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China’s electricity generation sector
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Introduction 
The Commission estimated the subsidy equivalents and abatement attributable to six policies applying in China’s electricity generation sector. Five of these policies provide incentives in the form of feed-in tariffs or capital subsidies for the use of renewable energy sources (wind, solar photovoltaic and biomass). The sixth policy, the ‘Large Substitute for Small’ (LSS) program targets improvements in the efficiency of the coal‑fired electricity generation fleet.

The Commission had to exclude some policies (detailed in section E.10) from its analysis. Some policies were excluded because preliminary analysis suggested that they were not likely to be material, relative to the other policies analysed, or because their main effect was not related to electricity generation. Some other policies were excluded because of a lack of data. These policies may have had material effects, but the Commission considers that the policies that have been analysed capture a large proportion of the types of measures being pursued in China’s electricity generation sector, the subsidies they provide to low‑emissions generation and the abatement that is being achieved.
References in this appendix to Vivid Economics refer to unpublished data supplied to the Productivity Commission by that contractor. 

Year of analysis

The Commission’s preference was to estimate the subsidy equivalents and abatement attributable to policies in 2010. However, in some cases, the data were not available and data from previous years had to be used. The results presented were derived using the following approaches (in order of preference).
· Where data on the subsidy and eligible generation were available for 2010, they were used as the basis for the analysis.

· In some cases, the Commission was able to access data on the subsidy offered in 2010, but could only access data on how much of a particular type of generation (for example wind, solar or biomass) was supported by subsidies in 2009. In these cases, the Commission has used 2009 generation by the subsidised generator as a proxy for 2010 generation. This assumption was relaxed in the sensitivity analysis.

· Where the Commission was only able to access data for 2009, the results were estimated for 2009 and converted to 2010 dollars.

Currency conversion factors

The Commission has reported all estimates in 2010 Australian dollars. Exchange rates and GDP deflators are reported in table 
E.1.

Table E.
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Exchange rates and deflators
China 2009, 2010
	Value
	Year
	Value

	Market annual average exchange rate
	2010
	A$0.161/CNY

	GDP deflator index — China (2000 = 100)
	2009
	266

	
	2010
	282


Source: RBA (2011); IMF (2011).
Counterfactual electricity prices

In order to estimate the subsidy equivalent for some policies it was necessary to make an assumption about the price that the generator of subsidised electricity would receive in the absence of the policy. For China, this is a conceptually difficult exercise. Electricity prices for all generators in China are set by the Chinese Government. Because the prices that Chinese generators receive are not set in a market, it is not realistic to assume that there is a counterfactual price that generators would be receiving in the absence of government policies.

In order to apply the Commission’s approach, it was necessary to choose a proxy for the counterfactual electricity price that subsidised renewable generators would have received in the absence of particular policies. The Commission elected to use an unweighted national average of the regional ‘benchmark on‑grid electricity tariffs’ received by thermal electricity generators in November 2009. The average value of the tariff was CNY 0.381/kWh (Ma 2011).

The benchmark on‑grid tariffs are paid to approximately 80 per cent of total Chinese electricity that is produced using thermal generation (of which coal accounts for the vast majority). As such, the differences between the benchmark tariffs and the prices received by subsidised generators give an indication of the premium being paid for renewable electricity over conventional electricity.

It is possible that these tariffs represent an overestimate of the average wholesale price received by electricity generators. China has significant hydroelectric capacity (approximately 210 GW in 2010), and on‑grid tariffs for hydropower tend to be lower than those for coal‑fired electricity. For example, Ma (2011) stated that ‘average on‑grid tariffs of hydroelectric plants were CNY 0.27/kWh in 2008’ (Ma 2011, p. 2641). In the same year, average tariffs for coal‑fired plants were around CNY 0.37/kWh. Using the benchmark on‑grid tariff for coal could therefore understate the value of some production subsidy equivalents.

Counterfactual emissions 

To estimate the abatement attributable to policies that encourage the use of renewable energy, the Commission has used a counterfactual emissions intensity that is based on the ‘operating margin’ reported by the Chinese Government for the purposes of Clean Development Mechanism projects (Michaelowa 2011). Under the Clean Development Mechanism, countries that claim Certified Emissions Reduction certificates must provide data on grid emissions factors. These were used to estimate the reduction in emissions arising from renewable electricity generation. Under the Clean Development Mechanism, the operating margin reflects the reduction in emissions from the marginal generator. The Chinese Government has published operating margins for six Chinese electricity grids. The national average operating margin is 1.003 t CO2/MWh of electricity displaced by renewables. 

Michaelowa (2011) assessed the assumptions used to derive the operating margin, and found that the approach was not entirely consistent with the rules of the Clean Development Mechanism. The aggregate effect was likely to be to overstate the operating margin. For example, the operating margin calculations did not take into account the increased use of supercritical coal plants (which have a lower emissions intensity) (Michaelowa 2011). To account for this, the Commission conducted sensitivity analysis using a lower emissions counterfactual.

The rate chosen for the sensitivity analysis is the Chinese coal‑fired plant ‘build margin’ specified by Michaelowa (2011). This is an estimate of the emissions intensity of the most recently‑built 20 per cent of coal‑fired plants built in China. This value appears to take into account the increasing efficiency of the Chinese coal‑fired generation fleet, and is approximately 20 per cent lower than the ‘operating margin’ (0.8042 t CO2/MWh).

The Commission has used a different approach to estimate the relevant emissions intensities for the LSS program. This approach is discussed in section E.3.
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Overview of electricity generation in China

Structure of the Chinese electricity sector
There is a high degree of government ownership in the Chinese electricity generation sector. Plants are often classified as either: 

· state-owned plants — directly under government control
· ‘independent plants’ — owned by provincial governments and private investors (Ma 2011).
State‑owned plants and ‘independent plants’ each account for around half of China’s electricity generation (EIA (US) 2011f). According to the International Energy Agency (IEA 2007), the various forms of ownership are not always clear. The Energy Research Institute (ERI) (China) (pers. comm., 25 April 2011) stated that in reality most Chinese power plants are state‑owned.

Generation was separated from other parts of the electricity sector in 2002 (IEA 2007). The electricity network is divided into seven grids with limited interconnectivity, and is operated by two government monopolies. The State Grid Corporation of China operates the electricity network in northern and central China, while the China Southern Power Grid operates the electricity network in southern China. 

Electricity prices

In general, central and provincial governments determine how much electricity generators are allowed to sell and what prices they receive. Electricity prices vary among provinces and are determined by the National Development and Reform Commission based, in part, on estimates of generation costs and recommendations from local pricing bureaus (IEA 2010n). Adjustments to electricity prices received by coal-fired generators are allowed when the price of coal moves by more than 5 per cent within a period of six months. However, since 2004 electricity prices have been adjusted only three times despite the 5 per cent threshold being exceeded 10 times (Howes and Dobes 2010; Ma 2011).

Dispatch

In principle, Chinese electricity dispatch is organised by providing a similar amount of hours per year to each plant regardless of its efficiency or fuel consumption costs. This means that demand growth risk and the system reserve needs are proportionally shared by all plants. In the event that grid load is reduced due to lower demand, all plants are required to evenly reduce their output (Vivid Economics 2011). However, the IEA (2007, p. 279) noted that ‘local control over dispatch often means that in practice preference goes to locally‑owned plants, which may be smaller and less efficient, while newer plants that are more efficient and have better pollution control may be left idle’. New dispatch rules were trialled in 2007, with the intention of bringing lower emissions intensity plants on line before higher carbon intensity plants, but it is not clear how far these rules have been extended. 
Electricity markets

Between 2000 and 2006, the Chinese government experimented with limited electricity markets in some areas. In 2003, the government introduced a partially competitive wholesale power market in parts of eastern and southern China on a trial basis. Electricity prices were determined through a competitive bidding process. Participating power plants were limited to selling a maximum of 10 to 20 per cent of their electricity through the market. All trials were terminated by 2006, and the Commission is not aware of any subsequent use of wholesale electricity markets in China. 
Key statistics

Electricity prices
The average provincial wholesale electricity price for thermal power in China increased from around CNY 0.33/kWh in 2005 to around CNY 0.38/kWh in 2009 (table 
E.2). Prices varied substantially by province in 2009, with Ningxia in western China having the lowest wholesale electricity price (CNY 0.27/kWh) and Guangdong in southern China having the highest wholesale electricity price (CNY 0.50/kWh). The wholesale prices of hydroelectricity are typically lower than thermal power wholesale prices. In 2008, the average hydroelectricity price was estimated to be 27 per cent lower than the average thermal electricity price (Ma 2011).

Table E.
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Average provincial wholesale electricity prices for thermal power
China, 2005–2009 
	May 2005
	June 2006
	June 2008
	August 2008
	November 2009

	CNY/kWh
	CNY/kWh
	CNY/kWh
	CNY/kWh
	CNY/kWh

	0.33
	0.35
	0.36
	0.38
	0.38


Source: Ma (2011).
Electricity generation

The Chinese electricity sector has expanded rapidly in recent decades. According to national statistics, more than five times as much electricity was generated in 2007 as 1990 (NBS (China) 2009). The Chinese electricity sector has been dominated by coal-fired generation, which accounted for around 80 per cent of national electricity in 2009. Hydro is the most common renewable source, contributing around 16 per cent of electricity generation in 2009 (EIA (US) 2011k). There are also small amounts of nuclear and wind. The share of renewables in total electricity generation was fairly stable between 2005 and 2009 at around 17 per cent (figure 
E.1). 

