebraska*

North Dakota

State

33% for 2020 under discussion

Notes

Target

State

Year

State Renewable Portfolio Standard policies

Table 52

5%

10%

25%

15%

12.5%

29%

25%

20%

22.5%

23.8%

10%

Target

2025

2025

2025

2015

2024

2015

2025

2020

2021

2025

2015

Year

Small

Medium

Large

Subset of 25% ‘alternative energy’ goal

10% for Co-ops

Study done but RPS not enacted

Objective

Notes

2021

15%

15%

12.5%

Missouri

Montana

2018

2021

Co-ops, municipal utilities

Investor-owned utilities

One utility has a 30% target

Study was for 7.5% by 2019

hydro. Study was for 4% by 2009.

20%
20%

Utah

25%

10%

15%

15%

2025

2035

2025

2015

2020

2025

2017

2015

5880
MW
20%

2015

2019

2020

10%

16%

18%

US Territories

West Virginia

Wisconsin*

Washington*

Virginia*

Vermont*

Texas*

South Dakota

Rhode Island*

Pennsylvania*

To the extent it is cost-effective

Voluntary goal; Study was for 20% by 2015;
wind and solar get double credit

30% in Austin; 20% in San Antonio

Non-binding objective

Study was for 8% by 2020
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Carolina, Tennessee, Wyoming; Source: Berkeley National Laboratory (BNL), Pew Center and DSIRE database

Notes: *study in Chen et al (2007); no RPS in Alabama, Alaska, Arkansas, Georgia, Idaho, Indiana, Louisiana, Kentucky, Mississippi, Nebraska, South

10%

2015

25%

Minnesota*

North Carolina

2015

10% +
1100MW

Michigan

2025

2017

10%

Maine

2022

20%

2020

5%

Maryland*

2009

7.1%

Figure 2
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Source: Chen et al (2007)

electricity rates to increase by 0.7 per cent

Analysis of existing and proposed RPS schemes in 2007 found that, on average, they would cause retail

Implicit carbon prices
Table 53

Renewable portfolio standard calculations for the US

Variable

Unit

Year

$/MWh

2007

Cost increase induced by
average RPS

target of BNL study states

7.69%

DSIRE and Vivid Economics

7.85%

calculations

75.24%

EIA and Vivid Economics

100%

calculations

2010

RGGI states only

US generation in a state
with an RPS

2008

RGGI states only
Average cost increase for

0.32
Calculation

$/MWh
0.93

(RGGI states)
Average RPS target as %
of current generation

16.65%

Vivid Economics calculations

23.41%

from EIA and DSIRE data

0.95

DoE (2000)

2008

RGGI states only
tCO2/MWh

Emissions saved per unit
of additional generation

Chen et al (2007)
0.86

Increase in absolute

Coal plant intensity

Source

0.40

RGGI states only

additional generation

Value

0.16
tCO2/MWh

Calculation
0.22

RGGI states only

2.05

Implicit carbon price

Calculation

USD/tCO2
4.19

RGGI states

Source: Vivid Economics
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8.8

Weighted carbon price calculation

The implicit carbon price in the electricity generation sector in the US is
calculated at $5.05 per tonne of CO2. If attention is restricted to the north-east
states, this price becomes $9.52 due to that region’s emissions trading scheme
and relatively costlier renewable portfolio standards.
The policy-specific prices calculated are weighted by the proportion of
generation they refer to in order to calculate the overall implicit carbon price for
the US, as well as for the RGGI separately (no account is taken of possible
effects from inter-state leakage of emissions resulting from the higher cost of
policies in the RGGI states). These calculations are presented in Table 54
below.
Table 54

Calculation of the overall implicit carbon price in the
electricity generation sector in the US

Instrument carbon

Percentage

price (USD/tonne)

electricity covered

Contribution to
weighted-average
price (USD/tonne)

Policy
US
average

Federal

RGGI
states
only

RGGI

US
average

only

1

0.40 to 144.87

100%

RGGI

2.49

2.49

6.21%2

RPS

2.05

4.19

100%

subsidies

states

US
average

states
only

2.85

100%2

1

Total

0.15

2.49

2.05

4.19

5.05

9.52

1: Adjustment for coverage undertaken in calculating instrument price
2. Percentage of emissions covered
Source: Vivid Economics
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Acronyms
ACT