Figure E.
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Electricity generated by fuel type 

China, 2005–2009
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Source: EIA (US) (2011k).
Emissions

Emissions from the Chinese electricity generation sector increased from around 550 Mt CO2 in 1990 to around 2100 Mt CO2 in 2005. Malla (2009) attributes most of this increase to higher electricity production, while a small shift in the electricity generation mix towards coal also contributed (coal being a relatively emissions-intensive source of electricity generation — table 
E.3). There was some increase in the average fuel efficiency of power plants over that period, which reduced the emissions intensity of electricity generation and slowed the growth in emissions. 
Table E.
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Emissions intensity of power generation

China, 2008
	Electricity source
	Emissions intensity (t CO2/MWh)

	Conventional coal
	1.186

	Gas
	0.434

	Supercritical coal
	0.913

	Ultra-supercritical coal
	0.715

	Integrated gasification combined cycle coal
	0.718

	Pressurised and fluidised bed combustion coal
	0.790

	Oil
	0.780


Source: Wang and Nakata (2009).
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Large Substitute for Small program 
In 2006, the Chinese Government implemented the LSS program. This program aims to decommission small inefficient thermal power plants and replace them with larger, more advanced electricity generators.  

During the 11th Five Year Plan (2006–2010) 50 GW of capacity was targeted for closure (NDRC 2009). According to the IEA (2010c) the following categories of thermal power units targeted for closure were:

· conventional thermal power generation units below 50 MW

· conventional thermal power generation units below 100 MW that have been operating for over 20 years

· conventional thermal power generation units below 200 MW that have reached the end of their design lives

· conventional thermal power generation units with coal consumption 10 per cent higher than the provincial average or 15 per cent higher than the national average

· all generation units that fail to meet environmental standards, laws or regulations. 

A number of sources suggest that the LSS target was met earlier than expected and that by 2010 the total capacity of plants shut down was considerably higher than the 50 GW target (NDRC 2009; IEA 2010c; Zhang 2010). Data provided by the ERI (China) (pers. comm., 25 April 2011) indicate that by July 2010, a total capacity of 71.4 GW had been shut down under the LSS program (table 
E.4). 

Table E.
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Capacity of small coal-fired plants shut down under the LSS

China, January 2006 – June 2010

	Year
	Annual capacity 
	Cumulative capacity

	
	GW
	GW

	2006
	3.1
	3.1

	2007
	14.4
	17.5

	2008 
	16.7
	34.2

	2009 
	26.2
	60.4

	2010 (half year) 
	11.0
	71.4


Source: ERI (China) (pers. comm., 25 April 2011). 
The Chinese Government appears to have implemented a number of policies and mechanisms to support the closure targets for the LSS program. These include: 
· the Government requiring any electricity company that wants to expand its coal‑based generation capacity to shut down some of its small capacity before approval for new plants is given (ADB 2008; IEA 2010c)

· the Energy Conservation Power Generation scheduling rule, which distributes the grid load on the basis of the energy efficiency, emissions levels and water usage of all grid connected operators. This contrasts with the historically used ‘even load scheduling rule’ that distributed the grid load evenly to all grid‑connected generators. It is unclear to what extent the Energy Conservation Power Generation scheduling rule has been applied (ADB 2008; IEA 2010c; Ma 2011)
· differential electricity tariffs. Song, Cosbey and Savage (2009) and Ma (2011) indicated that the government has lowered the generation tariff received by small thermal power plants to make them less profitable and encourage the transfer of production quotas to more efficient generators
· coal technology mandates. As a further incentive to build more efficient plants, the Chinese Government appears to have implemented a policy that promotes the use of start of the art commercially available coal‑based technologies, including supercritical and ultra-supercritical generation (ADB 2008; IEA 2010c; WRI 2009). The Commission was unable to verify what incentives or regulatory mandates have been used to support this measure, or whether mandates apply to all sizes of new coal-based generation plants. The Commission has therefore assumed that new plants built to replace those shut down under the LSS have used a range of advanced technologies. This is discussed further in the sections below.
The Commission’s approach to estimating the subsidy equivalent of the LSS program 

The LSS effectively forces plant operators to retire inefficient plants early and replace them with larger, more efficient ones. Therefore, the Commission has estimated the subsidy equivalent of the LSS as the cost of bringing forward this investment.

The approach follows from the assumption that these new larger plants would (in the absence of the policy) have been built once existing plants came to the end of their economic life. The subsidy equivalent estimates do not include any capital costs associated with the plants shut down under the LSS, as this cost is assumed to be sunk. Instead, the cost of the policy is considered to be the additional cost of bringing forward an investment that would have happened in time. This implicitly assumes that plants shut down under the LSS would not have been replaced during the LSS time period in the absence of the policy. 
The plant owner is assumed to repay the cost of the new plant over the lifetime of the asset. Therefore, when considered in the year of the Commission’s analysis, the relevant cost is the annual cost of these repayments. However, because larger, more advanced plants operate more efficiently than smaller plants, there are operating cost savings (relative to the old plants) in terms of lower fuel, maintenance and other operating costs. These savings are subtracted from the annualised capital costs of the new plants to give the Commission’s estimates of the net cost of the LSS program (Box 
E.1). This is the net production subsidy equivalent. 

This cost is considered over the time period which the investment was assumed to have been brought forward. For example, assume that the LSS program were to lead to a new larger plant being built to replace a number of smaller plants and that these plants were half way through their 30 year economic life. The annual cost of the LSS program would be considered for the first 15 years of the new plant’s economic life, after which time the new plant would have been built, so no further costs would be taken into account when estimating the subsidy equivalent. This effectively attributes half the cost of the new plant to the LSS program. 

Do not delete this return as it gives space between the box and what precedes it.
	Box E.
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Estimating the subsidy equivalent of the LSS program

	The annual capital cost of the LSS program has been estimated as:

Ri = [Pi*r]/[1-(1+r) -n]

where:

Ri = the annual cost of the LSS program (analogous to an annual repayment on a loan)

Pi = the principal (total capital cost associated with building a new plant) 
r = the discount rate (cost of capital)

n = the economic life of the asset (in years)

Ri can then be converted to a value per unit of output by dividing Ri by the annual output of the plant. The annual output of the new plant (qi) is calculated as:

qi = Ci * 24 hours * 365 days * cfi
Where Ci is equal the total capacity of plant closures under the LSS and cf is equal to the capacity factor of the new facility. 

The savings in operating costs (per MWh) are then subtracted from the annualised capital costs. The savings in operating costs are (vo-vi), where vi is equal to the total operating (variable) cost of the new plant and vo is the operating costs of the old plants. 

The capital cost per MWh (net production subsidy equivalent φi) for i is therefore:

φi = (Ri/qi) - (vo-vi)

And the subsidy equivalent of the LSS program is:

SEi = φi qi

	

	


Similar to capital subsidies, the Commission has estimated the subsidy equivalent for all plants introduced under the scheme, over the timeframe that the policy has been in place (using the total cumulative capacity of plants shut down). This is because it is assumed that costs are still being incurred from investments brought forward previously — if, in the year of the Commission’s analysis, it was assumed that the new plant would still not have been built in the absence of the policy (and instead the old plant would have continued operating). 

The following sections outline the assumptions and data the Commission has used to estimate the subsidy equivalent of the LSS and provides the Commission’s estimates based on a range of variations to these assumptions. 

Capital costs of new plants 
Since the implementation of the LSS program in 2006 until July 2010, around 71 GW of small and inefficient plants have been shut down (table 
E.4). The cost of replacing these plants is dependent on the type of technology used. A large number of new plants have been built over the period of the Commission’s analysis, using various coal‑based generation technologies, including conventional coal (subcritical), supercritical and ultra‑supercritical. As discussed earlier, some of the growth in supercritical and ultra‑supercritical plants appears to have been induced by the Chinese Government’s encouragement of the use of such technologies. As a result, the Commission was unable to determine with certainty which types of plants have been built in response to the LSS, compared to those that have been built to meet increased demand for electricity (‘new growth’) and in response to other advanced coal technology policies.   

The Commission therefore assumed that the mix of new plants built to replace those shut down under the LSS mirrors the mix of new coal‑based plants built across China over the period 2006 to 2010. This mix is based on IEA (2011a) data on the proportion of each technology type used for new plants built in China since 2006 (table 
E.5). 
Table E.
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Capacity and technology type of new coal-based plantsa
China, January 2006 – June 2010

	Technology type
	Capacity of new plant
	Percent of total
	Estimated capacity replacing old plants shut down under the LSSb

	
	GW
	%
	GW

	Subcritical
	196 
	34.4
	24.6

	Supercritical 
	257 
	45.2
	32.2

	Ultra-supercritical (<1000 MW)
	39
	6.9
	4.9

	Ultra-supercritical (1000 MW or above)
	77
	13.5
	9.7

	Total 
	569
	100
	71.4


a The Commission used data from the IEA Coal Power database (IEA 2011a) to estimate the proportion of new plants built using each technology. Where the technology type was not specified, the plant has been allocated to a technology type based on plant size. All plants under 600 MW were assumed to be subcritical. Plants between 600 MW and 1000 MW were assumed to be supercritical and plants of 1000 MW or above were assumed to be ultra‑supercritical. b This column applies the proportion of each technology type to the total capacity of plants shut down under the LSS (71.4 GW). 
Sources: IEA (2011a); Productivity Commission estimates. 
To estimate the total capital cost of these new plants (Pi) the Commission has used an average capital cost for each technology type. There is a range of estimates available on the capital costs of coal‑based plants in China (table 
E.6).
Table E.
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Capital costs for new coal‑based plants a, b
China, 2010

	Technology type
	IEA (2007)
	IEA (2009)
	IEA (2010c) 
	ERI (2011)c
	Average

	
	CNY/kW
	CNY/kW
	CNY/kW
	CNY/kW
	CNY/kW

	Subcritical  
	4 313–5 176
	3 493–4 657
	3 824
	3 350–3 500  
	4 063

	Supercritical 
	5 176–7 764
	3 704–4 657 
	3 978
	3 500–3 700
	4 538

	Ultra-supercritical 
	5 176–7 764
	4 022–5 504
	3 964
	3 700–4 000
	4 851


a Capital costs include all plant sizes for each technology type. All capital costs have been converted to 2010 costs using GDP deflators from the International Monetary Fund (IMF 2011). Where unclear or not specified, the Commission has assumed that the capital cost provided in the original source was in nominal values of the year of the publication. For IEA (2007) data, capital costs have been converted from US$ to CNY using an average market exchange rate of CNY 7.61 per US$ b For IEA (2009) data, capital costs vary depending on whether the plant is fitted with either or both of, fluid gas desulphurisation or selective catalytic reduction. c Capital costs are for 2010 and do not include fluid gas desulphurisation or selective catalytic reduction. 
Sources: IEA (2007, 2009, 2010c); ERI (China) (pers. comm., 25 April 2011). 
Based on these data, the Commission has assumed an average capital cost of CNY 4063/kW for subcritical plant, CNY 4538/kW for supercritical plant and CNY 4851/kW for all sized ultra-supercritical plant. These costs have been applied to the Commission’s estimates of the capacity of new plants built to replace plants shut down under the LSS program (table E.5). This results in an estimate of the total capital cost for plants built under the LSS of CNY 317 billion (A$51 billion). 

Implicit in this estimate is the assumption that the capital costs for building new coal-based plants have been relatively constant over the period of analysis 
(2006–2010). However, the Commission has used an average capital cost for each technology type based on capital cost data for 2007, 2009 and 2010. This range of estimates is likely to account for some of the changes in capital costs over the period. 

Annualised capital costs 
Using the above estimate of the total capital cost of replacing plants shut down under the LSS, the Commission estimated the annual cost of the LSS in 2010 by annualising the total capital cost over an assumed economic life of new coal‑based plants. The replacement cost is annualised using the formula for Ri described in box E.1. 

Assuming an economic life of 35 years and a real discount rate of 7 per cent, the annualised capital cost in 2010 was estimated to be CNY 24 billion (A$3.9 billion).
To express these figures on a per unit of generation basis, the Commission has estimated annual generation from the new plants. The Commission assumed that the capacity factor was 57.4 per cent, based on advice from the ERI (China) (pers. comm., 25 April 2011).
 Applying this to new capacity of 71 GW gives an estimate of annual generation of 359 TWh (equal to 71 GW x 24 hours x 365 days x 57.4 per cent capacity factor). Dividing the annual repayment cost by this figure gives an annualised cost of CNY 68/MWh (A$11/MWh). 
Operating cost savings and the production subsidy equivalent
In order to estimate the production subsidy equivalent (φi), it is necessary to account for savings in operating costs from larger more efficient plants. 

The Commission has estimated the savings in operating costs using data on the heat rate of different sized plants. This provides an estimate of the savings in fuel costs. While there are likely to be operating savings in the form of reduced maintenance, labour and other operating costs, the Commission was unable to obtain data on these. Therefore these were not considered in the analysis. This exclusion is not considered to be a significant issue, as fuel costs represent the majority of variable costs for coal-based plants, in the order of 50–75 per cent. Nonetheless, it will mean that the estimates will understate the savings in operating costs. While there may also be other costs associated with the scheme, such as compensation paid to operators of plants or to employees, the Commission has not considered these costs in the analysis. This is because such costs are simply a transfer rather than a resource cost. 
Table 
E.7 outlines the heat rates (grams of coal used per kWh) of various sized coal plants sourced from the Asian Development Bank (ADB 2008). The Commission was unable to obtain data on the average size of plants shut down under the LSS. However, based on the categories targeted for closure under the program, the Commission has assumed that on average, plants of size 50 MW were shut down. These plants have a heat rate of 440 g/kWh (table 
E.7).
The IEA (2010l) estimated that the average cost of coal in China is CNY 600/t. This implies that the average fuel costs of the 50 MW plants shut down under the LSS are CNY 0.264/kWh.

Further, the Commission estimated the weighted average heat rate of new plants using the average profile of new built plants in China over the LSS period (from table 
E.5) to be 311 g/kWh. This implies that the average fuel cost of new plants is CNY 0.19/kWh.

Table E.
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Efficiency and emissions intensity of coal‑based plants

China, 2008

	Plant type
	Plant size (MW)
	Heat ratea

	
	MW
	g/kWh

	Ultra‑supercritical
	1 000
	286

	Ultra‑supercritical
	 600
	292

	Supercritical
	600
	299

	Subcritical
	 300
	340

	Subcritical
	 100
	410

	Subcritical
	 50
	440

	Subcritical
	 25
	500

	Subcritical
	 12
	550

	Subcritical
	 6
	600+


a The heat rate is the amount of coal (in grams) required to generate a kWh of electricity. 
Source: ADB (2008). 
Therefore, for each MWh of electricity that would have been generated from the old plants, the fuel cost savings were estimated to be CNY 78/MWh (A$13/MWh). Subtracting this from the estimate of the per unit capital cost figure (CNY 68/MWh, A$11) gives a production subsidy equivalent of CNY -10/MWh (A$‑2). This suggests that the savings in operating costs from the new plants outweigh the annualised replacement cost of these plants. In other words, the policy could be justified on productive efficiency grounds alone. 

Estimating the subsidy equivalent
The subsidy equivalent of the LSS program was estimated by multiplying the production subsidy equivalent (estimated above) by the annual level of generation. 

Table 
E.8 outlines the assumptions and calculations used to estimate the subsidy equivalent for the LSS. This analysis suggests that the subsidy equivalent is in the order of CNY ‑3.5 billion (A$‑567 million). The negative subsidy equivalent represents a net monetary benefit from the scheme. 
Table E.
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Summary of assumptions and calculations used to estimate the subsidy equivalent of the LSS

China, 2010

	Variable 
	Units
	‘Central’

	Annualised capital costa
	CNY b
	24.5

	Generation per year 
	TWh
	359 

	Annual repayment per unit of generation  
	CNY/MWh
	68.2

	Operating cost savings 
	CNY/MWh
	78

	Production subsidy equivalent 
	CNY/MWh
	-9.8

	Subsidy equivalent   
	CNY b
	-3.5

	Subsidy equivalent  
	A$m
	-567


a Based on a total replacement cost of CNY 317 billion and a 7 per cent discount rate.  

Source: Productivity Commission estimates. 
Estimating abatement 
The abatement attributable to the LSS program was determined by the difference in the emissions intensity of the old plants shut down under the LSS and the emissions intensity of the new plants, multiplied by the annual generation of the new plants. The annual generation of the new plants is equivalent to the estimated generation of the old plants (because only the costs attributable to replacing the old plants are counted for the purposes of the analysis).  

Abatement (in tonnes of CO2) attributable to the LSS is therefore: 

Ai = qi(ac-ai)

where ac is the emissions intensity of the plants subject to closure, ai is the emissions intensity of new plans, and qi is the total annual generation (in MWh) of new plant (that is replacing old plant). 

Estimating the average emissions intensity of generators

In order to estimate the emissions intensity of the replaced electricity generation, the Commission has used the data on the thermal efficiency of various sized coal plants in China combined with the following approach.
· Michaelowa (2011) suggests that a coal plant with a thermal efficiency of 39 per cent has an emissions intensity of 0.804 t CO2/MWh. (The thermal efficiency relates to the amount of coal required to generate a unit of electricity).

· Based on this relationship between thermal efficiency and emissions intensity the Commission has used a ‘scaling factor’ of 0.314 t CO2/MWh (0.804 x 39%).

· The Commission divided this ‘scaling factor’ by the thermal efficiencies of each plant size to estimate the emissions intensities for each plant size (table 
E.9).  

Based on this approach, a 50 MW coal plant is estimated to have an emissions intensity of 1.12 t CO2/MWh. This estimate is consistent with other estimates of the emissions intensity of small thermal power plants in developing countries. For example, Ghosh (2010) stated that region‑wide emissions intensities for state‑owned thermal power units in India were in the range 0.79 – 1.39 t CO2/MWh in 2008, with an average emissions intensity for these units of 1.08 t CO2/MWh. It is unclear what sized plant this estimate is based on. However, according to Ghosh (2010, p. 6890), ‘the relatively poor performance of the State units is principally because of their age (vintage) and smaller ratings’. 
For the emissions intensity of the new plants, the Commission has used the average type and size of coal plants built in China in 2006–2010 (table 
E.5) and the Commission’s estimates of emissions intensities (table 
E.9), to obtain a weighted average emissions intensity of new plants of 0.795 t CO2/MWh. 