Australian Capital Territory

AEMO

Australian Energy Market Operator

AUD

Australian dollar

BAU

Business-as-usual

CCL

Climate Change Levy

CCS

Carbon capture and storage

CDM

Clean development mechanism

CER

Certified emissions reduction

DCCEE

Department

for

climate

change

and

energy

efficiency (Australia)
ESS

Energy savings scheme

ETS

Emissions trading scheme

EU

European Union

FIT

Feed-in tariff

G20

Group of 20 countries

GBP

Pound sterling

GDP

Gross domestic product

GEC

Gas electricity certificate

GW

Gigawatt (109 Watts)

IGCC

Integrated gasification combined cycle

JPY

Japanese yen

KRW

South Korean won

kW

Kilowatt (103 Watts)

kWh/MWh/GWh

Kilowatt/megawatt/gigawatt hour: specified number of
Watts delivered for one hour

LEC

Levy exemption certificate

LSS

Large substitute for small
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LULUCF

Land use, land use change and forestry

MAC

Marginal abatement cost

MW

Megawatt

NGAC

NSW Greenhouse Gas Abatement Certificate

NRE

New and Renewable Energy

NSW

New South Wales

PPP

Purchasing power parity

PV

Photovoltaic

REC

Renewable Energy Certificate

REL

Renewable Energy Law (China)

RET

Renewable Energy Target

RGGI

Regional Greenhouse Gas Initiative

ROC

Renewables Obligation Certificate

RPS

Renewable portfolio standard

SA

South Australia

SHCP

Solar Homes and Communities Plan

SMP

System marginal price

TWh

Terawatt hours (1012 Watt hours)

UK

United Kingdom of Great Britain and Northern Ireland

UNFCCC

United Nations Framework Convention on Climate
Change

US

United States of America

USC

Ultra-supercritical

USD

US dollar

VEET

Victorian Energy Efficiency Target
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Appendix 1
The emissions intensity of the coal and oil grid is used to assess the impact of
low carbon policies for two main reasons: the aim of low-carbon policies in the
electricity generation sector is ultimately to displace coal and oil generation,
and low-carbon policies themselves change the average emissions intensity as
they are enacted. However, in the short term, it may be more appropriate to
assess the implicit carbon price against the emissions intensity of the average
grid rather than of coal and oil generation. The impact of using this different
counterfactual on the estimates is presented in Table A1.
Calculating the implicit carbon price against the average emissions intensity of
the grid raises the estimate of the price in all countries. This is because the
average emissions intensity is always lower than the coal/oil intensity, and so
policies are estimated to reduce fewer emissions in the former case which
results in a higher price per tonne of emissions saved. Using a different
counterfactual does not, however, change the ranking of countries in terms of
their implicit carbon price (even though it could do so in theory).
Changing the counterfactual causes the implicit price to increase by a different
amount depending upon the policy mix in place and the average emissions
intensity in the particular country. Compared to the coal/oil counterfactual, there
is generally a larger increase in the implicit carbon price using the average grid
counterfactual in countries with a lower average emissions intensity: this is
because the costs imposed by the policy now save fewer emissions and so
imply a larger per tonne cost. In addition, the difference is stronger in countries,
such as South Korea, which have a larger share of policies encouraging
renewable generation. This is because the counterfactual does not affect the
internal price of all policies equally: for example, the internal price remains
unchanged for emissions trading schemes (where a counterfactual is not
needed to convert into tonnes of emissions) and the Japanese coal tax (where
the tax is in any case directly imposed on all emissions from coal).
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Table A1

The implicit carbon price in each country is higher if
assessed against the average grid intensity rather than the
emissions intensity of coal and oil generation

Country

Coal/oil emissions

Average emissions

counterfactual

counterfactual

Emissions
intensity
(tCO2/MWh)

Implicit
price

Emissions
intensity
(tCO2/MWh)

Implicit
price

Australia

1.05

2.34

0.89

2.82

China

0.95

8.08

0.84

9.25

Japan

0.82

4.22

0.42

5.13

South Korea

0.86

0.50

0.47

0.91

UK

0.89

28.46

0.51

36.27

US

0.95

5.05

0.61

5.79

0.95

9.52

0.61

11.46



RGGI
only

states

Source: Vivid Economics
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