Therefore, for each MWh of generation shut down, the abatement is estimated at 0.33 t CO2 (assuming old 50 MW plants were shut down). This gives an estimate of abatement of 119 Mt CO2. 
Table E.
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Efficiency and emissions intensity of coal‑based plants

China, 2008

	Plant type
	Plant size
	Thermal efficiency 
	Estimated emissions intensitya

	
	MW
	%
	t CO2/MWh

	Ultra‑supercritical
	1 000
	43.03
	0.73

	Ultra‑supercritical
	 600
	42.09
	0.75

	Supercritical
	600
	41.10
	0.76

	Subcritical
	 300
	36.15
	0.87

	Subcritical
	 100
	29.98
	1.05

	Subcritical
	 50
	27.93
	1.12

	Subcritical
	 25
	24.58
	1.28

	Subcritical
	 12
	22.35
	1.41

	Subcritical
	 6
	20.48
	1.53


a The emissions intensities are estimated based on the thermal efficiency of the plant, and the thermal efficiency (39 per cent) and emissions intensity (0.804 t CO2/MWh) of the average new build plant according to Michaelowa (2010), which implies a ‘scaling factor’ of 0.314 t CO2/MWh. 

Sources: ADB (2008); Productivity Commission estimates.

The implicit abatement subsidy 

The implicit abatement subsidy of the LSS is estimated by dividing the subsidy equivalent by abatement. Using the Commission’s central estimate of the subsidy equivalent of CNY -3.5 billion, and abatement of 119 Mt CO2 from above, gives an estimate of the implicit abatement subsidy of CNY -30/t CO2 (A$‑5) (table 
E.10). 

Table E.
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Implicit abatement subsidy of the LSS

China, 2010

	Variable 
	Units
	‘Central’ estimate

	Subsidy equivalenta
	CNY b
	-3.5

	Subsidy equivalent
	A$m
	-567

	Abatementb
	Mt CO2
	119 

	Implicit abatement subsidy
	CNY/t CO2
	-29.7

	Implicit abatement subsidy
	A$/t CO2
	-4.8


a The subsidy equivalent is based on an operating cost saving of CNY 78/MWh and an interest rate of 7 per cent. b Abatement is based on an emissions intensity of 1.125 t CO2/MWh for the old plants and an emissions intensity of 0.795 t CO2/MWh for new plants.
Source: Productivity Commission estimates.
Sensitivity analysis 
The Commission’s estimate of the capital cost, abatement and implicit abatement subsidy are sensitive to a number of assumptions. In particular, the interest rate used to annualise the capital cost of plants, operating cost savings and the emissions intensity of the old and new plants. This section sets out sensitivity analysis around these assumptions. 

Subsidy equivalent

Varying the discount rate has a significant effect on the estimate of the subsidy equivalent:

· With a 3 per cent discount rate, annual capital costs are estimated to be CNY 14.7 billion (A$2.4 billion), and CNY 41/MWh (A$6.60/MWh) on a per unit of generation basis.

· With an 11 per cent discount rate, annual capital costs are estimated to be CNY 36 billion (A$5.8 billion), and CNY 100/MWh (A$16/MWh) on a per unit of generation basis.  

If no other parameters are varied, this implies that the subsidy equivalent is:

· CNY -13.3 billion (A$-2.1 billion) using a 3 per cent discount rate

· CNY 7.8 billion (A$1.3 billion) using an 11 per cent discount rate. 

This is a significant result as it shows that under certain parameters (specifically, a high cost of capital) the subsidy equivalent is positive. 
Varying the assumptions about the operating cost savings has an effect, albeit less pronounced than the discount rate. If it is assumed that the average size of plants shut down under the LSS is 25 MW (rather than 50 MW as assumed above) then the savings in fuel costs from replacing the small plants with larger, more efficient ones will be larger (CNY 114/MWh) (A$18/MWh). The net effect of this on the subsidy equivalent would be CNY -26.2 billion (A$‑4.2 billion), CNY -16.4 billion (A$2.6 billion) and CNY -5.1 billion (A$‑0.83 billion) respectively for discount rates of 3, 7 and 11 per cent. 
Based on variations in these two assumptions the subsidy equivalent ranges from CNY -26.2 billion (A$-4.2 billion) to CNY 7.8 billion (A$1.3 billion) (table 
E.11). 
Table E.

 SEQ Table \* ARABIC 11
Sensitivity analysis, LSS subsidy equivalenta
China, 2010

	Variable
	Units
	Discount rate

	
	
	3%
	7%
	11%

	Annual capital cost
	CNY b
	14.7
	24.5
	35.8

	Annual generation
	TWh
	359
	359
	359 

	Annual capital cost per unit of generation
	CNY/MWh
	41
	68
	100

	Operating cost saving per unit of generationb
	CNY/MWh
	78
	78
	78

	Subsidy equivalent
	CNY b
	-13.3
	-3.5
	7.8

	
	A$b
	-2.1
	0.57
	1.3

	Alternative operating cost savings scenario (assuming operating cost savings of CNY 114/MWh)c
	
	
	

	Subsidy equivalent
	CNY b
	-26.2
	-16.4
	-5.1

	
	A$b
	-4.2
	-2.6
	-0.83


a Assuming that the total capital cost of the plants built to replace plants shut down under the LSS is CNY 317 billion. b Based on the assumption that the average size of plants shut down under the LSS was 50 MW. c Based on the assumption that the average size of plants shut down under the LSS was 25 MW.

Source: Productivity Commission estimates. 
Abatement 

If it is assumed that the average size of plants shut down under the LSS is 25 MW (rather than 50 MW) then the counterfactual emissions intensity is 1.28 t CO2/MWh (rather than 1.125 t CO2/MWh). Using this emissions intensity, abatement from the LSS was estimated to be 173 Mt CO2. 

Implicit abatement subsidy 

Based on the range of sensitivity analyses conducted above, the Commission has estimated the implicit abatement subsidy of the LSS to be in the range CNY -112 to CNY 66/t CO2 (A$-18 to A$11) (table 
E.12). 
Table E.
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Sensitivity analysis, LSS abatement and implicit abatement subsidy

China, 2010

	Variable 
	Units
	Discount rate

	
	
	3%
	7%
	11%

	Subsidy equivalenta
	CNY billion
	-13.3
	-3.5
	7.8

	Abatement 
	
	
	
	

	      Central emissions intensity (1.125 t CO2/MWh)
	Mt CO2
	119
	119
	119

	      High emissions intensity (1.278 t CO2/MWh) 
	Mt CO2
	173
	173
	173

	Implicit abatement subsidy
	
	
	
	

	      Central emissions intensity 
	CNY/t CO2
	-112
	-29
	66

	      Central emissions intensity 
	A$/t CO2
	-18
	-4.8
	11

	      High emissions intensity 
	CNY/t CO2
	-76
	-203
	45

	      High emissions intensity 
	A$/t CO2
	-12
	-3.3
	7.21


a The subsidy equivalent is based on the ‘central’ estimate of the operating cost saving of CNY 78/MWh. 
Source: Productivity Commission estimates. 

Conclusion
As noted above, the Commission has relied on a number of assumptions in order to estimate the implicit abatement subsidy of the LSS. Some of these assumptions were found to have a material effect on the Commission’s estimates. Of particular importance are the interest rate used to estimate the annual capital cost of the LSS, the emissions intensity of the plants shut down under the LSS, and the savings in operating costs from building new plants. 

Under most scenarios, the Commission’s analysis suggests that the savings in operating costs from the new plants exceed the annualised capital cost of these plants. This leads to negative estimates of the subsidy equivalent and implicit abatement subsidy of the LSS in all but one case. Importantly, setting the discount rate to a relatively high level (11 per cent) is the only parameter that changes the implicit abatement subsidy from  negative to positive. 
Moreover, the Commission’s estimates of operating cost savings are only based on the fuel cost component of operating costs. It is likely that there would be other operating cost savings associated with new plants, such as maintenance and labour cost, that would imply even greater financial benefits from moving to larger, more efficient plants. 

These findings suggest that it would have been cost effective to have pursued the LSS policy even if it did not lead to emissions reductions. Indeed, the LSS program appears to have been implemented for a number of reasons in addition to emissions reductions, including increasing the capacity and efficiency of the electricity supply system, ‘energy security’, and other environmental reasons.

For example, in 2007, the State Council released the Notice of the State Council on the Approval and Distribution of the Several Opinions on Speeding up the Closing Down of Small Thermal Power Generating Units from the National Development and Reform Commission and the State Energy Office. The notice stated that:

In recent years, the power industry has been developing rapidly. However, improper power structure, especially the high proportion of highly energy‑consuming and polluting small thermal power generation units, has become a major bottleneck for energy conservation, emission reduction as well as for the healthy development of the power industry. We must take advantage of the improved power supply‑demand situation at present to speed up the closure of small thermal power generating units and accelerate the restructuring of the power industry. This is vital to promote the healthy development of the power industry and achieve the targets for the reduction of energy consumption and emission of major pollutants for the ‘Eleventh Five‑Year Plan’ period. (State Council 2011, p. 1) 
In addition, China’s Energy Conditions and Policies included the LSS program under the category of ‘improving the energy supply capacity’, noting in regard to efficient electricity generation that:

It is also a basic requirement for the steady development of the national economy and society to establish an economical, highly efficient and stable power supply system. China will optimize the power supply structure based on structural adjustment. On the basis of taking into overall consideration such factors as resources, technology, environmental protection and the market, the Chinese government will develop clean coal-fired electric power by setting up large coal-fired power bases and encouraging the building of power plants at pitheads, with emphasis on large, highly efficient, environment-friendly power generating sets. (Information Office of the State Council of the PRC (China) 2007, p. 22) 

The Commission acknowledges that many of the emissions‑reduction policies analysed in this study are characterised by multiple objectives, with no single objective overriding the others. However, the Commission’s findings that savings in operating costs outweigh annualised capital costs suggest that the LSS program could be justified on economic grounds alone. The implication is that if production and investment decisions in China’s electricity sector were based on market incentives, it is likely that the smaller plants would have been replaced by more efficient plants without government intervention. For this reason, estimates of abatement and the subsidy equivalent from the LSS have not been included in the aggregate estimates for the Chinese electricity sector. Moreover, in chapter 4 of the main report (the electricity generation sector) the negative estimates have been reported as zero. This is because negative numbers are not meaningful in the context of the Commission’s analysis. 
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Chinese Wind Feed‑in Tariffs and Value added Tax exemption 

The Chinese Government provides feed‑in tariffs (FITs) for wind power generated in China. The FIT rates differ according to where the power is produced. There are four FIT zones, with rates varying from CNY 0.51/kWh – CNY 0.61/kWh (8–10 Australian cents per kWh). The Commission understands that in the past the Guangdong Province had a separate wind power FIT, but that the current rate of the Guangdong FIT is the same as the national rate. For this reason, the Guangdong FIT has been incorporated into the analysis of the national FIT.

In 2002, the Chinese Government announced that the Value‑Added Tax (VAT) levied on electricity generated using wind power would be reduced from 17 per cent to 8.5 per cent. At the time, it was suggested that this would lead to a reduction in the average price of wind power of CNY 0.05–0.06/kWh (China Today 2002). The Commission has not been able to access reliable information on how the VAT is levied, or on how the VAT is passed through to consumer electricity prices. Nor does the Commission have information on how the VAT exemption interacts with the FITs. (For example, it could be the case that the FITs would be higher in the absence of the reduced rate VAT). To account for this, the Commission has assumed that the VAT exemption confers an additional benefit on wind power generators of CNY 0.06/kWh. ERI (China) (pers. comm., 25 April 2011) has stated that the assumption that the Commission has made about the treatment of the VAT is a reasonable one.

Estimating the production subsidy equivalent

The Commission was only able to access data on the total generation of wind power in 2010. Data on generation in each of the FIT zones were not available.

However, ERI (China) (pers. comm., 8 April 2011) provided the Commission with data on the installed capacity by region. The Commission has used this data to estimate the capacity installed in each of the tariff zones. The Commission’s analysis suggests that the average tariff (weighted by the proportion of installed capacity) was equal to CNY 0.56/kWh (table 
E.13). The Commission used this figure to estimate the subsidy equivalent for this policy.

The Commission assumed that the counterfactual price of electricity was equal to the average on‑grid thermal electricity tariff in China in November 2009 — the most recent period for which data were available. This tariff is equal to 0.381 CNY/kWh (Ma 2011). 
Based on these assumptions, the Commission estimated that the production subsidy equivalent from the wind FITs is equal to CNY 179/MWh (A$28.73).

The VAT exemption was assumed to confer an additional benefit of CNY 0.06/kWh, which is equivalent to an additional production subsidy equivalent of CNY 60/MWh (A$9.65/MWh).
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Wind capacity installed by tariff zones

China, 2010

	Tariff region
	Units
	Zone 1
	Zone 2
	Zone 3
	Zone 4
	Total

	Tariff rate 
	CNY/kWh
	0.51
	0.56
	0.58
	0.61
	..

	Installed capacity 
	GW
	9.9
	13.4
	5.8
	15.5
	44.7

	Proportion of total 
	%
	22
	30
	13
	35
	100

	Contribution to weighted average tariff 
	CNY/kWh
	0.11
	0.16
	0.08
	0.21
	0.56


Sources: ERI (China) (pers. comm., 8 April 2011); Productivity Commission estimates. .. Not applicable
Estimating the subsidy equivalent

Based on the Commission’s estimate of the production subsidy equivalent and data on the total generation of wind power in 2010 provided by Vivid Economics (50 100 GWh), the Commission estimated the total FIT revenue paid to wind to be approximately A$1.44 billion, and the total tax expenditure from the VAT exemption to be A$484 million.

The value of the subsidy equivalent depends on the proportion of wind power generation that is attributed to the combined influence of the FIT scheme and the VAT reduction. The Commission has estimated how much wind power was induced by these policies based on an analysis of the history of the wind power sector in China.

There has been a rapid growth in wind power in China over the past 10 years. Vivid Economics provided the Commission with data on the generation of wind power in China since 2005, when total generation was 1300 GWh (approximately 2.5 per cent of 2010 generation). National‑level ‘wind farm concession tenders’ have been in place since 2003 (Ma 2011, p. 2642). These formed the basis of national wind FITs at the time.

In addition to the national‑level FITs and the VAT reduction, wind farm investment in China has been promoted by provincial‑level policies. This has included preferential FITs for wind power in some provinces. It appears that the national‑level policies have had a significant influence on the instruments used by provincial governments to promote wind power, and on the levels of support provided (Ma 2011).

On account of the central role that Chinese Government policies appear to have played in the development of the wind power sector in China, the Commission assumed that the majority of the additional wind power generation since 2001 was induced by the combination of the national FITs and the VAT reduction for wind power. Specifically, the Commission has assumed that 90 per cent of the 2010 wind generation was induced by the combination of the two policies. The remainder of the wind generation was assumed to be either already existing, or installed in response to other policies. The subsidy equivalent and abatement estimates reflect this assumption (table 
E.14).

Estimating abatement and implicit abatement subsidies

The Commission has estimated the abatement attributable to the wind FITs using the reported national average operating margin as the counterfactual emissions intensity (Michaelowa 2011). This implies abatement of around 45 Mt CO2 in 2010 (table 
E.14).
The Commission’s estimate of abatement and the subsidy equivalent imply that the implicit abatement subsidy under the Chinese wind FITs and VAT exemption is around A$38/t CO2.
Sensitivity analysis

The Commission examined the effects of varying two parameters: the emissions intensity of counterfactual electricity generation and the proportion of wind power that is attributed to the FITs. The results (table 
E.15) show the effects of applying the coal‑fired plant ‘build margin’ from Michaelowa (2011) and the effects of assuming that only 70 per cent of wind power was induced by the FITs and VAT reduction.
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Estimation results, Wind FITs and VAT reduction

China, 2010

	Variable
	Units
	Value

	Total wind power generation
	GWh
	50 100

	Proportion induced by wind FITs
	%
	90

	Total FIT-induced wind power generation
	GWh
	45 090

	Average FIT
	CNY/kWh
	0.560

	
	A$/kWh
	0.09

	Benefit of VAT reduction
	CNY/kWh
	0.06

	
	A$/kWh
	0.01

	Average on-grid electricity tariff
	CNY/kWh
	0.381

	Production subsidy equivalent
	CNY/MWh
	239

	
	A$/MWh
	38

	Subsidy equivalent
	CNY b
	10.8

	
	A$b
	1.7

	Abatement
	Mt CO2
	45

	Implicit abatement subsidy
	CNY/t CO2
	238

	
	A$/t CO2
	38


Sources: Vivid Economics, Productivity Commission estimates.
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Sensitivity analysis, Wind FITs and VAT exemption

China, 2010

	Scenario
	Subsidy equivalent
	Abatement
	Implicit abatement subsidy

	
	A$b
	Mt CO2
	A$/tCO2
	CNY/t CO2

	‘Central’ estimate
	1.73
	45.2
	38
	238

	Michaelowa (2011) ‘build margin’ emissions counterfactual
	1.73
	36.3
	48
	296

	70 per cent of wind induced by FITs and VAT
	1.35
	35.2
	38
	238


Source: Productivity Commission estimates.
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Jiangsu PV Feed‑in Tariffs
The Jiangsu photovoltaic (PV) FITs were introduced in June 2009. FIT rates are set through a bidding process, and the Chinese Government has ‘targets’ for the FIT rates each year. There are differential FIT rate targets for PV solar farms, rooftop PV and ‘building integrated PV’ (2010 FIT targets are CNY 1.7, 3.0 and 3.5 per kWh respectively). The objective of the policy is to have 400 MW of solar PV capacity installed by the end of 2011, comprising 260 MW of rooftop projects, 10 MW of building integrated PV projects and 130 MW of solar PV farms. Prior to the announcement of the policy, installed PV in Jiangsu province was likely to be small (around 3 MW) (Renewable Energy and Energy Efficiency Partnership 2010). For simplicity, the Commission has assumed that 100 per cent of Jiangsu solar PV was induced by the FITs. This is likely to overstate the subsidy equivalent and abatement by less than 2 per cent. 
Estimating the subsidy equivalent

Estimating the subsidy equivalent involves estimating the amount of electricity generated that is eligible to receive the FITs, and then estimating the total FIT revenue and counterfactual revenue.

Estimating electricity generation

In order to estimate the electricity generation from eligible PV in Jiangsu province, it was necessary to make a number of assumptions. The Commission has assumed that:

· the policy runs from June 2009 to the end of 2011, and meets targets for installations in each of the three sectors

· installations of solar PV are spread evenly across this 31-month period

· the output of the installed solar PV systems is equal to the assumptions used in the IEA Solar PV Roadmap (IEA 2010m):

· PV solar farm output is equal to IEA ‘utility sector’ output of 1650 kWh per kW per year

· rooftop PV output is equal to IEA ‘residential sector’ output of 1300 kWh per kW per year 
· building integrated PV output is equal to IEA ‘commercial sector’ output of 1450 kWh per kW per year

· the output of PV systems is evenly spread over the year (this assumption is likely to overstate the total output of systems installed in the second half of 2010, because winter output is likely to be lower than summer output).

The Commission used these assumptions to estimate the cumulative installations of each type of plant over the period June 2009 to December 2010. Based on estimates of installations, the Commission estimated the monthly output of FIT‑eligible electricity. The results of the Commission’s analysis suggest that the total output of FIT‑eligible PV systems in 2010 would be around 247 GWh (table 
E.16).

Estimating FIT revenue and counterfactual revenue

The revenue received from FITs was estimated by multiplying the output of FIT‑eligible PV by the relevant FIT rates. The Commission assumed that FIT rates are equal to the Chinese Government’s ‘targets’. The counterfactual revenue is estimated as the 2009 average ‘benchmark on-grid electricity tariffs of coal fired plants’ for the Jiangsu Province — CNY 0.43/kWh reported in Ma (2011). This is different from the national average benchmark tariff that is used for other policies, because the policy is specific to Jiangsu province. By subtracting the counterfactual revenue from the FIT revenue, the subsidy equivalent for each type of PV installation, and a subsidy equivalent for the policy as a whole, was estimated (table 
E.16).
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Estimated electricity production, and subsidy equivalents, Jiangsu PV FITs
China, 2010
	
	Units
	PV Solar farm
	Rooftop PV
	BIPV a
	Total

	Cumulative installation to 2010
	MW
	79.7
	159.4
	6.1
	245.2

	2010 electricity output
	GWh
	93
	147
	6.3
	247

	FIT revenue
	CNY m
	159
	442
	22
	622

	Counterfactual revenue
	CNY m
	40.2
	63.3
	2.7
	106.2

	Subsidy equivalent
	CNY m
	118.6
	378.3
	19.4
	516.3

	
	A$m
	19.1
	60.9
	3.1
	83.1


a Building‑integrated PV.

Sources: IEA (2010m); Ma (2011); Productivity Commission estimates.
Abatement

The Commission based its estimate of the abatement attributable to the Jiangsu PV FITs on the estimated ‘operating margin emission factor’ for the Eastern Grid (which includes Jiangsu province). The estimate for December 2010 is 0.8592 t CO2/MWh (Michaelowa 2011). Using this number leads to an estimate of 212 kt of CO2 abated through this policy in 2010 (table 
E.17).
Implicit abatement subsidy

Using estimates of the subsidy equivalent and the abatement attributable to the policy, it is possible to estimate the implicit abatement subsidy delivered by this policy. The overall estimate is around CNY 2434/t CO2 (A$391) (table 
E.17).
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Abatement and implicit abatement subsidy, Jiangsu PV FITs
China, 2010
	
	Units
	PV solar farm
	Rooftop PV
	BIPV a
	Total

	Abatement
	Mt CO2
	0.08
	0.13
	0.005
	0.2

	Implicit abatement subsidy
	CNY/t CO2
	1 478
	2 991
	3 573
	2 434

	
	A$/t CO2
	238
	481
	575
	391


a Building‑integrated PV.

Sources: Michaelowa (2011); Productivity Commission estimates.
Sensitivity analysis
The Commission carried out sensitivity analysis on several parameters. The first was increasing and decreasing the counterfactual emissions factor by 10 per cent. This is slightly different from the sensitivity analysis carried out for other Chinese policies, because the ‘central’ estimate is based on the counterfactual emissions factor for the Eastern Grid (0.86 t CO2/MWh) rather than the national average (1.003 t CO2/MWh). Varying the emissions factor by 10 per cent leads to a proportional change in abatement, and a proportional change in the implicit abatement subsidy (table 
E.18).
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Sensitivity analysis, Jiangsu PV FITs
China, 2010

	Scenario
	Subsidy equivalent (SEi)
	Δ SEi
	Abatement (Ai)
	Δ Ai
	Implicit abatement subsidy (si)
	Δ si

	
	A$ (million)
	%
	Mt CO2
	%
	A$/t CO2
	%

	‘Central’ case
	83
	
	0.21
	
	391
	

	Higher counterfactual emissions intensity (0.95 t CO2/MWh)
	

	
	
	
	0.23
	10
	356
	-9.1

	Lower counterfactual emissions intensity (0.77 t CO2/MWh)
	

	
	
	
	0.19
	-10
	435
	11.1


Source: Productivity Commission estimates.
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Chinese Biomass Feed‑in Tariffs

Since 2006, China has provided feed-in tariffs to grid-connected biomass installations. Initially, this feed-in tariff was provided on top of the tariff paid to coal-fired generation, and was set at CNY 0.25/kWh with an additional CNY 0.10/kWh for direct combustion biomass (ERI (China) 2010).

In 2009, the rate was amended upwards to CNY 0.35/kWh. The scheme was again amended in July 2010, to provide a set feed-in tariff of CNY 0.75/kWh (this is no longer provided on top of the coal tariff). All projects previously approved for the feed in tariffs are entitled to use this new rate (Ma 2011).

In analysing the feed‑in tariffs, the Commission has used:

· the 2010 feed‑in tariff rate (the average of the rate before and after the rate change in July 2010)

· 2010 generation estimates.

Estimating the subsidy equivalent

The production subsidy equivalent was calculated by averaging: 

· the post‑July 2010 premium rate — estimated by subtracting the counterfactual electricity price from the preferential tariff received (CNY 0.75/kWh). As noted in section E.1, the counterfactual price is assumed to be the November 2009 average benchmark coal tariff rate (CNY 0.381/kWh) (Ma 2011). Therefore, the premium rate is CNY 0.369/kWh

· The pre-July 2010 premium rate — as this was provided on top of the coal tariff, this is simply the rate of the tariff (CNY 0.35/kWh).

Therefore, the production subsidy equivalent was estimated as CNY 0.36/kWh.

According to the ERI (China) (pers. comm., 25 April, 2011) in 2010 there was 4.5 GW of biomass installed, generating an estimated 11.3 TWh of electricity. In 2005, before the biomass FITs commenced, there were 2 GW of capacity generating an estimated 5.2 TWh of electricity (ERI (China) pers. comm., 26 April 2011). The Commission assumed that additional generation since 2005 has been ‘induced’ by the FITs. Therefore, the biomass FITs are estimated to have ‘induced’ 6.1 TWh of biomass electricity generation.

By multiplying the ‘induced’ generation receiving the feed‑in tariffs, by the production subsidy equivalent they received, the subsidy equivalent is estimated to be CNY 2.2 billion (A$353 million).
Table E.
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Estimating the subsidy equivalent, Biomass FITs

China, 2010

	Data
	Value

	Biomass generation from capacity installed between 2006 and 2009
	6.1 TWh

	Production subsidy equivalent
	CNY 0.36/kWh

	Subsidy equivalent (CNY)
	CNY 2.2b

	Subsidy equivalent (A$)
	A$353m


Source: Productivity Commission estimates.
Estimating abatement

As noted in section E.1, the marginal emissions intensity of the Chinese grid on average was estimated to be 1.003 t CO2/MWh. The Commission has assumed that, on average, this is what the additional biomass generation displaced in 2010. In addition, the Commission has assumed that the additional biomass generation has zero net emissions. Therefore, the estimate of abatement due to the biomass FITs in 2010 is 6.1 Mt CO2.

The implicit abatement subsidy
The implicit abatement subsidy was calculated by dividing the subsidy equivalent by the abatement induced by the policy. This implies an implicit abatement subsidy of CNY 358/t CO2 (A$58).

Sensitivity analysis

The Commission made a range of assumptions when calculating the above estimates. This section provides sensitivity analysis around these assumptions.
Altering the counterfactual

As noted in section E.1, the operating margin used for the Chinese grid may be an overestimate of the actual marginal grid intensity. Therefore, a scenario with a counterfactual emissions intensity of 0.804 t CO2/MWh was used (as per the Michaelowa (2010) build margin).

This reduces the abatement attributable to the biomass feed in tariffs, and as a result, an increase in the implicit abatement subsidy to CNY 447/t CO2 (A$72).

Reduced VAT for biomass

The Commission is aware that some biomass generation receives a full refund on its VAT liability. The exemption appears to only apply to municipal waste generation. Data were not available on the amount of biomass that is municipal waste, and therefore this policy is only factored into the sensitivity analysis. The standard VAT rate is 17 per cent

In order to receive the estimated (after VAT) tariff of CNY 0.74/kWh (the average of the pre- and post-July 2010 tariffs), a generator paying a 17 per cent VAT would have to receive a (pre-tax) tariff of CNY 0.89/kWh. Therefore, the production subsidy for VAT exempt generators is CNY 0.89 minus the coal tariff (CNY 0.381) which is equivalent to CNY 0.51/kWh.

The Commission assumed that 25 per cent of biomass production is municipal waste, and therefore receives the reduced VAT. This leads to an increased subsidy equivalent for biomass of CNY 2.5 billion, and a higher implicit abatement subsidy of CNY 403/t CO2 (A$65).

Summary

The results of the estimation are displayed in table 
E.20. The estimates of the implicit abatement subsidy range from approximately CNY 358 to CNY 447/t CO2 (A$58–A$72).
Table E.
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Summary, Biomass FITs
China, 2010

	Scenario
	Subsidy equivalent
	
	Abatement
	
	Implicit abatement subsidy

	
	A$m
	CNY b
	
	Mt CO2
	
	A$/t CO2
	CNY/t CO2

	‘Central’ scenario
	353
	2.2
	
	6
	
	58
	358

	Lower counterfactual intensity
	353
	2.2
	
	5
	
	72
	447

	VAT exemption for municipal waste
	397
	2.5
	
	6
	
	65
	403


Source: Productivity Commission estimates. 
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Subsidy for Solar PV in Buildings

In 2009, the Chinese Government introduced a capital subsidy for the installation of solar PV in buildings. This subsidy supported both building‑integrated PV (CNY 20/W) and other grid-connected PV (CNY 15/W) (Martinot and Junfeng 2010). To be eligible for the subsidy, installations must be more than 50 kW.

In 2010, these rates were reduced to CNY 17/watt for building‑integrated PV and CNY 13/watt for other grid connected PV (Martinot and Junfeng 2010).

Estimating the subsidy equivalent

According to the ERI (China) (pers. comm., 15 April 2011), as of 2009, CNY 836 million has been paid out under the scheme. This has been converted to 2010 CNY. As a result of this, the total outlay (in 2010 CNY) is estimated at CNY 885 million.
Using a discount rate of 7 per cent, and an expected economic life of the assets of 20 years, the Commission estimated the annualised subsidy (the subsidy equivalent) to be CNY 83.5 million (A$13.4 million) (table 
E.21).

Table E.
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Subsidy equivalent, Subsidies for Solar PV in Buildings

China, 2010

	
	Units
	Value

	Estimated subsidy (2010 CNY)
	CNY
	885m

	Discount rate
	per cent
	7

	Expected lifetime of assets
	years
	20

	Subsidy equivalent
	CNY
	83.5m 

	Subsidy equivalent 
	A$
	$13.4m


Source: Productivity Commission estimates.
Abatement

As of the end of 2009, this subsidy had subsidised 91 MW of solar PV (ERI (China), pers. comm., 17 April 2011). The Commission assumed that the majority of these installations are ‘commercial’ sized, and therefore a capacity factor of approximately 17 per cent is appropriate (IEA 2010m). Using this capacity factor results in an estimate of annual generation from the subsidised solar PV of 132 GWh.

Using an estimate of the operating margin of the Chinese grid of 1.003 t CO2/MWh (Michaelowa 2011) (section E.1), the Commission has estimated abatement of the subsidies for PV in buildings scheme to equal 132 kt CO2.

Table E.
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Abatement, Subsidies for Solar PV in Buildings

China, 2010

	
	Value

	Capacity supported
	91 MW

	Capacity factor
	17 per cent

	Annual generation
	132 GWh

	Counterfactual emissions intensity
	1.003 t CO2/MWh

	Abatement
	0.13 Mt


Sources: IEA (2010m); Productivity Commission estimates.
Implicit abatement subsidy

Using the above estimates, the implicit abatement subsidy is estimated to be CNY 631/t CO2 (A$102).
Sensitivity analysis

To analyse the effects of the assumptions used to calculate the above estimates, the Commission varied the discount rate and the emissions intensity of the counterfactual source.
Varying the discount rate

Two alternate discount rates were used.
· Using a discount rate of 11 per cent resulted in an implicit abatement subsidy of CNY 840/t CO2 (A$135).

· Using a discount rate of 3 per cent resulted in an implicit abatement subsidy of CNY 449/t CO2 (A$72).

Varying the counterfactual

As noted in section E.1, the Commission is using the Chinese build margin of 0.804 t CO2/MWh as a sensitivity analysis parameter. This led to the ‘low’ estimate of abatement, and an implicit abatement subsidy of CNY 787/t CO2 (A$127).

Summary

Table 
E.23 outlines the results for the Subsidy for Solar PV in Buildings scheme. The implicit abatement subsidy estimates range from CNY 449 to CNY 840/t CO2 (A$72 – A$135).

Table E.
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Summary, Subsidy for Solar PV in Buildings

China, 2010

	Scenario
	Subsidy equivalent
	
	Abatement
	
	Implicit abatement subsidy

	
	A$m
	CNY m
	
	Mt CO2
	
	A$/t
	CNY/t CO2

	‘Central’
	13.4
	84
	
	0.13
	
	101
	631

	Discount rate of 11 per cent
	17.9
	111
	
	0.13
	
	135
	840

	Discount rate of 3 per cent
	9.6
	59
	
	0.13
	
	72
	449

	Counterfactual emissions intensity of 0.804
	13.4
	84
	
	0.11
	
	127
	787


Source: Productivity Commission estimates.
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Golden Sun Demonstration scheme
The Golden Sun Demonstration Scheme provides a subsidy to selected solar PV projects. The value of the subsidy is either 50 per cent of the investment for grid connected PV, or 70 per cent of the investment for off-grid PV.

In order to qualify for a subsidy under the Golden Sun scheme, generators must meet a range of criteria, including:

· installed capacity must be at least 300 kW 
· total investment must be greater than CNY 100 million (A$16 million)
· various technical requirements.

In November 2009, the Chinese Government released a list of 275 projects to be supported by the Golden Sun scheme (MoF (China) 2009).

Estimating the subsidy equivalent

According to Wang (2009), the Chinese Government has announced that 642 MW of solar capacity will be supported by the scheme, at a total construction cost of CNY 20 billion.

The Commission was unable to access data on the subsidies offered under the scheme, and has therefore assumed that the scheme provided a subsidy of 60 per cent of construction costs for the average project (the average of the subsidy for off‑ and on‑grid generators). Therefore, the subsidy to be offered by the scheme is estimated at CNY 12 billion.

As the Golden Sun scheme was expected to last for three years, it was assumed that one third of the capacity was built in 2010. Therefore, the subsidy granted by the scheme up until the end of 2010 was estimated to be CNY 4 billion.

Using a discount rate of 7 per cent, and an expected economic lifetime of 20 years, this subsidy was annualised over the lifetime of the assets. The annualised subsidy equivalent is estimated to be CNY 378 million (A$60.7 million) (table 
E.24).

Table E.
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Golden Sun Demonstration scheme, subsidy equivalent

China, 2010

	
	Value

	Estimated subsidy granted in 2010
	CNY 4b

	Discount rate
	7 per cent

	Expected lifetime of assets
	20 years

	Annualised subsidy
	CNY 378m

	Subsidy equivalent
	A$60.7m


Source: Productivity Commission estimates.
Estimating abatement

As noted above, 642 MW of solar is expected to be supported by the scheme, and the Commission assumed that one-third of this was installed in 2010. Therefore, the Commission has estimated 214 MW of solar capacity has been supported by the scheme as of the end of 2010.

MoF (China) (2009) outlines the generators that are to be supported by the scheme. Of this, 46 MW were classed as ‘in areas without electricity’. The Commission has also assumed that one third of this capacity was built in 2010, leading to an estimate of 15 MW of off-grid capacity built under the scheme.

The IEA (2010m) suggests that the average capacity factor of solar PV is approximately 19 per cent. Using this capacity factor, the annual generation from 214 MW of solar is estimated at 353 GWh, of which 25 GWh was off grid.

A different counterfactual emissions intensity has been applied to on-grid and off‑grid solar:

· For on-grid solar, the counterfactual emissions intensity outlined in Michaelowa (2011) (section E.2) was used. This results in abatement from the Golden Sun on‑grid capacity of 329 kt CO2.

· It is not appropriate to use an operating margin for off-grid electricity (as it is not displacing any currently operating generation). Rather, a build margin is used — which estimates the marginal generator that is built in China. This is appropriate because it relates to the generator the would have been built if the solar PV was not built. In 2010, the build margin for coal is estimated at 0.804 t CO2/MWh (Michaelowa 2011). This leads to an abatement estimate of 20 kt CO2 from off‑grid generation.

Combined, this results in an estimated 349 kt of abatement from the Golden Sun Demonstration scheme (table 
E.25).

Table E.
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Golden Sun Demonstration scheme, abatement

China, 2010

	
	Units
	On grid
	Off grid
	Total

	Estimated capacity installed in 2010
	MW
	199
	15
	214

	Capacity factor
	%
	19
	19
	19

	Annual generation of subsidised solar PV
	GWh
	328
	25
	353

	Counterfactual emissions intensity
	t CO2/MWh
	1.003
	0.8
	

	Abatement
	Mt CO2
	0.33
	0.02
	0.35


Sources: IEA (2010m); Wang (2009); Productivity Commission estimates.
Implicit abatement subsidy

Based on the above estimates, the implicit abatement subsidy was estimated to be CNY 1081/t CO2 (A$174).

Sensitivity analysis

Varying the discount rate

Two alternate discount rates were used:
· Setting the discount rate at 11 per cent led to an increase in the estimated subsidy equivalent, and reduced the implicit abatement subsidy to CNY 1438/t CO2 (A$231).

· Setting the discount rate at 3 per cent led to an increase in the estimated subsidy equivalent, and reduced the implicit abatement subsidy to CNY 770/t CO2 (A$124).
Varying the counterfactual emissions intensity

As noted in section E.1, the Commission used the average build margin of Chinese coal plants (0.804 t CO2/MWh) as an alternative counterfactual emissions intensity. This resulted in a lower estimate of abatement, and therefore an increase in the implicit abatement subsidy to CNY 1330/t CO2 (A$214).

Varying the subsidy percentage
As noted above, it is unclear what percentage of the construction costs are subsidised. As many of the generators appear to be on-grid, the actual percentage of the construction costs subsidised may be closer to 50 per cent — which is the subsidy offered for on-grid installations.

Using a subsidy percentage of 50 per cent (as opposed to 60 per cent) decreases the subsidy equivalent, and thus leads to a decrease in the implicit abatement subsidy to CNY 901/t CO2 (A$145).

Summary

Table 
E.26 outlines the results of the estimation of the Golden Sun Demonstration scheme. The implicit abatement subsidy estimates range from CNY 770 to CNY 1438 (A$124 to A$231).
Table E.
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Summary, Golden Sun Demonstration scheme

China, 2010

	Scenario
	Subsidy equivalent
	Abatement
	Implicit abatement subsidy

	
	A$m
	CNY m
	Mt CO2
	A$/t
	CNY/t

	‘Central’
	60.7
	378
	0.35
	174
	1 081

	High discount rate
	80.8
	502
	0.35
	231
	1438

	Low discount rate
	43.2
	269
	0.35
	124
	770

	Counterfactual emissions intensity of 0.804t CO2/MWh
	60.7
	378
	0.28
	214
	1330

	Decreasing the percentage subsidy to 50 per cent
	50.6
	315
	0.35
	145
	901


Source: Productivity Commission estimates.
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Summary
This section sets out the Commission’s estimates of the total subsidy equivalent of the policies that were analysed for China, and the total abatement that can be attributed to the suite of electricity generation sector policies.

The total subsidy equivalent

The estimates of the subsidy equivalent for each policy can be added together to estimate the total subsidy equivalent for all policies analysed. The resulting estimates are between CNY 11.4 billion and CNY 14.4 billion (A$1.8 billion and A$2.3 billion) (table 
E.27) and represents between 0.03 to 0.04 per cent of China’s GDP taking into account the sensitivity analysis. 
Total abatement
In some cases, the estimated abatement ‘induced’ by a policy may overlap with other policies, and therefore these estimates can not simply be added together. In two cases, a policy is targeted at clearly distinct abatement opportunities, and individual policy abatement estimates can be added together:

· Biomass — Biomass Feed-in Tariffs

· Wind — Wind Feed-in Tariffs.

Table E.
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The estimated total subsidy equivalent
China, 2010

	Policy
	Australian dollars
	
	Chinese Yuan

	
	‘Central’
	High
	Low
	
	‘Central’
	High
	Low

	
	A$m
	A$m
	A$m
	
	CNY b
	CNY b
	CNY b

	Wind FITs
	1 731
	1 731
	1 346
	
	11
	11
	8

	Biomass FITs
	353
	397
	353
	
	2.2
	2.5
	2.5

	Jiangsu Solar PV FITs
	83
	83
	83
	
	0.5
	0.5
	0.5

	Golden Sun Demonstration scheme
	61
	81
	43
	
	0.4
	0.5
	0.3

	Subsidies for PV in Buildings
	13
	18
	10
	
	0.1
	0.1
	0.1

	Total
	2 241
	2 309
	1 835
	
	13.9
	14.4
	11.4


Source: Productivity Commission estimates.
However, three polices — the Golden Sun Demonstration scheme, subsidies for PV in buildings, and the Jiangsu FITs — are all targeted at solar PV. The Commission considers that:

· it is unlikely that there would be any overlap between the Golden Sun scheme, and the Solar PV in Buildings scheme — the Golden Sun scheme appears to be targeted at large scale demonstration projects, whereas the Solar PV in Buildings scheme is targeted at smaller scale PV generation

· there may be some limited overlap between the capital subsidy schemes and the Jiangsu FITs. Data were not available on the extent to which this may be the case. However for sensitivity analysis, 20 per cent of the abatement in the Jiangsu FITs was assumed to overlap with the capital subsidies, and was removed from the ‘low’ abatement scenario.

Taking this into account, estimated abatement ranges from 41 to 52 Mt CO2 (table 
E.28).

Table E.
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Total abatement
China, 2010

	Policy
	‘Central’
	High
	Low

	
	Mt CO2
	Mt CO2
	Mt CO2

	Wind FITs
	45.2
	45
	35.2

	Biomass FITs
	6.1
	6
	4.9

	Jiangsu Solar PV FITs
	0.2
	0.2
	0.2

	Golden Sun Demonstration scheme
	0.3
	0.3
	0.3

	Subsidies for PV in Buildings
	0.1
	0.1
	0.1

	Total
	52.0
	52
	40.7


Source: Productivity Commission estimates.

Total abatement as a proportion of total emissions

The most recent data that the Commission was able to obtain on Chinese electricity generation sector emissions were from 2005, when emissions were estimated at around 2100 Mt CO2. Over the period 2005–09, conventional thermal electricity generation rose by around 45 per cent (EIA (US) 2011k). Given that most electricity sector emissions arise from conventional thermal generation, electricity sector emissions can be estimated at around 3063 Mt CO2 in 2009. Projecting forward, if thermal electricity generation continued to grow at similar rates (around 10 per cent per year), total electricity sector emissions may have been around 3370 Mt CO2 in 2010.

This estimate puts the estimates of total abatement into context. The Commission estimated that the policies that have been assessed led to abatement of around 52 Mt CO2 in 2010. This represents between 1 to 2 per cent of China’s estimated counterfactual emissions from electricity in 2010 .

The average implicit abatement subsidy
Using the estimates outlined above, the Commission estimated an average implicit abatement subsidy for the Chinese electricity sector of between CNY 219/t CO2 and CNY 353/t CO2 (A$35 and A$57) (table 
E.29).
Table E.
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Average implicit abatement subsidy
China, 2010
	
	Abatement

	
	Australian Dollars
	
	CNY

	Subsidy equivalent
	‘Central’
	High
	Low
	
	‘Central’
	High
	Low

	
	A$/t CO2
	A$/t CO2
	A$/t CO2
	
	CNY$/t CO2
	CNY$/t CO2
	CNY$/t CO2

	‘Central’
	44
	44
	57
	
	276
	276
	353

	High
	43
	43
	55
	
	268
	268
	343

	Low
	35
	35
	45
	
	219
	219
	280


Source: Productivity Commission estimates.

If abatement from the LSS program were to be included in the estimates of total abatement, the value of the implicit abatement subsidy would fall to between 
CNY 67–90/t CO2 (A$8 and A$15).
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Other Chinese electricity generation policies
Excluded policies

The following policies have not been included in the analysis:

· Household Biogas Project — Assistance to farmers for the installation of biogas digesters. Excluded because this policy subsidises heat generation, not electricity generation.

· Shandong Province Village renewable energy regulations — Subsidies for specified renewable energy technologies in the Shandong Province. This program is probably not material relative to other policies.

· Feed in tariffs for grid connected PV in Inner Mongolia and Shanghai Chongmingdao. This program is probably not material relative to other policies.
· Preferential tax policies for renewable energy — Reduced income tax rates for foreign investment in biogas and wind generation. Excluded because it is not clear how this policy operates, and whether it provides a subsidy for renewable electricity capacity installation and generation, or for the manufacture of renewable energy assets.

· Preferential tax rates for small hydro generation — Small hydro producers can elect to pay a reduced rate of VAT. This program is probably not material relative to other policies.
In some cases, the Commission was unable to locate the data required to estimate implicit abatement subsidies. Such policies include:

· preferential loans for renewable energy projects

· restrictions on loans for high-emitting facilities — commercial banks are required to curb lending to high-emitting or high-energy using facilities

· the prohibition of the construction of new coal and gas-fired units — this policy appears to be a restriction on small-scale coal- and gas-fired generation attached to industrial facilities.

While the Commission’s analysis is limited to a subset of the policies that could influence emissions in China’s electricity generation sector, the Commission considers that the policies that have been analysed provide a useful indication of the type of policies that are being pursued, the subsidies they provide for low‑emissions generation and the abatement that is being achieved.
Committed policies

The Chinese Government’s 12th Five Year Plan covers the period 2011–2015, and contains a number of targets that are related to greenhouse gas emissions from the Chinese electricity generation sector. These include:

· energy consumption per unit of GDP to be cut by 16 per cent

· CO2 emissions per unit of GDP to be cut by 17 per cent

· non‑fossil fuel to account for 11.4 per cent of primary energy consumption (Xinhuanet 2011).
There is little detail on how these targets will be achieved, although media reporting suggest that the Chinese Government is proposing to trial the introduction of some form of emissions trading scheme in six provinces before 2013 and nationwide by 2015 (Reuters 2011).

�	The ERI (pers. comm., 25 April) provided the Commission with data on the capacity factor of thermal power generation from 2005 to 2010. These capacity factors were, 67 per cent (2005), 64.1 per cent (2006), 60.7 per cent (2007), 56.1 per cent (2008), 55.5 per cent (2009) and 57.4 per cent (2010). 


�	These figures imply capacity factors of 19 per cent for solar PV farms, 15 per cent for rooftop PV and 17 per cent for BIPV. These are consistent with other published estimates of the capacity factor of solar PV systems.
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